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GROUND-WATER RESOURCES OF CHOWAN COUNTY
NORTH CAROL INA
By

Orville B, Llovd, Je.

ABSTRACT

Chowap County is,loqateddin the northeastern part of the Coastal
Plaiggpfovince of Norfh Caroliﬁa; and includeé an area of agéut 180
square miles. The county is in the humid subtiopical climatic belt
of the eastern Unitel States, Average annual temperature is about
61° F. and average annual precipitation is approximately 50 inches.

The topography of Chowan County is controlled by two mariune
terraces and the streams that dissect them. Remnants of 6ne terrace
form a topographic ridge, between 30 and 50 feet above mean sea level,
that trends in a north-northeast direction across the county. The
second terrace, about 15 feet above mean sea level, occurs in the
southeastern section of the area. The topographic ridge forms a
drainage divide in the area, west of which all streams flow to the
Chowan River and east of which all streams flow to Albemarle Sound,

About 2,000 feet of sediments, composed of unconsolidated to
paftially consolidated sand,silt, clay, limestone and shell layers,
occur between basement rock and land surface in the area. These
sediments range from Early Cretaceous to post-Miocene in age. The
deposits older than late Miocene generally strike north-northeast
and dip and thicken toward the east and southeast. Upper Miocene
‘and younger deposits are essentially flat iying° Five water-bearing

zZones (Aquifers A, B, C, D, and E) occur in the sedimentary section



INTRODUCTiON

General Setting

Chowan is located in northeastern North Carolina and includes
an area of about 180 square miles. It is bounded on the north and
east by Gates and Perquimans Counties, and on the south and west
by Albemarle Sound and the Chowan River (fig. 1). Approximately
2,000 feet of unconsolidated to partially consolidated sedimen-
tary rocks occur between land surface and basement rock in the county.
The rocks are composed of interbedded sand, silt, clay, and limestone,
and shell beds, and are part of the Coastal Plain sediments which
dip generally eastward, and thickens from the west edge of the
Coastal Plain to about 10,000 feet at Cape Hatteras (fig. 1). These
sediments constitute a vast reservoir for ground water, and the
physical and chemical character of the sedimentary material controls
~the availability, occurrence and, to a great extent, the chemical

quality of the ground water.

Purpose and Scope of Investigation

The purpose of this inwstigation was to determine the lithic
character, areal extent, depth, and thickness of the water-bearing
formations in Chowan County; to estimate the capacity and ability
of the formations to store and transmit water, and to determine the
quality of the ground water.

An ever increasing use of ground water, and an emphasis on
industrial growth in Chowan County, led to the need for a more com—

plete knowledge of the ground-water resources of the county. The
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Chowan County Board of Commissioners under the direction of their

chairman, W. E. Bond, and the Edenton Chamber of Commerce recognized

this need. 1In 1961, the Board requested the U. S. Geological Survey

to make a detailed investigation of the county's ground-water resources.
The work was done during the L-year period from June 1961 to

June 1965. The funds were established by cooperative agreement be-

tween the Chowan County Board of Commissioners, the State of North

Carolina, and the U. S. Geological Survey.

Previous Investigations

The geology and ground-water resources of Chowan County have not
been studied in detail prior to this report. However, several reports
published by the U. S. Geological Survey and the North Carolina Depart-
ment of(Conservation and Development discuss the geologic formations
and the occurrence of ground-water in Chowan County.

Mundorff (1645) reports the Yorkiown Formation to be the major
aquifer in Chowan County. His raport includes one complete water
analysis and six inventoried wells from the former Edenton Naval Air
Base property and the town: of Edenton. P. M. Brown {1958) describes
in detail the lithology and microfossils (Ostracoda) in the material
penetrated in a 460-foot test well drilled on the former Edenton
Naval Air Base property. In addition Brown {1959) describes the
geology and ground-water resources of Chowan County in a reconnais-
sance veport which includes data on 0Y inventoried wells and 8 complete

chemical analyses of water samples from Chowan Ceunty.



Well-Numbering System

The well-numbering eystem used in Norith Carclina conforms to the
system adopted by the U. S. Geological Survey for the data card pro-
cessing of well information. This numbering system is intended to
locate”ths position of a given well on the earth® surface.

Positions on the sarth's surface may be located by a system of
coordinates known as parallels of latitude and meridians of longitude.
The parallels of latitude circle fthe sarth parallQI to the equator
and are numbered from the equator to the poleg in degrees, miunutes,
and seconds, depending upoun the angular distance between them and the
equator. The meridians of longitude traverze the earth north and
south and are numberéd east or west from the Greenwich, England,
prime meridian in degrees, minutes, and seconds.

The well-numbering system, derived from longitude and latitude
coordinates, is based on a grid "¢f 1-second meridians of longitude
and paralliels of latitude. The wells in a l-second guadraungle are

aumbered counsecutively in the owder luvenvoried.

The well nmumber is composed of f1 en numbers and letters: the

first six numbers and one letier composs the digite of the degrees,
minutes, sedonds, and iudicate wnorthern (N} or southern (S) hemisphere

that define the latitude of the l-second guadrangle:; the next seven

minutes, and secounds that

§

numbers.: compose the digits of the de

define the lougitude cn the east side of the I-second guadrangle: the

in which wells

lagt oumber, following a decimal, iadicates tie or
were inventoried within the l-second guadrangle (fig. 2).

A latitude <longitude well number can be assigned to each well



inventoried in Chowan County from the information given in table 3.

The altitude and longitude part of the number is determined by the
location of the well, and the last digit, following a decimal, is

the sequential number shown in table 3. For example, the latitude~
longitude number for the first well listed in table 3 is 362028N@763346.1.
The column listed "Well No." in table 3 gives simple reference numbers
for the inventoried wells that are shown on plate 3 and referred to

in this report.
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GEOGRAPHY

Area and Population

Approximately 80 square miles of Chowan County is cleared land,
of which about 64 square miles are in cropland and pasture, and 16
gquare miles are in urban development and miscellaneous uses. The
remaining 100 square miles are forested with pine, cypress, cedar,
gum, yellow poplar, and ocak.

The total population of the area was 11,913 in 1960, according
to the U, S, Bureau of Census. About 38 percent of the population
is urban, residing in the town of Edenton, and 62 percent is rural.
A total of 3,3783h0mes are found in the county and of these, 1,450
are classified as urban, The homes in the urban area get their water
supply from the Edenton municipal supply wells. In the rural areas,
individual wells are the main source of water supply, and an average

of 2.3 homes are supplied by each well.

Economy

The economy of Chowan County is predominantly agricultural.
Main crops are peanuts, cotten, soybeans, and tobacco. These and
other agricultural products, together with livestock (particularly
swire and beef cattle}, account for nearly 50 percent of the annual
cash income in the county. The remainder of the annual income is
provided by local businesses and approximately 25 industries., The
industries manufacture or process textile, wood, peannt, metal,

chemical, and fish preducts.
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Ciimate

Chowan County is located in the bumid subtropical climatic belt
of the eastern United States. This regicn is characterized by warm
summers, mild winters, and precipitation that iz well distributed
throughout the year.

The average amnual temperature at Ed

om iz about 61°F, (Fahrevheit).
The average temperature between May and Ociober is 73°F., and for the

remaining months 1s 49°F. Average annual precipitation at Edeston,

®

ter

is approximately 50 inches. The gre af precipitatloen occurs

between June and September, when the averags 1s about 5.5 inches per

month, During the remsinder of the vear the precipitation is rather

evenly distributed, and averages about %.% iches per month.

(=8
e

in figure 3. The graphs

A climatic summary of Edenton is g

were prepared from the climatelogical records of the U, 8. Weather

Bureau.

Physiography

Chowan County is inciuded in ithe Atlautic Coaztal Plain proviunce
of North Caroliuna. Generally the Coastal Plain is characterized by

a relatively flat surface that szlopes geotly to the scoutheast. This

nearly flat surface is compssed of a number of tervaceg that were

formed by wave and current actlion during periods woen portions of the

Coastal Plain were subumerged beneath the terrace surfaces

have been eroded and drained by stresms sad

retreated,

Two such terraces, and the stresms that di om, coatrel the

of these

topoegraphici features in Chowan County. Begnants of
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terraces forms a fopographic ridge betweeu 30 and 50 feet above mean
sea level that trends in 2 north-unortheast direction across the
county, along a line draw  between Emperor lLanding, Tyner, aund the
northeastern tip of the county. This topographic feature widens from
about half a mile at Valhalla to about 4 miles in the northern part
of the area. Stream density west of the ridge is relatively high,
At the eastern limits of this ridge an escarpmeunt of 20 to 30 feet is
found. Thie escarpment marks the wesitern extent of ihp second terrace
in the county. The elevations on this second surface asre generally
less than 20 feet above mean sea level, and the stream density on
this surface is low. Much of this area is occupied by Bear Swamp.
All the drainage in the area is divided by the topographic ridge
that transects the county. Streams to the west of the ridge, Warwick
Creek, Dillard Creek, and Rockyhock Crezk, flow west or south te the
Chowan River and Albemarle Sound. Streams to the east of the ridge,
Pollock Swamp-Pembroke Creek, Queen Anse Creek and Burnt Mill Creek-—

Yeopim River, flow south and eagt te Albemarle Scound (pl. 3).
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GECLOGY

The Relation of Geology to Ground Water

A thorough understanding of the geology of the area is the first
step toward evaluating the availability, occurrence, and chemical
quality of the ground water in the county. This is true because
the void spaces between the rock materials that underlie Chowar:™
County constitute the reservoir in which the water is stored and
the conduits through which the water moves.

Because the rocks in the area are sedimentary and for the mest
part unconsolidated, the wvoid spaces occur between clay, silt,sand,
and shell particles. With a change in the physical character and
arrangement of these rock constituents, there is a change in the
availability and occurrence of the ground water. Thus, the amount
of ground water that can be stored and transmitted by the rocks is
determined by the size, shape, and assortment of the rock particles
and the type of rock materials.

The chemical comstituents of the rocks have a direct bearing on
the quality of the ground water. Many rock constituents are dissolved,
transported in solution, and redeposited by greound water. Therefore, a
change in the character of the sedimentary particles will result in a

similar change in the dissolved solids found in the ground water.

Metheds of Investigation

Geologic mapping was restricted to subsurface methods because
Chowan County is blanketed with post-Miocene sediments which were

mapped as one surficial unit for the purposes of this report. Three
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stratigraphic test wells ranging in depth from 604 to 946 feet and
48 auger holes ranging in depth from 77 to 167 feet were drilled in
the area (fig. 4). Samples of the penetrated material were collected
at 5-foot depth intervals for the dtermination of mineral character
and microfossil content. The microfossil identifications were made
by Philip M. Brown.

Five electric well logs and 31 gamma-ray well logs were made
and correlated with lithic and paleontelogical infermation to define
and map the geologic formations and the water-bearing zpnes. An elec-
tric log shows the electrical properties, resistivity and spontaneous
potential, of rock material penetrated in a well. Such a log is made
by passing energized electrodes down the uncased and saturated portion
of a well or bore hole and recording the electirical properties on a
graph, Resistivity, measured in ohms, is generally recorded on the
right side of the graph and spentansous potential, measured in milli-
bolts, on the left. The electrical properties largely depend upon the
kind of fluids that saturate the rock materials and the kinds of fluid
used in drilling the well (Levorsen, 1958). When formation and drill-
ing fluids are fresh water, resistivity is usually low in clay and high
in sand and limestone,and spontaneous potential is high (positive) in
clay and low (negative) in sand and limestone. High concentrations
of dissolved salts in formation fluids will greatly reduce the resis-
tivity of sands and permeable limestene and, if the formation water
is more saline than the drilling fluid, the spontaneous potential will
generally be more negative. The correlation between electric logs

and the rock material in Chowan County is shown in plate 1.
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Gamm»ray logs show the relative concentration of natural gamma-
radiation emitting elements in rock material. Generally the concen~
tration of these radioactive elements in Chowan County is low in sand,
limestone, and shell, high in silt, higher in clay, and higher in sedi-
ments that contain phosphate. A gamma-ray log, unlike an electric log,
may be made in cased and/or unsaturated wells and bore holes. The in-
tensity of the ganﬁbray emission is measured in milliroentgens per hour
(MR/H) and recorded on the same type graph used for electric logging.
Plate 1 illustrates the correlation between gama-ray logs and the rock

material in Chowan County.

General Geology

The materials that comprise the sedimentary rocks that underlie
Chowan County were derived from the crystalline rocks of the Blue Ridge
and Piedmont provinces. The crystalline rocks were weathered and eroded,
and the resulting rock fragments were transported by streams and rivers
to the sea. Here the sedimentary particles were. sorted by wave and
current action, mixed with chemical precipitates and shells, and de-
positied at the bottom of the sea. With time, the earlier deposits
were buried by later accumulations.

Deposition of the sediments at any particular place was not al-
ways continuous. Intermittently, an elevation of the land mass caused
the sea to retreat or regress, and exposed the latest deposits to
weathering. These expesed sedimentary deposits were subsequently
stripped away by erosion processes until the land mass subsided and
again allowed the sea to encroach or transgress upoun the land. The
eroded sediments were then buried beneath newer depesits that accumu-

lated on the sea floor.
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The rock material that accumulated in this way has been divided
into a number of separate, mappable, units called formations. A
formation can be identified by its position in the sedimentary se-
gquence, its lithic composition, and its fossil content. Formations
overlying one another are separated by surfaces known as contacts.
Where there is no significant time lapse between the deposition of

two their contact is referred to as conformable. If there is a time

lapse between the deposition of two formations the contact is known

as an unconformity. When bedding in a formation above an unconformity
is parallel to that of the formation below, the contact is referred

to as a disconformity, If the bedding in the two formations is not
parallel the contact between them is called an angular uncenformity.
Uncontormities are formed during periods of nondeposition or erosion
and are generally represented by undulating surfaces. The geologic
formations that underlie Chowan County and‘their contact relationships

are discussed in the following section.

Geologic Formations

The sediments of the Coastal Plgin province were deposited on
crystalline basement rocks that are similar to those found in the
Piedmont province. The sediments form a wedge that thickens from a
feather edge at the western edge of the Coastal Plain to about 10,000
feet at Cape Hatteras. At Chowan County this wedge is approximately
2,000 feet thick. Only the upper half of this sedimentary wedge was

penetrated by test drilling in Chowan County.
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The penetrated sediments have been assigned to six separate series;
oldest to youngest, they are the Lower Cretaceous, Upper Cretaceous,
Paleocene, Focene, Miocene, and post-Miocene. The Lower Cretaceous is,
at present, undifferentiated; the Upper Cretaceous includes the Tusca-
loosa, Black Creek, and Peedee Formations; the Paleocene includes the
Beaufort Formation; the Eocene includes the Castle Hayne Limestone;
the Miocene includes the Pungo River and Yorktown Formations; the post-
‘Miocenerincludes relatively thin deposits of undifferentiated clay,
silt, and sand.

The Lower Cretaceous sediments, and the Tuscaloosa Formation of
the Upper Cretaceous Series are recognized only in the northernmost
stratigraphic test well Tl (inventoried well number 9) in the area.
Geologic control is at present too incomplete to establish the exact
depths to, and thicknesses of, these sediments. In addition, chemical
analyses of water samples taken from depths of 558 and 840 feet in the
test well indicate that water from these sediments contains excessively
high concentrations of chloride (table 4). Consequently, detailed
discussion of the Lower Cretaceous sediments and the Tuscaloosa Forma-

tion is omitted below.

Cretaceous System

Upper Cretaceous Series

Black Creek Formation.--~The major part of the Black Creek

Formation was deposited unconformably on the Tuscaloosa Formation,
underlies the entirety of Chowan County, and is confined to the sub-

surface throughout the area. The top of this formation has an average



20

strike of N, 15° E. and dips about 28 feet per mile toward the east-
southeast (fig. 5).

The Black Creek sediments were fully penetrated in the northern-
most test well where they are approximately 210 feet thick (pl. 1).
These sediments consist chiefly of gray, fine- to medium-grained
glauconitic quartz sands interbedded with thin layers of light-gray
to reddish-brown clay. The sands commonly contain lignitized wood
fragments, amber and mica flakes.

Eighteen of the 344 inventoried wells in Chowan County draw

small, domestic water supplies from the Black Creek Formation.

Peedee Formation.--The Peedee Formation conformably overlies

the Black Creek Formation in the southern part of Chowan County and
is absent in the northern central part of the area. The upper sur-
face of the Peedee Formation strikes in an approximate north-south
direction and dips about 20 feet per mile toward the east (fig. 6),
This formation is 90 feet thick at test well T2, and pinches out be-
tween this well and test well T3, near Valhalla (pl. 1).

The Peedee Formation is composed of mottled red and gray clay
interbedded with fine- to very fine-grained quartz sand.

The inventoried wells in Chowan County do not tap the Peedee
Formation for water supply. Because of the fine-grained nature of
the Peedee sediments, and the brackish water contained in the forma-
tions above and below the Peedee sediments, it is presumed that this
formation will not yield potable er usable ameunts of water in Chowan
County.

A rising land mass caused the sea to retreat after the deposition
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of the Peedee Formation, and the Late Cretaceous sediments were ex-—
posed to a long period of weathering and erosion which marked the end

of the Cretaceous Period.

Tertiary System

Paleocene Series

Beaufort Formation.--The land was again inundated by the sea in

Paleocene time. The Beaufort Formation was unconformably deposited on
the Peedee Formation in the southern part of the county and on the Black
Creek Formation in the northern part of the county where the Peedee
gediments had been stripped away by erosion, The strike of the top

of the Beaufort Formation varies from N, 10° W., in the southern part

of the county, to N. 15° E. in the northern part. The dip averages

10 feet per mile toward the east (fig. 7), The Paleocene sediments
thicken toward the south and east. They are 120 feet thick at test
well T1, 150 feet thick at test well T3, and 230 feet thick at test
well T2 (pl. 1).

The Beaufort Formation is composed of interbedded greenish-gray,
fine- to medium~grained glauconitic quartz samd, glauconitic sandy
limestone, glaucenitic Hhey sandstone, and greenish-gray sandy silt
and clay. Concentrations of as much as 50 percent fine~ to medium-
grained glauconite are common in this formation in the northern part
of the county. Glaucenitic and calcareous sand, and glauconitic sandy
shell limestone are found at the top of the Paleocene section. This
unit is 45 feet thick at test well T2 and gradually thins to the north

where it is about 10 feet thick at test well T, Another thick unit
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of glauconitic.sand, calcareous sand, and glauconitic sandy shell lime-
stone is found near the middle of the Beaufort Formation. Sandy silt
and clay are found above and below this thick sand section (pl. 1),
Thirty-two of the inventeried wells in Chowan County tap the
Beaufort Formation for water supply.
After the retreat of the Paleocene sea the Beaufort Formation was
exposed to a period of erosion and weathering until the encrocachment
of the Eocene sea and the subsequent deposition of the Castle Hayne

Limestone.

Eocene Series

Castle Hayne Limestone.--The presence of the Castle Hayne Limestone
in the county is inferred by the correlation of electric well logs from
a stratigraphic test well in easternmost Martin County and test well T2
in Chowan County. There has been no positive identification of Eocene
fauna in Chowan County (written communication, P; M. Brown), Sparse
geologic control for this unit makes it difficult to determine whether
or not limestone found in the county is isclated from or continuous
with the main body of the Castle Hayne Limestone found farther to the
south.

The Castle Hayne Limestone is found oﬁly in the southern part of
the county where it lies unconformably on the Beaufort Formation. Eztrapo-
lation of data from Martin and Washington Counties indicate that the
top of the limestone strikes approximately N. 15° E. and dips about
10 feet per mile toward the east-southeast. It is about 20 feet thick

at test well T2 and pinches out between Edenton and Valhalla (pl. 1).
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Thin patches of the Castle Hayne Limestone isolated by erosion may occur
farther to the north.

In Chowan County the Castle Hayne Limestone is composed of light-
brown, calcareous, fine- to coarse-grained quartz sand, white shell
limestone and reddish-brown to gray clay. Traces of fine-grained brown
to black phosphate and fine-grained, dark- to light-green glauconite
are common.

The two municipal-supply wells at Edenton probably tap a thin sec-
tion of the Castle Hayne Limestone and also the Beaufort and Pungo
River Formations for water supply. In addition, a few small-diameter
domestic wells in the vicinity of Edenton may be screened in thinjsec—
tions of the Castle Hayne Limestone. The water from this formation -
iskgenerally hard, and contains high concentrations of chloride in the
extreme southern and southeastern parts of the county.

Extensive erosion and weathering followed the deposition of the
Castle Hayne Limestone, and these processes continued until middle

Miocene time and the deposition of the Pungo River Formation -

Miocene Series

Pungo River qumation.——The Pungo River Formation (Kimrey, 1964)
underlies the entire area of study. It unconformably overlies the
Beaufort Formation throughout most of the county, and the Castle Hayme
Limestone, where present, in the southern part of the area. Generally
the top of the formation strikes N, 10° W. and dips approximately 10
feet per mile toward the east (fig. 8). The average thickness of

the formation is about 25 feet.
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The Pungo River Formation consists of brown to greenish-gray, fine-
to medium-grained phephatic quartz sand,interbedded with indurated
" shell and calcareous sand beds and greenish-gray clay. The phosphate
occurs as fine- to medium-grained spherules of brown- to black-colored
collophane.

Domestic and municipal water supplies are pumped from the Pungo
River sediments in the southern part of the area, where the deposits
are coarsest. In the northern part of the county, only one of the
inventoried wells taps the Pungo River Formation for water supply
(table 3).

The Pungo River Formation was exposed to weathering and erosion
and then buried beneath the Yorktown Formation that was deposited in
a transgressive sea during late Miocene time.

Yorktown Formation.-—The Yorktown Formation over lies the Pungo

River Formation throughout Chowan County (pl. 1). The top of the
Yorktown sediments, primarily defined by the first occurrence of
upper Miocene microfossils, generally conforms to the land surface
topography in the county (fig. 9). The formation thickens from
aboﬁt 120 feet at the western part of the county to about 220 feet
near the eastern part.

The Yorktown Formation is composed chiefly of gray, fine- to
medium-grained quartz sand interbedded with blue-~gray silt and clay,
and unconsolidated to partially consolidated shell layers. Traces
of fine-grained brown or black phosphate and light- to dark-green
glauconite are common in the lower half of the formation. The

highest concentrations of sand are found in the upper 80 to 100
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feet of the sediments. Coarse sand and fine gravel are prominent
in the upper half of the formation near the central part of the
county, where the sands are thickest (fig. 10). One hundred and
five of the inventoried wells in Chowan County tap the Yorktown

Formation for water supply.

Quaternary System

Post-Miocene Series

Surficial deposits.~-From 10 to 35 feet of surficial deposits

overlie the Yorktown Formation in Chowan County (pl. 1). The lithic
character of these sediments varies from tany clay and silt to tan or
brown, to fine- to medium~grained gquartz sand. Approximately half of
the inventoried wells in Chowan County tap these surficial deposits

for water supply.
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GROUND WATER

Source and Occurrence

Water on the earth is kept in never-ending circulation between
the seas, atmosphere, and land by energy supplied from the sun. Water
is evaporated from the seas and remains in the atmosphere until it is
released as precipitation. O0f the precipitation that falls on the
land, some runs off inte streams and ri?érs, some is returned to the
atmosphere by evaporation or through transpiration by plants, and some
percolates downward to the zone of saturation and becomes ground water
(tig. 11).

The zone of saturation is the zone in which all available void
spaces in the rock or soil are filled with water. Water in this zone
is under pressure equal to or greater than atmospheric pressure. In
Chowan County this zone includes all the sedimentary formations from
basement rock, about 2,000 fget helow land surface, to the water table,
generally about 5 feet bhelow land surface. Ground water in the zone
of saturation occurs under non-artesian and artesian condition. Ground
water occurs under non-artesian or water—table conditions in the’upper
part of the zone of saturation, where the water is not confined by im-
permeable beds. Under these conditions the water level in a well de-
fines the top of the zone of saturation. Ground water occurs under
artesian conditions in the permeable parts of the zone of saturation
that are confined above and below by impermeable beds. Under artesian
conditions the water level in a well will rise above the top of the

water-bearing zone.,
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Aquifers

Formations or parts of formations in the zone of saturation that
will transmit usable quantities of water to wells or springs are called
aquifers. Aquifer is a relative term that connotes no fixed amount of
usuable water. Therefore, a rock unit: that yields only small amounts
of water may be considered an aquifer if the associated rock units
yield even less water. Conversely, a rock unit that yields small
amounts of water would not be considered an aquifer if it were found
in a sequence of rock units that yield large quantities of water.

The principal supplies of available ground water in Chowan County
occur in five aquifers within the various geologic formations that under-
lie the county. These zones are referred to by letter (A,B,C,D, and E)
rather than by formation because the different aquifers occur in more
than one formation or in. only part of a formation (pl. 1). The aquifers
are lettered from the surface downward because the complete sédimentary
sequence was only partially penetrated by test drilling and other water—

bearing zones exist between aquifer E and basement rock.

Aquifers A and B

Aquifer A includes all the post-Miocene sands from land surface
to depths ranging from 10 to 35 feet below land surface in Chowan County
(p1. 1). The water contained in this aquifer is under non-artesian or
water-table conditions, Aquifer A is composed of very fine-grained
to medium-grained tan quartz sand, interbedded with thin - layers of
brown to tan clay. Pumping tests were not made on wells that tap

Aquifer A, but reported sustained yields are generally less than 10
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gpm (gallons per minute) from 1%- to 36-inch diameter wells. The
water from this aquifer is corrosive and generally contains high con-
centrations of dissolved iron. Locally, however, water of relatively
good quality is available.

Aquifer B includes the sand and shell beds in the upper part of
the Yorktown Formation, and it is separated from Aquifer A by lentic-
ular layers of silt and clay (pl. 1). Where these silt and clay layers
are thick and continuous with high proportions of clay, the water in
Aquifer B is under artesian c%nditions. Where the separating layers
are thin and discontinuous, Aquifers A and B act as one unit, and
. the wpter in Aquifer B is under non-artesian or water-table conditions.

The top of Aquifer B is about 15 feet above msl in the northeastern
part of Chowan County, 30 feet below msl in the central part, and 5 to
29 feet below msl in the southern part of the camty (figs -12). Fhis water-
bearing zone thickens from 35 feet, along the Chowan River and in the
vicinity of Edenton, to 90 feet about 3 miles northeast of Valhalla,.
Average thickness of this aquifer is about 50 feet. Aquifer B is com~
posed of gray-colored, fine~ to coarse-grained quartz sand interbedded
with layers of shell and blue-gray silt and clay. Yields range from
2 to 20 gpm in lih and 2-inch diameter wells, and from 20 to more thgn
100 gpm in the larger diameter, gravel-packed wells. A properly con-
structed, naturally developed, 2~inch diameter well, screening 50 feet
of this aquifer, should yield about 3 gpm for each foot of drawdown in
water level after pumping for one day (table 1). Drawdown is the verti-
cal distance water levels are lowered in a well by pumping.

Chloride concentrations in water from Aquifer B are generally be-

low 30 ppm (parts per million). Total hardness and iron concentrations
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are locally high enough to require treatment of the water for most uses.
Plate 2 shows the depth, thickness, and average water-yielding capacity
of the Aquifer,B, and the general areas where concentrations of hardness

and iron in the water are above or below 120 ppm and 0.3 ppm, respectively.
Aquifer C

Aquifer C includes the upper part of the Beaufort Formation, the
Castle Hayne Limestone wﬁere it is present in the southern part of the
area, and the Pungo River Formation (pl. 1). Aquifers C and B are sepa—
rated from one another by thick, continuous layers of silt and blue-gray
clay of the Yorktown Formation. The thickness of these separating beds
ranges from 50 feet in the western part to about 170 feet in the south-
eastern part of the county. The water in Aquifer C is under artesian
conditions.

The top of this water-bearing zone strikes about N. 10% W. in the
southern part of the area, and N. 15° E. in the northern part, and dips
approximately 10 feet per mile toward the east (fig. 13). The aquifer
thing from the south, where it is 65 feet thick at test well T2, to the
north, where it is 35 feet thick at test well T1 (pl. 1). The thinning
occurs as a result of the erosional pinch out of the Castle Hayne Lime-
stone in the vicinity of Edenton and the erosional beveling of the top
of the Beaufort Formation. The thickness of the Pungo River Formation
remains relatively constant throughout the county.

The upper part of the Beaufort Formation consists of brown to gray,
indurated and partially censolidated calcareous quartz sand and sandy-

shell limestone, and unconsolidated fine- to medium-grained quartz sand.
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The Castle Hayne Limestone is composed of white and gray sandy-shell
limestone and light-brown medium-grained quartz sand. The Pungo River
Formation consists of interbeddel brown to green-gray, fine- to medium-
grained quartz sand, fine- to medium-grained phosphate, indurated shell
beds and green-gray clay. In addition to thinning toward the north,
the lithic texture of the aquifer becomes finer toward the north.

The shell and limestone in Aquifer C imparts hardness to the water.
However, in many places where the domestic wells tap the cleaner quartz
sand of this aquifer the water may be soft. High iron councentrations
in the water are encountered locally, and excessive councentrations of
chloride are found in water from this zone in the southern, eastern,
and northern part of the county.

Aquifer C is the most productive aquifer in the southern part of
Chowan County. It has not been developed in the northern part of the
area because of excessive concentrations of chloride in the water and
low permeability of the sands. Aquifer test data indicate that about
80 percent of the 500 gpm pumped from each of the municipal supply
wells at Edenton comes from this aquifer. Yields of 10 to 25 gpm are
common in domestic wells that range from 1% to 4 inches in diameter.

In the southern part of the county, a naturally developed, properly
constructed 2-inch diameter well, that screens the full thickness of

this aquifer, should yield about 10 gpm for each foot of drawdown in
water level after pumping for one day. Plate 2 shows the depth, thick-
ness, and average water-yielding capacity of Aquifer C in Chowan County.
This plate also shows the general areas where concentrations of chloride,
iron, and hardness-causing constituents in the water are above or below

250 ppm, 0.3 ppm, and 120 ppm, respectively.



Aguifer D

Aquifer D consists of a permeable zone found near the middle of

the Beaufort Formation (pl. 1), Aquifer D is separated from Aquifer

C by about 40 feet of glauconitic silt and clay, and the water in
Aquifer D is under artesian conditions. The top of this aquifer strikes

about N. 10° to 15° E. and dips approximately 12 feet per mile toward

the east (fig. 1%). Aquifer D thins slightly toward the north, from

70 feet at test well T2 to 60 feet at test well T1 (pl. 1). East of

a line drawn between test wells T1 and T2, Aquifer D is about 50 feet

th?ck; the average thickness of this water-bearing zone is about 55

feet.

Aquifer D is composed of light-gray, fine— to medium-grained quartz
sand, and fine- to medium-grained, dark- to light-green glauconite,
interbedded with indurated to partially consolidated cream to light gray,
glauconitic and sandy limestone. The top of Aquifer D is commonly
marked by the occurrence of one of these indurated limestone layers.
The water quality is g?nerally good in the central and western part‘of
the county, but chloride concentrations in the water increase rapidly
toward the north, south, and east.

Yields rangg between 3 and 25 gpm in 2-inch and 4-inch diameter
wells. Between 50 and 100 gpm are pumped from Aquifer D in the north-
ernmost municipal supply well at Edenton. The calculated yield from
a properly constructed, naturally developed well, 2 inches in diameter,
screening the full thickness of the aquifer, is about 4.6 gpm@&or each
foot of drawdown after pumping for omne day. Plate 2 shows the depth,

thickness and average water-yielding capacity of Aquifer D in Chowan
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County. This plate also shows the general areas where concentrations
of chloride, iron, and hardness—-causing constituents in the water are

above or below 250 ppm, 0.3 ppm, and 120 ppm, respectively.

Aquifer E

Aquifer E includes the sands found in the upper part of the Black
Creek Formation (pl. 1). Aquifers E and D are separated by 170 feet of
silt and clay in the southern part, and 30 feet of silt and clay in the
northern part of the area. The water in Aquifer E is under artesﬂul con-
ditions.

The top of Aquifer E nearly coincides with the top of the.BIack
Creek Formation, striking about N. 15° to 20° E. and dipping approximately
25 feet per mile to the east-—southeast (fig. 15). This aguifer is 120
feet thick at test well T2, about 110 feet thick at test well T3, and
about 100 feet thick at test well T1, thinning slightly toward the mnorth
(pl. 1). Average thickness throughout the county is about 100 feet.

Aquifer E consists of gray-colored, poorly sorted, fine- to medium-—
grained quartz sand, interbedded with thin shell beds and thin, gray to
black clay layers. The quality of water from this zone is generally good
in the western and central part of the county, but chloride concentrations
in the water are high in the southern, eastern, and northern parts of
the county.

Yields from inventoried wells screened in Aquifer E ranged from 1
to 5 gpm, and seemed exceptionally low for the texture of the sands in
this aquifer. Probably the screeus in these wells were zet in some of

the less permeable units in this water-bearing zone. Depth differences
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of as little as 5 feet in screen setting can be critical because of the
clay layers found in the sands of this aquifer. Screen settings were
determined by referring to lithic samples collected during drilling and
without the use of electric and/or gamma-ray logs. The amount of error
in determining screen settings by this method increases with the depth
of the hole because of the time lag between the bit cutting the material
and the return of the cuttings to land surface.

Plate 2 shows the depth to and approximate thickness of Aquifer E
in Chowan County and the general areas where concentrations of chloride,
iron, and hardness-causing constituents in the water are above or below

250 ppm, 0.3 ppm, and 120 ppm, respectively.

Aquifer Tests

Twenty-two aquifer tests were made from wells in Chowan County to
determine the hydraulie characteristics - the coefficients of storage
and the transmissibility - of the aquifers (table 1). These character—
istics were determined by applying the nonequilibrium and recovery for-
mulas (Theis, 1935) and the modified nonequilibrium formula (Jacob, 1950)
to the test data.

The coefficient of transmissibility is defined as the number of
gallons of water per day that will move through a saturated vertical
strip of an aquifer one foot wide under a hydraulic gradient of one foot
per foot at the prevailing temperature of the water. This value expresses
the ability of an aquifer to transmit water. The coefficient of storage
is defined as the volume of water released from or taken into storage in
each column of the aquifer having a base of one square foot and a height

equal to the thickness of the aquifer, when the head or water level is
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lowered or raised one foot. This value expresses the capacity of an
- aquifer to store water.

The hydraulic characteristics can be used to determine the water-
yvielding capacity of wells tapping an aquifer, the effects of pumping
on water 1e§els in an aquifer, and the volume and velocity of water
moving'through an aquifer,

The water-~yielding capacity of a well, the specific capacity, is
the amount of water in gallons per minute that a properly constructed
well will yield for each foot of drawdown in water level after a
specific period of pumping, generally one day. Table 1 lists the
average hydraulic characteristics aund calculated specific capacities,
etc., of Aquifers B, C, and D.

The measured specific capacity of a well, in many cases, will be
less than the calculated specific capacitiy- and, to a great extent, the
difference may be caused by improper construction and/or poor well de-
velopment. A comparison of the measured and calculated specific ca-
pacities of a well can be used to determine well efficiency. For ex-
ample, if a well were pumped at 1000 gpm for cne day and the drawdown
at the end of this period was 20 feet, the measured specific capacity
would be 50 gpm per foot of drawdown. If the calculated specific ca-
pacity was 100 gpm per foot of drawdown, the well would have 50 per-
cent efficiency.

Pumping water from an aquifer causes water levels to decline in
the vicinity of the pumped well. As a result, the pilezometric surface
or the water table of the aquifer is depressed so that it resembles the
shape of an inverted cone which has its apex at the center of the pumped

well. Such a piezometric or water-table configuration is referred to



syoed [9aviT 1sow I0J JI0}O0WRIP O9TBIDAY 00

STI9M O11SOWODP J0J JI919WMRTIP 9TRISDAY °
%¥Cg “ON TI9M Fo 931s 3® payo1d ssauddTyy *%
quesaad axeym - *®

aaginbe ayy Jo ssoWNOTY) oyl Lq £PTTIGISSIWSUBI} JO JUSTIITFF900 9y} JuIplaTp £q
SUTmMIS2SY ST QUSTITFIR00 STIY] ‘JuaIpetd oryneapLy jTun e Iopun ‘jo0jy aaenbs |
Jo uo1798s ss0I0 e YSnoxyy Lep xad suoyred utr £yry1qesmrad pIaLy JO JUDIOIFFIO0) ————= £1171qeemisg

P

- *quatpead oI[nexpdy 1Tun B I8pun
‘xaytnbe ayz Fo sssuyoIyYl oYz o7 [enbos 3yII1d9y ® YT 9PIM 300] T xoy1nbe syl
jo drags feorjasa e ySnoayz Aep Jad suoyyeS ur A3I]IqISSTWSURIJ JO QUSTOTIFFI0) — A} TTIqISSTHSURL]

g'S 9°% LT3 e 1000° 000°GT a }I0Fnedq

pa0Jneaq
. ‘ Jo qaxed xaddp
9} 01 064 *¥0% 1000 000 ‘0% J youkey] oT35e)
I2ATH oTFung
¢ 6°G 0%7 05 100° 000°L d UMOQHIOK

cetp ySlit-g¢  cwrp four-g
(P121¥) (100F ur)
£a10wde) £31711q% sSauyO 1YY a3e103s Jo £3TT1IqTSS TW
o1y108dg EaleINOIR] ~gamIag Iayinby QU3 IOTJJ90) —suei], xa311nby U0 19 LU0 J

9%

°y *N ‘4Aqunop zm3omo uf ¢ puy ‘o ‘g xeyinby xoj sonyep

aATer1IrUENY 9FeIdAY —°] 914RB]L



47

as a cone of depression (fig. 16)5 The characteristics (shape, size, and
growth rate) of the cone of depression depend to a large degree upon the
rate and duration of the pumping, the coefficients of storage and trans—
misgsibility of the aquifer, and the amount of ground water that leaks from
other aquifers to the zone from which water is being withdrawn during pump-
ing. Other factors remaining the same, the characteristics of the cone

of depressions are determined by the transmiszibility of the aquifer.

Flat cones that spread very rapidly develop in agquifers with high trans-
missibility and steep cones that spread slowly develep in aquifers with
low transmissibility.

Figures 17, 18, and 19 represent half-sections through calculated
cones of depression io Aquifers B, C, and D, respectively. These graphs
show the calculated drawdown in water level at selected times and various
distances from a well being pumped at a constant rate. In the formula
used for constructing <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>