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Executive Summary

The supply capacity of the Dare County water system must be expanded to meet
increased potable water demands associated with population growth in the County.
Expansion of the Dare County North Reverse Osmosis (RO) plant and raw water
supply wellfield was recommended in the countywide hydrogeological study and
groundwater resource evaluation that was conducted in 1998. The North RO plant is
presently supplied by 10 wells tapping the Mid-Yorktown aquifer. Expansion of the
RO plant will begin upon receipt of a construction permit from the state and the
wellfield expansion is currently in the design phase. The Dare County Water
Department authorized this investigation to install test wells tapping the Mid-
Yorktown aquifer at locations proposed for additional production well construction.
The purpose of the test well construction project was to confirm that the yield
potential and water quality within the aquifer were adequate for the installation of
permanent raw water supply wells at the test sites. The investigation included test
well construction, aquifer testing, water quality sampling, and data analysis.

The results of the investigation were somewhat surprising in that the Mid-Yorktown
aquifer showed very little yield potential at two of the test sites. Clay was the
predominant lithology encountered between the depths of approximately 300 to 400
feet at these two sites, which is the depth interval where the sand aquifer typically
occurs. The information obtained during the investigation has influenced decision
making regarding the design of the planned raw water wellfield expansion. The
installation of permanent supply wells at the distal end of the wellfield alignment
first, with additional production wells installed along the raw water transmission
main for subsequent RO plant expansions is now proposed. Construction costs will
be higher initially due to the increased transmission piping length. However, an
overall cost savings will be realized by installing the entire pipeline in one project and
there will be less disruption to traffic and residents in the area by completing the
work all at once. The proposed wellfield expansion is also beneficial to the resource
in that it spreads the raw water withdrawals, and therefore drawdown, over a larger
area. This reduces the potential for adverse water quality changes to occur due to

pumpage.

The geologic conditions determined as a result of this study were unexpected and
have influenced the design of the planned raw water wellfield expansion. However,
the investigation results confirm that adequate groundwater resources exist to supply
the currently planned RO plant expansions. The information obtained may also
provide insight into other water resource development and management options
including potential use of the Upper Yorktown aquifer as a raw water supply source
or storage zone for a potable water aquifer storage and recovery (ASR) system.
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Section 1
Conclusions and Recommendations

Six test wells were constructed at proposed future well sites 11 through 16 in Nags
Head, North Carolina to evaluate the feasibility of constructing permanent
production wells at the sites to supply additional raw water to the Dare County North
Reverse Osmosis (RO) water plant in Kill Devil Hills, North Carolina. A single test
well was constructed previously during August 2002 at proposed future well site 17.
In addition, test wells were constructed previously at the Orville and Wilbur well sites
located north of the RO plant. The conclusions and recommendations presented
below are based on the results of the test well construction projects.

1.1 Conclusions

m Six, 4-inch diameter test wells (11s, 12, 13, 14, 15, 16) were installed for this
investigation at prospective future production well sites in Nags Head, North
Carolina. All of the wells, with the exception of 11s, were completed within the
Mid-Yorktown aquifer with screened intervals between approximately 270 and 430
feet below land surface (bls). Test well 11s was completed within the Upper-
Yorktown aquifer with a screened interval between 140 and 190 feet bls.

» A facies change in the lithologic sequence beneath Nags Head is present in the
vicinity of well sites 11 and 12. Clay is the predominant lithology between the
approximate depths of 300 and 450 feet below land surface at these sites. The Mid-
Yorktown aquifer, which consists primarily of fine to medium grain sand, typically
occurs within this depth interval in the Kill Devil Hills/ Nags Head area. The clay
facies may be a relict channel feature that has been infilled with fine grain
sediment.

m The yield potential of the Mid-Yorktown aquifer is moderate at well sites 13
through 16 based on the results of step-drawdown and constant rate pumping tests
conducted on the test wells. Transmissivity values range from approximately
20,000 gpd/ft to 50,000 gpd/ ft with a trend of increasing transmissivity from north
to south. A transmissivity value of 65,000 gpd/ft was previously determined for
the aquifer at well site 17. The Mid-Yorktown aquifer exhibited very low yield
potential at well sites 11 and 12. The construction of permanent raw water supply
wells tapping the Mid-Yorktown aquifer at well sites 11 and 12 does not appear to
be feasible.

w Water quality in the Mid-Yorktown aquifer is brackish with respect to salinity but
relatively good for reverse osmosis treatment based on analyses of water samples
obtained from the test wells constructed at sites 13 through 17. Dissolved chloride
concentrations of the collected water samples ranged from 1000 mg/1 to 1400 mg/1
and total dissolved solids levels ranged from 2000 mg/1 to 3000 mg/1. Arsenic
levels were below the detection limit of 0.01 mg/1 in all of the test well water
samples. The production wells that currently supply. the RO plant have dissolved
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chloride concentrations that range from approximately 2400 mg/1 to 2800 mg/1 and
arsenic concentrations that vary but may exceed 0.05 mg/1.

® The Upper-Yorktown (Principal) aquifer may serve as a viable raw water source for
the RO plant in the distant future. This unit may also be useful as a storage zone
for a potable water ASR system. The transmissivity of the aquifer is estimated to be
approximately 10,000 gpd/ ft at well site 11 based on the limited testing conducted.
The dissolved chloride concentration of a water sample obtained from the Upper-
Yorktown aquifer test well 11s was approximately 3800 mg/1.

m Sufficient groundwater resources exist in the vicinity of the RO plant to allow
expansion of the plant’s finished water capacity by at least 2.0 MGD based on the
results of this and previous investigations. The installation of new production
wells will be necessary to increase the raw water supply to the RO plant.

1.2 Recommendations

w Production wells should be constructed at proposed well sites 16 and 17 in addition
to the wells planned for construction at the Orville and Wilbur well sites located
north of the RO plant. The four new wells would provide additional raw water

supply to the RO plant and allow expansion of the plant finished water capacity by
up to 2.0 MGD.

» The proposed production wells should be constructed with 12-diameter PVC
casing to a depth of approximately 300 feet below land surface. The wells should
be screened with 8-inch diameter stainless steel continuous wrap screen from the
casing bottom to the final screen depth. A coarse sand filter pack should be placed
around the screen. A hydrogeologist should supervise construction of the wells
and select final cased and total depths based on geophysical logging results and
lithologic analysis of formation samples obtained during drilling. A biodegradable
type drilling fluid should be used to drill through the production zone interval.
The wells should be thoroughly developed by compressed air pumping and
horizontal jetting of the screen after drilling is complete.

m Step-drawdown tests should be conducted on the new production wells. Specific
capacity values calculated based on the test results can be used to assess well yields
and confirm the proposed pump setting depths and withdrawal rates. The new
wells should be disinfected following development and pump testing.

m Submersible well pumps similar to those used on the existing production wells
(wells 1 through 10) near the RO plant should be installed in the new production
wells. Larger horsepower motors will likely need to be utilized in the new wells.
Motor selection for individual wells will be conducted during the final design of
the wellfield expansion project. Piping from the wells would be placed adjacent to
Highway 158 and connected to the existing PVC raw water transmission main at
well 10 going to the RO plant. The new transmission main should be equipped
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with “tee” fittings near each of the other test well sites (13 through 15) to facilitate
the connection of additional wells for future wellfield expansions.

m All of the recently completed test wells should be included in the on-going water
level and water quality monitoring program conducted by the County. Water
quality and water levels should also be monitored in the proposed new production
wells. The data collected will enable an evaluation of the performance of the new
wells and help to identify potential problems.

= Additional test well construction and aquifer testing at wells sites 11 and 12 is
recommended to further evaluate the feasibility of using the Upper Yorktown
aquifer as a raw water supply source or potential storage zone for a potable water
aquifer storage and recovery (ASR) system.

m The computer models used previously to estimate drawdown impacts and water
quality changes due to pumpage from the wellfield should be revised to include
the new hydrogeologic data collected during this investigation and proposed
alternative wellfield expansion scenarios.
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Section 2
Introduction

The Dare County Water Department operates a reverse osmosis plant (North RO
plant) in Kill Devil Hills, North Carolina that produces potable water for public
supply purposes. Brackish water supplied by 10 Mid-Yorktown aquifer production
wells is the raw water source for the RO plant. Currently, the RO plant has a finished
water production capacity of approximately 3.0 million gallons per day (MGD). The
average pumping rate for the existing supply wells ranges between 400 and 500
gallons per minute (gpm). Expansion of the RO plant finished water capacity by 2.0
MGD is planned to meet the increasing demand for potable water. The contract to
add two additional 1.0 MGD RO skids has been awarded. However, a construction
permit from the state is pending and must be issued before work can begin.

CDM Missimer was authorized by the Dare County Water Department in November
2002 to construct six test wells (11 through 16) south of the North RO plant in Nags
Head, North Carolina on properties that are being considered for use as permanent
production well sites. The RO plant and existing and proposed production well
locations are shown on Figure 1. Prior to beginning the installation of test wells 11
through 16, test well 17 was installed in August 2002. The Report on the Construction
and Testing of a Mid-Yorktown Aquifer Test VWell at Future Production Well Site 17 (North
RO Plant) was submitted to the Dare County Water Department in September 2002.

The purpose of this project was to evaluate aquifer yield and water quality conditions
within the Mid-Yorktown aquifer to determine the feasibility of installing permanent
production wells at the subject properties. The scope of the project included well
construction, aquifer testing, water quality testing, data analysis, and preparation of
this summary report. The methods and procedures used during the investigation and
the results obtained are presented herein. A map of the new test well sites is provided
as Figure 2. Detailed maps of the new test well sites are provided in Appendix A.
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