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Dare County B&V Project 02581.113
Vater Supply and Treatment B&V File E
Study March 31, 1987

Dare County
P. 0. Drawer 1000
Manteo, North Carolina 27954

Attention: Mr. Robert V. Owens, Jr.
Chairman of the Board of Commissioners

Gentlemen:

Enclosed is the final report of our study of water supply and treatment
alternatives for the Dare County water system. This study was undertaken at
the request of County Manager, Jack Cahoon for the purpose of identifying
alternatives to the further development of the water supply facilities on
Roanoke Island.

The report begins with an introductory section that defines the study purpose
and scope. This is followed by a summary of the major findings and recom-
mendations, which can be used as a quick reference section. Several sections
then discuss the details of the study and describe needed improvements. The
final section describes recommended improvements in greater detail.

It has been a pleasure to complete this study for Dare County. We have
received assistance from Jack Cahoon, Phelpie Edmonson, Randy McPhee, and
others on their staff, for which we express our deep thanks. We believe that

the results of the study, as expressed in this report, will serve Dare County
well in meeting water demands in the coming years.

We are available to present this report at a Commission meeting, to discuss it
with Dare County’s staff, and to answer any questions you may have.

Very truly yours,
BLACK & VEATCH, INC.
David A. Todd
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1.0 INTRODUCTION

1.1 SCOPE

This study and report analyzes the water system operated by Dare County,
projects future population and water demands, and proposes improvements to
meet the projected water demands. The report provides guidance to the Dare
County Board of Commissioners and the Dare County Water Department for
implementing these improvements, including timing, location, and projected
costs.

The study area, shown on Figure 1-1, includes all of Dare County.

Howvever, this study and report deals mainly with the existing water system,

located on Roanoke Island and the outer banks north of the Oregon Inlet. The
study period is from the present (1985) through the year 2005.

1.2 PURPOSE

The purposes of this study were to evaluate the Dare County water sysfem
in relationship to area growth and to plan improvements based upon that
growth.

Although the present Dare County water system is only five years old, the
rapid growth and expansion of the service area have brought the system very
close to its 5 mgd nominal capacity. Failure to quickly determine short term
growth and construct needed improvements will result in a system that is
overloaded in only two years. Failure to determine long term growth patterns
and wvater needs could result in inadequate, improperly located, or unnecessary
improvements that will increase costs and be detrimental to operations.

This study addressed these points through five major analyses: population
grovth trends, projected water demands, water supply sources, water system

evaluation, and development of an improvement master plan.

1.3 REPORT CONTENTS
This report describes the study and its results. A summary of findings
and recommendations is provided to permit quick assessment of the study

results and to serve as a master list of the recommended improvements.

Dare County/02581.113
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Following the summary are results of the population growth trends and
vater demand analyses. These form the basis for all recommended improvements.
Available water sources are analyzed and evaluated. The existing water system
and present operating characteristics are described. Improvements recommended
to meet water demands through the year 2005 are presented. Improvements are
phased in over the 20 year study period to lessen the capital cost impact.
These stages are defined in Section 8.1.

This report is a summary of the analyses performed in the study. Each
facet of the study is discussed in sufficient detail to help the reader

understand the proposed improvements and their functions.

1.4 REPORT ADDITIONS - 1987
This study and report is built upon the analyses and results of a

previous study, Comprehensive Engineering Report on Water System Improvements

for County of Dare, March 1984, prepared by Moore, Gardner & Associates, now
Black & Veatch, Inc. This new study and report adds the following ‘

information.

o Operating data for the years 1984-1986.
0 Additional analysis of data from previous years.

o In depth analysis of alternatives to Roanoke Island groundwater.
This additional study was conducted as a result of difficulties in
the Wanchese community in 1983 and 1984, with private wells being
replaced with deep wells at County expense due to the alleged impact
of County wells on the private wells. This experience, together
with the stated resistance of Roanoke Island residents to the
extension of the County distribution system on the island, has
required the study of alternative sources of water despite the lower
cost of Roanoke Island groundwater development as shown in the
previous report.

In addition, certain sections of the report have been rewritten, and the
report reorganized, to improve readability and the presentation of

information.

Dare County/02581.113
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1.5 RELATED REPORTS
Reports reviewed and considered under this study are as follows.

Comprehensive Engineering Report on Water System Improvements for
County of Dare, by Moore, Gardner & Associates/Black & Veatch,
1984, hereinafter be referred to as the 1984 MGA Report.

Although the final report was not available, consideration was given
to the work undertaken in the carrying capacity study, by Booz,
Allen, and Hamilton, hereinafter be referred to as the 1986 Carrying
Capacity Study.

Letter report, dated November 11, 1984, by Black & Veatch,
discussing water use.

Brown, P.E., et al., Structural and Stragraphic Framework and
Spatial Distribution of Permeability of the Atlantic Coastal Plain,
North Carolina to New York, USGS Professional Paper 796, 1972.

Floyd, E.O0., Hydrology of Fresh Pond, Moore, Gardner & Associates,
Inc., Asheboro, NC, 1979.

Heath, Ralph, Basic Principles of Groundvater Hydrology with
Emphasis on North Carolina, USGS, Raleigh, NC, 1980.

Peek, Harry, et al., Potential Groundwater Supplies for Roanoke
Island and The Dare County Beaches, NC, NRCD, Raleigh, NC, 1972.

1.6 ABBREVIATIONS

AAD
AOSD
APSD
CHWA
DEM
ED

gpcd'

gpm

IX
MG
MD
mgd
mg/1
MH

Annual Average Day

Average Off-Season Day

Average Peak Season Day

Cape Hatteras Water Association
Division of Environmental Management
Electrodialysis

Gallons Per Capita Per Day

Gallons Per Minute

Ion Exchange

Million Gallons

Maximum Day

Million Gallons Per Day

Milligrams Per Liter (equivalent to parts per million)
Maximum Hour

Dare County/02581.113
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NRCD Department of Natural Resources & Community Development
psi Pounds Per Square Inch

RO Reverse Osmosis

TDS Total Dissolved Solids
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2.0 SUMMARY OF FINDINGS AND RECOMMENDATIONS

2.1 FINDINGS

The total permanent population of Dare County is projected to
increase from 19,500 in 1985 to 30,000 by 1995, and 48,000 by 2005.

The total permanent plus seasonal population in Dare County is
projected to increase from 98,000 in 1985 to 141,000 by 1995, and
201,000 by 2005.

Potential new service areas that could feasibly be served from the
County vater system are projected to have a population of 2,120 by
1985, 2,700 by 1995, and 3,300 by 2005.

Maximum Day (MD) water demand is projected to be 6.6, 10.3, and 15.2
mgd in the existing service area by 1985, 1995, and 2005,
respectively. Inclusion of new service areas on Roanoke Island will
increase these demands by 0.2 to 0.3 mgd in 1995 and 2005.

Potential water sales to Currituck County may result in additional
MD demands of 0.5, 1.5, and 2.0 mgd in 1987, 1995, and 2005
respectively.

Expansion of the existing water supply on Roanoke Island depends
upon additional subsurface investigation and analysis. If the
supply can be expanded with a well spacing similar to the existing
wvells, this system can be economically expanded. This will however,
require abandonment of existing private wells and extension of the
distribution system.

The least costly alternative to expanding the Roanoke Island water
supply is desalination of brackish groundwater on the Outer Banks.

The existing Roanoke Island water treatment plant is over-rated by
conventional design standards.

The existing water distribution system north of Kill Devil Hills has
inadequate pumping, storage, pressure, and water delivery
capabilities to support additional growth beyond 1987.

2.2 RECOMMENDATIONS

Dare County should plan for providing 10.3 mgd and 15.2 mgd maximum
day demands by 1995 and 2005, respectively.

Because of the apparent beginning of salt water intrusion, the
existing groundwater supply on Roanoke Island should not be expanded
unless additional hydrological investigation is made.

Dare County/02581.113
Vater Study 2-1
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The existing water treatment plant on Roanoke Island should continue
to operate at maximum capacity until additional treatment capacity
is available. At that time the plant should be derated to 3.0 mgd.

The County should construct a water treatment plant on the Outer
Banks to treat brackish groundvater. The initial capacity of the
plant should be 5.0 mgd, with expansions to 8.0 mgd and 12.0 mgd as
demands increase. ’

A vell field and piping system should be constructed to tap brackish
groundvater from the Yorktown aquifer. The Baum Tract is a suitable
location for the well field, although additional study is required
to determine if additional property is required in Stage 2
construction.

A study of brackish surface water should be undertaken to determine
if it can be used as an alternative supply to groundwater.

Dare County/02581.113
Vater Study 2-2







3.0 DEMOGRAPHIC ANALYSIS

3.1 HISTORICAL POPULATION GROWTH

Dare County has experienced significant population growth since 1970.
Table 3-1 and Figure 3-1 illustrate this growth, wvith Table 3-1 broken down by
geographic area. This table represents the permanent population only, and
does not reflect the recent rapid growth in seasonal population, which is
better shown by statistics pertaihing to building permits and residence
construction. The number of housing units increased from 5,057 in 1970 to
11}006 in 1980. Approximately 60 percent of these are occupied by year-round
residents. Thus, based on the number of year-round housing units and 1980
Census population, there are 2.19 persons per housing unit. The geographic
areas in the County and the population growth of each are discussed below.

3.1.1 Mainland .

Growth on the mainland has been slower than in other parts of the County.
Approximately 6 percent of the total permanent population resides in Croaton
and East Lake Townships. Growth on the mainland increased by approximately 30
percent between 1970 and 1980. This growth represents only 3 percent of the
overall increase in population in the County. The majority of the population
on the mainland is concentrated around the Manns Harbor and Stumpy Point

areas. The mainland is not served by the County water system.

3.1.2 Roanoke Island
Growth on Roanoke Island has occurred mainly in the vicinity of the Town

of Manteo and the Wanchese community. The island is a part of the Nags Head
Township. Approximately 30 percent of the County’s permanent population
inhabits the island. Between 1970 and 1980, the island population increased
by 35.6 percent, which represents 16.2 percent of the total growth in the
County. At present, only the Town of Manteo and approximately 80 other

connections are served by the County water system.

Dare County/02581.113
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TABLE 3-1
POPULATION TRENDS, DARE COUNTY, NC

Population
Township 1970 1980 % Change % of Total
(3) Atlantic 1,141 3,732 227.5 28
(1) Croaton 540 714 32.2 5
(1) East Lake 88 112 27.3
(3) Hatteras 1,333 2,783 108.8 21
(3) Kennekeet 565 1,060 87.6
(2) Nags Head 3,328 4,971 49,4 37
Dare County 6,995 13,372 91.2 100%

Housing Units

Township 1970 1980 % Change % of Total
(3) Atlantic 1,883 4,851 157.6 44

(1) Croaton 214 358 79.9 3

(1) East Lake 42 67 59.5

(3) Hatteras 620 1,379 122.4 13

(3) Kennekeet 324 648 100.0

(2) Nags Head 1,974 3,676 86.2 33

Dare County 5,057 10,979 117.6 100%

(1) Mainland
(2) Roanoke Island and Part of Outer Banks
(3) Outer Banks

Source: 1980 US Census

.
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3.1.3 Outer Banks

The Outer Banks of Dare County are divided into two segments which are
separated by the Oregon Inlet. The southern section, Pea/Hatteras Island,
comprises the Kennekéet and Hatteras townships. Pea/Hatteras Island has 29
percent of the total County population. Between 1970 and 1980 the area
population increased by 102 percent, vhich is 30 percent of the total County
population growth.

The northern segment, Bodie Island, consists of the Atlantic and Nags
Head townships. These areas have aproximately 35 percent of the County’s
population. Growth of Bodie Island population between 1970 and 1980 was 205.6
percent, or 50.2 percent of the total growth in the County. All of this area
is within the County water system service area, although the system does not
extend to all potential customers at present.

The years 1980 through 1982 saw growth continuing at a rapid pace.
Approximately half of the 4,206 building permits were issued for residential
construction. Approximately 60 percent of these were for permanent
residences, with the remainder being seasonal cottages and timeshare
condominiums. Construction of all three types of residences is undergoing
growth, with the most rapid growth being in time share condominiums. The
permanent population in Dare County in 1983 was estimated to be 17,100.

Continued growth has been experienced since 1983.

3.2 LAND USE

An important aspect of projecting future growth and population trends is
the amount of land available for development. Dare County consists of 391
square miles of land and 800 square miles of water, for a total of 811,777
acres of land and water. According to the County’s Land Use Plan, 15 percent
of the total land area is suitable for development. The land use in the
County is illustrated in Table 3-2. The actual acreage in each land use class
may have changed, since previous reports indicate that large tracts of the
mainland could be converted to commercial farming.

It is estimated that 18,900 acres are classified as developed or in a
transition stage (subdivided for development). The transitional land is
located near or adjacent to developed land, along highways, or in areas where

the soils and accessibility indicate a high development potential.

Dare County/02581.113
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TABLE 3-2
LAND USE CLASSIFICATION

Land Use Acres
Agricultural 242(1)
Forestry 173,688
Governmental 67,190
Urban (Developed) 6,100
Total Land 247,220
Water 564,557
Total Acreage 811,777

(1) This figure may actually be higher since some cut-over areas are still

in transition and could be used for farming.

Source: Dare County Land Use Plan 1976




3.2.1 Mainland

The mainland portion of Dare County consists of approximately 182,500
acres, of which 6,600 acres are classified as developed or transitional.
Developed areas are located in the communities of East Lake, Stumpy Point,
Mann’s Harbor and Mashoes. The population density in these areas is estimated

to be approximately 0.15 person per acre.

3.2.2 Roanoke Island
~ Roanoke Island consists of approximately 12,400 acres, of which 5,116

acres are considered to be developed or suitable for development. The
developed areas are centered around the Town of Manteo and the Wanchese
community. The majority of the residences are permanent (year-round).
Approximately 5,120 persons reside on the island. The population density of
the developed area is estimated to be 1.00 person per acre. The island is

considered approximately 60 percent developed.

3.2.3 OQuter Banks

The Outer Banks consist of approximately 51,633 acres, 26,502 of which
are north and 25,131 acres south of Oregon Inlet. Because approximately
16,685 acres of developed or developable land are located to the north of
Oregon Inlet, and only 3,116 acres to the south, most of the development is
occurring to the north. The municipalities are undergoing growth in the
north, as is the unincorporated Duck area north of Southern Shores.

A large concentration of the seasonal population occupies the northern
segment of the Outer Banks. The rapid increase in both seasonal and permanent
population has brought up the question of what the ultimate saturation
population would be.

Assuming that 75 percent of the total developed and developable land on
the Outer Banks and Roanoke Island will be used for residential purposes,
280,000 persons could be accommodated during the peak season. This is based
on an average density of 15 persons per acre on the Quter Banks and 1.0 person

per acre on Roanoke Island.

Dare County/02581.113
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3.3 POPULATION PROJECTIONS

Calculations have determined that the permanent population is increasing
approximately 7 percent and seasonal population by approximately 5 percent per
year. The population projections in Table 3-3 are based on current growth
trends through the planning period. The accuracy of the projections is based
on assumptions that vary with a number of economic, social and climatic
conditions. These projections must be updated at intervals of no more than
five years to keep the projections in line with actual events.

 The carrying capacity study undertaken simultaneously with this study
should provide more accurate figures concerning the maximum population and
projected rates of development.

The population projection results of this study were compared to the
projections of the North Carolina Office of Budget and Management. The
State’s projections for the years 1990 and 2000 are approximately 25 percent
lover than those of this study. This difference emphasizes the need for
updating population projections at least every five years. The population
projections are shown in Figure 3-1.

3.3.1 Existing Service Area

The populations of the five existing service areas within the County are
shown in Table 3-4. Dare County supplies water to all of the areas with the
exception of CHWA.

The County service area population was determined by multiplying the
number of units by 2.19 persons per unit for permanent units, 6.7 persons per
unit for seasonal cottages, and 3.6 persons per unit for multiple unit

residences.

3.3.2 Potential New Service Areas

Potential new service areas were identified by analyzing areas with
sufficient population density to feasibly support a water system, and areas

that are in great need of water service. Each potential new service area is

Dare County/02581.113
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POPULATION PROJECTIONS (PERMANENT AND SEASONAL)

TABLE 3-3

PERMANENT
% of Total
Township Population 1980 1983 1985 1990 2000 2005
Atlantic 28 3,732 4,778 5,447 7,353 9,926 13,401
Croaton 5 714 853 953 1,313 1,774 2,393
East Lake 1 112 170 195 263 355 479
Hatteras 21 2,783 3,583 4,085 5,515 7,445 10,051
Kennekeet 1,060 1,365 1,556 2,100 2,836 3,829
Nags Head 37 4,971 6,314 7,197 9,716 13,117 17,708
Dare County 100 13,372 17,063 19,433 26,260 35,453 47,861
SEASONAL
Occupancy
Accommodations Units Per Unit 1983 1985 1990 2000 2005
Motels 3,400 3.6 12,240 13,464 16,830 21,037 26,269
Cottage Courts 750 2.4 1,800 1,980 2,475 3,093 3,866
Campgrounds 1,945 3.8 7,391 8,130 10,162 12,702 15,877
Trailers 1,670 3.8 6,346 6,980 8,725 10,906 13,632
Tents 275 3.8 1,045 1,150 1,437 1,796 2,245
Cottages 6,015 6.7 40,300 44,300 55,413 69,265 86,582
Time/Condos __310 6.7 2,077 2,285 2,856 3,570 4,463
Dare County 14,365 N/A 71,199 78,319 97,898 122,369 152,934
Total Permanent 88,262 97,772 124,158 157,822 200,795

& Seasonal

Sources: MVERCO (Seasonal Accommodations)




TABLE 3-4
PERMANENT AND SEASONAL SERVICE AREAS POPULATION PROJECTIONS

Existing Service Area 1983 1985 1990 2000 2003
CHWA 7,420 8,500 12,600 20,600 24,400
Nags Head 13,600 17,300 32,200 46,700 61,000
Kill Devil Hills 12,760 16,000 29,000 37,700 46,400
Manteo 980 1,100 1,200 1,300 1,500

Dare County (Kitty Hawk) 16,140 18,400 24,000 32,500 40,900

TOTAL 50,900 61,300 99,000 138,800 174,200

County Water System

Service Area 43,480 52,800 86,500 118,200 149,800
Potential New Service Area 1983 1985 1990 2000 2005
Rodanthe-Waves-Salvo 1,274 4,123 5,876 6,610 7,339
Roanoke Island 2,000 2,120 2,440 2,800 3,220

TOTAL 3,274 6,243 8,316 9,410 10,559

Future Service Area
for County Water System 43,480 54,920 88,940 121,000 153,020

Notes

1. Rodanthe-Waves-Salvo cannot be economically served from the existing Dare

County system.

2. New service areas on Roanoke Island are assumed to be connected in 1985.




discussed in this report. It should be noted that it may not be feasible or
desirable to serve all areas from the County system. They are discussed in
this report to show the potential for a water system. Should the County
decide to extend service to the areas, a detailed study may be required to
determine the most feasible water source, be it CHWA, Dare County Water, or a
totally new system. '

3.3.2.1 Rodanthe-Waves-Salvo. The villages of Rodanthe, Waves and Salvo are

well established and relatively isolated communities approximately 14 miles
south of Oregon Inlet. WVater is provided predominately by individual shallow
wvells that drawv on the fresh water aquifer which is recharged by
precipitation. The water in these areas is highly susceptible to salt water
intrusion contamination from flooding and by wastewater discharges from septic
tanks. As the population increases, the need for a potable water supply will
also increase.

Like other areas of the Outer Banks, the villages have experienced a
substantial increase in seasonal population. The population projections .
illustrated in Table 3-4 were taken from the MGA 1982 Engineering Report
titled "WVater Supply and Treatment Alternatives for Rodanthe-Waves-Salvo."
The methodology used in those projections was based on Federal projections.
3.3.2.2 Roanoke Island. The Town of Manteo and the Wanchese community are

located on Roanoke Island. The majority of the residents on the Island are
permanent inhabitants. The area is approximately 60 percent developed.

The Town of Manteo operates its own water distribution system and
purchases treated water from the County. The County also supplies water
service to approximately 80 customers in the Manteo area. However, the
majority of the residential water supplies on the island are provided by
individual shallow wells. The water is susceptible to contamination by
flooding and by wastewater discharged from septic tanks. The County uses the
groundvater supplies on Roanoke Island as its water source and will continue

to depend on this source of groundwater for future supply.
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The need for water service on the island will increase as the water
demands from the County increase. With increased demand from residents
utilizing their own wells and the County obtaining its water from the
groundwater source, the stress on the aquifer system will increase.

To eliminate any problems that could result from the competition for
wvater supplies on Roanoke Island, these potential service areas should be
brought onto the County system. It is estimated that 2,000 persons are in the
service area, which includes Wanchese and areas around Manteo. About 540
possible connections have been identified in Wanchese. Population growth of
thé island is assumed to be similar to that of Manteo, approximately 3 percent
per year. The projected population of the service areas on the island is

shown in Table 3-4.
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4.0 WATER USE ANALYSIS

4.1 SIGNIFICANT WATER USE DATA
Vater use can be measured and quantified in many different ways. For
planning and design purposes, the following data have proved to be most

useful.

Annual Average Day. Computed by dividing the total annual wvater

production by 365. This value is 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 should 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 utilized to supply the difference between maximum day and

maximum hour rates.

Average Off-Season Day. Computed by dividing the total water production

during October through March by 182 days. This value is used for
determining water requirements and the approximate system needs during

off-peak periods.

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

during June through August by 92 days. This value is used for
determining sustained peak usage, which is useful in determining
staffing, treatment chemical inventories, and preventive maintenance

schedules.

Dare County/02581.113
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Ratios. The ratios of Maximum Day, Maximum Hour, Average Off-Season
Day, and Average Peak-Season Day to Annual Average Day (MD/ADD, 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 water system,
will remain fairly constant with time. A consistent change (up or down)
in any of these ratios indicates a change in water 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 projections of future water requirements.

4.2 PAST VWATER DEMANDS

Since the County water system has been in operation only since 1980,
historical water use records are very limited. Table 4-1 presents past water
demand records. This table shows a rapid increase in vater usage in all years
except 1984 and 1986. This decrease in water use in 1984 was discussed in an
MGA letter report dated November 1, 1984. That report identified a number of
major leaks in the water system in 1983, which distorted the water use data
for that year. Figure 4-1 shows the water production record since the County
system began operation in 1980. This figure shows both the erroneous 1983
vater production data due to leaks and the large seasonal fluctuation in water
use. The increase in metered water use has been continuous since 1980
excepting 1986. Also shown in Table 4-1 are the ratios of MD/AAD, AOSD/AAD,
and APSD/AAD computed from historical water use records.

4.3 FUTURE WATER REQUIREMENTS

Figure 4-2 shows a graphical representation of historical and projected
wvater use from 1980 through 2005. The projections for maximum day are based
on 105 gallons per capita per day and the population projections of Section
3.0. The annual average day is based upon a MD/AAD factor of 2.1 based on the
historical trends. The average off-season day and average peak season day
projections are based upon the factors shown in Table 4-1. Also .included on

Figure 4-2 are the maximum day demands, including potential new service areas
on Roanoke Island.
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TABLE 4-1
HISTORICAL WATER USE
1980 1981 1982 1983 1984 1985 1986
Total Water Produced 160.25 516.07 566.50 738.16 791.83 893.370 856.449
(mg)
Annual Average Day 0.98 1.41 1.55 2.02 2.17 2.45 2.346
(mg)
Maximum Day (mgd) 2.3 3.1 3.4 4.5 4,8 5.0 5.36
Ratio MD/AAD 2.35 2.19 2.19 2.23 2.21  2.04 2.28
Average Off-Season NA 0.75 1.06 1.31 1.40 1.56 1.48
Day (mgd)
Ratio AOSD/AAD NA 0.53 0.68 0.65 0.65 0.64 0.631
Average Peak-Season NA 2.50 2.92 3.66 3.56 3.95 3.77
Day (mgd)
Ratio APSD/AAD NA 1.77 1.88 1.81 1.64 1.61 1.61
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As vith population projections, water use projections should be updated
periodically as new data becomes available. Predictions of future water use
are based on many assumptions. Projections by different sources are based on
different assumptions, as well as different interpretations of existing data,
and can vary greatly. This emphasizes the need to keep projections current.

Tables 4-2 and 4-3 present water use data broken down for the different
parts of the service area. This data is presented to facilitate comparison of
the projections of this study with any future studies.
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TABLE 4-2
PRESENT PEAK SEASONAL WATER DEMAND
DARE COUNTY, NC

Daily
Service Area Peak Deaily Demand Per Capita Demand
(mgd) (gallons)
Nags Head 1.5 111
Kill Devil Hills 1.7 134
Manteo 0.2 102
Dare County 1.1 73
Total 4.5 105*
* Average




Service Area

Nags Head (1)

Kill Devil Hills (1)

Manteo (2)

Dare County (2)
(Kitty Hawk)

Dare County
Water System

Roanoke Island

Future Service
Dare County Water

*Rodanthe-Waves Salvo

TABLE 4-3
WATER DEMAND PROJECTIONS

Existing Service Area (mgd)

1983 1985 1990
1.5 2.25 3.0
1.7 2.25 3.0
0.2 0.21 0.24
1.1 1.90 2.40
4.5 6.61 8.64

Potential New Service Area (mgd)

0.22 0.25
-—- 6.83 8.89
0.40 0.65

(1) Miller Williams projections to 1990.
(2) MGA projection (105 gpcd).
(3) MGA projection, 1982 Engineering Report.

* Not feasible to serve from Dare County System.

2000 2005
4.5 6.1
3.8 4.6
0.31 0.36
32 4
11.81 15.16
.28 0.33
12.09 15.49
.82 1.0







5.0 VATER RESOURCES

5.1 SCOPE

The availability of water resources to supply 15.2 mgd in the study area
vas examined in this study. A number of alternatives were briefly considered,
but not developed in depth. One such alternative is water reuse, which was
rejected for both financial reasons and lack of public acceptance. Another
alternative is a pipeline to Virginia Beach to receive water from the Lake
Gaston pipeline, which was rejected on financial grounds and because of the
possibility that this water source may not be available within the time
required.

The following water resources were studied in greater depth, and are

discussed in the subsections which follow.

Fresh Water

o Outer Banks Surface Water
Outer Banks Groundwater
Roanoke Island Groundwater

Mainland Surface Vater

o O O o

Mainland Groundwater

Saline Water
o) Brackish Surface Water

o Brackish Groundwater

Saline water includes anything from seawater to brackish water requiring
treatment by a desalination process. Seawvater was not considered a viable
wvater resource due to high capital and 0&M costs for treatment.

The analyses have identified the following five alternatives, each of

which is discussed in the following subsections.
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Alternative Description
1 Roanoke Island Groundwater
2a Mainland Groundwater
2b Mainland Groundwater
3a Brackish Surface Water
3b Brackish Groundwater

5.2 OUTER BANKS SURFACE VATER

Fresh Pond is a 27-acre lake located halfway between the Atlantic Ocean
and Albemarle Sound and bisected by the boundary between the Town of Nags Head
and Kill Devil Hills. This lake served as a water supply source for the two
towns until 1980 when the towns entered into a water purchase agreement with

the County.

5.2.1 Hydrology
The source of fresh water on the Outer Banks is precipitation. The Nags

Head area receives an average annual precipitation of 45 inches. A major
portion of the precipitation is lost through evaporation, runoff, and lateral
discharge of groundvater to the ocean and the sounds. Only 25 percent of the
precipitation is available for percolation to the zone of saturation where it
becomes a groundwater supply. The Fresh Pond responds hydraulically in the
same manner as a large diameter well. During withdrawal by pumping, a "cone
of depression" forms around the lake and behaves as a groundwater divide. The
effects of pumping on movement of the divide were investigated by E.0. Floyd
of Moore, Gardner & Associates, Inc. in 1979. Floyd found that when water is
vithdrawn from the pond, the water surface is lowered and groundwater begins
to move to the pond from all directions. The gradient difference of the water
table surface increases toward the pond with continual withdrawal, and the
vater table in the vicinity of the pond assumes the shape of an inverted cone
vith its apex at the pond. Within this cone of depression, groundwater flows
tovard the pond. The edge of the cone of depression becomes a groundwater
divide. The position of the groundwater divide is relatively stationary.

This indicates that the water in the zone of influence remains relatively

constant throughout the year.
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WVhen this water supply was not used for several years, the surface of the
lake rose dramatically. This is because evaporation became the only outlet
for vater in the zone of influence. Pumping during plant operation from the
fall of 1985 into summer of 1986 again lowered the water surface, although not
as much as in past years when simultaneous withdrawals by both towns lowered
the pond level below the minimum necessary for proper operation of the

intake. A potential water supply source is still available at Fresh Pond.

5.2.2 Storage
A determination of lake storage at various water surface elevations was

made to estimate the volume of water stored by the Fresh Pond. This data was
plotted as a stage-storage curve and is shown in Figure 5-1. A tabulation of
some data points is shown in Table 5-1. Floyd estimated that during the
summer months, pumping imposed 2 to 3 feet of drawdown on the lake in addition
to the evaporation losses. The additional drawdown imposed by pumping 1.0 mgd
from the lake produced additional flow from the aquifer to the pond. Due to
the water storage and transmission properties of the aquifer, sufficent
groundvater flow to balance pumping at 1.0 mgd can be obtained from storage
within the cone of depression around the pond without causing significant

changes in its horizontal dimensions.

5.2.3 Safe Yield

Based on the stage-storage relationship and a monthly water balance, a
safe-yield determination was developed for withdrawals from the Fresh Pond.
This calculation is for long-term withdrawals aﬁd does not consider the water
in storage in the pond at the time pumping begins. If the withdrawal is to be
of a short duration, the volume of withdrawal could be increased to use the
vater in storage. Before pumping at the higher yield, the volume of water in
storage should be computed. An estimate of pumping duration would be made and
the total volume of water required would be determined. By checking the
stage-storage curve and the daily safe yield data in Table 5-2, a safe
vithdrawal rate can be determined. Using this data, 1.0 to 1.5 mgd could be
withdrawn from Fresh Pond without adversely affecting the supply, for
durations of up to one month, throughout the year. Higher rates could be

pumped from January through May and October through December.
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STAGE

4 ft.
5 ft.
6 ft.
7 fr.
8 ft.

Divide

TABLE 5-1
STAGE STORAGE DATA AT FRESH POND

STORAGE
8.7 MG
17.6 MG
26.8 MG
36.4 MG
46.5 MG

57.0 MG




]

Month

Jan. 1980
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.

Dec.

Average

TABLE 5-2

SAFE YIELD BY MONTH - FRESH POND

Fresh Pond Safe Yield =
Climatological Data Climatological Data Pws-Rws-Efpa
P R E PWS RVS Efpa Month Day
ft ft ft MG MG MG MG MG
0.49 0.02 0.18 52.11 2.13 1.64 48.34 1.56
0.26 0.01 0.29 27.65 1.06 2.64 23.95 0.83
0.54 0.03 0.40 57.42 3.19 3.64 50.59 1.63
0.39 0.02 0.63 41.47 2.13 5.74 33.60 1.12
0.37 0.02 0.73 39.35 2.13 6.65 30.58 0.99
0.28 0.01 0.85 29.77 1.06 7.74 20.97 0.70
0.37 0.02 0.87 39.35 2.13 7.92 29.30 0.95
0.21 0.01 0.74 22.33 1.06 6.74 14.53 0.47
0.42 0.02 0.57 44.66 2.13 5,19 37.34 1.24-
0.29 0.01 0.38 30.84 1.06 3.46 26.32 0.85
0.33 0.02 0.30 35.09 2.13 2.73 30.41 1.01
0.34 0.02 0.28 36.15 2.13 2.55 31.47 1.02
0.36 0.02 0.52 38.02 2.13 4.72 31.45 1.03

Watershed (WS) = 326.19 acres
Fresh Pond Area (FPA) = 27.93 acres

P - Precipitation
R - Runoff

E - Evaporation

Pvs - Precipitation on Watershed

Rws - Runoff from Watershed

Efpa - Evaporation from Fresh Pond Area
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5.2.4 Improvements Required For Use

The 1984 MGA Report recommended that the Nags Head Water Treatment Plant
at Fresh Pond be upgraded as part of the Phase I improvements, making the
plant available for treatment in 1985. The recommended improvements were
implemented in 1985, and water production began in November 1985. The
improvements were discussed in depth in the 1984 MGA report and are not
repeated here. Any further improvements required for this plant are outside
the scope of this study.

This plant, hereafter called the Fresh Pond Water Treatment Plant, has a
design capacity of 1.5 mgd. The safe yield plus storage of Fresh Pond will
not permit operation at this rate for extended periods. On an overall peak
season basis, this plant can be run at 0.9 mgd. Plant hydraulics are designed

for a maximum rate of 2.25 mgd to meet very short term emergency requirements.

5.3 OUTER BANKS GROUNDWATER

Groundvater in the shallow vater table aquifer consists entirely of
captured rainfall that is not lost to runoff, evapotranspiration, and
discharge to the ocean and sound. As stated elsewhere in this report, only a
portion of rainfall, perhaps 25 percent, is actually retained in the aquifer
as a potential water supply. Using an average annual rainfall of 45 inches, a
vell field would have to tap all the water in an area of 5,365 acres to meet
the 2005 demand. For actual design, this would have to be increased to
account for a 10-year or 20-year low rainfall total. The large quantities of
vater required rule out the development of Outer Banks’ shallow groundwvater to
meet future water needs.

Deeper Outer Banks groundwater is discussed in Section 5-8.

5.4 ROANOKE ISLAND GROUNDWATER

The groundwater system of Roanoke Island is a complex hydrogeologic
feature affected by many physical, meteorologic, and oceanographic factors.
The 1984 MGA Report presented considerable detail about the overall
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characteristics of three aquifers underlying Roanoke Island. The major study
work was done by the United States Geological Survey and North Carolina
Department of Natural Resources and Community Development. Their work was for
the purpose of locating major freshwater supplies and identifying overall
aquifer hydraulic characteristics. No area was studied in suitable detail for
wvell field design. Thus, no analysis was made of the cone of depression or
the potential for saltwater intrusion in the existing well field or in
potential future well fields.

Additional data gathered by the North Carolina Division of Environmental
Mahagement has identified the following trends for Roanoke Island groundwater.

(1) Salt water intrusion is occurring in shallow wells in the
southwestern end of the Island, possibly as a result of the County’s
pumping.

(2) Shallow wells in Wanchese have gone dry, possibly as a result of the
County’s pumping.

A cause and effect relationship between the County’s pumping and recent
trends in Wanchese can be established only by a study involving analysis of
historical data and construction of monitoring wells. DEM is not making
available the data upon which the above statements are made, so it is not
possible to state whether the data establishes the cause and effect. However,
the DEM has indicated that they will probably oppose any attempt to expand the
Roanoke Island well field.

A recommendation to expand the development of the Roanoke Island water
supply cannot be made unless additional study is conducted. This would
involve well drilling and pump testing in new areas, and monitoring area wide
drawdown and saltwater intrusion through a monitoring well program. Such a
study may indicate that additional water can be safely withdrawn, but may also
indicate that the aquifer should not be further developed. Because of the
uncertainty, and DEM’s probable objections, it is recommended that there be no

Dare County6/02581.113
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further development of the existing Roanoke Island water supply. Figure 5-2
shows the required facilities and the opinion of probable cost for expanding
the well field and treatment plant as required in Stage 2. This possible
vater supply is called Alternative 1. Again, expansion of this well field
should be done only if further study can verify its feasibility.

Additional details of the hydrogeologic characteristics of groundvater
under Roanoke Island are in Appendix A.

5.5 MAINLAND SURFACE WATER

Surface water exists on the Dare County mainland in East Lake, South
Lake, and in various canals and natural streams. Vater samples taken in
several locations in East Lake and South Lake, the results of which are shown
in Table 5-3, have revealed that the water is brackish, and that, as a
minimum, conventional treatment (coagulation, sedimentation, and filtration)
plus desalination would be required. The canals and streams are all slow
moving and affected by tides and, in all probability, brackish. The entire
area is subject to saltwater contamination by flooding as a result of storms.
The high cost of treatment and transmission through a submarine pipeline make
this alternative unfeasible and not vorthvhile of further study.

5.6 MAINLAND GROUNDWATER

The mainland of Dare County has greater potential than Roanoke Island for
groundwater development due to its larger land area. Development of mainland
groundvater is an alternative to further expansion of the groundwater supply
on Roanoke Island.

5.6.1 Hydrogeologic Framework
The hydrogeology of the mainland of Dare County is very similar to that

of Roanoke Island. The stratigraphic sequence along the eastern side of the
mainland correlates directly to the sequence on Roanoke Island. The principal

vater bearing zones present on Roanoke Island are also found near the Manns
Harbor area.
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SOUTH LAKE:*

Chloride

Calcium Hardness
Magnesium Hardness
Total Hardness

Nitrate

pH (units)

Total Dissolved Solids
Turbidity (NTU)

Iron

EAST LAKE:

Chloride

Calcium Hardness
Magnesium Hardness
Total Hardness
Nitrate

pH (units)

Total Dissolved Solids
Turbidity (NTU)

Iron

* All are mg/l unless otherwise noted

TABLE 5-3
MAINLAND SURFACE WATER ANALYSES

Head Near Middle
Surface Surface 2' Deep
1,280 1,380 1,355
64 80 80
278 258 254
342 338 334
0.143 0.094 0.111
6.9 7.0 7.0
2,732 2,887 2,928
2.1 2.0 2.0
0.395 0.284 0.324
1,490 1,555 1,570
84 92 92
266 296 246
350 388 338
0.085 0.126 0.116
6.8 6.9 7.0
3,154 3,304 3,300
2.0 1.85 2.1
0.190 0.145 0.166
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5.6.2 Safe Yield

Test well drilling and pumping tests conducted near Manns Harbor by the
North Carolina Division of Environmental Management indicate that ample
groundvater supplies exist. The test wells were drilled to depths of about
500 feet and encountered the principal aquifer at depths ranging from 50 to
100 feet. The average thickness of the unit is 75 feet. The transmissivity
of the aquifer at this location is 53,000 gal/day/ft with a storage
coefficient of 1.03 x 10'2. The specific capacity of test wells varies from
4.58 gal/min/ft to 7.21 gal/min/ft of drawdown. This data is based on a
4-inch diameter test well screened between 140 and 150 feet. A 10-inch
diameter production well located near Manns Harbor, which is screened in the
principal aquifer, should produce 500 to 800 gallons per minute. Wells should

be spaced at least 2,000 feet apart to avoid pumping interference.

5.6.3 WVater Quality 4
The water quality of the principal aquifer at Manns Harbor is similar to

the wvater vhich Dare County is recovering on Roanoke Island. Table 5-4 gives
the results of water quality testing conducted by the Water Resources Division
of the U.S. Geological Survey on the water recovered from the principal
aquifer at the test well sites. This analysis indicates that the groundwater
is high in hardness, but contains little iron, manganese, or chlorides.

5.6.4 Facilities

Development of mainland groundwater into a viable supply will require
construction of wells, raw water lines, a submarine pipeline, water treatment
capacity, and pumping and transmission facilities. Potential well field sites
are shown on Figure 5-3. At least seven new wells, producing 500 gpm, each
would be required for a 5 mgd system. Vater treatment could be provided
through expansion of the existing Roanoke Island water treatment plant or by a
new water treatment plant constructed at a suitable location. Figures 5-4 and
5-5 show facilities required to implement a mainland groundwater supply for
different vell field locations, pipeline routes, and treatment plant

additions.
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TABLE 5-4
MAINLAND GROUNDWATER ANALYSIS
(All values mg/l except as noted)

Silica 24

l Aluminum 0.165
Iron 0.096

I Manganese ND
Calcium 68

l Magnesium 7.8
Sodium 66
Potassium 8.5

l Carbonate ND
Bicarbonate 398

l Sulfate 1.6
Chloride 29
Fluoride 0.2

I Nitrate ' 0.2
Phosphate ND

l Total Dissolved Ss 405
Hardness (as CaCO3) 202

I pH (units) 7.7
Color (units) 10

‘ Alkalinity (as CaC03) 326

I Specific Conductivity (umohs) 650
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5.7 BRACKISH SURFACE WATER

The sounds and bays between the Outer Banks and the mainland are a-
potential source of brackish water. The salinity of the surface water varies
from 20,000 mg/1 TDS in Pamlico Sound near the Hatteras Inlet to as low as
1,000 mg/1 TDS in Currituck Sound near the boundary with Currituck County.
Salinity at any location in the sounds will vary depending on wind, rainfall,
and tides. Figures 5-6a and 5-6b show the potential difference in salinity
based on historical data. These values should not be considered the absolute
minimum and maximum values possible, but rather as the normal ranges of
variation. Samples drawn from the southern end of Currituck Sound and
analyzed as part of this study had a TDS of close to 7,000 mg/1l, which is
outside of the range shown in Figures 5-6a and 5-6b.

The‘feasibility of using brackish water from the sounds as a water supply
depends upon the potential yield or withdrawal rates, the ability to treat and
the cost of treatment, and the reliability of the supply. Before water from
the sound could be considered potable, some desalination process must be used
in conjunction with any required pre- and post-treatment. The high cost of
desalination requires that sources be developed near the service area on the
Outer Banks, to reduce transmission costs, in order to be potentially
feasible. This limits the areas of study to northern Roanoke Sound; Albemarle
Sound and its smaller bays near Nags Head, Kill Devil Hills, and Kitty Hawk;
and Currituck Sound near Southern Shores and the Duck community.

5.7.1 Quality

No major studies are known to have been performed to definitively
determine the quality of water in the sounds. The only available published
data pertains to salinity, and is summarized in Figures 5-6a and 5-6b. This
data was gathered over many years, but has not been updated recently, and does
not concentrate on the areas under study. Before water from any of the sounds
mentioned above could be utilized, a water quality study in sufficient detail
to develop data for water treatment plant design should be undertaken.
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In order to obtain a general understanding of the water quality, samples
vere taken at the southern end of Currituck Sound near the Wright Memorial
Bridge. The samples cannot be considered fully representative of water in the
area sampled, but will give some indication of the feasibility of treatment.
Results of the sample analysis are shown in Table 5-5. As stated above, the
salinity is outside of the published range for this location. Since the
samples were taken after a prolonged period of little or no rainfall in the
contributing watershed, it is likely that saltwater was beginning to move
further upstream and that this represents a much higher than average value for
TDS. Treating water with this level of TDS is well within the capability of
brackish water desalination equipment.

Any surface water will require extensive pretreatment before treatment by
reverse osmosis or other desalination processes. Coagulation, flocculation,
sedimentation, and filtration will be required for removal of suspended solids
and turbidity. Chlorination for disinfection and, potentially, dechlorination
for desalination equipment protection will be required. The potential for
organics formation should be evaluated, as should the presence of iron and its
potential for fouling membrane processes. The filtration process should bé
conservatively designed to minimize the potential for suspended solids
carryover onto the desalination equipment. Therefore, a full surface water
treatment plant constructed of materials resistant to saltwater corrosion
should precede the desalination process.

The variable quality and temperature of sound water must be considered in
plant design. The plant must be sized for the highest predicted TDS level.
Plant performance may be substantially above design levels during periods of
low salinity. Water temperature greatly affects both RO or ED equipment, with
both treatment and capacity being improved at higher temperatures. The low
temperatures of the sound vater in vinter will reduce treatment capacity,
although the lower water demands in the winter will offset this decrease.
These variations in water quality can be taken into account in plant design,
but they make plant operation more difficult. A greater change in sound water
qualify would occur if major storms opened a new inlet in the Outer Banks
vhich, although improbable, is not impossible. A new inlet could increase the

sound water TDS concentration close to that of ocean water.

.
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TABLE 5-5
CURRITUCK SOUND WATER ANALYSIS

Raw Treated
Parameters Untreated Vater Sound Vater*
Alkalinity (mg/l) 30.0
Chloride (mg/l) 3547 3380
Fluoride (mg/1) 1.64
Hardness, Calcium (mg/1) 206
Hardness, Total (mg/l) 820
pH (units) 6.6
Total Dissolved Solids (mg/l) 7429 6995
Sulfate (mg/l) 520
Sulfide (mg/l) <.1
Turbidity (NTU) .43
Calcium (mg/l) ~ 80.9
Iron (mg/l) 0.037
Potassium (mg/l) 68.1
Magnesium (mg/1) 203
Manganese (mg/l) 0.011
Sodium (mg/l) 1628
Silicon (mg/l) 0.35

* Treated with 0.35 mg/l alum, 6 mg/l Magnifloc, and filtered in 2 ft sand.




v

A survey of large (at least 1.0 mgd) desalination plants using membrane
separation processes in the United States and in the Middle East revealed no
plants using surface water as the source of raw water. Avoidance of surface
wvaters is due to the potential for major damage to desalting equipment if any
failure occurs in the pretreatment. This historic lack of utilization of
surface waters for desalination does not absolutely preclude their use, but it

does signal caution and suggests that groundwater is a preferable source, if

.available.

5.7.2 Quantity

No data is available concerning the amount of water that could be
withdrawn from any of the sounds. A brief consideration of the geography and
interrelationships of all the sounds suggests that a large quantity of water
could be'withdrawn with a minimum impact on the sound as a whole. For
example, the estimated average volume of Currituck Sound is 563 billion
gallons. An average day withdrawal of 6 mgd (one half of a plant supplying a
12 mgd maximum day) would annually remove 2.2 billion gallons, or 0.4 percent
of the total volume of Currituck Sound. The volume of the Albemarle/Roanoke
Sound system is much greater. It appears that the quantity of water available
is more than adequate to meet Dare County’s needs within the study period and
well beyond.

It is not known what effect withdrawals would have on water quality.
This can only be determined by an oceanographic study, which is outside the
scope of this study. Due to the expense of undertaking such a study, it is
recommended that this be pursued only if it is fairly certain that this water

source would be tapped.

5.7.3 Facilities Required
The following facilities would be required to develop one of the sounds

as a water supply. These facilities are shown on Figure 5-7 and probable
project costs are shown in Table 5-6. Stage 2 includes a 5.0 mgd desalination

plant, required by 1989. Stage 3 includes expanding this plant to 12.0 mgd.
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TABLE 5-6
OPINION OF PROBABLE COST
ALTERNATIVE 3A
SURFACE WATER DESALINATION

Stage 2 Stage 3
($ x 1,000,000) ($ x 1,000,000)

Inake Structure and Rav Water Pumping 0.88 0.10
Pretreatment Plant 6.67 5.50
Desalination Plant 5.0 3.86
High Service Pumping 0.25 0.20
5 mg Storage at Treatment Plant 1.30 1.30
Standby Vells on Roanoke Island 0.30 ==

$14.60 $10.96
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5.7.3.1 1Intake Structure. An intake structure of at least twice the

capacity of the planned treatment plant should be located vhere water depth at
lov tide is suitable for the intended withdrawal. Relatively low head pumps

can be used if the treatment plant is nearby. Inert materials of construction
should be used for all wetted parts including pumps, piping, and structure.
For a 12 mgd water treatment plant, a 24 mgd intake structure will have a
probable cost as shown in Table 5-6.

5.7.3.2 Rav Vater Transmission Main. If the potential site in Kill Devil

Hills is utilized, a pipeline of approximately one mile long will be
reduired. The pipe should be of inert material, either PVC, fiberglass, or
stainless steel, and should be a minimum of 36-inches in diameter. Probable
cost is given in Table 5-6.

5.7.3.3 Pretreatment. As discussed in paragraph 5.7.3, a pretreatment
plant consisting of coagulation, flocculation, sedimentation, and filtration
will be required. The design should be conservative to prevent suspended
solids breakthrough. Disinfection should be compatible with the selected
desalination equipment. For a 12 mgd desalination process, an 18.5 mgd
pretreatment plant is needed to allow a recovery rate as low as 65 percent in
the desalination process. An initial stage of 9.25 mgd, constructed of
appropriate materials, will have a probable cost as shown in Table 5-6.
5.7.3.4 Desalination. Available desalination processes are covered in
greater depth in Section 7.0 of this report. The least costly option for
vater treatment is reverse osmosis in a spiral wound configuration.
Pretreatment, in addition to that described above would likely consist of pH
adjustment, chemical addition for prevention of scale formation, and S5-micron
cartridge filtration. The TDS of the feed water is high enough that the
required operating pressure will be in excess of 500 psi, which eliminates the
use of low pressure membranes. Quotations were solicited from six RO system
suppliers for the feedwater described in Table 5-3, and the probable cost
based on these quotations is given in Table 5-6. This cost includes building
space to house the process equipment.
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5.7.3.5 Storage. Clearwell, finished vater, and pretreated water storage
will be required. The costs given in Table 5-6 include a nominal clearwell
volume, 5 million gallons of finished water storage, and 5 million gallons of
pretreated water storage. This latter is to provide a buffer against
inadequate pretreatment.

5.7.3.6 Support Systems. The new treatment plant would become a center of
operations for the Dare County Vater Department, with offices,

meeting rooms,
laboratory, and employee facilities. The costs of these facilities is highly

variable, depending upon several factors. Table 5-6 includes costs for such
faéilities in other typical plants.

5.7.3.7 Transmission Pumping and Piping. Locating the plant at the Kill
Devil Hills site offers reduced costs for transmission pumping, and eliminates

the need for new transmission piping. The probable cost for the Kill Devil
Hills site is given in Table 5-6.

5.7.4 Reliability

The chief disadvantage of a brackish surface water supply is the
reliability of the system. The variations in rav water quality, the potential
for major water quality changes due to changes in Outer Banks geography, and
the potential of damage to the RO process equipment contribute to the lack of
reliability wvhich must be included in planning and design. The operation of
the plant becomes much more critical, and a high degree of operator expertise
is the final protection against equipment damage. Increased reliability can
be achieved by providing redundancy in the pretreatment plant, buffering

storage capacity, and conservative design of the RO process, all of which will
increase the system cost.

5.8 BRACKISH GROUNDWATER
Section 5.3 provided a general description of the groundwater that is
pPresent on the Quter Banks, and discussed potential development of fresh

groundvater resources. This section describes brackish groundvater resources
on the Outer Banks and their development.
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Very little data has been available describing the brackish vater
aquifers underlying Dare County.

Past drilling has been for the purpose of
locating fresh vater,

and vhen brackish water was encountered, no attempt was
made to identify it as a potential water resource.

Previous deep well
drilling in the area includes two permanent monitori

ng wells on the mainland,
200 feet and maintained by
and a test hole on the outer banks of Currituck
drilled to a depth of 980 feet and abandoned when no fresh water was
These borings give a general idea of the geological formations,

théy provide no information that could be used in the planning or design
deep brackish groundwater resource.

To overcome this lack of data,
with the following objectives.

drilled to depths of approximately 1,000 feet and 1,
the State of North Carolina,
County,

found. but

of a

Dare County undertook a drilling}program

(1) Determine the location, thickness,

and characteristics of geological
strata. '

(2) Locate usable aquifers.

(3) Sample and analyze each aquifer for data relative to desalination
plant design.

(4) Pump test wells to determine aquifer characteristics.

(5) Conduct extensive pump testing to determine the potential for
hydraulic connections between aquifers and for saltwater intrusion.

Two wells vere drilled in the locations shown in Figure 5-8. The

locations were chosen to make use of available property close to potential
treatment plant sites. Well No. 1 in Kill Devil Hills was drilled to a depth
of 1,610 feet, and wvater samples were taken from three aquifers. Well No. 2
in Southern Shores was drilled to a depth of 700 feet without encountering any
significant water bearing strata and was abandoned after geophysical logging.
Additional description of procedures used and information gained in the test
well drilling program is inecluded in Appendix B.

The sections which follow describe significant findings concerning the
brackish aquifers.

Dare County6/02581.113
Water Study 5-13




T - DARE COUNTY, NORTH CAROLINA
73 , |
‘\ WATER SUPPLY ALTERNATIVES STUDY - 198
| BLACK & VEATCH, INC,
ASHEBORO, NORTH CAROLINA
\ Duck LOCATION OF TEST WELLS

),cunmrucx COUNTY FIGURE 5-8
\ Approx Scale I"= 13,000
|
Currltuck
Sound Test We// No. 2
1 ﬁ‘ Southern Shores
\ Kitty Hawk

Kill Devil Hills

Test we/l No. /
Albemarle Sound

~

D . Ae—Nags Head
| Roanoke Sound
ATLANTIC OCEAN

o Whalebone Junction

Manns Harbor

Croatan Sound

Wanchese




