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EXECUTIVE SUMMARY

The North Albemarle region lies north of the Albemarle Sound and east of the Chowan
River, including Camden, Chowan, Currituck, Gates, Pasquotank, and Perquimans Counties
(figure i). This area is in great need of additional water sources in order to accommodate a
growing population spilling into northeastern North Carolina from rapid growth of the Hampton
Roads, Virginia area. Currituck, Camden, and Pasquotank Counties have the most serious water
supply problems, inasmuch as they are operating at or near their maximum water production rates.

Development of surface water supplies throughout much of northeastern North Carolina is
limited due to such factors as fluctuating chloride concentrations, high levels of organic matter,
water color, algal blooms, and low hydraulic gradients. Consequently, the population of the North
Albemarle region is exclusively dependent on ground water as a water supply source.

Potable ground water in the North Albemarle region is limited to relatively shallow aquifers, except
for Gates County, in the northwestern part of the area. Over much of the region, the deeper
aquifers contain brackish or saline ground water.

As indicated by monitoring well measurements, ground water levels in the northwestern
part of the North Albemarle area have been declining for many years. In southeastern Virginia,
withdrawals of ground water have increased dramatically since about 1940. Much of this increase
is due to withdrawals by Union Camp Corporation located in Franklin, Virginia. Withdrawals by
Union Camp of approximately one million gallons per day (MGD) began in 1940 (Peek, 1977).
By 1992, ground water withdrawals by Union Camp were approximately 38 MGD (USGS data).
Other pumping centers affecting flow in southeastern Virginia are located near the towns of West
Point and Smithfield, and the Cities of Williamsburg, Newport News, and Suffolk. Along with
Union Camp Corporation at Franklin, these pumping centers accounted for about 71 MGD (81
percent) of the total 1983 ground water pumpage in southeastern Virginia. As a direct result,
ground water levels in the lower Cape Fear aquifer system have been declining at a rate of
approximately 2 feet per year as observed at the Sunbury, Como, and Parkville research stations in
Gates, Hertford and Perquimans Counties, North Carolina.

The.purpose of the North Albemarle Ground Water Study is to construct an up-to-date
hydrogeologic framework of the area of concern, which includes the following North Carolina
counties: Camden, Chowan, Currituck, Gates, Pasquotank, Perquimans, eastern Bertie and
Hertford, and the following southeastern Virginia counties: the southern areas of Southampton,
Isle of Wight, Suffolk and Chesapeake (figure i). Southeastern Virginia counties were included in
the framework in order to establish, for ground water modeling purposes, the continuity of the
aquifer system from North Carolina into the Franklin pumping center. The hydrogeologic
framework study was accomplished by correlation and interpretation of borehole geophysical and
lithologic logs, water level and chléride measurements taken from observation wells, aquifer test
data, and Time Domain Electromagnetic Soundings. Three deep wells were constructed by the
Division of Water Resources in 1994-95 in order to provide subsurface information where little
was available. '

In addition to defining the aquifer framework and pumping impacts, this study seeks to
assist the water deficient counties in the region in their efforts to locate additional ground water
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EXECUTIVE SUMMARY
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River, including Camden, Chowan, Currituck, Gates, Pasquotank, and Perquimans Counties
(figure i). This area is in great need of additional water sources in order to accommodate a
growing population spilling into northeastern North Carolina from rapid growth of the Hampton
Roads, Virginia area. Currituck, Camden, and Pasquotank Counties have the most serious water
supply problems, inasmuch as they are operating at or near their maximum water production rates.

Development of surface water supplies throughout much of northeastern North Carolina is
limited due to such factors as fluctuating chloride concentrations, high levels of organic matter,
water color, algal blooms, and low hydraulic gradients. Consequently, the population of the North
Albemarle region is exclusively dependent on ground water as a water supply source.

Potable ground water in the North Albemarle region is limited to relatively shallow aquifers, except
for Gates County, in the northwestern part of the area. Over much of the region, the deeper
aquifers contain brackish or saline ground water.

As indicated by monitoring well measurements, ground water levels in the northwestern
part of the North Albemarle area have been declining for many years. In southeastern Virginia,
withdrawals of ground water have increased dramatically since about 1940. Much of this increase
is due to withdrawals by Union Camp Corporation located in Franklin, Virginia. Withdrawals by
Union Camp of approximately one million gallons per day (MGD) began in 1940 (Peek, 1977).
By 1992, ground water withdrawals by Union Camp were approximately 38 MGD (USGS data).
Other pumping centers affecting flow in southeastern Virginia are located near the towns of West
Point and Smithfield, and the Cities of Williamsburg, Newport News, and Suffolk. Along with
Union Camp Corporation at Franklin, these pumping centers accounted for about 71 MGD (81
percent) of the total 1983 ground water pumpage in southeastern Virginia. As a direct result,
ground water levels in the lower Cape Fear aquifer system have been declining at a rate of
approximately 2 feet per year as observed at the Sunbury, Como, and Parkville research stations in
Gates, Hertford and Perquimans Counties, North Carolina.

The.purpose of the North Albemarle Ground Water Study is to construct an up-to-date
hydrogeologic framework of the area of concern, which includes the following North Carolina
counties: Camden, Chowan, Currituck, Gates, Pasquotank, Perquimans, eastern Bertie and
Hertford, and the following southeastern Virginia counties: the southern areas of Southampton,
Isle of Wight, Suffolk and Chesapeake (figure i). Southeastern Virginia counties were included in
the framework in order to establish, for ground water modeling purposes, the continuity of the
aquifer system from North Carolina into the Franklin pumping center. The hydrogeologic
framework study was accomplished by correlation and interpretation of borehole geophysical and
lithologic logs, water level and chloride measurements taken from observation wells, aquifer test
data, and Time Domain Electromagnetic Soundings. Three deep wells were constructed by the
Division of Water Resources in 1994-95 in order to provide subsurface information where little
was available. ‘
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supplies, either fresh or economically treatable by reverse osmosis technology. In this regard,
general target areas within the aquifer system are recommended for future ground water supply.

The area covered by this report is situated primarily within the tidewater region of the North
Carolina and Virginia coastal plain physiographic province. The western fringe of the study area is
part of the inner coastal plain of North Carolina and Virginia (figure i). The topography of the
region is comprised predominantly of an en echelon series of dissected Quaternary age terraces and
intervening, seaward facing escarpments which are in parallel orientation with the Atlantic
coastline. The North Carolina and Virginia coastal plains are comprised of sedimentary deposits
which were laid down in a cyclic fashion during alternating transgressions and regressions of the
Atlantic Ocean (Brown, Miller and Swain, 1972, Harsh and Meng, 1988). The coastal plain is
made up of a wedge shaped mass of Cenozoic through Mesozoic age sedimentary deposits which
range in thickness from zero at the fall line to 10,000 feet at Cape Hatteras. Sediments are
principally comprised of sand, gravel, conglomerate, limestone, silt, clay, shell material and
combinations thereof which were deposited in alternating marine to nonmarine environments.

The sedimentary deposits of the study area have been differentiated into geologic
formations and formation members based on lithologic and paleontologic consistencies.
Differentiation of the sediment wedge into component aquifers and confining units is based upon
the mapping of hydraulically connected permeable beds, the boundaries of which do not
necessarily correspond to formation boundaries. The relationship between geologic formations in
the northeastern North Carolina and southeastern Virginia coastal plains and hydrogeologic units
designated in this study is shown in figure 2.

Six major regional aquifers were identified in the study, as well as the intervening
confining layers that separate them. They include the surficial, Yorktown, Castle Hayne,
Beaufort, upper and lower Cape Fear aquifers . Each aquifer unit was mapped and described in as
much detail as available data would allow in order to define them in terms of regional elevation,
thickness and lateral distribution, hydraulic properties, relationship to stratigraphic units, ground
water flow, and chloride distribution. The approximate positions of the 250, 500, and 10,000
parts per million chloride interfaces were plotted for each aquifer in order to identify where potable
water supplies may be found, and where reverse osmosis treatment would be necessary in order to
produce potable water.

Potable ground water supplies can be found over the entire region in the surficial and
Yorktown aquifers, with the exception of the Outer Banks of Currituck County, where fresh water
has not been identified to date in the Yorktown aquifer. Due to the shallow position (39 to 180 feet
below land surface) of the 250 ppm chloride interface in the Yorktown aquifer in mainland
Currituck, Camden, Pasquotank, and eastern Perquimans Counties, the thickness of the fresh
water zone is very limited in some areas (Appendix: plates A-2 through A-10).

In the North Albemarle region, potable ground water in the Castle Hayne aquifer can be
found to the west of the 250 ppm chloride interface (Appendix: figures A-6 and A-7) in
southeastern Hertford, eastern Bertie, western Gates, and central Chowan Counties, and possibly
in the northwestern tip of Camden County. West of the position of the 250 ppm interface, reverse
osmosis treatment would be necessary in order to produce potable water from this aquifer. Water
supply wells positioned between the 250 and 500 ppm chloride interfaces as delineated in this
study would provide the most economically treatable concentrations. Very little pump test data is
available in the eastern North Albemarle counties to delineate areas where the productive ability of
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the Castle Hayne aquifer is suitable for municipal supply.

The Beaufort aquifer contains potable ground water to the west of the position of the 250
ppm chloride interface (Appendix: figure A-8 and A-9) in Bertie, Hertford, western Gates and west
central Chowan Counties. East of the position of this interface, reverse osmosis treatment would
be required. Specific capacity data from a few tests (Appendix: table A-1) in the eastern North
Albemarle Counties indicate that the productive ability of this aquifer is generally poor.

Potable water supplies in the upper Cape Fear aquifer are found to the west of the 250 ppm
chloride interface (Appendix: figure A-10) in Hertford, Bertie, and Gates Counties and may
possibly be found in the northwestern tips of Pasquotank and Camden Counties. Development of
the aquifer in northwestern Pasquotank and Camden Counties would, however, be inhibited by the
presence of the Dismal Swamp National Wildlife Refuge. Economically treatable supplies of lower
chloride range salt water (250-1000 ppm) may be found in Chowan, northern Perquimans,
northwestern Pasquotank, northwestern Camden, and northwestern Currituck Counties in the
upper Cape Fear aquifer. A Jacobs Distance drawdown test performed on the upper and lower
Cape Fear aquifers (Appendix: figure A-21) indicates that the transmissivity and hydraulic
conductivity of this aquifer is very high in the area covered by the Como, Sunbury, and Parkville
research stations. It is possible that highly transmissive zones are present further to the east in the
counties where future ground water supply is a concern.

The lower Cape Fear aquifer contains fresh water in Gates, Hertford, Bertie and possibly
the northwestern tip of Pasquotank County as indicated by the 250 ppm chloride interface plotted
on regional cross-sections (Appendix: plates A-2 through A-10). East of this interface, lower
chloride range salt water may be found in northwestern Camden, northwestern Pasquotank, and
possibly in Chowan County.

The best option for the water concerned counties in the eastern North Albemarle region for
expansion of existing municipal water supplies is to further develop the potable water supply in the
Yorktown aquifer. This could be prudently accomplished by locating new well fields where
transmissivity and hydraulic conductivity values are highest, in conjunction with areas of
maximum depth to the fresh water-salt water interface. Proper well field design is also an
important consideration, in order to maximize aquifer productivity, and minimize the possibility of
salt water upconing. Findings in the main body of the report will provide guidance with regard to
identifying optimal target areas for well field placement in the Yorktown aquifer.
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