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1.0 SUMMARY AND RECOMMENDATIONS

The Dare Beaches and Roanoke Island sections of Dare County are
experiencing a rapid level of growth and development. Roanoke Island
experienced a 36% growth rate in population between 1970 and 1980. The
Dare Beaches, in contrast, saw a population growth of 102% during the same
period. Since the 1980 Census, growth has continued at an unchecked level.
Based on these trends, it is projected that the present population of
88,262 inhabitants (both seasonal and permanent) will increase to approx-
imately 201,000 by the year 2005. This tripling of the population will
have a dramatic affect on the ability of the Dare County Water System to
provide potable water to these residents.

Examination of the water system components reveals that immediate
upgrading is required to enable the system to furnish the peak water
demands during the summer of 1984. These are stop gap measures only.
Overall expansion, addition and upgrading of the systems béginning in 1985
are required to track the greatly increasing demand for water. These
improvements have been targeted for a three phase development plan that
will require upgrading of the water treatment plant from the present 5 mgd
to 10 mgd and ultimately to 15 mgd, installation of new transmission facilities
including booster pump stations and mains, upgrading the raw water system
to a total of 22 wells, addition of new service areas in Manteo and Wanchese,
and additional storage facilities on Roanoke Island and the Dare Beaches.

A long range master plan for development of the water system is given in
Section 7.7 of this report. This plan, which cites the needed improvements,
and their costs, and the target date for implementation, should serve as a
valuable planning tool for managing the water system over the next 20

years. Periodic updating of this plan may be required to determine if any
modifications to the original outline are required as water demands and
population increases.

An analysis of the present rate structure was conducted to determine
the necessity for revision to allow financing of the system upgrading.

Flat rate charges were developed for both wholesale and retail customers
based on water consumption to recover O&M costs. Capital improvement cost
recovery was based on reserved capacity of the water treatment plant for

wholesale customers and peak water consumption for retail customers. Rate
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restructuring also assumed financing Phase I improvements with a $200,000
Clean Water Bond Grant, a FmHA loan and impact fee revenues for the remaining
Phase I costs.

Capital improvements for Phase II and III will be recovered through
impact assessment and fixed rate charges. Specific rate figures can be
found in Section 8.0.

The Engineers recommend the County consider adopting the new rate
structure and begin immediate implementation of the Master Development
Plan. This will assure that adequate water supplies will be available to
Roanoke Island and the Beaches ares of Dare County as the dramatic growth

and development activities continue to increase.




'

2.0 INTRODUCTION

2.1 STUDY PURPOSE AND SCOPE

The Dare County Commissioners, realizing the rapid growth and development
occurring in the County and its impact on the existing water supply, contracted
with Moore, Gardner & Associates, Inc. to undertake an extensive investigation
to determine the immediate and long range needs of the County Water System.
This report addresses six major points; County population growth trends,
projected water demands, water supply sources, system improvements, financing
methodologies, and water rate structure. Although this is a county-wide
study, it is mainly concerned with the heavily populated areas of Roanoke
Island and the Dare Beaches. No portion of the County's water system
exists on the mainland at this time; therefore, a limited discussion of the
mainland will be presented in this report. Discussions on the southern
part of Hatteras Island, which is served by the Cape Hatteras Water
Association (CHWA), also will be limited in this study.

The report will outline alternatives and make recbmmendations for
development of water supplies and related systems in order to provide for

future water needs of the County to the year 2005.

59B/AA 2-1




MOUNTAINS PIEOMONT COASTAL PLAIN

- L
T......‘:’ - L T T
tecreny __]-uu' o ressene /
\("“‘r_ -{ ] Im-/:) ~ NNARY
5 I = 3
- N el P T X DARE CO.
A —~ [BRC LN
_rL' Tesse ,.\Il"m {..TL N
boemen ) U \. .
.-\.‘( < '—'*muu\/ e (“.""‘m /
quuu L escon \ :-“'
T Y e
i L ._<,"'" '1 -~ «/_.“ “____\ eneren
\ 1 aesen ) A} »—A 1
LN I . A - !
e ky Sl
N 00 ) e N 7
. ! \
] K seste
o . 50 100 MILES R :<, "
N -l
N cavonns /‘\“ef
\ /"
..\{ LLLTIT I ‘:
4 3 A s
A .,.'.‘Qi.. ’/ e
. Cape
= S B8lue Ridgs fremt Teiessic Mefteres
. f i
b Pisdment Plateey Besia Falt line ;":‘:' A'
- s NN : . Coebtel Plain b -
S o /—"\’ll\_\‘\l P WK % [ o7 .0 >
- .. -
- "I"ISOC level 52 2, NN - RS TR e P w
° M AT SN NS s LA VAT XTI, bt N TR NN wofe -
o N \,'\I\I I Cherlotte g 4 A Nkt Db St DSt NS LK PN - -
2 Granite and c's'i'.'- e gett Carsling Siate” Bart o=~ A [ s °
Gaeiss chist L .
- o
N °
[} [ 4 ] R 0 ¢ X Uaceaseli ~ k -4
Sediments N —-10

FIGURE 2.1-t VICINITY MAP.
(AFTER HEATH, 1980.)




3.0 DEMOGRAPHIC EVALUATION

3.1 PAST POPULATION GROWTH TREND

Dare County is undergoing a major change in its growth and development,
as illustrated in the 1980 Census. During the period between 1970 and
1980, the County population increased by 917% from 6,995 to 13,377. The
largest portion of the growth occurred on the Outer Banks (Dare Beaches).
The majority of the growth can be linked to the County's recreational
potential which has 120 miles of ocean frontage and 45 square miles of
preserved national seashores. In fact, Dare County has the largest
percenfage of seasonal cottages than any other county in the State.

The number of housing units constructed between 1970 and 1980 also
illustrates the growth trend of the County. In 1970, 5,057 units were
reported in the census compared to 11,006 in 1980; however, only 6,112 are
classified as year-round dwelling units. Based on the number of permanent
units and population for 1980, there are 2.19 persons per household. The
past population growth trends are illustrated in Table 3.1-1.

3.1.1 Mainland

Growth on the mainland has been slower than in other parts of the
County. The Croaton and East Lake Townships are the areas on the mainland
where approximately 6% of the total population resides. Growth on the
mainland increased by approximately 307 between 1970 and 1980. However,
this growth only represents 3% 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.

3.1.2 Roanoke Island

Growth on Roanoke Island has mainly occurred in the vicinity of the
Towns of Manteo and Wanchese. The Island is a part of the Nags Head Township.
Approximately 30% of the County's population inhabits the Island. The
population increased on the Island by 35.6% between 1970 and 1980. This
growth represents 16.2%Z of the total growth in the County.
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3.1.3 Dare Beaches

The Outer Banks of Dare County are divided into two segments which are
separated by Oregon Inlet. The southern section, Pea/Hatteras Island,
makes up the Kennekeet and Hatteras Townships. Pea/Hatteras Island has 29%
of the total population. Growth of the area between 1970 and 1980 increased
by 102% which is 30% of the total population.

The northern segment, Bodie Island, consists of the Atlantic and Nags
Head Townships. These areas have approximately 35% of the County's population.
Growth of Bodie Island between 1970 and 1980 was 205.6% or 50.2% of the
total growth in the County. Approximately 65% of all the inhabitants in

the County are located on the Outer Banks.

3.2 CURRENT POPULATION GROWTH TRENDS

The current growth trends in Dare County were determined from a review
of building permits issued between 1980 and 1982. During this period 4,206
permits were issued. This is an average of approximately 1,402 per year:.
About 507 of the permits issued were for residential construction, of which
60% were permanent residences. It is estimated that 1,682 permanent residential
units have been constructed in the County since 1980. This would account
for an increase of 3,684 in permanent population (2.19 pér household) since
the 1980 Census. The permanent population is increasing at a rate of
approximately 7% per year. The current population (1983) is estimated to
be 17,063 persons.

Growth is also occurring in the seasonal cottages. In 1980, 44%
(4,894 units) were classified in this category. It is estimated that the
County issued 1,121 permits for cottage construction which represents an
approximate growth rate of 6.2%. Timesharing condos or cooperative ownership
represents 20.5% of the construction. In 1980, 116 units were listed,

whereas an estimated 310 were in operation in 1983.

3.3 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, covering a total of

811,777 aeres of land and water. The County's Land Use Plan estimates that
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15% of the total land in the County is suitable for development. The land
use in the County is illustrated in Table 3.3-1. It should be noted that
this data was taken from the County's 1976 Land Use Plan. The actual
acreage in each class may have changed since previous reports have indicated
that’ large tracts of land on 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 indicates a high development potential.

3.3.1 Mainland

The mainland 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 approx- -

imately 0.15 persons per acre.

3.3.2 Roanoke Island

Roanoke Island consists of approximately 12,400 acres, of which 5,116
acres are considered to be developed or developable. The developed areas
are centered around the Towns of Manteo and Wanchese. The majority of the
residences are permanent year-round dwellers. Approximately 5,120 persons
reside on the Island. The population density of the developed area is
estimated to be 1.00 person per acre. Based on developable land, the
Island is approximately 60% developed.

3.3.3 Dare Beaches

The Outer Banks of Dare County consist of approximately 51,633 acres,
26,502 of which are located north of Oregon Inlet and 25,131 acres to the
south. Approximately 16,685 acres of developed or developable land are
located to the north of Oregon Inlet compared to only 3,116 acres to the
south. This large portion of developable land to the north is an indication
why most of the development is occurring to the north. Four municipalities
may be linked to the growth in the north, they are Nags Head, Kill Devil
Hills, Kitty Hawk, and Southern Shores.

59B/AA 3-4
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TABLE 3.3-1

LAND CLASSIFICATION

Land Use . Acreage
Agricultural 2421
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
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A large concentration of the seasonal population also occupies the
northern segment of the Outer Banks. The rapid increase in seasonal and
permanent population has created a question as to what the ultimate peak
population would be if the area was fully developed.

Assuming that 75% of the total developed and developable land on the
Outer Banks and Roanoke Island were 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. This development density is for

the Dare Beaches. Actual density on Roanoke Island would be less.

3.4 POPULATION PROJECTION

3.4.1 Dare County

Growth of the County has increased at a rapid rate in both permanent
and seasonal populations. Previous calculations determined that the
permanent population is increasing at approximately 7% per year, seasonal
population is increasing at approximately 5%.

The population projections illustrated in Table 3.4-1 are based on the
current growth trends and are projected through the planning period. The
projections may not be completely on target due to a variety of economic,
social and climatic conditions. Periodic updating of these projections
will be necessary in intervals no greater than five years, in order to keep
the projections in line with actual occurrences.

To insure that the MGA projections are in line, the NC Office of State
Budget and Management was contacted concerning its population projections
for Dare County. These projections are shown in Figure 3.4~1 along with

the MGA projectioms.

3.4.2 Existing Service Area

The existing service area populations are shown in Table 3.4.2. As
indicated, there are five existing service areas within the County. 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 multi-units by a factor of 3.6 persons

per unit,
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TABLE 3.4-2

SERVICE AREAS POPULATION PROJECTIONS
PERMANENT AND SEASONAL, DARE COUNTY, NC

’

Existing Service Area 1983 1985 1990 2000 2005
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
Service from County
Water System 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 from
County Water System 43,480 54,920*% 88,940 121,00 153,020

*Service to new areas, 1985.
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3.4.3 Potential New Service Areas

Potential new service areas are identified by analyzing the most
densely populated areas that could feasibly support the water system or
areas that are in great need of water service. Each new service area is
discussed in this report. It should be noted that it may not be feasible
to serve all areas from the County system. They are discussed in this
report to show the need 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 supply source i.e., CHWA or Dare County Water.

Rodanthe-Waves-Salvo

The villages of Rodanthe, Waves and Salvo are well established and
relatively isolated communities approximately 14 miles south of Oregon
Inlet. Water service in the areas is predominately provided by individual
shallow wells that draw on fresh water aquifers which are recharged by
precipitation. The water in these areas is highly susceptible to conta-
mination by flooding (salt water intrusion) and by wastewater discharges
from septic tanks. As the population increases, the need for a potable
water supply also will increase.

Like other areas of the Outer Banks, the villages have experienced a
substantial increase in seasonal population.. The population projections
illustrated in Table 3.4.2 were taken from the MGA 1982 Engineering Report
entitled "Water Supply and Treatment Alternatives of the Rodanthe-Wave-Salvo."
That report also projected the population of the County. The methodology
used in those projections was based on federal projections. The County
projections illustrated in this report, as previously stated, are based on

the growth trend that has occurred since 1980.

Roanoke Island

The Town of Manteo and the Community of Wanchese are located on Roanoke
Island. The majority of the residents on the Island are permanent inhabitants.
The area is approximately 60% developed.

The Town of Manteo operates its own water distribution system and
purchases treated water from the County. The County supplies water service

to approximately 75 customers in the Manteo area. However, the majority of

59B/AA 3-9
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the residential water supplies are provided by individual shallow wells
that draw on the fresh water table aquifer. The water is susceptible to
contamination by flooding and by wastewater discharge from septic tanks.
The County uses the groundwater supplies on Roanoke Island as its water
source and will be dependent on this source of groundwater for future
supply.

The need for water service on the Island will increase as the water
demands from the County ircreases. With increased demand from residents
utilizing their own wells and the County obtaining its water from the
groundwater sources, the stress on the aquifer system increases.

To eliminate any problems that could result from the competition for
water supplies on Roanoke Island, individuals in these potential service

areas should be brought onto the County system.

It is estimated that 2,000 persons would be in the service area, which

would include Wanchese and areas around Manteo. A total of 540 possible
connections have been identified in Wanchese. Population growth of the
Island is assumed to be similar to that of Manteo, approximately 37 per
year. The projected population of the service areas on the Island are
shown in Table 3.4.2.

59B/AA 3- 10




4.0 WATER USE EVALUATION

4,1 EXISTING WATER DEMANDS

The County operates a 5 mgd water treatment plant with a raw water
production capacity of 7.2 mgd. The system was built in 1980 and began
operating at approximately 40% of its rated capacity. Currently, it has
reached 90% of its capacity. Past water production is shown in Table
4,1-1. The large variation in minimum and maximum demands represents the
typical seasonal and nonseasonal variation in demands. Approximately 90%
of the maximum is required to meet the seasonal demands.

Table 4.1.2 illustrates the 1983 peak seasonal demands for the County
system. The average seasonal per capita consumption was determined to be

105 gallons per capita per day.

4.2 WATER DEMAND PROJECTIONS

Water demands have increased by approximately 43% since 1980, for an .
average increase of approximately 15% per year. Both water demands and
population growth are incfeasing at approximately the same rate. The water
demand is therefore, expected to continue the present increasing pattern to
mirror population growth. Table 4.2-1 and Figure 4.2-2 illustrate the
projected water demands for the planning period. They are based on the
projected populations and an average water consumption of 100 gallons per
capita per day. This table shows a demand of 6.75 mgd by 1985, 8.8 mgd by
1990, 11.95 mgd by 2000 and 15.51 mgd by 2005.

59B/AA 4-1
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Service Area

Nags Head
Kill Devil Hills
Manteo

Dare County

Total

*Average

59B/CC
3

TABLE 4.1-2

PRESENT PEAK SEASONAL WATER DEMAND

DARE COUNTY, NC

Peak Daily Demand
(MGD)

1.5
1.7

0.2

Daily
Per Capita Demand
(gallons)

111

134

102

75

105%




Service Area

Nags Head(l)

Kill Devil Hills(l)

(2)

Manteo

(2)

Dare County
(Kitty Hawk)

Dare County
Water System

Roanoke Island

Future Service
Dare County Water

*Rodanthe-Waves Salvo

TABLE 4.2-1

WATER DEMAND PROJECTIONS

DARE COUNTY, NC

ExistingVService Area (mgd)

1983
1.5
1.7

0-2

1985 1990
2.25 3.0
2.25 3.0
0.21 0.24
190 2.40
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 (100 gpcd).

(3) MGA projection, 1982 Engineering Report.

* Not feasible to serve from Dare County System.

59B/CC
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2000
4.5
3.8

.31

11.81

.28

12.09

.82

2005
6.1
4.6

0.36

4.1

15.16
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5.0 WATER SUPPLY SOURCES

There are five potential sources of water supply for the County of
Dare. Three of these sources are considered conventional; two are non-
conventional. The conventional sources are groundwater on Roanoke Island,
groundwater from the mainland, and the fresh pond at Nags Head:. The non-
conventional sources are desalinization of sound water and water reuse.

Each of these sources is discussed below.

5.1. FRESH POND

Fresh Pond is a 27-acre lake which is situated halfway between the
ocean and sound and is bisected by the boundary between Nags Head and Kill
Devil Hills. This lake served as a water supply source for the two towns
until 1979 when the towns entered into a water purchase agreement with the

County.

5.1.1 Hydrology

The source of fresh water om 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, some to
runoff and some to discharge of groundwater to the ocean and sounds through
lateral movement. Only 25% 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.
Under withdrawal by pumping, a 'cone of depression" forms around the lake
and behaves as a groundwater divide. Investigation of the pumping effects
on movement of the divide was conducted by E.O0. Floyd of Moore, Gardner &
Associates, Inc. in 1979. Floyd found that when withdrawal of water from
the pond occurs, the water surface of the pond is lowered and groundwater
begins to move to the lake in all directions. The gradient on the lake and
water table surface increases toward the pond with continual withdrawal,
and the water table in the vicinity of the pond assumes the shape of an
inverted conme with its apex at the center of the pond. This cone is referred

to as the cone of depression. Within this cone of depression, groundwater

flows toward the lake. The edge of the cone of depression becomes a groundwater

59B/AA 5-1
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divide. As a result, there is inflow of groundwater to the lake and lateral
discharge to the sound for groundwater outside the cone. Floyd determined
that the areal position of the groundwater divide was not greatly affected
by the change from the seasonal low water level to the seasonal high water
level. The position of the groundwater divide was relatively stationary.
This indicates that the water in the zone of influence remains relatively
constant throughout the year.

Since the water supply has not been used in some years, the surface of
the lake has risen dramatically. This is because evaporation is the only
outlet for water in the zone of influence. Thus, a potential water supply

source is still available at Fresh Pond.

5.1.2 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 5.1-1. A
data tabulation of some data points is shown in Table 5.1~1. Floyd estimated
that during the summer months, pumping from the lake imposed 2 to 3 feet of
drawdown on its surface in addition to the evaporation losses. The additional
drawdown imposed by pumping (one) mgd from the lake produced the necessary
loss of head to induce additional flow of water from the aquifer to the
lake. Due to the water storage and transmittal properties of the aquifer,
sufficient groundwater flow to balance pumpage 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.

5.1.3 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 and does not consider the
water in storage in the pond at the time pumping begins. If the withdrawal
is to be performed for a short duration, the volume of withdrawal could be
doubled so as to tap the water in storage. Prior to pumping at the higher
yield, a determination of the stage should be made in order to figure the

volume of water in storage. An estimate of pumping duration would be made

.
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TABLE 5.1-1

STAGE STORAGE DATA AT SELECTED WATER
SURFACE ELEVATIONS

Stage Storage
4 ft. 8.7 MG
5 ft. 17.6 MG
6 ft. 26.8 MG
7 ft. 36.4 MG
8 ft. 46.5 MG
Divide 57.0 MG
59B/CC 5-3
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SURFACE ELEVATION (FT. MSL)

WATER

-~

-]

¢

STORAGE IN MILLION GALLONS PER
FOOT OF DEPTH

FIGURE 5.1-1 STAGE - STORAGE RELATIONSHIP AT
FRESH POND, NAGS HEAD, N.C.




and the total volume of water required would be determined. By checking
the stage-storage curve and the daily safe yield data Table 5.1-2, a safe
withdrawal rate could be determined. From this data, withdrawal of 1.0-1.5
mgd could be pumped from the Fresh Pond without adversely affecting the
supply, for durations of up to one month, throughout the year. Higher

rates could be pumped from the pond from January through June.

5.1.4 Improvements Required for Use

In order to use the raw water supply of the Fresh Pond, upgrading of
one of the treatment plants at the site will be required. It is recommended
that refurbishing of the plant be completed with a capacity to supply a
peak day demand of 1.5 million gallons.

The existing plants consist of floating raw water intakes, raw water
reservoirs, microstrainers and settling tanks. Treatment during operation
consists of microstraining to remove algae, alum and phosphate addition for
water conditioning and chlorination for bacterial treatment. .

Modifications to one of the treatment plants will be required in order
to meet drinking water standards.. Proposed modifications (Figure 5.1-2 and
Table 5.1-3) include installation of an aeration tower for iron removal,
removal of the microstrainer, chemical feed improvements, conversion of the
0.5 million gallon raw water reservoir to a settling basin, installation of
a gravity filter with peripheral backwash holding basins, a sump with
pumps, water meters, and piping.

The flow and treatment process will be to pump water from the Fresh
Pond via a 14 inch suction line to the raw water pumps (to be increased to
1,042 gpm). The raw water will then flow to the aeration tower, through
the vault where the microstrainer has been removed and where chemical feed
will occur. From this point, flow will be to the settling basin under
gravity flow then to the 1.5 mgd gravity filter. The water will then flow
to a sump where pumps will boost the finished water into the distribution
system. Backwash from the gravity filter will go to a holding pond where
it will settle and then be discharged back to the Fresh Pond. An altitude
valve will control filling of the finished water reservoir. Meters will be
installed in the finished water line and the line from the gravity filter

to the finished water reservoir.

59B/AA 5-4
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TABLE 5.1-3
UPGRADING OF FRESH POND WTP

Preliminary Opinion of Probable Project Cost

Construction Cost $400,000
Legal, Contingency, Administrative,

Engineering, and Construction Cost $100,000
TOTAL PROJECT COST $500,000

Utilization of either plant will be dependent upon negotiations between
the towns and county concerning ownership and operation. However, the
anticipated low cost for producing the water should serve as a strong
incentive for cooperation. This plant could serve as a reserve supply in

non-peak months and could be used to augment the existing system capacity

during peak months.

59B/CC
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5.2 ROANOKE ISLAND GROUNDWATER

5.2.1 Introduction

The groundwater system of Roanoke Island is a complex hydrogeologic
feature affected by a ﬁyriad of physical, meteorologic and oceanographic
factors. This section will describe the hydrogeologic system, discuss the
systems that influence it, outline the affects of withdrawals of groundwater
and predict the affects of increased withdrawals caused by additional

groundwater development.

5.2.2 Hydrogeologic Framework

Roanoke Island is underlain by a series of gently dipping beds of
sediments that have been deposited over millions of years. Deposition has
occurred auring periods of sea level transgressions and the area has been
exposed to weathering and erosional processes during sea level regressions.
The area has been exposed since the last sea level rise during the Pleistocene
Epoch when worldwide sea level rose in response to melting of the glacial
ice sheets.

Figure 5.2-1 is a stratigraphic column of the sedimentary wedge under
Roanoke Island. This column is based on data from key test wells drilled
in the area. Brown (1972), described the formations and chronostratigraphic
units shown in the section. For the purpose of this groundwater investiga=-
tion, we will be interested only in the first 500 feet of sediments and
principally in their water bearing characteristics.

The Miocene and post Miocene units contain six significant hydro-
geologic units (Peek 1972). Data from exploratory wells (Figure 5.2-2),
have shown three aquifers and three confining beds. These units are shown
in cross section on Figures 5.2-3 through 5.2-5.

The uppermost aquifer extends from the land surface to depths of 50
feet on Roanoke Island. This unit thickens to the east and reaches a
maximum thickness of 100 feet at Kitty Hawk. In most places, this aquifer
acts under water table conditions, but due to the presence of clay lenses,
it is confined at some localities and depths. The unit consists mainly of

medium grained sands with some interbedded silts and clays. This aquifer

59B/AA 5=7
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is recharged by precipitation which falls on Roanoke Island. Other than
providing water to some domestic wells to residents of Wanchese, the signi-
ficance of this aquifer is to serve as a recharge reservoir for the underlying
aquifer system.

The water table aquifer is underlain by clays and interbedded clays
and sand. This unit is not homogeneous and should be envisioned as a
series of lenticular beds that allow transmission of water in a vertical
direction. The thickness of this unit ranges from 35 to 100 feet. It
serves as a semi-confining bed between the upper water bearing zone and the
semi-confined aquifer which Peek (1972), calls the principal aquifer.

The so-called principal aquifer is a water bearing zone which ranges
in thickness from 110 feet on Roanoke Island to only 45 feet at Nags Head.
This pinching out of the aquifer to the east is caused by a gradual increase
in clays and silts in the upper portion of the aquifer in the vicinity of
the OQuter Banks. This aquifer consists of fine to coarse sand with a
predominance of medium grained sand with some shell fragments and clay
lenses. The principal aquifer serves as the source of water to the Dare
County water system and several domestic and industrial wells on Roanoke
Island. The depth to the top of the principal aquifer ranges from about
100 feet on Roanoke Island to greater than 200 feet on the Outer Banks.

Below the principal aquifer, a clay layer 60 to 100 feet thick separates
the principal aquifer from a lower confined aquifer. The depth to the top
of the clay layer ranges from 175 to 230 feet below sea level. This unit
is predominantely a homogeneous clay which acts as a good aquitard between
the principal aquifer and the lower confined aquifer.

The lower confined aquifer is a fine to medium grained sand with
interbedded clays and some shell fragments. The top of this unit lies from
240 to 300 feet below sea level and is from 90 to 150 feet thick. Permeability
of this unit decreases with depth and it is not a known water supply source.

Below the lower confined aquifer is a unit consisting of interbedded
clays and fine sands of low permeability. This aquitard ranges in thickness
from 10 to 50 to 100 feet, and is found below 315 feet to 400 feet.

Figure 5.2-6 is a fence diagram showing the hydrogeologic framework.
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5.2.3 Aquifer Hydraulics

The ability of the aquifers to transmit water to wells which penetrate

them is of prime importance to the suitability of the aquifer as a water
supply. Analysis of the hydraulic characteristics of the units was based

on pumping test data from over 16 wells and test wells on Roanoke Island.
Determinations of aquifer hydraulic conductivity, transmissivity and stora-
tivity were used to evaluate the chief water bearing zones. Table 5.2-1 is

a summary of the principal hydraulic characteristics of the upper unconfined
aquife; and the semi-confined principal aquifer. Analyses of this data
indicate a wide range of transmissivity in the principal aquifer. This is
caused in part by differences in aquifer thickness and varying permeabilities.
Figure 5.2-7 is a map showing average transmissivities across Roanoke

Island. This figure shows that higher transmissivities occur to the southeast,
since the thickness of the aquifer increases in this direction. Transmissivities
in the upper aquifer range from 7,000 to 10,000 gal/day/ft. The major

factor influencing transmissivity in the upper aquifer is the variation in
aquifer material and the presence of clays which decrease the permeability

of the aquifer material. No hydraulic data is available for the lower

confined aquifer. However, stem-tests conducted during test well drilling
indicate a yield of 30 to 40 gallons per minute (gpm) is obtainable at most
sites on Roanoke Island.

Peek (1972), believed that the upper water table aquifer and the
principal aquifer were hydraulically connected and that the significance of
the upper water table aquifer was to serve as a source of recharge to the
principal aquifer. However, his perception of two aquifer systems acting
independently of each other cannot be validated by analysis of pumping test
data.

By plotting drawdown versus time on semi-logarithmic graph paper
according to the Cooper-Jacob method, a straight line should be formed
after the drawdown has reached steady state conditions. Deflection of this
line towards the horizontal indicates that recharge to the aquifer is
occurring (Figure 5.2-8). Plots of 16 aquifer tests in the principal
aquifer indicate that recharge is occurring in as little as 30 minutes

after pumping begins. Furthermore, it is quite possible that recharge is
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TABLE 5.2-1
I HYDRAULIC CHARACTERISTICS OF UNITS
UNDERLAYING ROANOKE ISLAND
l Unit Depth to Top Thickness Permeability K
I Water Table Aquifer 0 feet 50 feet 6,000 gal/day/ft:2
Aquitard 70 feet 40 feet 20 gal/day/ft2
Principal Aquifer 110 feet 50 feet 8,213 gal/day/ft2
I 59B/CC 5-10
8

T

20-70000
gal/day/ft

<1,000
gal/day/ft

20-150,000
gal/day/ft

.027
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occurring almost instantaneously with initiation of pumping in those wells
that did not show deflection of the drawdown curve. Wyrick and Floyd (in
press), show the importance of micro-time measurements during the first few
minutes of a pumping test in detecting true aquifer hydraulics. Their
studies indicate that transmissivities can be in error by as much as 100%
due to the lack of sufficient data points during the first few minutes of a
pumping test. If this lack of data occurs during the first few minutes of
the pumping tests analyzed during this investigation, it is quite possible
that recharge affects could not be determined.

Recharge from the upper water table aquifer to the principal aquifer
must occur through the semi-permeable clay lenses which separate the two
water bearing units. This vertical recharge from the upper unit to the
lower is commonly referred to as leakage. The presence of leakage in the
aquifer system creates hydraulic characteristics which cause the lower
principal aquifer to behave under water table conditions rather than confined
or semi-confined conditions. A further break in the semi-log plot of the
drawdown curve indicates when leakage from the upper water table aquifer
ceases and dewatering of the principal aquifer begins. Calculations of the
volume of water, known as leakance for well tests in this study, indicate a
downward leakance of 20 gal/day/ftz. This volume of water is significant
in that it increases the available water volume which is recoverable by
wells in the principal aquifer and is therefore available as water supply

to the Dare County system.

5.2.4 Water Quality

Water quality data for the upper water table aquifer, the principal
aquifer and the lower confined aquifer, are shoﬁn in Table 5.2-2. For the
purpose of evaluating the suitability of the aquifers for use as a water
supply, the chioride content of each water bearing zone is of utmost
importance. Chloride concentrations in excess of 250 mg/l indicate the
aquifer is unsuitable for water supply development. It should be noted
that both vertical and horizontal locations of water bearing zomes greatly
affect the chloride concentrations. The difference in salinity is generally
caused by variations in permeabilities and varying hydrologic conditions at

each site.
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The chloride content of the upper water table aquifer varies from 15
to 8000 ppm. High chloride concentrations are common along coastlines
where the zone of mixing between freshwater and saltwater from the sounds
is present. Figure 5.2-9 shows relative chloride concentrations in the
upper aquifer.

In the principal aquifer, the chloride content of the water is relatively
uniform. It ranges from 30 to 140 ppm on Roanoke Island but increases
significantly east of the island.

The chloride concentrations in the lower aquifer are generally related
to aquifer depth. In the upper part of the unit, concentrations from 250
to 1500 ppm are common. In the lower ﬁortion of the aquifer, concentrations

‘range from 1500 to more than 4600 ppm.

Only water from the upper water table aquifer and the principal aquifer
are suited for water supply development on Roanoke Island. Generally, the
water quality characteristics of these two aquifers are good. The water is
hard but can be treated to provide potable water. In some areas, iron may
be present in objectionable quantities (7.3 ppm), and iron removal may be

necessary. The water can be classified as A according to the system devised
by Heath (1981).

5.2.5 Recharge - Discharge

The recharge area for the upper water table aquifer is confined to the
land surface of Roanoke Island. This is a total of 12,400 acres. Based on
an annual precipitation of 52 inches per year and a 33% recharge volume of
the precipitation, the annual water available for recharge to the upper
aquifer is 5,699 million gallons. Not all of this water leaks to the
principal aquifer. Some of the water is lost due to lateral discharge to
the sounds. Winner (1975), estimates a head loss of .03 feet per day due
to lateral discharge. This is an annual loss of 343 milliom gallons per
square mile. Some discharge could be recovered by careful pumping.

Analysis of the potentiometric data of the principal aquifer indicates
that the recharge area for the principal aquifer is on the mainland portion
of Dare County and on Roanoke Island. The exact extent of the recharge
area cannot be determined with the existing data. An estimate of its

extent is shown on Figure 5.2-10. This is based on gradients on the mainland
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and discharge points. Assuming this recharge area is accurate, a total
area of 42,000 acres recharges the principal aquifer on the mainland. This
is a total annual recharge of 19,439 million gallons.

As stated above, the upper aquifer/lower aquifer system is a leaky
aquifer. The leakance from the upper to the lower aquifer is 19.7 gpd/ftz.
This is approximately 244,280 gallons per day. Tables 5.2-3 and 5.2-4 show
monthly water balances for recharge, precipitation and withdrawals from the
upper aquifer alone, tbe upper aquifer plus the fresh pond, the lower
aquifer alone and the lower aquifer plus the leakance from the upper aquifer.

Based on this analysis, it is evident that sufficient water supplies
are available from the Roanoke Island Aquifer System to supply 15 mgd to
the county water system. The operation of the water system must be controlled
and optimized in order to provide this large water volume with no adverse

effects.

5.2.6 Affect of Withdrawals

When a well or series of wells are pumped, water in the pore spaces of
the sediments is drawn to the pumping source. This drawdown takes the
shape of an inverted cone which has its vertex at the well intake (Figure
5.2-11). On Roanoke Island, the multi-aquifer system will respond to
pumping in a similar fashion. Once pumping starts, water is immediately
withdrawn from the principal aquifer; this creates a head differential
between the upper and lower aquifers. After about the first 30 minutes of
pumping, leakage from the upper aquifer to the lower aquifer occurs. This
can be seen in almost all semi-log time drawdown plots from aquifer tests
on Roanoke Island (Figure 5.2-8). After leakage begins, the cone of depression
expands in the upper aquifer at a fairly constant rate until the vertical
extent of the cone is lowered below the potentiometric surface of the upper
aquifer. At this point, the upper aquifer has been "dewatered" to its
maximum extent. Leakage from the upper aquifer slows and the major water
volume is coming from the principal aquifer. Because of its high trans-
missivity, there are only small effects of pumping on the principal aquifer.
The maximum lateral extent of the cone of depression in the upper aquifer

ranges from 1,000 to 5,000 feet. As such, some overlapping of cones of
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WELL INTAKE

FIGURE 5.2~!l. CONE OF DEPRESSION WITH CONSTANT
PUMPING RATE AND VARIABLE TIME.
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depression occur between mutually pumping wells. This produces a cumulative
drawdown which is equal to the sum of the drawdowns of the wells. Based on
graphical analysis of pumping affects, this well interference can result in
increased vertical drawdowns in the upper aquifer of 6-10 feet.

This lowering of the potentiometric surface and the lateral migration
of the cone of depression toward the sounds is of prime importance in
system operation. Overpumping of the aquifer by long-term pumping and
dewatering of the upper aquifer could result in a reversal of the natural
hydraulic gradient from the inland portions of the island outward to the
sounds. If this reversal occurs, water from the sounds could be made to
flow tbwards the well intakes, resulting in saltwater encroachment. The
possibility of this saltwater encroachment is magnified greatly by increased
pumping, long duration pumping and increasing the number of wells.

An assessment of the performance of the wells and the outward extension
of the cone of depression under cyclic pumping was performed. This analysis
indicated that during pumping periods of up to 18 hours, only minimal
effects on lateral migration‘of the cone of depression occurred. During
the down time, the aquifer recovered and returned to its natural discharge
equilibrium i.e., laterai migration of water laterally to the sounds. This
allowed any movement of saline water inward to the wells to be flushed back
out of the aquifer system by natural discharge. This concept is of prime

importance in long-term management of the groundwater resources.

5.2.7 Long-Term Development

The potential for long range groundwater development and the maximum
safe yield of the aquifer system is based on recharge and withdrawal.
Based on a total annual recharge of 19,439 million gallons and an annual
withdrawal of 5,475 million gallons (15 mgd), it can be seen that more than
adequate water is available as a groundwater resource. The major problem
is recovery of the resource without adversely stressing the aquifer. In
order to prevent this and to maximize the recovery of groundwater, a long

range aquifer management plan is needed. The key points in this plan are:
1. Require residents of Wanchese to hook up to the County water

system.
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Install or repair all well head water meters.

Develop additional wells as required to allow staggered pumping

of wells in the well field by cyclic pumping.

Develop additional wells along the spine of the island no closer
than 1,000 feet from each other (Figure 5.2-12).

Never pump a well longer than 18 hours per day. If additional

water is required, begin pumping other wells.

Install a nest of groundwater monitoring wells (Figure 5.2-13) at

. the locations shown on Figure 5.2-12.

Monitor wells weekly for water levels and chloride content of the
water during the months from May through September. Monthly

monitoring during the off season will suffice.

Install at least one continuous water level recorder at one of

the monitoring wells.

Keep accurate logs of water pumped, time pumped, water levels and

chloride content for wells and monitoring wells.
Submit this data annually to a groundwater hydrologist for review

and recommendations as to any modifications required in the

pumping scheme or in future well development.
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5.3 MAINLAND GROUNDWATER

The mainland portion of Dare County has the largest land area in the
County. However, this area is not developed and is not suitable for providing
water via a large scale distribution network because of the limitation of
groundwater supplies on Roanoke Island. It may be necessary to develop

water supply on the mainland, if demand surpasses 15 mgd.

5.3.1 Hydrogeologic Framework

The hydrogeology of the mainland section of Dare County is very similar
to that of Roanoke Island. The stratigraphic sequence along the Eastern
marginvof the mainland correlates directly to the sequence on Roanoke
Island. Also, the principal water bearing zones present on Roanoke Island

are present near the Manns Harbor area.

5.3.2 Safe Yield

Test well drilling and pumping tests conducted near Manns Harbor by
the NC Division of Groundwater indicate that amplé groundwater supplies
exist. These test wells were drilled to depths of %500 feet and encountered
the principal aquifer at depths ranging from 50-100 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 the test wells is 4.58 gal/min/ft of draw-
down and 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 500-800 gallons per minute. Wells should be spaced

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

5.3.3 Water Quality

The water quality of the principal aquifer at Manns Harbor is similar
to the water which Dare County is recovering on Roanoke Island. Table 5.2-2
gilves the results of water quality testing conducted by the Water Resources
Division of the US Geological Survey on the water recovered from the principal

aquifer at the test well sites. This analysis indicates that the ground-
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