PREL IMINARY ENGINEERING REPORT
e
(PHASE 1) REGIONAL WATER SYSTEM
AND

(PHASE 11) REGIONAL WASTEWATER COLLECTION AND TREATMENT
o e e o o o o

DARE BEACHES WATER AND SEWER AUTHOR!TY

DARE COUNTY, NORTH CAROLINA

SEPTEMBER 1973

HENRY VON OESEN AND ASSOCIATES, INC.
Consulting Engineers & Planners
Wilmington, North Carolina




PART |

PART 11

TABLE OF CONTENTS

~ INTRODUCT 10N

ORGANIZATION AND AUTHORITY

PROBLEM AND PURPOSE

Page

PREL IMINARY ENGINEERING REPORT - REGIONAL WATER SUPPLY SYSTEM

"

GENERAL

Historical Background

Physiography

Climate

Study Area

Geology and Groundwater
Map A: Location Map

mooOm>»

POPULATION, GROWTH AND WATER SUPPLY DEMAND

Table |: Population & Water Use
Projections
Figure 1: Population Growth

Projections
Figure 2: Water Demand

SUMMARY OF PRIOR ENGINEERING AND GROUNDWATER STUDIES

Map B: Water Supply Areas

WATER SUPPLY

A. Existing Systems and Sources

B. Ground Water Sources

C. Surface Water Sources

Map C: Potential Surface Water
Supply Source
D.  Water Supply from Dealinlzation Processes
E. Economic Evaluation and Conclusions as to
Source of Supply

PROPOSED WATER SUPPLY SYSTEM

A. Source of Supply
Map D: Well Field Plan

B. Treatment and Storage

C. Supply Pipeline
Figure 3: Schematic Flow Diagram
Map E: Alternate Pipeline Routes

following

following

fol lowing
following

following

following

following

following
following

MUt W N

~

13
14
16

17
18

23
24
24
24
25

26
26

27



l D. Ground Storage and Pumping
E. System Control
F.  Cost Estimate for Initial Construction
l G. Estimated Annual Operation and Maintenance Costs
6. WATER DISTRIBUTION SYSTEM
l A.  Kitty Hawk (North) Service District System Analysis
Schedule of Economic Feasibility following
Map F: Distribution System for
l Kitty Hawk - Nor¥h fol lowing
B. Collington IsTand
C. Roanoke Island
Map G: Water System Plan
I on Roanoke Island following
D. Town of Manteo
I E. Other County Areas
’ 7.  ECONOMIC FEASIBILITY OF PROPOSED AUTHORITY WATER SYSTEM
l A. Summary of Anticipated Costs
B. Summary of Anticipated Revenues
Schedule of Users
Figure 4: Revenue-Cost Comparison following
C. Source of Capital Funds
D. Loan Repayment Requirements
l E. Comparative Economic Feasibil ity
PART 111 PRELIMINARY ENGINEERING REPORT - REGIONAL WASTEWATER SYSTEM
I . ALTERNATIVES FOR MANAGING WASTEWATER
. 2.  EXISTING SEWERAGE AND WASTEWATER SYSTEMS
3.  FORECAST AND DEMAND FOR SEWER COLLECTION, WASTEWATER
TREATMENT AND DISCHARGE
l Table 2: Wastewater Loading Projections following
Figure 5: "Wastewater Loadings following
l 4. PROPOSED SEWERAGE COLLECTION SYSTEMS
A. Municipal Systems
l B. District Systems
C. Private Development Systems
D. Potential Service Districts
' 5.  WASTEWATER TREATMENT SYSTEM
l ‘ A. General Plan
B. Regional Treatment Plant

i

Page

28
29
30
32

33

33
43

45
44
45

45
46
47

48

48
48
49
49
50
50
50

52

55

56

57
57

59
59
60
60
62
63

63
64



iii

Page
c. Regional Wastewater Treatment Plant 64
Plate A: Three Plant Concept following 64
Plate B: Small Plant Concept following 64
Plate C: Single Plant Concept following 64
Comparative Schedule of Plant Concepts following 64
Plate D: Scheme of Regional Sewerage
Treatment System following 67
6. TREATED WASTEWATER DISCHARGE 68
A. Discharge into the Sound Areas 68
B. Land Discharge 68
C. Ocean Discharge ‘ 70
7.  ESTIMATED COST FOR REGIONAL COLLECTION SYSTEM AND
TREATMENT FACILITIES 72
8.  COLLECTION SYSTEMS 73
A. General ’ 73
B. Existing Collection Systems ‘ 74
C. New Collection System 75
D. Future Collection and Regional Dnscharge 75
E. Collection System Costs 76
9.  ECONOMIC FEASIBILITY 77
A. General 77
B. Sources of Funds 77
C. Interim System Financing 78
PART 1V CONCLUSIONS AND RECOMMENDAT IONS
. CONCLUSIONS 79
A. Phase | - Water Supply Project 79
B. Sewerage Col lection and Treatment System Project 81
2.  RECOMMENDAT IONS 82
B1BL 10GRAPHY 83
Regional Wastewater Collection & Treatment Plan following 84




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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