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DARE BEACHES WATER AND SEWER AUTHORITY

PRELIMINARY ENGINEERING REPORT
for
WATER AND SEWERAGE SERVICES

PART | INTRODUCT | ON

ORGANIZATION AND AUTHORITY

Thjs report has been prepared at the direction of the Dare Beaches
Water and Sewer Authority (hereinafter referred to as the "Authority").
This organization was constituted under the provisions of Chapter 162A,
General Statutes of North Carolina, which authorized creation of such a body
stating that, "...each auThorify created...shall be deemed to be a public
instrumental ity exercising public and essential governmental functions to
provide for the public health and welfare..." In accordance with said
statute the Authority was formed by the combined actions of the Dare
County Commissioners and the Town Councils of the incorporated communities
of Nags Head and Kill Devil Hills. This initative was taken after Jjoint
studies of the rapidly growing water supply and sewerage disposal problems
in the area indicafed the need for a cooperative effort to resolve the
problem on a regional basis.

This study was made possible by planning assistance grants from the
North Carolina Department of Health (Sanitary Engineering Division) and the
Department of Natural and Economic Resources (Office of Water and Air
Resources), and the Coastal Plains Regional Commission. The State grants
were authorized by North Carolina General Assembfy legislative actions in
1971 which included two separate acts to "...encourage and promote regional
water supply systems [Chapter 892, SBI68] and Regional Sewerage Disposal

Systems [Chapter 870, SB802]." The Coastal Plains Regional Commission has




provided additional funds to facilitate construction of water supply test
wells and collection of other technical engineering field and test data
essential to the technical and economic feasibility analysis of the

proposed projects.

PROBLEM AND PURPOSE

During the past few years the Dare County beach areas have experienced
a phenomenal rate of growth and development. The problem of water supply
throughout the region to meet the demands resulting from the rapid growth
has taxed the existing small municipal and private water supply systems
beyond their existing or expandable capacity. Correspondingly, this
growth and development has created health and sanitation problems related
to sanitary waste (sewage) disposal. The purpose of this report is to
analyze the technical and economic féasibilify of providing both regional
water supply and sewerage services to the Dare Beaches area and to propose

plans and methods to accomplish this objective.




PART 11

PRELIMINARY ENGINEERING REPORT - REGIONAL WATER SUPPLY SYSTEM
GENERAL

A. Historical Background

Dare County was formed in 1870 from portions of Currituck, Tyrell,
and Hyde Counties. The present area is 388 square miles. |+ was named
in honor of Virginia Dare, the first child born of English parents in
America. It is the most easterly of the North Carolina counties, and
is bounded by Pamlico, Croatan and Albemarle Sounds, Hyde and Tyrel |
Counties, and by the Atiantic Ocean on the east. There are three

incorporated towns in the county. Manteo, the county seat, was settled

in 1865 and incorporated in 1899. The town was ‘named for an indian taken

to England by Amandas and Barlow in 1584, Nags Head was settled in
1820 and incorporated in 1923. The Town of Kill Devil Hills was

incorporated in 1953,

B.  Physiography

Dare County is divided by broad sounds into +wo distinct parts;
a low-lying forested mainland, and a sand barrier reef called the
"Outer Banks" (including Roanoke Isiand). The sound waters comprise
the greater part of the county and vary considerably in depth and
salinity. To the north, the Albemarie and Curri+tuck Sounds, with no
direct outiets to the ocean, are essentially fresh water and have an
average depth of eighteen and seven feet respectively. Pamlico Sound,
to the south, has three outlets (generally referred to as "inlets" on
maps and navigation charts) through which the waters from four major
rivers flow. Salinity varies directiy with rainfall and wind. I+ is

higher at the inlets and decreases gradually northward and westward.




Although the average depth is about 20 feet, there are broad shoals
along the back of the Outer Banks and west from Ocracoke Inlet.
Connecting Pamlico with the northern sounds are the Roanoke and Croatan
Sounds. The former, shallow and narrow, averages little more than three
feet deep. Croatan Sound is about five feet deeper and provides the
main outlet for water from Albemarle Sound.

Except for a limited area close to the inlets there are no lunar
tides within the large sound areas and the mean range is less than
six Inches. Currents are produced by the interactions of wind, river
discharge, evaporation, tide and rainfall. However, wind tides are pre-
dominant, and can raise the water level several feet above or below
the mean. Ocean tidal raﬁges vary from a mean of 3.4 feet to 4.1 feet
during the spring tide.

As previously mentioned, the land areas are generally low lying
with elevations averaging from just above sea level in the marshlands
to about ten feet above mean sea level. The exception is the dune areas
on the Outer Bahks which range between fifteen and twenty feet, with
some unique dune formations (Jockey Ridge, Engagement Hill and Nags

Head Woods) exceeding 150 feet in elevation.

C. Climate

The Dare Beaches area enjoys a maritime climate with cooler summers
and warmer winters than are to be found on the mainland. The average
annual precipitation within the study area ranges between forty-five
and forty-seven inches. The average annual temperature is about

sixty-one degrees Fahrenheit.




D. Sfudx Area

As previously stated, the Authority has been designated as the
agent for planning and operation of regional water and sewer systems
for the Dare Beaches area by the County and the incorporated communities
of Nags Head and Kill Devil Hills. The Authority's area of responsibility
has been designated as that area in the beach margin of Dare County
extending from Oregon Inlet on the south to the Currituck County line
on the north. All developed areas within this designated region are
considered in the development plan. A map outlining this initial area
of responsibility follows this page.

While planning is confined to this designated area initially,
it is recognized that to be truly regional in s¢ope the Authority may
eventually be called upon to provide utilities services to other
developed areas contiguous to the initial service area. Additional areas
considered for future possible expansion are also outlined on Map A.
It is not unreasonable to assume that future service could be extended
even beyond these boundaries into all developed areas within Dare County
and to limited portions of Currituck County if requested by the local
people and approved by the sponsoring governing authorities. Such
expansions would also have to be provided to be economically feasible
and shown to be compatible with overall regional planning in the

larger area.

E. Geology and Groundwater

Information on the subsurface geology of Dare County is primarily
limited to the study of well cuttings made throughout the area. It is
generally accepted that the area was submerged during the Tertiary and

early Pleistocene periods. Generally sandy materials of the Pleistocene-
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Pliocene Period are encountered to varying depths of approximately

180 feet. These materials are underlain by sediments from the Miocene
Period to depths of about 1600 feet. Lithologic units below this depth
have been identified but are not discussed in that they do not bear
directly on this report.

Water bearing formations are found in both the surficial sands
and deeper units such as the Yorktown formation found in the upper
Miocene sediments. Non-artesian aquifers have been the principal
source of water supply in Dare County. Most wells on the mainland
yield water from this source at depths ranging from ten to sixty feet.
These wells are of the dug or driven type and yield five to fifteen
gallons per minute from fine to medium grained sands.

On Roanoke Island, the non-artesian aquifer consists of fine to
medium grained sands, levels of coarse grained sands and fairly
disseminated shell materials approximately 100 feéT thick. The aquifer
is recharged directly by local precipitation and provides yields.fo
domestic and municipal wells ranging from five to seventy-five gallons
per minute. A bed of sandy clay, about twenty-five feet thick, lies
beneath the non-artesian aquifer. The top of the Yorktown formation
ranges in depth from {25 to 150 feet below the land surface on Roanoke
Island. This aquifer is comprised of fine to coarse grained sand in
the upper part and generally has yielded fifteen to twenty-five
gallons per minute to domestic wells. Water levels in the artesian
aquifer range from one to three feet above mean sea level. |t appears
that water to supply the Dare Beaches area must come primarily from this

source.




2.  POPULATION, GROWTH AND WATER SUPPLY DEMAND

As previously mentioned the rate of growth and development of the
Dare County Beach areas over the past few years has been tremendous.
Because of its location within easy driving range of the major urban
centers of the northeastern Seaboard, and because of its rich, scarcely
tapped recreational potential, the Dare Beaches region is in an excellent
position to serve the recreational needs of the northeastern megalopolis
and the central Atlantic coastal states. The region's combination of
historical, physiographic, climatic attributes and sheer natural beauty
attract thousands of visitors to the area each year, plus other thousands
seeking recreational developments and permanent retirement homesites. |
The recent rate of growth and expansion can be expected to continue and
even accelerate in the next two decades that lie ahead.

A "Sketch Development Plan" for the Dare Beaches area has been prepared
by the coastal area office of the North Carolina Department of Natural and
Economic Resources. This plan includes an analysis of the growth potential
of the area, identification of various limiting factors and development
guidelines and an excellent land use planning guide to be used as a basis
for more detailed land use planning and growth management procedures for
implementation by the local government entities involved. The study also
projects population growth rates and suggests how and where various density
growth rates might be expected and controlled to insure a desirable pattern

of development,

A corresponding socio-economic study entitled Economic Study of the

Dare Beaches was prepared by Stephens and Associates of Raleigh, North

Carolina to demonstrate the economic viability and potential of the area.

This report presents a myriad of economic indicators that reflect this




historical growth pattern of the region as compared to the almost explosive
growth experiences of the past few years. The report effectively demon-
strates the economic growth potential of the area in employment potentials
and income expectations that will benefit the region. This report also
includes an excellent analysis of population projections and "peak loads"
of seasonal residents and visitors that may be expected to inhabit the

area during certain seasons.

Both of these studies were prepared at the request of the Authority
to complement and provide a basis for this preliminary engineering report;
therefore no attempt is made here to include the detailed information,
findings and conclusions reached in these excellent studies in this report.
However, the information contained in these studies have been used exten-
sively In the analysis and design of the regional water and sewer systems
proposed in this report.

It is noteworthy to mention that these two independently prepared
studies, using different methods of analysis, reflect high degrees of
uniformity in their projections of population growth rates and peak
population holding capacities for the area under study. This becomes
important in view of the fact that both water and sewer service systems
must be designed and constructed to meet projected peak load requirements,

A summary of pertinent portions of these average demographic pro-
jections contained in the above referenced reports is shown on Table |
following Page 9. The water supply requirements to meet these growth
projections are also shown on the table. Careful consideration has been
given to the growth centers indicated in the land use planning guidelines,
and provisions are made for future expansion of water and sewer systems

to meet the phased growth projections depicted in that plan.




The population and water supply requirement projections deplicted
on Table | are further portrayed graphically on Figures 1 and 2. These
graphs clearly depict the wide range in water supply requirements that
result from the tremendous influx of seasonal residents or visitors to
the area. While the permanent residents in the area represent a fairly
moderate water supply requirement, the high seasonal peak loads must be
accommodated, and any water supply system must be designed and modulated
to meet both the peak and variable load demands. This factor becomes
even more critical in design of the sanitary wastewater (sewerage) system

requirements covered later in this report.
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POPULATION GROWTH PROJECTIONS

COMBINED PERMANENT & SEASONAL POPULATION
(PROJECTED PERMANENT POPULATION SHOWN IN PARENTHESIS)

AT

(80,000)

S NN

A .

KEY

U

g

-~

AN

7///, .............. !

N

DMANNN

AN

NN

.

—~
o
-

~

N

-~

-~

-~

300,000

230,000 1+

g g

NOILVINdOd

100,000

S

1970 1980 1990 2000 2010 2020

1960

YEAR

FIGURE - |




WATER DEMAND

20.0 1 FOR REGIONAL WATER SUPPLY SYSTEM
/»s
»”
//
7
175 /I
7
7
7
4?
V4
7/
15.0 I/
V4
V4
V4
V4
V 4
a12.5 /
Y . Y 4
oz /
5 ~ /
=X /
wao /
o S,
: 3
W 10.0 )
[
w2 g"l
< S/
= o',"l( "
(L) :I /”"
7.5 - %F
5 / /
Q
5 /
2 P 3
2 4 )
3 / ¥
350 7 7
/ S
)4 4;/
' 3
7 QC;/
A7 /'
25— 54
1&*19
pd
go
e‘-’*‘)’e ’
l—'t”"’
0.0
1970 1975 1985 1995 2005 2015 2025
Present 1980 1990 2000 2010 2020
YEAR

FIGURE - 2




3.  SUMMARY OF PRIOR ENGINEERING AND GROUNDWATER STUDIES

During the past decade numerous studies and reports related to the
geology and groundwater resources in the project area have been made.
Identified references are listed in the bibliography at the end of this
report. Unfortunately, most of these reports were prepared for a specific
purpose and are limited in scope and detail. Howéver, a great deal of
useful information is provided and certain conclusions may be drawn from
them.

These studies indicate that reasonable quantities of moderately good
quality water can be obtained from surface sources and surficial sands
or relatively shallow groundwater aquifers in the beach areas. The Moore,
Gardner and Associates report (September 1969) on raw water supply for the
Towns of Nags Head and Kill Devil Hills indicates that approximately 359,000,000
gallons of water can be drafted annually from the fresh water pond and
adjacent area in the vicinity of Nags Head Woods (without risking salt water
intrusion under normal circumstances). This is the prime source of water
supply for the existing systems for the two towns. Thus it can be concluded
that the maximum yield capacity of surface water in that area would be
slightly less than one million gallons per day on an average.

Kimrey's investigation of Ground Water Supply for the Dare Beaches

Sanitary District (1961), indicates that shallow wells in the upper aquifer

(twenty-five to seventy feet, averaging forty-five to fifty feet in thickness),
should yield approximately twenty-five gallons per minute (gpm). He also
suggests that a "safe" yield of 650 gpm might be withdrawn from the ﬁpper
aquifer in the same Nags Head Woods supply area if a well field is instal led
on two parallel lines 1500 feet apart with individual wells spaced 1000 feet

apart on each line. This would indicate a maximum theoretical yield in




excess of two million gallons per day; however, he cautions against the
possibility of salt water intrusion from overpumping and surface contamination
during severe weafher events. His report also concluded that the lower
aquifer was not considered as a suitable source of ground water, primarily

due to variable and unpredictable saline content in various locations and

the high probability of saline encroachment under conditions of high
withdrawals.

Since the Nags Head Woods area is considered to be the most potentially
productive area in the entire study region it is assumed that the productive
capacity of the balance of the varrier island offers a much lesser capa-
bility to meet the growing water supply demands of the region. Also, in
view of the fact that the combined productive capacity from surface and
subsurface sources in the prime Nags Head Woods area has a maximum productive
capacity that will be exceeded by the regional demands within the next five
years, it is concluded that further costly expenditures to exploit this
source are unwarranted. This factor, combined with the constant risk of
periodic or partial failure of the system due to salt water intrusion or
contamination has led to the conclusion that water supply to meet the
long range water supply needs of the region must come from other sources.

The most recent investigation of potential sources of fresh water
supplies for the Dare Beaches area was conducted by the Ground Water Division
of the North Carolina Office of Water and Air Resources (OW&AR) in 1972,

The study was made in cooperation with the Dare Beaches Water and Sewer
Authority and is fo be incorporated into the Division's capacity use
investigation of that area. The results of this investigation have been

published in a report entitled Potential Ground Water Supplies for Roanoke

Island and the Dare Beaches, North Carolina.
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After careful examination of all available data, a system of exp loratory
test wells was patterned throughout the study area. Eight test wells were
drilled to a depth of 500 feet, collecting formation samples at ten-foot
depth intervals. Geophysical logs were made in each borehole and Iithologic
logs were prepared from examination of the formation samples. On the basis
of hydrologic information obtained, zones in the principal water bearing
units were selected for collecting water samples, making water level measure-
ments and determining water quality. After collection of the water samples,
permanent observation wells were constructed at all but one of the sites in
the principal artesian aqulfgr and pumping tests were made.

No attempt is made here to repeat the excellent detailed information
contained in this report, but the "principal aquifer" was identified and
plotted throughout the study area. |t was found generally that the quality
and quantity of this principal aquifer improved as you moved southward
and westward from the beach area through the southern half of Roanoke lsland
and to the mainland south and west of Manns Harbor. The configuration of
the contours for this water source shows that recharge to the principal
aquifer occurs on Roanoke Island and the mainland.

Thus, a deTaifed analysis of this report reveals that a reliable,
long-term source of water supply can be obtained from the principal aquifer
underlying the southern half of Roanoke Island that will meet the present
and projected water supply needs of the Dare Beaches area.

A map showing the suggested well field locations identifying potential

water supply areas follows this page. Also shown are the location of test

wells.
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WATER SUPPLY

A. Existing Systems and Sources

Two municipalities in the Dare Beaches area have existing modern
water distribution systems. The Towns of Nags Head and Kill Devil
Hills both constructed and began opefafion of their systems in 1964,
The Nags Head system began operation with approximately 555 customers
and currently has around 850 customers.” The Kill Devil Hills system
went into operation with about 500 customers and currently serves
slightly over 1000 customers. This total of approximately 1850 customers
represents service to s]igthy less than fifty percent of the potential
customers in the service area, not including another 1100 or more
trailer park and campground sites that are not being served.

The source of supply for these systems is a fresh water lake which
is located on the boundary between the towns about 3200 feet westward
of the ocean and which is surrounded on the southwest and north by
vacant lands owned by the municipalities. This lake is recharged by
rainfall in the area and has provided ample supply until 1969 when an
apparent drop in the lake water level indicated the rate of withdrawal
was greater Than the area's recharge capacity. Since that time a
growing demand for water has caused greater water level drops and
increasing concern. Studies by consulting engineers for the towns
have recommended the use of shallow well fields to supplement the lake
supply. A portion of these wells have been installed and are in
operation. This first group of shallow wells has increased the supply
by about 110,000 gallons per day. A second group of wells was recommended

and is now being contemplated that would increase this augmentation

supply to 300,000 gpd.
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Subsequent investigation and test well construction under the Dare
Beaches study and report have indicated the possibility of obtaining
supplementary water supply from a deep well source. The towns have
undertaken construction of one or more deep wells to explore this
possibility. These would be used as a temporary supplement to their
present supply source until the Authority can provide a supply source.

Both town systems have treatment plants, ground storage of finished
water and pumping capacity for high service. Both systems have elevated
storage and the systems are capable of interconnection although they
are normally operated separately.

There are no other known public water distribution systems now

being operated within the Dare Beaches area.

B. Ground Water Sources

As previously stated, early studies and reports have indicated
that no suitable source of ground water has been found in the beach
areas other than from shallow wells. However, these early explorations
had been limited to a depth of around 100 feet except in several
instances where depths of several hundred feet were reported. The
geological formation in this region is similar to those in other
coastal areas of the state where ground water supplies do exist and
are used as a source of supply for water systems.

Also, as previously discussed, the southern half of Roanoke island
is indicated as the most adequate and available area to develop a
regional water supply source of no less than eighT'To ten mgd which is
required to meet the area's initial and short-term needs (to 1990).

IT will probably be necessary to augment this with additional supply

from the mainland (Manns Harbor area) at some time in the future to



attain the projected eighteen to twenty mgd ultimate water supply
needs of the region.

It is planned to construct one or more test Qells on Roanoke
Island with funds provided by the Coastal Plains Regional Commission
to test the quantity and quality of an identified aquifer to verify
the productive capability of this selected water supply source.
Information obtained from these test wells will be used to confirm the
capability of obtaining sufficient water from this area to meet the
initial requirements of the proposed system. (The results of this
testing program will be published as a supplement to this report as
soon as the tests are completed.) Meanwhile, it appears that a suitable
and sufficient quantity of water can be obtained to meet the demands of
the region from the ground water aquifers 6n Roanoke Island and the
mainland, as indicated in the aforementioned ground water investigation
and report prepared by the Ground Water Division of the North Carolina

Office of Water and Air Resources.
WATER ANALYSIS

A typical analysis of water taken from the principal aquifer

on Roanoke lIsland is as follows:

Color (000) 5 units Ph (00.0) 7.7
Results in Parts Per Million

Atkalinity CaCOs (000) 205 Fluoride (0.00) .2
Total Hardness (000) 132 Atuminum .067
| ron (00.00) .000 Calcium 43
Manganese (00.00) .052 Magnesium 5.8
Turbidity SiOp (000) 21 Carbonate 0.0
Chioride (000) 44 Bicarbonate 250
Sodium (000) 56 Calcium 43
Potassium (00.0) 7.5 Magnesium .052




C. Surface Water Sources

The present municipal systems on Dare Beaches obtain their water
supply from a surface source locally referred to as the "fresh water
pond." This lake is about thirty-five acres in size and has been
estimated to contain about ninety million gallons of water at normal
stages. It is resupplied by rainfall which falls in a recharge area
of about 1100 acres. From past history and records it has been esti-
mated that an average safe daily yield from this source of about!.0 mgd
is possible if the full water suppl!y potential of the lake catchment
areas were exploited.

Some other small ponds are located on the western edge of the
beach island where dunes were formed in past ages and forests have
since covered the dunes. Consideration was given the possibility of
using water from these small ponds and pumping to a central treatment
point. Many of these ponds are close to the tidal waters of the sounds
and might be subject fo recharge from these waters. Few of the ponds
are deep enough to provide a daily supply sufficient to justify the
expense of land acquisition and facilities to obtain and transport
the water. Many of the ponds are full of algae and aqua dill weed
which would require extreme treatment and all of the ponds are a natural
habitat of fish and water foul which inhabit this area. It does not
appear to be feasible to try to develop a supplementary water supply
source from these ponds and this alternative was abandoned.

There is a large area on the mainland to the west of Manns Harbor
which lies generally between Croatan Sound and the Alligator River
which has been dyked and is pumped continually to lower the water

table to facilitate the cultivation and harvesting of trees. For the




most part these lands belong to the one private owner. Map C showing
this potential surface water supply area follows this page. We have
studied this area as a possible source for a surface supply. Analysis
of the water was made and is shown below. Although this water

is potable, it lacks the requirements set out for domestic supply by

the U. S. Public Health Service.

WATER ANALYSIS

Source: Surface (swamp water) taken from WESTVACO pumping station on
U. S. Highway 64 approximately ten miles west of Manns Harbor.

Color (000) 400 units Ph (00.0) 3.9

Results in Parts Per Miliion

Alkalinity CaCOz (000) 0 Fluoride (0.00) 0.10
Total Hardness (000) 23 Arsenic (0.00) 0.0l
lron (00.00) i.13 Cadmium (0.00) 0.01
Manganese (00.00) 0.03 Chromium +6 (0,00) 0.05
Turbidity SiOy (000) I.5 Copper (00.00) 0.05
Acidity CaCO3z (000) 37 Lead (0.00) 0.05
Chloride (000) 16 Zinc (00.00) 0.05
Sodium (000) 10 Calcium {.7

Potassium (00.0) 0.8 Magnesium 2.3

The major items of concern from this analysis are the color, pH
and iron. The iron may be removed fairly easily by aeration and
filtration and the pH corrected by addition of proper chemicals.
However, removal of color in the magnitude of 400 units would be
very difficult. |t can probably be accomplished by careful study,
design, and operation, although we know of né plant. where this much
color is being removed at this time. The plant would be expensive

and operation would be very critical.
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Pumping systems employed by the Westvaco Company indicate that
at least thirty mgd are removed from the area on a seasonal basis.
With proper treatment it is believed that an adequate source of supply
might be found from the development of this area; however, the cost of
treatment and cost of a pipeline across Croatan Sound are unfavorable
when compared economically with development of the ground water source.

on Roanoke Island.

..
.

The recharge of this area which would provide surface supply \\

\
is believed to be the same recharge area which feeds the ground water \

aquifers from which waTgr can be obtained on Roanoke Island. The quality
of ground supply indicates little or no treatment requirements while
the surface supply will require extensive chemical treatment and
filtration to be usable.

It is roughly estimated that the initial construction require-
ments to develop the surface supply west of Manns Harbor will cost not
less than twice as much as to develop the ground water supply on

Roanoke lsland.

D. Water Supply from Desalinization Processes

In view of the extensive availability of salt or brackish surface
water in the study area, the possibility of obtaining a fresh water
supply by desalinization processes to meet current and projected needs
has been investigated. While much progress has been made in the art
of desalinization of water, the cost of such operations have been
substantially higher than other water source develobmen+ where other
supplies are present. Undoubtedly, as the art is refined and new

equipment is developed the cost will be reduced.




There are various methods of desalting brackish or salt water.

These are described briefly as follows:

(1) Heat processes; which are well established for salt water;
accepted techniques employed are:

a. Multi-Stage Flash Distillation (MSF). This is a

conventional method in which heated salt water is introduced into a
low pressure chamber causing the water to flash info steam. A series
of chambers (called "effects") are used, each having a lower pressure

and brine temperature.

b. Vertical Tube Evaporation (VTE). As salt water falls

through a series of tubes, it is heated by sfeam. The heat exchange
operafion converts some of the salt water to steam and condenses some
of the surrounding 5Team into fresh water. The process is repeated
in a series of effects to obtain high efficiency.

c. MSF - VTE. This is a combination of the above two

processes and is the most advanced process to date.

(2) Membrane processes, which include:

a. Reverse Osmosis (RO). This process is used primarily

for brackish water. Pressure on the salt solution forces the pure
water through a membrane. Once the proper equipment is installed,
only pumps are needed to make the system operate.

b. Electro-Dialysis. Anodes and cathodes on either side

of membranes draw off positive sodium ions,. negative chloride ions,

leaving fresh water between the membranes.

(3) Freezing processes. 1Two freezing processes have been

developed. One is known as "Vacuum Freezing" and the other is called
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"Secondary Refrigerant Freezing." Both methods have been plagued with

~problems, mainly in separating sait from the ice.

All of the above systems have been developed and applied with
’differing degrees of success since the Department of the interior's
Office of Saline Water first begah research on desalinization processes
over twenty years ago. Although there have been varying degrees of
technical success with the various processes, the cost of desalting
water has been extremely high. During the twenty years mentioned above,
the cost of desalting seawater has been reduced from $8 per 1000 gallons
to about 80¢ per 1000 gallons. Recent developments in membrane processes
have démonsfraTed a capability to produce fresh water from moderately
saline sources for about 40¢ per 1000 gallons under ideal circumstances.
This is still abovebfhe norma | éosf for water from conventional sources.
This cost reflects only the operating cost of the equipment itself,

but does not include the cost of ancillary equipment for processes

that may be required to make the system work.: Current data indicates
that the total costs Eange from as low as 60¢ up to $1.80 per thousand
gal lons,

Recent reports indicate that the greatest technological advances
have been made in the Reverse Osmosis process. The first drop of salt
water was forced through a membrane in 1955 aﬁd the first system was
developed in 1961. At that time, ten gallions per square foot per day
was a nominal membrane capacity. Most units Téday produce thirty
gallons per square foot per day. However, recent dévelopmen+ of
hollow tube fiber membranes has greatly increased the productivity of
RO units. Although these membranes produce |.5 gallons per square foot

- per day, a high flux rate is not needed because an acre of fiber can
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be fitted into a small area.

Some of the drawbacks of heating systems are not present in RO.
No heat energy is required. . .only pumps to keep the water under
pressure. RO membranes have a 97 to 99.5 percent salt rejection rate.
While heat systems have problems wi+h.sca|e and corrosion accounting
for low life on many parts, RO is not bothered by scale. Advances
in membrane technology do not necessarily make an installed RO system
obsolete. As future improvements are made in membranes it is anticipated
that these filter units may be exchanged for the units in existing
operating systems. Membrane life is presently limited to five years
or less and RO systems can be used only on brackish or wastewater.
Because of the high salinity of seawater, it would take two effects
(units) to obtain potable water, making the process approximately
twice as expensive.

In light of the above, it was concluded that the Reverse Osmosis
Process had the greatest potential application to the Dare Beaches
water supply problem. Brackish water is available from deep wells
or possibly even from Currituck Sound, although suspended solids could
represent a considerable problem if the latter source were used. A
number of companies have developed and are producing Reverse Osmosis
process equipment. A recognized leading manufacturer of hollow fiber
RO equipment was invited to Dare County to discuss and demonstrate the
equibmenf capability to the Authority membersrand other interested
parties. This was done by use of a small individual residence reverse
osmosis plant. The unit effectively demonsfréfed the processing of
saline water containing approximately 3000 parts per million of

chlorides to a product water residual which contained approximately
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200 parts per million chlorides which is within the State Health
Department limitation of 250 ppm for acceptable, potable water. It
was noted during the demonstration that larger plants producing
150,000 to 300,000 gallons per day have been placed in operation in
various parts of the country.

A proposal to provide a supplementary temporary supply to Nags
Head and Kill Devil Hills based on this demonstration was then discussed.

It was proposed to construct a well into brackish waters under the
beach areas. This was to be pumped into a portable battery of reverse
osmosis units to be supplied and operated by the manufacturer. The
produced water would then be pumped into the towns' systems. The

capacity of the proposed supplement was to be 200,000 gallions per day.

.~ Further detailed discussions concerning total cost factors revealed

that fhis would result in a water cost of not less than $2.15 per
1000 gallons to the towns. This represented a daily cost of $430 and
a monthly cost of $i2,900.

| It is believed that with current knowledge and methods that the
Reverse Osmosis method is the most promising desalinization method
presently avaflable; however, the indicated costs are toc great where
other more economical water sources are available.

Atthough the present day operating costs of desalinization appear
to be high for immedia*e application of the RO process to the Dare
Beaches water supply problem, rapid strides in development are being
made and it is estimated that within the next ten years or so,
desalinization processes may offer an extremely competitive methed
for primary or supplementary water supply to the beach areas. We

recommend that fechnological advances in this field be watched carefully
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as a possible means of supplementing the water supply needs of the

area in the next ten fto twenty-year time frame.

E. Economic Evaluation and Conclusions as to Source of Supply

Several factors are of importance in the economic evaluation of
the previously described water supply sources available: First Cost,
Operating and Maintenance Cost, and Final Product Cost. A comparison

of these costs is set out as follows:

Estimated Est. 0&M Cost Est. Product Cost
Source First Cost (per 1000 gallons) (per 1000 gallons)
Ground Water $3.8 million § .02 per 1000 $ .25 per 1000
Surface Water $0 million § .05 per 1000 $ .60 per 1000

Desalinized Water  §| mitlion $2.00+ per 1000* $2.15 per 1000

* Estimated cost to pump two MGD from wells. Other capital cost would
be by saline equipment owner. 1Tem is shown for comparison only as
two to five million gallons initial requirements is too great for

any currently available proven equipment.

From this comparison it is clear that the most economical source

appears to be from ground water.




24

PROPOSED WATER SUPPLY SYSTEM

A.  Source of Supply

As stated earlier in this report, the State Ground Water investi-
gation of the area indicates that the best and most economical source
of water to meet the initial requirements of the system is from the
southern half of Roanoke lIsland. This will be confirmed by the
Authority's demonstration (test) well program fo be constructed in
the near future. For purposes of this report we are assuming that each
well will produce at least 500 gallons per minute. (The aforementioned
tests will reveal whether or not this rate can be increased.) Based
on this assumption it is recommended *that approximately forteen wells
be constructed initially in a well field as set out on Map D following

this page. One-half of the wells will be equipped with a standby

"engine to provide power to the pump in the event of an electric power

stoppage or interruption.

As water supply demands increase additional wells will be consfructed
to increase this supply. Based on the growth and demand indications
set out in Section 2, we estimate that wells will be required according

to the following schedule:

Year Total Demand Wells Required
1974-80 3.9 MGD (5.0 MGD capacity) 14
1985 6.5 18
1990 8.4 23
2000 13.0 36
2020 18.2 50

Obviously, as water supply demands continue to increase and the
need for additional wells is demonstrated, it probably will become

necessary fo establish a supplementary well field on the mainiand
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in the vicinity of Manns Harbor. When this occurs, consideration
might be given to extending the system south and westward into other
parts of the county in addition to transporting some of the water

+o Roanoke Island and the beach areas.

B. Treatment and Storage

Coastal ground water supplies usually require some treatment for
iron, sulphur, and carbon dioxide removal and for softening. The
analysis of test wells accomplished by the State Department of Water
and Air Resources indicates a water which is low in iron but somewhat
hard. There also is some manganese present but this is generally less

+than the allowable Public Health Service maximum,

The water will be pumped from the wells through raw water lines
to a ground reservoir at the treatment plant site. The water will be
aerated and chlorinated as it enters the reservoir. This will remove

any dissolved gases such as hydrogen sulfide or carbon dioxide,
oxidize any iron or manganese that may be preéenf, and sterilize the
water. The water will be pumped from the reservoir into the main
supply line fo the area being served and an elevated tank will be
provided at the Tréafmenf plant site. Provision may be made for other
chemical feeds such as fluoride, phosphate or pH adjustment as necessary.
The hardness of the water (about 150 ppm) isjin a range where softening
may be desirable but is not absolutely necessary. The site will be
planned to provide space for softening equipment which may be provided
at any time. The character of the water makes it suitable for either
cold lime or zeolite softening, and the selection of the type process

would be made on the basis of prescribed health standards and economic

considerations.
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Storage of water will be in an elevated tank and ground storage
tank at the freatment plant site. Initial elevated storage size is
suggested at one-half of an average day's demand. We propose to
construct a 1,000,000 gallon elevated tank, plus a 1,000,000 gallon
ground reservoir at the treatment plant site. Additional elevated
storage will be constructed as the supply increases on the beach, and
ground storage will also be provided by this project or by others
when separate systems connect.

These reservoirs will serve as a point of delivery for the
various separate sysfems as required for proper operation and coordin-
ation of the Authority's supply system with customers' systems. The
reservoirs will also provide storage for emergericies such as fire
fighting demands, supply system breakdowns, or interruptions for
maiﬁ?enance and repair.

A schematic flow diagram for the water supply source and primary
treatment plant follows this page. The regional distribution and

storage system is further expanded upon in the following paragraphs.

C. Supply Pipeline

It is proposed to construct a 24" pressure pipeline along Highway
U. S. 64-264 and 158 By-Pass from the reservoir and pumping plant
on Roanoke lsland to the joint town limits of Nags Head and Kill Devil
Hills on By-Pass U. S. 153, An 18" pipeline branch will extend from
the 24" pipe on Highway 158 By-Pass to the water plants. Direct
connections will be made to the ground storage reservoir of the towns
at their water plants. Each connection will have a meter to measure
flows into the reservéir and will also have a rate of flow control

and valve. It is anticipated that flows can be controlled by the
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water level in the reservoir, or manually by the town's plant operator.
A 16" pipeline extension from the junction of the 24" and 18" line at
Nags Head ~ Kill Devil Hills fown limits fo the north will be made to
provide a water supply for the Kitty Hawk - Southern Shores district
system. This line will terminate just north of the northern town limit
of Kill Devil Hills at the site of a ground storage reservoir to be
constructed by the service district system. Rate of flow and valving
control here will be the same as outlined for the two towns above.

Two routes have been studied for the pipeline from Roanoke Island
to the beach area. The first (Route A) is generally along U. S. Highway
64-264 from Roanoke lsland to the vicinity of Whalebone Junction and
t+hence along the U. S. 158 By-Pass to the common boundary of the two
towns, and a branch pipeline constructed westwardly to the two treatment
plants.

An alternate route (Route B) has been studied which would extend from
+he Roanoke lsland reservoir and pumping plant site, northward along
U. S. Highway 64-264 through the edge of Manteo to the northeastern
portion of the island, thence directly across the sound to the vicinity
of Nags Head Woods and thence to the two water plants and water storage
tanks. Supply service would be provided fo the towns as set out for
the previous route, with a branch |ine extended out to Highway 158

By-Pass and northward along the by-pass to the site of the district

reservoir.

A map showing both routes is provided on the following page.
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COMPARISON OF TWO PIPELINE ROUTES
(See Map "E")
Route A ~ Route B
[t+em Along 64-264 and By-Pass Across Roanoke Sound
Length of route
(pumping station to
town plants) 58,240 45,200
Length of subaqueous
pipeline 600! 15,850
Construction problems 4,500' pipe on pile bents Open sound crossing
above sound hazardous; silt bottom
requires deep trench
for bedding
Estimated cost of
pipeline only $1,858,000 $4,168,100
Future maintenance Normal except pile which Normal except open
is accessible by normal sound crossing will
methods require divers and

underwater work

Future expansion Right of way will accommo- Land route will accom-
date added pipelines; pile modate added pipelines;
structure will carry fwo sound crossing will
additional pipelines require new trench and

line.

This route is recommended.

D. Ground Storage and Pumping

At the points where water is delivered to the various customers
and distribution systems differentials in operating pressures and
systems characteristics prevent a direct flo& through connection from
the supply main into the users' system; therefore, some fype of ground
storage tank will be required. At each point of delivery, the two
towns presently have existing reservoirs +ha+ are usable for this purpose.
A ground storage tank will be needed at any service take-off of the

supply pipeline on the beach.
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Ground storage tanks would normally be constructed of concrete and
would be substantially above ground and above the highest flood level
of record. They would be covered and would have a pump house to provide

service pumps and chlorine treatment equipment.

E. System Control

It is proposed to provide an automatic control system to operate
the supply well field (all wells) to control the water level in the
elevated storage tank and ground storage reservoirs at the end of the
system. This control system would be comprised of the following
principal components and capacities:

(1) The control system would program when each well operates,
turning it on and off and providing an alarm to indicate any malfunction
of the well.

(2) The elevated tank and ground storage reservoir water levels
would be indicated on system control boards.

(3) Rate of flow control units at the fwo municipal service points
would record this information on control boards.

(4) A rate of flow (Venturi) meter would be placed on the supply
pipelines at the supply field storage and treatment plant site to provide
immediate indication of the flow at that point.

(5) A central control board would be located at the supply field
and treatment plant site which would provide overall control of the
system. A pre-programmed well operation sequence could be used to
automatically operate sufficient well units to accomhodafe the supply
demand. |f conditions indicated that manual operation is preferred for

testing or other purposes, the control console would provide such options.
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(6) All wells would be provided with an in-line meter to record
the discharge of the well into the system. Each meter would have a
totalizing dial to record cumulative flows.

(7) All services to users would be metered and the total flows
would be recorded. |t is not contemplated that meter readings would
be transmitted, as this is an expensive procedure and it is not believed
to be necessary or desired for this system. Regular visits for inspection
and meter reading four to six times per year is a necessary operating
procedure and discipline.

It is planned that the site acquired as a part of the initial
project to contain elevated and ground storage on Roanoke Island would
also contain the control and operations facilities as well as pumps for
ground water storage. This site will also accommodate treatment
facilities when needed, storage yard, and equipment housing. Space
for Authority offices can also be provided in the facility if deemed

desirable.

F. Cost Estimate for Initial Construction of Supply System

(1) . WATER SUPPLY FACILITIES
a. Water Supply Wells

C1d 10" deep well with
p

auxiliary power 7 @ $17,800 $ 124,600
[2] 10" deep well with
electric motor only 7 @ $16,600 116,200

TOTAL AMOUNT - Wells $ 240,800

b. Water Supply Field Pipelines

(1] 24" water pipeline 8000' @ $20.00 $ 160,000
[2] 20" water pipeline 4400' 17.00 74,800
[3] 18" water pipeline 3300' 15.00 49,500
[4] 12" water pipeline 3600' 10.00 36,000
[5] 8" water pipeline  7400' 6.00 44,400
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[6] Pipeline valves Lump Sum $ 12,60 )
[7] Fittings, pavement
repair, etc. Lump Sum 20,860
TOTAL AMOUNT - Pipeline $ 400,000

(2) WATER STORAGE AND CONTROL FACILITIES

a. | Miltion gallon elevated tank $ 250,000
b. | Million gallon ground reservoir 100,000
c. Pump house, controls, pumps, etc. 100,000

TOTAL AMOUNT - Storage & Pumping‘ $ 450,000

(3) PIPELINE TO SERVICE AREAS

a. Pipeline to Nags Head and Kill Devil Hills plants and
Kitty Hawk District

[1J 24" pipeline ground 51,500'@ $20.00 $1,030,000
[2] 24" pile bents 4500' °  66.00 297,000
[3] 24" subaqueous 600" 200.00 120,000
[4] 18" pipeline ground 1640' 15.00 24,600
[5]1 16" pipeline ground 25,500' 13,00 331,500
[6] Valves and fittings Lump Sum 25,000
[7] Meters (rate

control, etc.) Lump Sum 30,000

TOTAL AMOUNT - Pipeline to S. Areas $1,858,100

(4) SUMMARY OF FACILITIES AND OTHER COSTS

a. Supply facilities $ 240,800
b. Supply field pipelines 400,000
c. Elevated and ground storage 450,000
d. Service area pipeline 1,858,000
Total! Construction Cost $2,948,800
Administrative and legal 59,000
Engineering, inspection, etc. 236,000

Land and right of way , 100,000
Interest during construction - 70,000
Contingency 10% , 386,200
TOTAL SUPPLY SYSTEM PROJECT COST $3,800,000
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Ist Year 2nd Year 3rd Year
(1) Administrative and operating
personnel $ 33,000 $ 35,500 $ 37,500
(2) Office equipment and
supplies 4,500 5,000 5,500
(3) Records and billing) 1,500 1,600 1,700
(4) Equipment and parts 5,000 5,000 7,500
(5) Repairs to system 1,000 2,500 3,500
(6) Chemical and supplies 2,000 2,000 2,200
(7) Power (electricity) 9,000 9,000 9,500
(8) Automotive equipment rental 2,000 2,500 3,000
(9) Fuel 2,500 3,000 3,300
(10) Travel and perdiem 1,000 1,000 1,200
(11) Miscel laneous expense 500 750 1,000
$ 62,000 $ 67,850 $ 75,900
Subsequent increases after the third year will generally follow the
cost of living index and will also be changed by system expansion. Past

experience has indicated that operation and maintenance unit costs

(per one million gallons of water pumped) change very slowly and are not

a source of sudden and unexpected acceleration in costs.




33

WATER DISTRIBUTION SYSTEM

As indicated in the previous section, the main distribution system

will deliver treated water to the two existing systems of the Towns of
Nags Head and Kill Devil Hills. 1In the case of these two systems,
water will be delivered directly to the existing storage reservoirs

oﬂned by the two towns. As their systems demand water, the valve control
systems at the town reservoirs will "call for water' when needed which
will activate supply from the Authority's supply pipeline system.
These flows will continue until the required storage capacity of the town
systems is satisfied. This supply will be "automatic" and the Authority's
supply system will respond to the demands placed upon it.

in county areas where there are no existing water systems it will
be necessary to establish new distribution systems if such systems are
desired. It is felt that this can be best accomplished by the estab-
| ishment of Service Districts to serve this need. These potential

"County District Systems" are discussed in the following subparagraphs.

A. Kitty Hawk (North): Service District System Analysis

(1) General

Water supply service to the Kitty Hawk (North) area is impor-
tant for a number of reasons. First, there is a large number of
residences and structures in this area that are presently without
a central water supply and fire protection system. In turn, this
lack of an adequate water supply system represents a potential
health hazard in that existing individual waTef supplies are
obtained from shallow well sources that are generally located in
close proximity to adjacent septic tank sewerage disposal systems

with the ever-present potential threat of contamination therefrom.
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Recently, there have also been numerous reports of poor water
quality and well failures in this particular area. Also, an
adequate central water system must be installed before it is tech-
nically and economically feasible to construct a sewerage system for
the area.

Lastly, but of considerable importance, is the fact that the
economic viability of the Dare Beaches regional water supply
project is heavily dependent upon the revenues that will be obtained
from this important segment of the system. This last point is
effectively demonsfrafed and discussed in detail in the economic
feasibility analysis of the entire regional system that follows
in the next section of the report.

In view of the fact that there is no existing water system in
the Kitty Hawk (North) area, this secticn undertakes to analyze
the various alternatives for establishing such a system, including
a general distribution system description, costs and methods of

financing the project.

(2) Service District Concept

It is suggested that consideration be given to establishing
a Service District under the provisions of N, C. General Statute
153-300 ("The County Service District Act of 1973"). In turn,
the county can delegate the administration and operation of the
service district to the Dare Beaches Water and Sewer Authority
under the provisions of GS 162A(4) and (14), General Statute
153 authorizes the County Board of Commissioners to create such
a service district to "...finance, provide or maintain for the

district...facilities and functions in addition to or to a greater
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extent than those financed, provided or maintained for the entire
county." These services include water supply and distribution
systems and sewerage collec%ion and disposal systems. The law
stipulates procedures and requires public hearings, a referendum,
and approval by a majority of the voters residing in the entire
county. The county may also issue general obligation bonds to
finance services, facilities and functions provided within the
service district. Such a bond issue must also be submitted to and
approved by a majority of the voters of the county. |f increased
tax revenues are required to help finance the systems, the county
Is authorized to levy property taxes within the defined service
district in addition to those levied throughout the entire county.
The statute also stipulates that a county may allocate to a service
district any other revenues whose use is not otherwise restricted

by law.

(3) Proposed Service District System

it is proposed to construct a water supply system in the
Kitty Hawk (North) service district to provide for domestic water
supply and fire protection for that area. This system would be
supplied from the branch pipelines described in Paragraph 5C.
A 500,000 gallon ground storage reservoir would be constructed at
the terminus of the Authority's sixteen-inch trunk main at the
northern town limits of Kill Devil Hills. .Sufficienf pumping
capacity would be provided at this point to service the distribution
system and an elevated storage tank that would be centrally located
in the general vicinity of the U. S. Highway 158 and 158-Business

road junction near Southern Shores. This tank would be constructed
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to maintain pressure at optimum levels and stabilize the distri-
bution system.

The distribution system would be designed so as to provide a
trunk loop system satisfactory for the initial years of operation.
Addition of mains in the distribution system would be made when
demands for water service justify these extensions. Adequate
valving and fire hydrants would be provided to assure system
control and proper fire protection coverage for the area served.
Lateral distribution lines would initially be installed throughout
the system to service all areas and dwellings where they can be
economically justified. In a limited number of cases it may be
necessary for an isolated property owner to pay the cost of
installation of a temporary service line if said owner is the
soje user of this service. A plan of the main trunk distribution

system is shown on Map "F" following Page 43.

(4) Estimated Cost for Construction
Cost estimates for construction of the proposed Kitty Hawk
(North) distribution system have been prepared and are tabulated

as follows:

12" mains 25,000 If € $ 7.50 $ 187,500
8" mains 99,700 If 4.00 398,800
6" mains 64,600 |f 2.50 161,500
12" mains 12 ea 325.00 3,900
8" valves 52 ea 200.00 10,400
6" valves 60 ea 150.00 8,400
Hydrants 136 ea 300.00 40,800
Services 1,310 ea 115.00 150,700
Miscel laneous pavement repairs, casings, etc. 50,000
Contingencies 100,000
Total Distribution System $1,112,000

¢
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500,000 Gal lon reservoir $ 76,000
Pumping Station 100,000
500,000 Gallon elevated tank 175,000
Total Construction Cost $1,463,000
Technical services 117,000
Legal and administrative 15,000
Land, easements and rights of way 50,000
Total Cost $1,645,000

(5) Assumed Costs for Estimating Purposes

A detailed analysis of the economic feasibility of the
Dare Beaches Water and Sewer Authority reqgional water supply
project is set forth in Paragraph 7 following this analysis
of the Kitty Hawk (North) distribution system. As previously
stated, the economic viability of the Authority's project is par-
tially dependent upon reveﬁues produced by the Kitty Hawk (North)
system. The balance of this section of the report is designed to
demonstrate that the Kitty Hawk (North) system can be economically
self-sufficient, and at the same time, contribute its proportionate
share of support to the Authority's regidnal system which will
supply it with water.

The Kitty Hawk (North) system cost estimate can be reaéonably
adjusted by the assumption that a grant may be obtained from the
State under the provisions of the Clean Water Bond Act of 1972,

The Act authorizes grants of up to twenty-five percent to support
projects of this nature. Therefore, assﬁming a twenty-five percent
State grant, the total project cost requiring’bond support would

be as follows:
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Total Cost $1,645,000
State Grant (25%) 410,000
Net $1,235,000
Two years' borrowed interest 137,000
Total bond issue requirement $1,372,000

(6) Annual Operating Costs

As will be shown in Section (7), the Authority's regional
water supply project from the Kitty Hawk (North) area requires
revenues initially in the amount of about $46,000 annually. The
estimated quantity of water that will be used by the 1300 present
potential customers in the Kitty Hawk (North) area will only
.generafe about $25,000 in annual revenues to the Authority at the
suggesfed bulk rate of $0.25 per 1000 gallons. For the purposes
of this study, it is assumed that the Authority's rate for this area
will be $0.25 per 1000 gallons, with a monthly minimum charge to
the service district of $4,000. |t appears that it will be to the
mutual advantage of the service districts and the Authority for the
Authority to proVide the personnel and facilities to maintain
and operate this system. However, the figures indicated below
would be applicabie whether the Authority or the service district

operated the system,

Salaries $ 10,000
Utilities (power) 3,000
Repairs and maintenance . 5,000
Office expense 2,000
Miscel laneous , 2,500
Water purchase contract (with DBW&SA) 48,000
Total operating expenses $ 70,500
Debt retirement (on G. O. Bonds) 81,000
Total Annual Cost : $ 151,500
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(7) Proposed Water Rate and Estimated Revenues

Normally the water rate must be set so as to generate the
revenue required to pay the owning and operating cost of the system.
However, there are limitations on the amount that can be reasonably
charged for water. The maximum water rates that will be tolerated
by customers on a system vary widely in different locations. These
rates are influenced by the availability of water, type of develop-
ment, and other factors. Experience in similar coastal areas in
eastern North Carolina indicates that the maximum rates that

can be suggested in this area are as follows:

Monthly Usage Charge
First 3,000 gallons $6.00 (minimum)
Next 7,000 gallons $1.00 per 1000 gallons
Next 40,000 gallons $0.75 per 1000 gallons
" Next 50,000 gallons $0.60 per 1000 ga!lons
Next 100,000 gallons $0.50 per 1000 gallons
All over 200,000 gallons $0.40 per 1000 gallons

There are presently 1,307 potential customers in the Kitty

Hawk (North) area that can reasonably be served by the water
system. This is based on an actual house count conducted in

June 1973, Although it is obvious that this number of potential
customers will increase as the area develops, the initial feasi-
bility must be based on the existing customers. Mandatory hook-

up by all potential customers must be required under the provisions
of N. C. GS 153, With the rate proposed ébove, the estimated

revenues that the system will produce are summarized as follows:
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Residential and Small Commercial Users:

600 ea € 72,00 $ 43,200
400 ea 90.00 36,000
150 ea 100.00 15,000
50 ea 120.00 6,000

Motels/Hotels

20 smal | e 100.00 2,000

30 medium 200.00 6,000

20 large 500.00 10,000
Commercial

5 medium e 120.00 600

5 large 200.00 1,000

Public and Institutional

5 small e 72.00 360

10 medium 120.00 l,200

10 large 200.00 2,000
Industrial

2 ea @ 1,000 2,000
Total Annual Revenue $125,360

The revenue from water sales at the proposed rate is about
$26,000 less than the expenses. This additional amount could be
provided by increasing the minimum water charge to about $7.50
per month, or by creating other sources of revenue from assessments
or advalorem taxes. This is discussed in greater detail in the

following paragraphs.

(8) Economic Feasibility
From the above, it may be seen that it would be desirable
to obtain additional revenues to reduce the total bonded indebted-

ness, or to allow for the accumulation of a reserve fund that




