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EXECUTIVE SUMMARY

The Dare County Water Department supplies potable water to the residents of eastern Dare
County where the increasing demand for potable water stems from population growth. The Dare
County Commission recognized the need to increase the supply capacity of the County water
system, and authorized this study to evaluate the groundwater resources available in eastern Dare
County for public supply purposes. Surface-water sources were considered to be economically
prohibitive because of the higher treatment cost associated with using reverse osmosis technology

for these waters and their variable water quality.

The County currently has four water treatment facilities to supply its five separate water
distribution systems. The combined capacity of these treatment plants is 11 MGD. Raw water
supplies to these facilities are provided by wellfields tapping the water-table, Principal, and Mid-
Yorktown aquifers. The 1.5 MGD Fresh Pond treatment facility owned by the Town of Nags

Head is the only surface-water source utilized on the Outer Banks.

Since projections indicate a peak potable water demand in the county of 21 MGD by the year
2020, expansion of existing water sources and/or development of new water supply sources is
needed to meet potable demands. The purposes of this investigation were: to evaluate existing
water supply sources and determine the feasibility of increasing the supply capacity of these
sources, identify and evaluate potential new water supply sources, and to present a plan for
increasing the water supply capability of the county water system. The investigation included
a review and compilation of existing data and information regarding groundwater resources
available in eastern Dare County, test well construction, aquifer testing, water quality sampling

and analyses, and evaluation of impacts associated with groundwater development by using

computer model simulations.

Results of the investigation indicate that sufficient groundwater resources are available to meet

the County’s projected potable water demands through the year 2020. The water-table, Principal,
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and Mid-Yorktown aquifers will continue to be utilized as raw water sources. A summary of the

plan for increasing the supply capacity of the county water system is as follows:

. Expand the Kill Devil Hills reverse osmosis plant to a produced water capacity of 8.0
MGD. Nine additional production wells should be installed in an alignment extending

south from the existing wellfield to supply the raw water necessary for plant expansion.

. Construct a reverse osmosis plant and wellfield at Duck. The plant capacity should be
1.0 MGD with the capability for expansion to 2.0 MGD. Two production wells tapping

the Principal aquifer will be required to meet the initial raw water supply needs of the

plant.

. Expand the Rodanthe reverse osmosis plant and wellfield to a produced water capacity
of 2.0 MGD when necessary to meet increased demands. One or two additional

production wells will be required to supply the plant.

. Proceed with expansion and upgrades to the Dare Hatteras Water System currently
underway or in final design stages. The proposed improvements to the water system will

be adequate to meet the potable water demands of southern Hatteras Island.

. Possibly expand the Skyco water plant and wellfield to a peak capacity of 7.0 MGD.
Expansion of this facility should only be implemented if the community of Wanchese is
connected to the public water supply system and if additional hydrogeologic investigation
prove the viability of additional withdrawals. Drawdowns caused by the wellfield

expansion will be mitigated to some extent by the reduction in domestic well pumpage.
. Investigate the feasibility of utilizing aquifer storage and recovery (ASR) technology as

a water management technique. The use of ASR may be effective in increasing the

efficiency of existing water treatment plant operations. Capital cost savings may be
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realized by using the technology to design proposed new water supply facilities, and

expand existing facilities to meet average rather than peak demands.
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1.0 CONCLUSIONS AND RECOMMENDATIONS

A hydrogeological study and evaluation of the groundwater resources in Dare County was
conducted to determine the availability of groundwater resources suitable for use as public water-
supply sources. Existing supply sources were evaluated and potential new water supply sources

were identified. The conclusions and recommendations presented below are based on the results

of the study.
1.1 Conclusions

. Total existing water system capacity is 11 MGD, while the projected peak potable water
demand for the Dare County Water Department in the year 2020 is estimated to be 21
MGD. Based on the study results, adequate groundwater resources are available in eastern

Dare County to meet projected increases in potable water demand to the year 2020.

. Groundwater resources in eastern Dare County were evaluated to a depth of approximately -
400 feet as part of a hydrogeologic study of raw water supplies available to meet potable
demands within the county water system. The three major aquifers most feasible for use

are the water-table aquifer, the Principal or upper Yorktown aquifer, and the Mid-

Yorktown aquifer.

. A new groundwater supply source was located at Duck. The Principal aquifer was
identified in a test well completed between the depths of 100 and 160 feet below land
surface. The transmissivity of the aquifer is estimated to be approximately 70,000 gpd/ft,
indicating it has the potential for development as a public water supply source with a
capacity of 2 MGD or greater. Water quality within the aquifer is brackish and reverse

osmosis will be required to treat the water to potable standards.

. A high quality groundwater source was found at Kill Devil Hills. The Principal aquifer
was encountered between the depths of 200 and 280 feet in a test well constructed during
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this investigation. The dissolved chloride concentrations of water samples obtained from
this well ranged from 280 to 300 mg/l indicating the salinity of this zone is low. The
transmissivity of the aquifer determined from pump testing was 5900 gpd/ft. Individual

well yields will be limited to 200 gpm or less.

Viable groundwater supply sources were found at Mann’s Harbor. The Principal aquifer
and Mid-Yorktown aquifer were tested at Mann’s Harbor as part of this investigation.
Both aquifers exhibited high yield characteristics at this site. Water quality in the
Principal aquifer is very good with a low level of dissolved solids. Water in the Mid-
Yorktown aquifer is more mineralized but still of relatively good quality. Both aquifers

have the potential for development as public water supply sources.

Groundwater quality is highly variable in eastern Dare County ranging from fresh to sea
water depending upon location and depth. Volumes of freshwater adequate for public
supply purposes are stored within the water-table and Principal aquifers on the Dare
County mainland and Roanoke Island. Primarily brackish water, which would require
desalination, is available in amounts suitable for public supply purposes on the Outer
Banks. A lense of freshwater exists on the barrier islands which is used for domestic
supply and irrigation purposes throughout the Outer Banks and is also the current source

of supply for the Dare Hatteras Water System.

The Kill Devil Hill facility can be expanded to 8 MGD over a 20-year period. Existing
hydraulic and solute transport models of the Kill Devil Hills reverse osmosis plant
wellfield were used to estimate drawdowns and future changes in raw water quality that
may result due to pumpage. The solute model results indicate that the average TDS
concentration from the Kill Devil Hills wellfield may increase from the current level of
approximately 4000 mg/l to 6000 mg/1 in the year 2020. A maximum aquifer drawdown

of approximately 17 feet near the center of the wellfield is anticipated based on the

modeling results.
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Results of the hydrogeologic data analyses and modeling conducted indicate that

expansion of the Rodanthe R.O. plant to a capacity of 2.0 MGD is feasible.

Data analyses and modeling results indicate that expansion of the Skyco water treatment
plant and wellfield to a capacity of 7.0 MGD may be feasible. Expansion of the Skyco
facility is contingent upon the community of Wanchese connecting to the public water
supply systems. Also, a more detailed hydrogeologic analysis will be required to assess

the potential for saline-water intrusion.

Water system improvements currently underway and/or in final design stages for the Dare

Hatteras Water System will be adequate to meet projected demands of 3.0 MGD for that

system.
1.2 Recommendations

The Kill Devil Hills R.O. plant and raw water supply wellfield should be expanded to a
final produced water capacity of 8.0 MGD over the next 20 years. The expansion should
be accomplished in 1.0 MGD increments as needed based on demands. A total of nine
additional Mid-Yorktown aquifer R.O. supply wells should be constructed to meet the
demand. A minimum of two test wells should be constructed in the proposed wellfield
alignment to assess water quality and aquifer yield conditions prior to final production

well and pipeline construction.

Two to four wells tapping the Principal aquifer in Kill Devil Hills should be installed for
blending with the reverse osmosis permeate, because the lower salinity levels in the
Principal aquifer will allow the plant operators to increase blend ratios and reduce plant
operation costs. Additional testing to fully evaluate long-term yield and quality of the

aquifer should be conducted prior to production well construction.
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Consideration should be given to construction of a small reverse osmosis plant and
wellfield in Duck, because of the discovery of a new, relatively low salinity groundwater
supply. The facility would increase the amount of potable water supply and provide an
additional interconnect to improve overall system reliability. Additional testing to fully
evaluate the aquifer yield potential and water quality of the source aquifer should be

conducted prior to plant construction.

Based on the availability of brackish water from the Mid-Yorktown aquifer, the reverse
osmosis plant and wellfield in Rodanthe may be expanded when necessary to meet
demands. Some additional production wells should be constructed to increase the plant
produced water capacity to 2.0 MGD. Solute transport modeling of the aquifer system
should be conducted to estimate future water quality changes and determine the location,

number, and pumping rate for the new production wells.

The Skyco water treatment plant and wellfield on Roanoke Island should be expanded by
the installation of three additional production wells, only if certain criteria are met.
Wellfield expansion is recommended only if necessary to meet demands and if the
community of Wanchese is connected to the county water supply system and if future,
detailed hydrogeologic analysis indicates that saline-water intrusion will not be a problem.
Limiting production from the Skyco plant or improvements to the treatment method may

be required due to proposed changes to the federal trihalomethane (THM) standard.

The groundwater monitoring conducted by the County water department staff should
continue in order to provide valuable information regarding water levels and water quality
conditions at the county wellfields. The data should be reviewed periodically and any

trends noted for potential incorporation into the wellfield management plan.

Since water demands show large seasonal fluctuations, the feasibility of using Aquifer
Storage and Recovery (ASR) technology for water management purposes should be

investigated. This concept involves storing large volumes of water underground during
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periods of low demand and then recovering the water to meet peak season demands. This

could reduce long-term potable water supply costs to the consumer.
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2.0 INTRODUCTION
2.1 Background

The Dare County Water Department produces potable water to supply the citizens on the Outer
Banks of North Carolina. Public water supply first became available on the Outer Banks in 1964
when surface-water pumped from the Fresh Pond was used to supply the towns of Kill Devil
Hills and Nags Head. The Fresh Pond treatment plant owned by the town of Nags Head is now
utilized to meet only peak summer demands and is capable of producing up to 1.5 MGD of water
for limited periods of time. In 1979, a wellfield and water treatment plant were built on Roanoke
Island at Skyco to increase the amount of water available to the public supply system. The Skyco
water plant is capable of producing over 5.0 MGD and is supplied by 10 production wells that
tap the upper Yorktown or Principal aquifer. The raw water supplied to the Skyco plant is fresh
and a conventional ion exchange process is used to treat the water. A reverse osmosis (R.O.)
plant and raw water supply wellfield were constructed in Kill Devil Hills and placed into
operation during August of 1989 to further increase the supply of potable water. Brackish water

supplied by 10 production wells is the source of water for the R.O. plant which has a current

finished water production capacity of 3.0 MGD.

The combined maximum water production capacity of the three public supply sources is 9.5
MGD. The three supply sources are interconnected and collectively form the Dare Regional
Water Supply System (DRWSS). The DRWSS supplies water to the towns of Kill Devil Hills,
Nags Head, and Manteo for wholesale purchase and subsequent distribution within their respective
water systems. Dare County also operates a distribution system that is supplied by the DRWSS

and serves the residents of Kitty Hawk, Southern Shores, Duck, Collington, and customers on

Roanoke Island outside of the Manteo town limits.

A separate water supply system including wellfield, reverse osmosis plant, and distribution piping
was constructed in Rodanthe and placed into operation during March of 1996. This system has

a production capacity of 1.0 MGD and is supplied with brackish water pumped from 2 wells that
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tap the Mid-Yorktown aquifer. The communities of Rodanthe, Waves, and Salvo (RWS) are
served by this plant. The RWS water system is currently not interconnected with any other water

system.

Potable water supply for the communities of Avon, Buxton, Frisco, and Hatteras Village on the
southern end of Hatteras Island is obtained from a shallow wellfield that taps the water-table
aquifer. The wellfield and water treatment plant were originally constructed and operated by the
Cape Hatteras Water Association. The Dare County Water Department acquired the assets of the
Cape Hatteras Water Association and assumed operation of its facilities during July of 1997.
Raw water is obtained from a large number (greater than 30) of low yield wells and the plant has
a capacity of approximately 2.0 MGD. Expansion of this facility is currently in the design stage
to include a 2.1 MGD reverse osmosis plant to treat brackish water and a 0.9 MGD anion
exchange treatment system for water from the shallow aquifer. Brackish water will be obtained
from a wellfield consisting of 4 wells tapping the Mid-Yorktown aquifer. Distribution system
improvements are currently underway as part of the water system expansion. The Dare Hatteras

Water System is not interconnected with any other water system at this time.

A map of Dare County showing the areas served by the Dare County Water Department is
provided as Figure 2-1. The combined capacity of the water plants operated by the Dare County
Water Department is currently 11 MGD. A summary of the existing water supply sources and
their respective capacities is provided in Table 2.1-1. Expansion of some existing facilities and/or
construction of new water treatment facilities will be required to meet future increases in potable

water demands.
2.2  Purpose and Scope

Expansion of the facilities that supply potable water to the residents of Dare County is necessary
to meet projected increases in the demand for potable water. A county-wide hydrogeological
study and groundwater resource evaluation was authorized by the Dare County Board of

Commissioners in September, 1997. The purpose of this study is to identify and evaluate the
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TABLE 2.1-1 SUMMARY OF EXISTING WATER SUPPLY SOURCES
AND CAPACITIES

Facility Water Source Produced Water Capacity

(MGD)

Fresh Pond Surface Water 1.5*

(Nags Head)

Skyco Water Plant Principal Aquifer >5.0
Kill Devil Hills R.O. Plant Mid-Yorktown Aquier 3.0%*
Rodanthe R.O. Plant Mid-Yorktown Aquifer 1.0**

Cape Hatteras Water Plant. Water-Table Aquifer 2.0

Total = 11.0 MGD

*The Fresh Pond capacity is not included in the total because this facility is owned by the town of Nags Head and
is only used on an intermittent basis.

**The reverse osmosis plants operate with a recovery efficiency of approximately 75%. The raw water supply
requirements for these plants is approximately 33% greater than the produced water capacity.
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supply potential of fresh and brackish groundwater resources available in coastal and mainland

Dare County for public supply use.

The primary objectives of the project were to evaluate existing water supply sources and
determine the feasibility of expanding these sources and to identify and evaluate potential new
water supply sources. A work scope was developed to achieve the project objectives. The initial
task was to compile and review available data. Information evaluated in the review included:
historic pumpage data from each of the county water department wellfields; water level and water
quality data from the county monitor well network; reports prepared previously by consultants,
the county, and other government agencies; population and water demand projections and other
pertinent demographic information. Areas where additional data were needed to complete the

groundwater resource evaluation were identified during the data compilation and review.

The second general task was to conduct test drilling to obtain water quality and preliminary
aquifer yield data to help evaluate potential new sources of water. A total of four new test wells
were constructed at three separate test sites. Lithologic analyses, geophysical logging, pump
testing, and water quality sampling and analyses were conducted at each site. Data collected
during the investigation were analyzed to assess the potential for expanding existing supply
sources and developing new water supply sources. Computer model simulations were used to
estimate the impacts associated with proposed pumpage from new wellfields and increased
withdrawal amounts from existing facilities. This report was prepared to document the methods
and procedures utilized during the investigation and the results obtained. Recommendations for
meeting future potable water supply needs are included in the report. Brief descriptions of the

approach taken at each of the project study areas are presented in the following subsection of this

report.
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2.3  Project Approach
2.3.1 Kill Devil Hills

Expansion of the Kill Devil Hills reverse osmosis (R.O.) plant and raw water supply wellfield
is considered the most likely scenario for a large scale increase in potable water supply for the
county water department. The R.O. plant currently has three 1.0 MGD reverse osmosis skids and
was designed to accommodate five additional skids for a total plant capacity of 8.0 MGD.
Previously, proposed wellfield expansion scenarios only considered the installation of additional
wells from the Fresh Pond area south toward Nags Head. A decision was made to construct a
test well north of the existing alignment. The test well was constructed to provide information
on water quality and potential production well yield to assess the feasibility of wellfield
expansion to the north. The project approach at Kill Devil Hills also included utilizing previously
developed aquifer hydraulic and solute transport computer models to evaluate drawdown impacts

and water quality changes that might occur with time caused by various wellfield expansion

scenarios.

2.3.2 Duck

Because hydrogeologic data in the Duck area is very limited, construction of a test well was
included in the work scope at this location. The approach at Duck was to drill a test hole,
complete a well in the most promising zone, conduct pump tests and water quality sampling, and
make a preliminary evaluation of the water supply potential of any units identified. Development

of a hydraulic computer model to estimate drawdowns that might result due to large scale

pumpage was also included.
2.3.3 Roanoke Island

The Skyco water plant on Roanoke Island has the largest production capacity of the water

treatment facilities operated by the Dare County Water Department. The feasibility of expanding
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the Skyco plant and raw water supply wellfield was investigated as part of this study. The work
scope at this site included reviewing historic pumpage, water quality, and monitor well data as
well as existing reports on the area. A hydraulic computer model was developed to assess the

drawdown impacts associated with increased pumpage and wellfield expansion.
2.3.4 Rodanthe, Waves, and Salvo

The Rodanthe, Waves, and Salvo (RWS) water system is supplied by a reverse osmosis plant
located in Rodanthe. This plant has a capacity of 1.0 MGD and was designed to accommodate
an expansion up to 2.0 MGD. The work scope for the RWS system was intended to determine
the feasibility of increasing raw water supply to the plant when expansion of the facility becomes
necessary. A hydraulic computer model of the aquifer system was developed to determine the

drawdown impacts associated with increased pumpage.
2.3.5 Dare Hatteras Water System

Expansion of the Dare County Hatteras Water System is currently in the final design stage.
Distribution system improvements and construction of a new reverse osmosis plant are scheduled
for completion in the fall of 1999. The project approach for this area was to summarize the
proposed water system improvements in the context of the County-wide study. In addition, a
final modeling scenario for the proposed brackish water wellfield to include actual production

well locations was included in the work scope.
2.3.6 Mainland Dare County

The communities of Mann’s Harbor and Stumpy Point on Mainland Dare County are not served
by a public water supply system. A water supply feasibility study for Stumpy Point was recently
completed for the County by Hobbs, Upchurch & Associates, P.A. The work scope for this part
of the County-wide study was therefore focused on Mann’s Harbor. The project approach at

Mann’s Harbor included a review of available data to determine target supply zones, test well
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construction to evaluate water quality and yield characteristics of the selected zones, and

computer modeling to assess the drawdown impacts that might result due to pumpage.
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3.0 POTABLE WATER DEMANDS
3.1 Past Water Use

DRWSS
Water supplied to the Kill Devil Hills, Nags Head, and Dare County water systems is produced

by the Dare Regional Water Supply System (DRWSS). This water is produced primarily at the
Kill Devil Hills R.O. plant and the Skyco ion exchange plant. Fresh Pond is used as a water
source occasionally to meet peak demands in the summer. Graphs showing historic average and
maximum daily water production from both plants and the DRWSS over the last three fiscal years
are provided as Figures 3-1 and 3-2, respectively. The ratio of peak demands to average day
demands exceeds 2:1 due to the large influx of visitors in the summer. The fiscal year extends
from July through June of the following year. The data sets presented in the figures begin in
June of 1994 and end in July of 1997. Analysis of the data indicate that average and maximum
day demands from the DRWSS have remained relatively constant during this time period. The
maximum amount of water produced at the R.O. plant has consistently averaged approximately
3.0 MGD which is the current treatment capacity of the plant. The demand for water from the
DRWSS is anticipated to increase significantly over the next two decades as the population of
the county increases. Demand projections for the DRWSS and other plants operated by the

county are provided in the following subsection of this report.

RWS

The reverse osmosis plant that supplies potable water to the communities of Rodanthe, Waves,
and Salvo was placed into operation during March of 1996. Average daily raw water pumpage
data from the wellfield that supplies the plant are shown on Figure 3-3. Peak production for both
1996 and 1997 occurred in the month of July and was less than 0.4 MGD. The RWS plant is
capable of producing 1.0 MGD of potable water and operates with a recovery efficiency of 75%.
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Hatteras Water System

Potable water for the communities of Avon, Buxton, Frisco and Hatteras Village on Hatteras
Island is currently obtained from a shallow wellfield that taps the water-table aquifer. Historic
raw water average daily pumpage data for the wellfield that supplies the water plant is presented
in Figure 3-4. Peak average daily production occurs in the summer months and reached a high
of 1.265 MGD during July of 1997 which is close to the maximum plant capacity. The capacity
of the Hatteras water system to produce potable water will be increased by the construction of
a reverse osmosis plant at the site of the existing water plant. Design of the reverse osmosis

plant is currently underway and the facility is scheduled for completion in the fall of 1999.

Other Areas

Residents in the communities of Mann’s Harbor, Stumpy Point, Wanchese, and other
unincorporated areas of the county rely on individual wells for water supply. No data are
available on the amount of water used for domestic supply although it is estimated to be

significant as less than 60% of the county population is served by a public water supply system.
3.2 Projected Demands

DRWSS

The communities served by the DRWSS experience large seasonal fluctuations in water demand.
Peak water usage typically occurs in July or August during the height of tourist season. The ratio
of peak to average day demand exceeds 2:1. It is very difficult to accurately project water use
demands when factors such as weather and economic conditions can influence the number of
people served significantly. The demand projections used in this analysis were provided by the
Dare County planning department based on state population estimates. Estimated average and
maximum daily water use demands for the DRWSS are presented in Figure 3-5. A range of
estimates is provided because of the inherent uncertainty in the projections. The maximum
anticipated water use demand in the year 2020 from the DRWSS is approximately 16.0 MGD.
Average day demands may range from approximately 6.0 to 8.0 MGD.

FH7-571.5 21




L661 AT OL 9661 AAVANVI WOYA ATHILTIHM OOSIYA FHL IV FDVAANd Y341V MV ONIMOHS HAVID t-€ TANOIA

;

B [rers onoma 86 AV :ewoq iLstHd ontd | (e unouunsINg AR

| owmpunoy L WSM :Ag'uma  AANIS HAIM-AINNOD miva :ewontid J{ UIWISSIW |

( N
HLNOW

NAr ddv  g3d O53d 100 DNV NNr dHdv 4934
6°7NF AVN HVIN Z6NVF AON d3S 71Nt AVIN  HYN 96 NvI

N

v,

G
o
39VdWNd H31VM MVYH

N N
AN
A\
-l
=
N\ :
\ Lz O
L

L6611 ATTNr-9661 AHVNNVT
39VdANd @1314773M OOSIHS
W31SAS H31VM SVH311VH 34dvd

\ J
GEE GIN N BN N GaE AN BN N N BN NN Gah NN BN NS BN e am




0202 ¥V3A 3HL OL SSMYA FHL ¥Od SANVINTQ H31VM 379V10d A3.L03rodd ONIMOHS HdAVHDO 'G-€ 3uNOid

J
pue

I3jeMpunoly)

(" s991A19G [B)yuSTUOIALY w

¢ 'ON'ASR] 86 AVN =210Aa ¢ oONoMd  }LS-/HA .02;&4 M TUNOLENYSLNI
WSM :Ag'umag  AdNLS SaIM-ALNNOD nvd “®CCOZ.E; ¢W§_mm_2

(HIMOMXVIN = (HIMOTDAY =K~ (HIdANIXVW —— (43ddN)DAY I

Hv3A
om_om S —_ON ol 0c mo_om oo_ON mm_m I om_m H

ANVW3J AVA DAY ¥

0 3
AGNVW3A AVA XY ﬂ
8 I
e o
m
oL =
>
\m\m\\.\ 5
—— et Y
" :
- 9l
8l

W3LSAS A1ddNS HILVM TYNOIDIH 3HVA
ANVINIA d31VM 319V10d d3103ro4dd

e J




RWS

Water use demand projections for the communities of Rodanthe, Waves, and Salvo were again
determined by using information provided by the Dare County planning department. Peak season
average daily water use demands are estimated to range from a low of 0.6 MGD to as high as
2.0 MGD in the year 2020. The wide range in demand estimates is again due to uncertainties

in future growth rates and the amount of seasonal visitors.

Hatteras Water System

Water use demand projections for the Dare Hatteras water system were determined based on
projections by the Cape Hatteras Water Association. A graph showing estimated average and
peak daily demands is provided as Figure 3-6. A maximum daily demand of 3.0 MGD from the
Hatteras waster system is anticipated in the year 2020. A summary of the projected demands for

each of the above water supply systems is provided in Table 3.2-1.

Other Areas

Demand projections for the communities of Mann’s Harbor, Stumpy Point, and Wanchese were
made based on an estimated daily per capita water use rate of 150 gpd. Detailed population
projections for these communities and other unincorporated areas within the county were not
available from the county planning department. Best estimates of future populations in
unincorporated Dare County were used with the assumed per capita use rate (150 gpd/person) to
calculate projected demands. The average daily water use in these areas in the year 2020 is

estimated to range from 2.0 to 3.0 MGD. Peak demands are estimated at 4.0 to 5.0 MGD.
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TABLE 3.2-1 SUMMARY OF DARE COUNTY WATER DEPARTMENT
WATER SUPPLY SYSTEM
CAPACITIES AND PROJECTED DEMANDS

Water Supply System Current Capacity Projected Peak Demand
(MGD) Year 2020
(MGD)
Dare Regional Water Supply System 8.0 16.0
Rodanthe, Waves, and Salvo 1.0 2.0
Hatteras Water System 2.0 3.0
TOTAL 11.0 21.0
FH7-571.TAB




4.0 METHODS OF INVESTIGATION
4.1 Data Compilation and Review

The initial task of the county-wide hydrogeological study was to collect and review existing data
regarding the availability of groundwater resources for public supply purposes in Dare County.
A number of water-supply studies have been conducted over the past 30 years in the county.
Previous evaluations were typically limited to localized investigations at individual communities.
The purpose of this data compilation and review was to determine what information was available

and also areas where additional data are needed to properly evaluate groundwater resource

availability in the County as a whole.

A relatively large amount of data were available in the Kill Devil Hills, Skyco, and Frisco areas
because public supply wellfields have been in operation at these locations for many years.
Considerably less information was available for the Duck and Mainland Dare County areas.
Results of the data review indicated where additional data were needed and influenced the

selected test well locations and the target intervals.

Dare County staff provided much of the information needed for the review including monitor
well water level and water quality data, water plant production figures, and water use demand
projections. Government agencies including the North Carolina Department of Environment,
Health and Natural Resources (DEHNR), the United States Geological Survey (USGS), and the
North Carolina Geological Survey provided reports, geophysical logs, and other pertinent data
and information. Reports prepared by private consultants, including Missimer International were

also utilized. A partial list of references is provided in this report.

4.2 Well Construction and Testing

A total of four test wells were installed at three different locations for the county-wide

hydrogeological study. A pair of test wells was installed at the Mann’s Harbor test site and a
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single well was constructed at each of the Kill Devil Hills and Duck test sites. Skipper’s Well
Drilling from Leland, North Carolina, was subcontracted to construct and test the wells.
Missimer International, Inc. (MI) staff provided on-site supervision during drilling and collected
formation samples for lithologic analyses. At each site a test hole was drilled using the mud
rotary method to a depth of 400 feet below land surface and geophysical logs were run. The on-
site hydrogeologist selected screen intervals and determined final well design based on analysis
of the drill cuttings and geophysical logs. Copies of the geologist’s logs and geophysical logs

are included in the appendix. Brief descriptions of the drilling and testing activities conducted

at each site are provided below.
4.2.1 Kill Devil Hills

The Kill Devil Hills test well (KDH-1) was constructed behind the EMS station near the Kill
Devil Hills elevated water storage tank. The test site is at the Kill Devil Hills Municipal Center
approximately 1.5 miles north of the reverse osmosis plant as shown on Figure 4-1. The purpose
of this well was to determine the feasibility of extending the existing alignment of raw water
supply wells to the north. Previously, all proposed wellfield expansion scenarios considered

expansion of the alignment to the south from the fresh pond area towards Nags Head.

Drilling commenced on the morning of March 24, 1998 and a nominal 9-inch diameter hole was
advanced to a depth of 400 feet below land surface. Two permeable sand units beneath the
surficial aquifer were encountered in the test hole between the approximate depths of 200-280
feet and 320-400 feet below land surface, respectively. The upper sand corresponds to what has
historically been termed the Principal or upper Yorktown aquifer. The lower sand unit occurs
within the Mid-Yorktown aquifer which is the zone tapped by the 10 existing raw water supply
wells that feed the Kill Devil Hills reverse osmosis plant. At the test site, the lower unit was
comprised primarily of very fine to fine grained sand and thus did not appear to be highly

productive. The upper sand unit was chosen for further evaluation.
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A well string consisting of 80 feet of 4-inch diameter, 0.025-inch slotted Schedule 80 PVC pipe
followed by 200 feet of Schedule 40 PVC casing was placed in the borehole. A blank section
of pipe five feet long was placed below the screen to act as a sump. Construction details for well
KDH-1 and the other test wells installed for this investigation are summarized in Table 4.2-1.
A coarse sand gravel pack (Morie #2) was placed around the screen through a tremie pipe to a
height of 10 feet above the screen and the well was then developed with compressed air. The
well was developed for approximately six hours and subsequently grouted with neat cement from

the top of the gravel pack to land surface. A schematic diagram of the well is provided as Figure

4-2.

A 5-hp electric submersible pump was placed in the well with the intake set at approximately 80
feet below surface for testing purposes. The well was pumped at three separate rates ranging
from 50 to 90 gpm. Drawdown in the well was measured with a pressure transducer coupled to
an electronic data logger. Results of the step drawdown test are summarized in Table 4.2-2. A
specific capacity value of less than 2.0 gpm/ft was determined at a pumping rate of 90 gpm
indicating the yield potential of this unit is relatively low. An additional test was conducted by
pumping well KDH-1 at a constant rate of 90 gpm for approximately 22 hours. Drawdown in

the well was measured at closely spaced time intervals and a semi-log plot of drawdown vs. time

was constructed for analysis purposes (Figure 4-3).

The method developed by Jacob (1952) was used to analyze the data. A straight-line segment
is selected from the semi-log plots and the change in drawdown over one log cycle is determined

and substituted into equation (1) to determine the aquifer transmissivity.

T = _2640
As @)
where,
T = transmissivity (gpd/ft)
Q = pumping rate (gpm)
As = head difference between log cycles (feet)
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TABLE 4.2-1 DARE COUNTY-WIDE STUDY
TEST WELL CONSTRUCTION DETAILS
Well Total Depth Casing Depth Screened Interval Aquifer
(Feet) (Feet) (Feet)
KDH-1 285 200 200-280 Principal
5’ sump (upper Yorktown)
DUCK-1 180 100 100-160 Principal
20’ sump (upper Yorktown)
MANN 197 135 135-195 Principal
(SHALLOW) 2’ sump (upper Yorktown)
MANN 356 250 250-350 Mid-Yorktown
(DEEP) 6’ sump

*All of the test wells were constructed with 4-inch diameter Schedule 40 PVC casings. The screened sections consist
of 4-inch diameter Schedule 80 PVC pipe with 0.025-inch slots. Morie #2 coarse sand was used as the filter pack

material.
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TABLE 4.2-2

DARE COUNTY-WIDE STUDY

STEP DRAWDOWN TEST - WELL KDH-1

Test Date: 3/26/98

Recorded By: Scott Manahan
Static Water Level: 18.57 Ft. Below Measuring Point (BMP)*

Pumping Rate Time Pumping Water Drawdown Specific Capacity
(GPM) (Minutes) Level (Feet) (GPM/Ft)
(Ft. BMP)

50 5 38.79 20.22

10 39.69 21.12

20 40.38 21.81

30 40.74 22.17

40 40.90 22.33

50 40.85 22.28

60 41.16 22.59 2.2
75 5 55.14 36.57

10 55.36 36.79

20 55.73 37.16

30 56.06 37.49

40 56.33 37.76

50 56.63 38.06

60 56.92 38.35 2.0
90 5 61.55 42.98

10 62.26 43.69

20 63.13 44.56

30 63.68 45.11

40 64.00 45.43

50 64.75 46.18

60 65.67 47.10 1.9

*Measuring point is top of casing approximately 3.5 feet above land surface.
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A transmissivity value of 5900 gpd/ft was calculated from the data obtained during testing

indicating that the yield potential of this zone is relatively low.
4.2.2 Duck

The Duck test well (Duck-1) was constructed behind the elevated water storage tank in Duck at
the location shown in Figure 4-4. Previous test drilling conducted in 1972 by the state of North
Carolina, north of Kitty Hawk, indicated that low yield and poor water quality conditions could
be expected in this area. Test well Duck-1 was constructed to determine if any groundwater

sources were available at the test site that were suitable for public supply purposes.

The drilling and testing procedures were very similar to those utilized during the construction of
the Kill Devil Hills test well. A borehole was advanced to a depth of 400 feet below land
surface on March 31, 1998 and geophysical logs were conducted. A zone consisting of coarse
quartz sand and gravel between the depths of 100 and 160 feet below land surface was the only

unit encountered that appeared capable of yielding large volumes of water.

Well Duck-1 was constructed with 60 feet of 4-inch diameter PVC screen followed by 100 feet
of 4-inch diameter Schedule 40 PVC well casing to land surface. A blank section of pipe 20 feet
long was placed below the screen as a sump. The well was gravel packed, developed with air
and grouted with neat cement. A schematic diagram of the well is provided as Figure 4-5. A
5-hp submersible test pump was placed in the well and used to conduct a 3-stage step drawdown
test and a constant rate test. The step drawdown test results are summarized in Table 4.2-3. A
semi-log plot of the constant rate test which was conducted at 100 gpm is included as Figure 4-6.
The method developed by Jacob (1952) was again used to analyze the time and drawdown data
collected during the pump test. A transmissivity value of 70,000 gpd/ft was determined
indicating this zone has a potentially high productive capacity. It is likely that a large diameter,
properly designed and constructed well could produce water at a rate of several hundred gallons

per minute at this location.
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TABLE 4.2-3

DARE COUNTY-WIDE STUDY

STEP DRAWDOWN TEST - WELL DUCK-I

Test Date: 4/2/98

Recorded By: Scott Manahan
Static Water Level: 2.71 Ft. Below Measuring Point (BMP)*

Pumping Rate Time Pumping Water Drawdown Specific Capacity
(GPM) (Minutes) Level (Feet) (GPM/Ft)
(Ft. BMP)

60 5 9.92 7.21

10 9.86 7.15

20 9.39 6.68

30 9.75 7.04

40 9.99 7.28

50 9.70 6.99

60 9.89 7.18 83
80 5 14.42 11.71

10 13.93 11.22

20 14.40 11.69

30 13.80 11.09

40 13.88 11.17

50 14.06 11.35

60 13.96 11.25 6.8
100 5 18.98 16.27

10 19.14 16.43

20 19.19 16.48

30 18.71 16.00

40 19.26 16.55

50 19.19 16.48

60 19.44 16.73 6.0

*Measuring point is top of casing approximately 2.8 feet above land surface.
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4.2.3 Mann’s Harbor

Test drilling at Mann’s Harbor was conducted on property owned by Dare County behind the
EMS station at the location shown on Figure 4-7. Two zones were tested at this site. Previous
testing conducted by the state in this area indicated that a freshwater zone suitable for public
supply development might be encountered between the depth range from 100 to 200 feet below
land surface and that a brackish water aquifer might be present below 250 feet. The test wells
constructed at Mann’s Harbor were installed to update and confirm the previous test results and

to evaluate the feasibility of developing a source of water suitable for public supply purposes.

Drilling of the test hole at the Mann’s Harbor test site began on the morning of April 6, 1998
and was completed late that evening at a depth of 400 feet below land surface. Geophysical logs
were conducted and confirmed the presence of two permeable zones within the tested interval.
The upper sand unit was encountered between the depths of approximately 130 and 200 feet
below land surface. The lower sand unit was encountered at approximately 245 feet below land
surface and was separated from the upper sand by a clay layer. The lower sand unit is
approximately 100 feet thick and begins as an unconsolidated sand that grades into a soft to
moderately hard sandstone in the bottom 50 feet of the interval. Two wells were completed to

test the water quality and yield characteristics of both the upper and lower sand units.

The deeper zone well (Mann-Deep) was constructed by placing a 4-inch diameter screened section
100 feet long in the borehole followed by 250 feet of 4-inch diameter Schedule 40 PVC well
casing to land surface. A section of blank pipe six feet long was placed at the bottom of the
screen as a sump. The well was gravel packed, developed, and grouted in a manner similar to
the other test wells. The shallow zone test well (Mann-Shallow) was constructed with screen
from 135 feet to 195 feet below land surface approximately 20 feet east of the deep well. This
well was completed, developed, and grouted in the same manner as the deeper zone well. A

schematic diagram showing construction details of the wells is provided as Figure 4-8.
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Step drawdown and constant rate tests were conducted on both wells. The step drawdown test
results are summarized in Tables 4.2-4 and 4.2-5. Semi-log plots of drawdown vs. time data for
both wells are provided as Figures 4-9 and 4-10. Transmissivity values calculated for the shallow
and deep zones are 51,000 gpd/ft and 73,000 gpd/ft, respectively. The transmissivity of 51,000
gpd/ft calculated for the shallow zone is consistent with the value of 50,000 gpd/ft estimated
previously for this zone at Mann’s Harbor by the state of North Carolina. The test results
indicate that both units have the ability to yield large volumes of water suitable for public supply
purposes. However, water quality conditions varied significantly between the two zones. The
water quality sampling methods utilized during the investigation and the analyses results obtained
are discussed in the following subsection of this report. A summary of the transmissivity values

calculated at each of the test sites is provided in Table 4.2-6.
43  Water Quality Sampling and Analyses

Water samples were obtained from all of the test wells installed as part of the county-wide
hydrogeological investigation. A similar sampling procedure was used for each test well.
Samples were taken from the pump discharge during step drawdown and constant rate pump
testing. The samples were analyzed for dissolved chloride concentration by the Dare County
water department staff. Additional samples were obtained near the end of constant rate testing
after the well had been pumped at rates ranging from 90 to 100 gpm for approximately 24 hours.
Detailed analyses of these samples were conducted by Dare County staff and also by Savannah
Laboratories in Tampa, Florida. Analytical reports prepared by Dare County staff and Savannah
Laboratories are included in the appendix. Water quality conditions at each test site are described

in the following subsections of this report.
4.3.1 Kill Devil Hills

The analyses results indicate that the zone tapped by well KDH-1 is relatively fresh with a
dissolved chloride concentration of approximately 290 mg/l. By comparison, the average

dissolved chloride concentration of the raw water from the production wells that supply the
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TABLE 4.2-4

DARE COUNTY-WIDE STUDY

STEP DRAWDOWN TEST - WELL MANN DEEP

Test Date: 4/8/98

Recorded By: Scott Manahan
Static Water Level: 9.86 Ft. Below Measuring Point (BMP)*

Pumping Rate Time Pumping Water Drawdown Specific Capacity
(GPM) (Minutes) Level (Feet) (GPM/Ft)
(Ft. BMP)

70 5 21.57 11.71

10 21.23 11.37

20 21.57 11.71

30 21.68 11.82

40 21.81 11.95

50 20.96 11.10

60 21.80 11.94 5.9
85 5 25.31 15.45

10 25.66 15.80

20 26.07 16.21

30 25.82 15.96

40 26.08 16.22

50 25.71 15.85

60 26.17 16.31 52
97 5 30.03 20.17

10 30.12 20.26

20 30.26 20.40

30 30.33 20.47

40 30.34 20.48

50 30.34 20.48

60 30.19 20.33 4.7

*Measuring point is top of casing approximately 2.7 feet above land surface.
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TABLE 4.2-5

DARE COUNTY-WIDE STUDY
STEP DRAWDOWN TEST - WELL MANN SHALLOW

Test Date: 4/11/98
Recorded By: Scott Manahan
Static Water Level: 7.30 Ft. Below Measuring Point (BMP)*

Pumping Rate Time Pumping Water Drawdown Specific Capacity
(GPM) (Minutes) Level (Feet) (GPM/Ft)
(Ft. BMP)

60 5 16.09 8.79

10 16.13 8.83

20 16.40 9.10

30 16.11 8.81

40 16.28 8.98

50 16.07 8.77

60 16.61 9.31 6.4
75 5 20.28 12.98

10 20.52 13.22

20 19.90 12.60

30 20.19 12.89

40 20.37 13.07

50 20.37 13.07

60 20.28 12.98 5.7
97 5 27.03 19.73

10 27.15 19.85

20 27.12 19.82

30 27.11 19.81

40 27.01 19.71

50 27.26 19.96

60 26.94 19.64 4.9

*Measuring point is top of casing approximately 3.2 feet above land surface.
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TABLE 4.2-6 DARE COUNTY-WIDE STUDY
SUMMARY OF TRANSMISSIVITY VALUES
Test Site Transmissivity Interval Tested Aquifer
(GPD/FT) (Feet BLS)
Kill Devil Hills 5,900 200-280 Principal
(upper Yorktown)
Duck 70,000 100-160 Principal
(upper Yorktown)
Mann’s Harbor 51,000 135-195 Principal
(Shallow Zone) (upper Yorktown)
Mann’s Harbor 73,000 250-350 Mid-Yorktown
(Deep Zone)
FH7-571.TAB




reverse osmosis plant is approximately 2500 mg/l. The relatively low salinity conditions found
in the Kill Devil Hills test well indicates this Principal/upper Yorktown aquifer zone may be
useful as a source of blend water for the reverse osmosis plant. A blend ratio of approximately
10% to 15% is currently used at the plant. It may be possible to increase the blend ratio to 20%
or 25% by utilizing blend water with a lower salinity. However, it should be noted that analyses
to evaluate the long-term stability of water quality in this zone under the influence of pumping

have not been conducted.

The water quality within the Principal/upper Yorktown aquifer unit may have already been
affected by wellfield pumpage from the underlying Mid-Yorktown aquifer. Samples obtained
from a test well in Kill Devil Hills in 1972 installed by the state of North Carolina had dissolved
chloride concentrations that ranged from 133 to 140 m/1 in the depth interval from 228 to 266
feet below land surface. Pumpage induced leakage may have caused water quality changes in
the overlying upper Yorktown aquifer. Water from the upper Yorktown aquifer may also require
limited treatment for color removal prior to blending as a value of 31 color units was recorded
for the sample obtained from well KDH-1. In spite of the potential problems noted above, the
upper Yorktown aquifer may be a very good source of blend water for the reverse osmosis plant
and its use for this purpose should be investigated further. The transmissivity of the zone is low

so individual well yields would likely be limited to 200 gpm or less.

4.3.2 Duck

The water quality analyses results from test well Duck-1 indicate brackish conditions with a total
dissolved solids concentration of 2200 mg/l. This quality water is slightly more saline than the
average water quality obtained from the Kill Devil Hills reverse osmosis plant wellfield when it
was placed into operation in 1989. The water obtained from test well Duck-1 appears to be
suitable for low pressure reverse osmosis treatment. A thick sequence of very low permeability
clay is present below the productive sand unit at the Duck test site. Additional testing to

determine the lateral extent of this sand unit and further evaluate water quality and yield
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