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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

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 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. ‘

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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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.

v
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INTRODUCTION

The North Albemarle region of northeastern North Carolina 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.

PURPOSE AND SCOPE

The purpose of the study is to construct an up-to-date hydrogeologic framework of the area
of concem, 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. '

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 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.
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PREVIOUS STUDIES

Numerous local geologic and hydrogeologic reports on the North Albemarle region and
southeastern Virginia have been published in previous years, as well as a few regional reports. -
The reports that most relate to this study are mentioned as follows:

Wilson (1991) conducted a hydrogeologic framework, ground water modeling, and water
supply study of the Currituck County Outer Banks.

Harsh and Laczniak (1990) published a study of the regional ground water flow system and
digital flow modeling in the Virginia, northeastern North Carolina, and southeastern Maryland
coastal plains.

Winner and Coble (1989) presented a regional hydrogeologic framework study of the North
Carolina Coastal Plain in which they described the major aquifers and confining units in terms of
their regional extent and thickness, lithology, and hydraulic properties.

A sequence stratigraphic and foraminiferal biostratigraphic study of the Albemarle embayment
in North Carolina was presented by Zarra (1989). Twenty six depositional sequences and twenty
six sequence boundaries were defined for the lower Cretaceous to Quaterary section of the
Albemarle embayment.

Meng-and Harsh (1988) published as part of the USGS Regional Aquifer System Analysis
Program (RASA) a hydrogeologic framework study of the Virginia coastal plain.

Hamilton and Larson (1987) presented the results of a study of the hydrogeology of the
southeastern Virginia coastal plain, including the development and refinement of a digital, ground
water flow model. The model was used to predict the future effects of increased pumping on the
aquifer system.

A regional study of the stratigraphy, structure, and phosphate deposits of the Pungo River
Formation of the North Carolina coastal plain was published in 1982 by J.A. Miller.

The results of a ground water modeling study of the lower Cretaceous aquifer in the Franklin,
Virginia area were presented in a 1974 report by O J. Cosner. Predictive model simulations were
presented to show the future effects of heavy pumping from the Franklin, Virginia area. The
model predicted that if pumpage continued to increase in the Franklin area, over time, serious
dewatering of the lower Cretaceous aquifer would occur.

Brown, Miller, and Swain (1972) provided a regional structural and stratigraphic framework
study of the Atlantic Coastal Plain from North Carolina to New York. They identified and mapped
seventeen chronostratigraphic units and developed a structural model based on depositional
alignments and thickening trends.

Lloyd.(1968) presented a ground water resources study of Chowan County, North Carolina
in which he identified and traced the extent, thickness, lithology, hydraulic properties, and water
quality of each of the aquifers, as determined from a network of well information.

Harris, (1966) conducted a study of the geology and ground water resources of the Hertford-
Elizabeth City area. '
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GEOLOGIC SETTING

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, Meng and Harsh, 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 wedge is situated on a basement complex of Paleozoic age rocks. Sediment
deposition in the study area was affected by two major structural features, the Norfolk Arch and
the Albemarie Embayment. The Norfolk Arch, one of several east, southeast trending basement
structural highs of the Atlantic coastal plain, is situated in the northern part of the study area (figure
i). The Albemarle Embayment is a broad, open ended sedimentary basin that dips gently toward
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the southeast and is flanked on the north by the Norfolk Arch. The Norfolk Arch modified the
depositional environment to the south, and inhibited the northward progression of southern
limestone depositing seas across the arch (Meng and Harsh, 1988).

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. In most instances, aquifers and confining units are made up regionally of
more than one geologic formation. Traditionally in the North Carolina Coastal Plain, aquifers are
named after the formation of which they are primarily comprised, although this system of
nomenclature can create confusion especially in places where the principal component formation
dies out and the aquifer is then made up of a formation or formations for which it is not named.
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. The
hydrogeologic system in the study region, from basement to land surface, consists of the lower
Cape Fear and upper Cape Fear aquifers and confining units, which correspond primarily to the
Cretaceous Cape Fear Formation and Cretaceous Black Creek Formation, the Beaufort aquifer and
confining unit, which are comprised of the Paleocene Beaufort Formation, the Castle Hayne
aquifer and confining unit, which are made up of the upper part of the Beaufort, the Eocene Castle
Hayne and Miocene Pungo River Formations, the Yorktown aquifer and confining unit, which are
comprised of the upper part of the Pungo River, Pliocene Yorktown and Pliocene Chowan River
Formations, and the surficial aquifer, which is made up primarily of Quaternary age surficial
deposits. Where confining beds are missing, the Yorktown Formation can be part of the surficial
aquifer.

GENERAL DESCRIPTION OF THE GROUND WATER SYSTEM

Ground water flows in a rather complex three-dimensional pattern through the subsurface in
the North Albemarle region, as is typical in a multi-layered system. Ground water flows laterally
through aquifers from recharge to discharge areas along flowlines which parallel directions of
steepest hydraulic gradient, as well as vertically downward or upward in response to differences in
total hydraulic head between aquifers. The complexity of ground water flow patterns is illustrated
along a typical hydrogeologic cross section through northeastern North Carolina (figure 3).

Within the surficial aquifer, the shape of the water table roughly follows the shape of the
surface topography. Ground water moves from areas of recharge in the interstream areas, where
water levels are highest, to discharge areas such as the Dismal swamp, the Chowan, Perquimans,
Pasquotank and Little River valleys, the Albemarle and Currituck Sounds, and other smaller
creeks, swamps and estuaries. Over the wide extent of the report region, recharge rates to the
surficial aquifer may be predicted to vary within a range of 5 to 20 inches per year. This is based
on evapotranspiration rates, variations in infiltration capacities of soils, varying water table
conditions, and 40 to 60 inches of rainfall per year. In the deeper confined aquifers, including the
Yorktown, Castle Hayne, Beaufort, upper and lower Cape Fear, the effects of localized recharge
and discharge lessens with increasing depth. According to a generalized water budget model of the
coastal plain (Wilder and others, 1978) approximately one inch of ground water per year moves
from the surficial to deeper confined aquifers. Within the Yorktown through lower Cape Fear
aquifer recharge areas, water leaks downward from the surficial aquifer through the confining
beds. In these recharge areas, the water table in the surficial aquifer is above the potentiometric
surfaces of the Yorktown through lower Cape Fear aquifers. The rate of recharge depends on the
difference in head values between the surficial aquifer and the deeper, confined aquifers, and on
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the thickness and permeability of the confining beds. Recharge rates are proportional to head
difference and confining bed permeability and are inversely proportional to confining bed
thickness. In the ground water discharge areas, water levels are successively higher from shallow
to deep aquifers, allowing ground water to flow upward through the system. Discharge rates are
governed by the same principles as recharge rates.

The natural ground water flow regime in the North Albemarle region has been disturbed by
large scale pumping from the upper and lower Cape Fear aquifers in the Franklin, Virginia area.
As indicated by hydrographs and potentiometric surface maps (figures 4,5, 6, and 7), an extensive
cone of depression has developed in these aquifers over much of the northwestern part of the study
area. The shallower aquifers are being slightly affected as well. This is indicative of three things:

1. Water is being withdrawn from these aquifers at a higher rate than they are being recharged.

2. In the northwestern part of the study area, ground water in the upper and lower Cape Fear
aquifers is flowing toward the Franklin, Virginia pumping center instead of toward the
Atlantic Coast, as it would under normal conditions.

3. The gradual decline of water levels in the deep aquifers in the northwestern part of the study
area has probably caused a significant reduction in the amount of upward movement of
ground water in discharge areas due to lowering of hydraulic head differentials between
deeper and shallower aquifers.

A major limitation on ground water supply development in the eastern most counties of the
North Albemarle region is the presence of shallow salt water in the aquifer system. Chloride
concentrations generally increase with increasing depth in the aquifer system, except in the case of
the upper and lower Cape Fear aquifers, where concentrations fluctuate. Salt water is defined for
the purposes of this study as water containing greater than 250 ppm (parts per million) chloride.
As recognized by Winner and Coble (1989), the position of the fresh water-salt water interface has
a very complicated pattern in the coastal plain. Sediments were deposited during cyclic fluctuations
of sea level over geologic time. The seaward limit of fresh water is unique for each aquifer as
governed by variations in hydraulic properties, position and rates of recharge, thickness and
hydraulic conductivity of overlying confining beds, and hydraulic gradients. Over much of the
eastern section of the North Albemarle region, salt water is encountered at 39 to 180 feet below
land surface. Meisler (1989), attributed the shallow occurrence of salt water in the North
Albemarle region, Delaware and Chesapeake Bay area, and lower Cape Fear River Basin to
coincide with areas of major ground water discharge. Moreover, he related this condition to
generally higher sea levels and more prevalent marine conditions during the late Tertiary and
Quaternary Periods.

Analysis of data collected for this study indicates that in much of the eastern part of the study
area hydraulic head values are higher at depth (Appendix: plates A-2 to A-10). In places where
head gradients indicate downward components of flow, head differentials are not great enough to
facilitate a high rate of recharge. Lower heads in the shallow aquifer system relative to deeper
aquifers maintain the shallow presence of salt water. Low transmissivity and hydraulic
conductivity of the aquifers (appendix: table A-1), and the presence of thick Pliocene and Miocene
age clay and silt beds in the eastern counties have also played a major role in impeding fresh water
recharge and flushing of salt water bearing strata over geologic time.




FIGURE 4 Hydrograph of NCDENR Sunbury Research Station
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Figure 6: August, 1994 Pot. Surface/Upper Cape Fear Aquifer
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Figure 7: August, 1994 Pot. Surface Map/Lower Cape Fear Aquifer
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‘ HYDROGEOLOGIC METHODS USED FOR INVESTIGATION OF THE
SUBSURFACE

For the purposes of defining the aquifer framework and providing a conceptual model for use
in future ground water modeling scenarios, the following interpretive methods and tools were
used:

1. Correlation and interpretation of borehole geophysical logs from 41 locations (figure 8),
including spontaneous potential (SP), gamma ray, electrical resistivity (16/64’" normal), and
single point resistance. In general, these log types were used for identification of aquifers
and confining beds, and for their regional correlation across the study area. Gamma ray logs
were the most useful for regional correlation by virtue of having produced consistent curve
signatures across phosphatic zones. Gamma log measurements are unaffected by borehole
and formation fluids, and for this additional reason, were especially reliable for correlation
purposes. SP logs were useful for deeper correlations, but sometimes were unusable in the
shallow subsurface where salinity contrasts between drilling fluid and formation fluids did
not exist. In combination with the SP curve, 16/64’’ normal resistivity curves were
sometimes useful for correlation of stratigraphic units, and for distinguishing between fresh
water and salt water bearing strata. Single point resistance curves generally make their
measurement within the flushed zone of the borehole, and thus do not provide measurements
of true formation resistivity in permeable beds (Keyes, 1990). Single point resistance logs do
however, provide good thin bed definition (Keyes, 1990), and thus were extremely useful
for defining vertical lithologic variations.

2. Correlation and interpretation of lithologic logs from core and cuttings samples. Lithologic
logs were used in combination with borehole geophysical logs to define vertical and lateral
stratigraphic variations in the subsurface. Complex facies changes exist in the sediments of

. the study area. These variations would have been difficult or impossible to define without the
use of core and cuttings data. '

3. Observation of significant differences in hydraulic head or chloride concentration across
confining units, indicating hydraulic separation between aquifers. In areas that were being
influenced heavily by ground water withdrawals, this technique either could not be used, or
was used with caution. Employed in combination with borehole geophysical and lithologic
log interpretation, this is a reliable technique for differentiating between aquifers and
confining units.

4. Observation of regional drawdown effects from high volume ground water withdrawals in
the Franklin, Virginia area were used to determine the lateral continuity of the upper and
lower Cape Fear aquifers. Observed transmission of drawdown effects from pumping
establishes the hydraulic continuity and lateral extent of an aquifer across the region affected.
A database of aquifer test information was developed for the study area for the purpose of
providing information on various hydraulic properties of the hydrogeologic units (Appendix:
table A-1). This included measurements of transmissivity, hydraulic conductivity (including
K and some K’ values), storativity, and specific capacity. Analytical techniques used to
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calculate hydraulic parameters included the Jacobs time drawdown and distance drawdown
‘ methods, and the Hantush-Jacobs method for aquifers with leaky confining units.

5. Interpretation of apparent resistivity measurements from Time Domain Electromagnetic
Soundings (TDEM). This is a surface geophysical technique by which an electromagnetic
field is induced at land surface. As soon as the transmitter current is stopped, eddy currents
are propagated into the subsurface from a transmitter loop. A secondary magnetic field is
generated that changes with time as the eddy currents propagate downward through the
subsurface. A central receiver coil measures changes in the magnetic field, which are
recorded by the TDEM system over the course of the sounding time. The velocity and decay
rate of the eddy currents is directly related to the electrical resistivity of the subsurface, and
are converted by TEMIX XL software into apparent resistivity values.

The resistivity of a geologic formation is affected by the fluid contained within the formation,
its effective porosity, and the percentage of clay (Keyes, 1990). Increases in fluid salinity,
effective porosity, and clay content all have the effect of causing decreased resistivity values.
Decreases in the same produce increased resistivity values. Therefore, it is important to
understand how changes in these variables are affecting TDEM response. Employed in
conjunction with borehole geophysical logs and chloride sample data, TDEM profiles
provided excellent information on chloride distribution patterns and aquifer/confining unit
distribution between areas of well control.

6. Construction of a regional cross section network, and preparation of hydrogeologic maps of
each of the principal aquifers and confining units. Contour maps were prepared to show the
elevation of the top of each regional unit, thickness and areal distribution, percentage of -
permeable material in each aquifer, aquifer lithofacies distribution, and potentiometric
surfaces. Periodic water level and chloride concentration measurements were obtained from
a network of ground water monitoring wells that were installed during the 1970 -1990s by
the North Carolina Division of Water Quality and Division of Water Resources. Using

‘ elevation values calculated from logs, contour maps were prepared of the elevation of the top
of each of the major aquifers and confining units recognized. In addition, isopach (thickness)
maps were prepared for each aquifer and confining unit. Where a confining unit was inferred
to pinch out (due to changes in depositional environment, erosion, or nondeposition) on an
isopach map, the isopach map was overlain with an altitude map of the top of the underlying
aquifer, and the altitude contours were terminated against the zero thickness line of the
confining unit. As a matter of course, if another confining unit exists higher in the
stratigraphic section, the top of the mapped aquifer becomes the base of the next higher
confining unit. In order to avoid complications that would result from large mapping horizon
jumps, altitude lines were left to terminate against zero thickness lines. Moreover, isopach
contours of an aquifer were overlain with isopach contours of the overlying confining unit.
Aquifer isopach lines were terminated against zero confining unit thickness lines. The aquifer
material does not necessarily disappear where its confining unit is absent. It is either
unconfined, or confined from another clay or silt unit higher in the section.

| In order to gain subsurface information where data gaps existed, three test holes were drilled
by the Division of Water Resources during the period of 1994-1995 to depths exceeding 1000 feet
below land surface. The three wells were located in Gates (near the Gates Co. Prison),
Perquimans (near the town of Hertford), and Currituck (near the town of Moyock) Counties as
shown in figure 8. In addition to the running of a suite of borehole geophysical logs,
lithostratigraphic logs were constructed by the North Carolina Geological Survey from cutting
samples collected at each drill site. Both bio and lithostratigraphic logs were prepared for the
Perquimans County test. Pump tests were performed on selected intervals in each borehole, as
well as water level measurements, and water quality analyses. A complete presentation of this
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information is found in the appendix of this report.

HYDROGEOLOGIC FRAMEWORK OF THE STUDY AREA

In as much detail as available data would allow, the Cretaceous through Quaternary
sedimentary section across the area of study was defined in terms of its component aquifers and
confining units, their thickness, lateral distribution, hydraulic properties, and relationship to
stratigraphic units. Aquifers are further described in terms of interrelationships, chloride
distribution, and natural or pump induced ground water movement. As mentioned previously, one
of the major objectives of this investigation is to delineate in general terms, prospective areas for
expansion of ground water supply sources in the eastern counties of the North Albemarle region.
Accordingly, areas of exploratory potential in Pasquotank, Perquimans, Camden and Currituck
Counties are mentioned 1n the discussion of each aquifer unit. .

Six major aquifers and the confining layers that separate them are described as follows:

SURFICIAL AQUIFER

Over the majority of the study region; the surficial aquifer is primarily composed of Holocene
and Pleistocene age sediments that were deposited in a marginal marine environment, and is chiefly
made up of shelly, silty sands and thin clay beds. To the northwest, in Gates and eastern Hertford
Counties and into the Franklin, Virginia area these units become increasingly nonmarine in
character. This is indicated by the occurrence of accessory iron oxide minerals, and by the absence
of marine fossils. Where confining beds are absent between the surficial and Yorktown aquifers,
the Chowan River and the upper part of the Yorktown Formation are part of the surficial aquifer.
The thickness of this aquifer is quite variable over the study region, ranging from as little as 10 feet
in the western areas of the region to as much as 100 feet in the outer banks of Currituck County
(Appendix: plates A-2 to A-10). In southeastern Virginia it is referred to as the Columbia aquifer
(figure 2).

As the uppermost aquifer in the system, the surficial aquifer is the first to receive and store
water from recharge and thus serves as a source for water moving both down gradient to deeper
aquifers and laterally to discharge areas. Ground water discharge areas comprise a significant
geographic area of the study region, including the Dismal Swamp in Pasquotank, Camden and
Currituck Counties, other wetland areas, the shorelines of the Albemarle and Currituck Sounds,
the Chowan, Perquimans, Little Pasquotank and North Rivers and the smaller rivers, streams and
drainage ditches in the area, the shorelines of estuaries, and the shoreline of the Atlantic Ocean.
Heath (1994) recognized two types of ground water discharge areas, perennial and intermittent.
Perennial discharge areas occur in areas where discharge is continuous, but the discharge rate is
not constant. This type of discharge area would include all of the aforementioned rivers and
streams, lakes, and shoreline areas. Intermittent discharge occurs in areas where discharge is not
continuous, due to the fact that the position of the water table and capillary fringe is sometimes
below land surface. Consequently, these areas alternate between periods of recharge and
discharge. Higher elevation areas of the Dismal Swamp, and floodplain areas in the study area fit
into this category. Heath (1994) also recognized two kinds of recharge areas, perennial and
intermittent. Perennial recharge areas constitute regions where the top of the saturated zone is
always below land surface or exhibits a downward component of flow, and which are always able
to receive additional water when available. On the other hand, intermittent recharge areas
correspond to regions where the top of the saturated zone alternates in position between land
surface and below land surface. Recharge occurs only when an unsaturated zone develops and
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allows the aquifer to receive additional water. Perennial recharge areas to the surficial aquifer
occur within the non-wetland, inter-stream arcas of the study region, whereas intermittent recharge
areas occur in higher elevation zones of wetlands, including the Dismal Swamp, and floodplains of
the rivers and streams.

Due to variations of soil types and infiltration capacities, vegetation, and slight differences in
climate, recharge rates vary considerably within the large area covered in this report. Recharge
rates can be estimated using the General Soil Map of North Carolina (Tant and others, 1974). The
General Soil Map indicates that the North Albemarle area is made up over about 50 percent of its
land area of soils that exhibit good to moderate infiltration capacity. Soils with poor infiltration
capacity blanket the remaining 50 percent of the area Over the wide extent of the report region,
recharge rates to the surficial aquifer may be predicted to vary within a range of 5 to 20 inches per
year.

The presence of salt water in the surficial aquifer is limited to the Tidewater region of the
report area, and is found along the shoreline of the Atlantic Ocean, the Albemarle and Currituck
Sounds, and along the high tide limit of salt water in the rivers and streams that flow into these
sounds.

The surficial aquifer is used chiefly as a domestic water supply source over the study region.
However, it is the primary source of municipal, as well as domestic supply on the Outer Banks of
Currituck County where it takes the form of lenses resting on denser salt water (Wilson, 1991). It
is also used for municipal supply by South Mills in Pasquotank County. Yields from this aquifer
are generally too low across the region to provide adequate municipal or large industrial supply
unless large numbers of wells are constructed over expansive land areas. Another disadvantage is
that the surficial aquifer is unconfined and more susceptible to contamination than deeper confined
aquifers.

YORKTOWN ININ IT

The Yorktown confining unit consists of a series of discontinuous clay and silt beds that vary
considerably in stratigraphic position between the Chowan River Formation, and upper part of the
Yorktown Formation as illustrated in regional cross sections. It would be more appropriate to refer
to the Yorktown aquifer as being confined regionally by a series of confining beds which do not
comprise a single unit, since these beds vary significantly in stratigraphic position.

Y WN A F

The Yorktown aquifer is the uppermost confined aquifer in the report area, and is principally
comprised of the Chowan River and Yorktown Formations of Pliocene age (figure 2). It is
referred to as the Yorktown-Eastover aquifer in southeastern Virginia. The Yorktown aquifer is
separated over regions of varying extent into subaquifers due to its complex, discontinuous nature
of deposition (Appendix: plates A-2 to A-10). Lithologically the unit may be described as fine to
medium grained shelly, clayey sand, with its topmost and intervening confining layers consisting
of gray, glauconitic clay, and shelly, glauconitic silt. Component formations were deposited in a
shallow marine shelf setting . The top of the Chowan River Formation is recognized by the North
Carolina Geological Survey at the first occurrence of the index fossil Carolinapecten eboreus
bertiensis.

Recharge to this aquifer is from the overlying surficial aquifer in areas where downward
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components of flow are present, and occurs at a very slow rate in the eastern North Albemarle
counties due to the presence of generally low downward hydraulic gradients. Wilder and others
(1978) estimated an average rate of recharge from the surficial to deeper confined aquifers of 1 inch
per year based on a generalized water budget model of the coastal plain. In the eastern part of the
North Albemarle area, the average rate is probably less than 1 inch per year.

The Yorktown aquifer, including the intervening confining units which hydraulically divide it
into subaquifers, is described in terms of lithofacies distribution and percentage of permeable
material in the appendix (figures A-12 and A-18). The highest percentage values of permeable
material are found in the southwestern portion of the study area (up to 90 percent), while the
lowest values (15-35 percent) are found to the northwest in the Franklin, Virginia area and to the
east in Currituck and Camden Counties. Since the Yorktown aquifer is principally comprised of
sands, shell material, silts and clays, the percentage of sand and shell material calculated in each
well is equivalent to the total percentage of permeable material. Percentages were calculated using
gamma ray and SP log curves, in conjunction with lithologic logs. The unit exhibits an eastward
thickening wedge-shape in west to east cross-sections (Appendix: plates A-5, A-7, A-8, and A-9),
achieving a maximum thickness of 690 feet on the Currituck Outer Banks. SP, gamma ray and
cuttings logs generally indicate a coarsening upward pattern throughout the area, as shown in
regional cross sections. The upper part of the aquifer system is generally sand rich. Individual
sand bodies are observed to be laterally discontinuous in the eastern counties as indicated by a lack
of consistent correlation on electric and gamma ray logs. Sand bodies are interbedded with thin
clay and silt units and are quite often encased in clay or silt such that lateral hydraulic connection is
intermittent, and dependent on their lateral continuity.

Regional cross sections indicate positions of 250 and 500 ppm chloride interfaces within the
Yorktown aquifer (Appendix: plates A-2 through A-10). The approximate eastward limit of the
salt water interface is depicted on figure A-S where the 250 ppm equal concentration surface
intersects the top of the Castle Hayne confining unit (or base of the Yorktown aquifer). The
isochlor runs north-south along the Chowan-Perquimans County line, into eastern Gates County,
into the northwestern portion of Camden County , and on into Chesapeake City, Virginia. The
position of the interface dips steeply westward toward its western limit and then gently eastward
where it occurs at shallow depths in parts of Perquimans, Pasquotank, Camden and Currituck
Counties (Appendix: plates A-5, A-7, A-8, and A-9). The shallow position of this interface
severely limits the thickness of the overlying fresh water system in these counties, thus limiting
potable ground water supply. Moreover, salt water encroachment problems have developed in
some of the well fields due to over pumping. This has been a particular problem in the Currituck
County well field near Maple, which pumps an average of 400,000 gallons of water per day from
the Yorktown aquifer. Population growth in recent years has forced the county to pump at
maximum capacity. As a consequence, drawdown and salt water intrusion problems have
developed in the well field (Floyd, 1996, unpublished consultant report). Reports of salt water
intrusion problems have also been noted in the Pasquotank County well system.

The Yorktown aquifer is the primary source of municipal/industrial water supply in
Perquimans, Chowan, Pasquotank and Camden Counties, and in mainland Currituck County.
With the exception of the Elizabeth City well field, which adequately supplies the city and
surrounding areas, water production rates from current well systems in Pasquotank, Currituck,
Camden and Perquimans Counties have been low enough to cause concern among local and state
officials about population growth rates and future supply problems. Comparisons of
transmissivity, hydraulic conductivity, and specific capacity values of various wells screened in the
Yorktown aquifer (Appendix: table A-1) indicate a high variability of these parameters, which
translates to a wide range of water production capabilities in individual wells or well fields. Ranges
of these values are summarized as follows:

17




North Albemarle Ground Water Study September, 1998

Transmissivity: 1.56 to 2352 ft2/day
Hydraulic Conductivity: 226 to 98 ft/day
Specific Capacity: .12 to 36.1 gpm (gallons per minute) /ft

Considering the small geographic area covered by existing well fields (Appendix: figure A-
3), the aforementioned counties could find additional potable water supplies by purchasing or
using additional land areas, and developing new well fields in the Yorktown aquifer. The key to
finding the best locations for new well fields is to find the “sweet spots”, or in other words, areas
where the aquifer exhibits maximum values of transmissivity, hydraulic conductivity and specific
capacity. Another important factor is to find areas of maximum depth to the 250 ppm chloride
interface, to minimize the possibility of salt water upconing. Using data compiled in table A-1
(appendix), future drilling programs should be focused on areas where aquifer quality is known to
be high. These areas are listed as follows:

The vicinity of the Elizabeth City well field in Pasquotank County.

The vicinity of ENR Big Flatty Creek Research Station in southern Pasquotank County.
The vicinity of ENR Halls Creek Research Station in southern Pasquotank County.

The vicinity of the ENR Moyock test well in northern Currituck County.

H RN -

In order to assist the counties in their efforts to locate additional water supplies in the
Yorktown aquifer, a series of Time Domain Electromagnetic Soundings were taken over much of
the North Albemarle region. As discussed previously, TDEM soundings are used to create
resistivity versus depth profiles of the earth’s subsurface. A series of TDEM transects (figures 10
through 13) were constructed across the study area by creating contour maps of xyz data exported
from the TEMIXXL program. Z data values denote electrical resistivity in ohm-meters. Borehole
geophysical logs and chloride levels from wells drilled along the transect lines were superimposed
on the transects for lithologic and chloride concentration control. In order to determine the
relationship between chloride concentration and TDEM resistivity in the Yorktown aquifer,
soundings were made at several research stations where recent chloride samples could be obtained
from the Yorktown aquifer. Subsequently, a log plot was constructed of TDEM resistivity values
vs. chloride concentration (Appendix: figure A-1). A close fit to a straight line is apparent within
the 10 to 100 ppm chloride concentration range. Much higher resistivity variations are observed in
the 100 to 2000 ppm chloride range. Deviations from the straight line are due to variations in
effective porosity and clay percentage. The chart indicates that the resistivity range of fresh water
bearing sand in the Yorktown aquifer is 22 to 102 ohm-meters. This resistivity relationship is
apparent in TDEM transects a-a’ ,b-b’ c-c’ and d-d’ (figures 10 through 13) and is displayed where
the grayish red to black colored zone occurs near the top of each transect. This color range
corresponds to a resistivity value range of 22 to 102 ohm-meters. The base of the grayish red to
black colored area roughly corresponds to the 250 ppm chloride transition zone, although the
resistivity along this transition zone also decreases in some areas due to an increase in clay content
in the Yorktown Formation with depth.

In order to display the lateral distribution and thickness of fresh water zone in the surficial
and Yorktown aquifers combined, an isopach map (Appendix: figure A-4) was constructed by
calculating the thickness of the >22 ohm-meter zone at each sounding location. The map indicates
a range in thickness of the fresh water zone of 59 to 306 feet. Areas of maximum thickness are
found in the vicinity of the Halls Creek research station in south central Pasquotank County, and in
a linear northwest-southeast trending pattern in northern Pasquotank, central Camden, and
northern and central Currituck Counties. Thicker zones do not necessarily correspond to areas of
greater yield, as indicated by the isopach thin (55 to 86 feet) in the vicinity of the Elizabeth City
well field, which produces the best yields from the Yorktown in the study region. Resistivity
magnitude is not always a good predictor of aquifer quality in the Yorktown, due to its interbedded
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