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- Raleigh, North Carolina

Dear Governor Scott:

I am pleased to submit Ground-Water Bulletin Number 17, "Geology
and Ground-Water Resources of New Hanover County, North Carolina"
by George L. Bain, Geologist, U. 5. Geological Survey.

This report contains the results of a detailed study of the ground-
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Carolina Department of Water and Air Resources. It should prove
to be of much value toward the economic and industrial development
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

The sandstone aquifer in the Peedee Formation averages about 35 feet in
thickness, sloping from sea level in the northwestern part of the county to
about 190 feet below sea level at Wrightsville Beach. Where data are avail-
able, the aquifer is known to contain fresh water and is separated from under-
lying beds containing salty water by 100 to 150 feet of relatively impermeable
clay. Except along the Cape Fear River and the Atlantic coast, ground water
in the Peedee sandstone is under sufficient pressure to rise above sea level,
and it rises to more than 30 feet above sea level in the center of -the county.
Some wells tapping this aquifer yield more than 400 gallons per minute, and
the specific capacity in part of the county is more than 30 gallons per minute
per foot of drawdown.

The Castle Hayne Limestone is irregular in thickness and areal distri-
bution, being thicker and more extensive under the northeastern and southern
parts of the county. It lies within about 30 feet of the land surface except
along the coastal margin where it is somewhat deeper. The Castle Hayne has
easy access for replenishment, and much water enters the limestone in the
center of the county. Some wells ‘tapping this aquifer yield more than 400
gallons per minute, and the specific capacity ranges from 3 to 80 gallons
per minute per foot of drawdown.

Sand, clay, and marl of Pleistocene and Miocene age cover the land sur-
face in all of the county. The sands comprise the uppermost aquifer in the
county-—-that is, the water-table aquifer, except in a few places where the
Castle Hayne Limestone and Peedee Formation are near the land surface. The
water table commonly lies within 10 feet of the land surface and is easily
reached by the common type of drive-point well.

Water of acceptable chemical quality for most purposes is available
throughout the county, but a wide range in quality of water within the aqui-
fers is common. Water in the Peedee sandstone is hard in most places, and
the iron content exceeds 1 milligram per liter in the central and north-
central parts. Water in the Castle Hayne Limestone is a calcium bicarbonate
type ranging from moderately hard to very hard. The iron content ranges from
0.01 to more than 12 milligrams per liter. Water in the surficial sands is
soft but almost everywhere is corrosive.

The current withdrawal of ground water is only a small part of the avail-
able supply, but the availability of water varies considerably from one part
of the county to another. The aquifers are susceptible to salt-water en-
croachment because of aquifers containing salty water underlying the Peedee
sandstone aquifer and because of the bordering Atlantic Ocean and brackish
Cape Fear River. The present position of the interface between salty and
fresh water in the ground is maintained by the volume and hydrostatic head
of the fresh water. Thus, a substantial reduction in rainfall or changes in
ground-water conditions created by man's activities, such as withdrawal of
water through pumping, swamp drainage, or dredging which reduces the fresh-
water hydrostatic head, may cause a corresponding encroachment of salt water.
Salt-water encroachment may be controlled at least partially by well-field
design and management. Proper practices include pumping more wells at lower
rates and the use of multiple well points and infiltration galleries in
shallow aquifers.




GEOLOGY AND GROUND-WATER RESOURGES
OF NEW HANOVER COUNTY,
NORTH CAROLINA

By

George L. Bain

Geologist, U.S. Geological Survey

ABSTRAGT

This report describes the ground-~water resources of New Hanover County
in southeastern North Carolina. The county is a part of the Atlantic Coastal
Plain Province and occupies a peninsula between the Atlantic Ocean and the
Cape Fear and Northeast Cape Fear Rivers. New Hanover County is a relatively
flat sandy plain, few points in the county being more than 50 feet above sea
level. The climate is humid; the average annual precipitation is about 50
inches.

Ground water occurs in a system of slightly inclined formations under-
lying the Coastal Plain. Although individual formations dip and thicken in
various directions, they in aggregate, thicken in wedge-like fashion toward
the coast, reaching a maximum thickness in New Hanover County of slightly
more than 1,500 feet. Most of the formations are composed of unconsolidated
sands and clays containing a few beds of limestone and calcareous sandstone.
A veneer of sand and sandy clay of probable Pleistocene age tends to conceal
the underlying sequence of rock materials of Tertiary and Cretaceous age.

The volume of water stored in the Coastal Plain formations in New Hanover
County is large; however, water in all but the shallow formations is too salty
for most uses.

Three major aquifers, or water-bearing beds, furnish water to wells, at
least two of them being available for use in most parts of the county. They
include a sandstone bed in the Peedee Formation of Late Cretaceous age, the
Castle Hayne Limestone of Eocene age, and the shallow surface sands.
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The sandstone aquifer in the Peedee Formation averages about 35 feet ir
thickness, sloping from sea level in the northwestern part of the county to
about 190 feet below sea level at Wrightsville Beach. Where data are avail-
able, the aquifer is known to contain fresh water and is separated from unde
lying beds containing salty water by 100 to 150 feet of relatively impermeat
clay. Except along the Cape Fear River and the Atlantic coast, ground wate:
in the Peedee sandstone is under sufficient pressure to rise above sea level
and it rises to more than 30 feet above sea level in the center of the count
Some wells tapping this aquifer yield more than 400 gallons per minute, and
the specific capacity in part of the county is more than 30 gallons per mint
per foot of drawdown.

The Castle Hayne Limestone is irregular in thickness and areal distri-
bution, being thicker and more extensive under the northeastern and southerr
parts of the county. It lies within about 30 feet of the land surface excej
along the coastal margin where it is somewhat deeper. The Castle Hayne has
easy access for replenishment, and much water enters the limestone in the
center of the county. Some wells ‘tapping this aquifer yield more than 400
gallons per minute, and the specific capacity ranges from 3 to 80 gallons
per minute per foot of drawdown.

Sand, clay, and marl of Pleistocene and Miocene age cover the land sur-
face in all of the county. The sands comprise the uppermost aquifer in the
county-—that 1s, the water-table aquifer, except in a few places where the
Castle Hayne Limestone and Peedee Formation are near the land surface. The
water table commonly lies within 10 feet of the land surface and is easily
reached by the common type of drive-point well.

Water of acceptable chemical quality for most purposes is available
throughout the county, but a wide range in quality of water within the aqui-
fers is common. Water in the Peedee sandstone is hard in most places, and
the iron content exceeds 1 milligram per liter in the central and north-
central parts. Water in the Castle Hayne Limestone is a calcium bicarbonate
type ranging from moderately hard to very hard. The iron content ranges fr«c
0.01 to more than 12 milligrams per liter. Water in the surficial sands is
soft but almost everywhere is corrosive.

The current withdrawal of ground water is only a small part of the avai
able supply, but the availability of water varies considerably from one part
of the county to another. The aquifers are susceptible to salt-water en-
croachment because of aquifers containing salty water underlying the Peedee
sandstone aquifer and because of the bordering Atlantic Ocean and brackish
Cape Fear River. The present position of the interface between salty and
fresh water in the ground is maintained by the volume and hydrostatic head
of the fresh water. Thus, a substantial reduction in rainfall or changes ir
ground-water conditions created by man's activities, such as withdrawal of
water through pumping, swamp drainage, or dredging which reduces the fresh-
water hydrostatic head, may cause a corresponding encroachment of salt wate:
Salt-water encroachment may be controlled at least partially by well-field
design and management. Proper practices include pumping more wells at lowel
rates and the use of multiple well points and infiltration galleries in
shallow aquifers.



INTRODUGCTION

This report describes the ground-water resources of New Hanover County.
The purpose of this study was to determine the thickness, lithology, and areal
extent of the water-bearing formations (aquifers), the source of replinish- -
ment or recharge to the aquifers, the direction of water movement within the
aquifers, and the quantity and chemical quality of the ground water.

Fieldwork, done for this report during the period from .January 1963 to
Tune 1966, included the following:

1. Fifty auger holes were drilled to determine the lithology,
thickness, age, and areal extent of the geologic formations.
Where feasible, the auger holes were cased to permit water
sampling, gamma-ray logging, observation of water-level
fluctuations, and pumping tests.

2. Two deep test holes were drilled to determine the depth to
the deeper lying Black Creek Formation, the chemical quality
of water in the deeper aquifers, and the position of the
fresh water-salt water interface,.

3. Data on 412 wells including drillers' records, well cuttings,
and water samples were collected from well drillers and
owners, as well as from published sources.

4. Gamma-ray well logs were made in cased auger holes, deep
test holes, and some existing wells. Electric logs of the
deep test holes also were made.

5. Water-level data were collected at 5 wells equipped with
continuous recorders, at 20 wells which were measured
monthly, and at more than 100 wells which were measured
semiannually.

6. More than 250 water samples were collected and analyzed
to determine the quality of the ground water.

7. Thirty-seven pumping tests were made, and data from a few
drillers pumping tests were collected to determine hy-
draulic characteristics of the aquifers.

8. The base-flow discharge of four small streams was measured
to evaluate ground-water discharge.

9. A network of more than 150 altitude control points (accurate'
to + 5 feet), necessary for geologic and hydrologic control,
was established by barometric leveling.




GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

PREVIOUS [INVESTIGATIONS

No previous detailed geologic or ground-water investigations have been
made in New Hanover County. David G. Thompson, U. S. Geological Survey, mad
a preliminary study of the ground-water resources of Wilmington (1941). A
drought during the fall of 1940 had so reduced the fresh-water flow in the
Cape Fear River that salt water contaminated the public water supply through
the Toomers Creek intake. Thompson recommended that the surficial sand de-
posits of several areas on the outskirts of Wilmington be used as sources of
emergency public supplies while the water intake was being extended to Lock
on the Cape Fear River. The sand hills area along U. S. 421 northwest of
Wilmington was among those areas recommended.

The formations penetrated and the chloride concentrations of several
wells in New Hanover County and vicinity were described by Clark and others
(1912). Data collected by Thompson in 1941, M. J. Mundorff between 1941 and
1948, and H. E. LeGrand between 1952 and 1958 were combined in a reconnais-
sance report entitled, "Geology and Ground-Water Resources of Wilmington-New
Bern Area, North Carolina" (LeGrand, 1960). LeGrand briefly describes the
physiography and geology of the county, points out the potential of the
Castle Hayne Limestone as an aquifer, and gives additional hydrologic data
on the sand hills area northwest of Wilmington.
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Branch, U. S. Geological Survey. Immediate supervision was by P. M. Brown
and G. G. Wyrick, former District Geologists, Raleigh, North Carolina.



GEOGRAPHY

LOCATION, AREA, AND POPULATION

New Hanover County is in the southeastern part of the Coastal Plain of
North Carolina and occupies a peninsula between the Atlantic Ocean and the

Northeast Cape Fear and Cape Fear Rivers. Figure 1 shows the location of
the county.

The county has an area of 194 square miles. The Bureau of the Census
reported the population in 1960 to be 71,742--about 370 people per square
mile. Wilmington, the county seat, had a population of 44,013. Smaller
towns in the county are Carolina Beach, Castle Hayne, Kure Beach, and
Wrightsville Beach. Forests and farmland comprise 58 and 14 percent of the

total land area, respectively. Sixty-nine percent of the residences are
classed as urban.
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Figure l.——Index map of North Carolina showing the location
of New Hanover County.

CLIMATE

New -Hanover County has a mild, humid climate. The U. S. Weather Bureau
statistics for the Wilmington station show an average annual temperature of
63.8°F and an average annual precipitation of 51.29 inches for the 30-year
period 1931-60. The average monthly variations in temperature and precip-
itation at this station are shown in figure 2. It may be observed that pre-
cipitation during July, August, and September tends to be considerably higher
than in the other months. At Southport, near the southern tip of the county,
the average annual temperature and precipitation for the same period of re-
cord are 64.3°F and 49.49 inches, respectively.
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GEOGRAPHY

PHYSICAL FEATURES

The land surface of New Hanover County is a plain with a slight overall
slope toward the Atlantic coast and the Cape Fear River. This plain is rela-
tively flat in the broad interstream areas but is broken by low escarpments
along the Northeast Cape Fear and Cape Fear Rivers and breached by short
tributary creeks. The plain represents the part of a Pleistocene sea floor
that has been exposed by withdrawal of the sea in the relatively recent geo-
logic past. Parts of the land surface are covered with rolling sand hills.
These sand hills constitute accumulations of beach sand which were shifted
by the wind to form dunes. Salt marshes, tidal flats, and shallow sounds
between the present-day barrier beaches and the mainland are connected to
the ocean by narrow inlets.

Several topographic features are important to the ground-water hydrology
in the county. The fossil dunes or sand hills extend northeastward from Fort
Fisher along U. S. Highway 421 through Wilmington to and beyond the Pender-
New Hanover County line. They are best developed in an area between the Cape
Fear River and the Northeast Cape Fear River, northwest of Wilmington, south-
east of Greenfield Lake, and south of Barnard Creek. The highest altitude in
the county of 80 feet above sea level occurs on one such fossil dune system
east—-southeast of Greenfield Lake. Most of these thick sand deposits have no
enrficial drainage. Another sandy area extends northeast along U. S. Highway

parallel to the coast in the northeastern part of the county. This sandy
area was a long bar at a time when the sea stood some 35 or 40 feet higher
than it does today. To the west of this bar was a broad shallow lagoon, which
is now drained by the northeast Cape Fear River. Today the area is flat and
marshy. Small shallow sinks are common in the vicinity of the town of Castle
Hayne and from Wilmington southward. The sinks, usually filled with water,
result from the solution of near-surface limestone and coquina beds.

The altitude of much of the county is from 30 to 40 feet above mean sea
level. The Talbot Terrace described by Cooke (1931) occurs at this level.
Cooke also described a terrace at 25 feet above mean sea level which may be
distinctive from the village of Porters Neck southward and slightly west of
the sounds.




GEOLOGY

OUTLINE OF GEOLOGY

The present-day quality, occurrence, and availability of ground water i
New Hanover County depend upon the physical and chemical character of the
sediments beneath the county. Such characteristics as: kind of sediment,
lithology, thickness, and attitude have been predetermined by the county's
geologic history. When any area is inundated through a general rise in sea
level or localized subsidence of the earth's crust, accumulation of marine
sediment begins and erosion ceases. The kind and character of the sediment
being deposited at any one place, whether limestone, sandstone, clay, shale,
or sand, whether coarse or fine, or whether cemented or unconsolidated depen
on many complex variables. Some variables include the kind of source materi
and degree of weathering, distance of sediment transport, and rate of accu-
mulation of the shells of marine organisms.

Crustal movements along the axis of the geologic structure known as the
Cape Fear Arch had a profound effect upon the type, thickness, and inclinati
(dip) of the sedimentary formations beneath New Hanover County and thus, ult:
mately have influenced the ground water. The Cape Fear Arch is now a broad
gentle uplift roughly paralleling the Cape Fear River and trending southeast
ward through New Hanover County. Crustal movements along this axis are re-—
sponsible for the lack of deposition of Lower Cretaceous sediments in part o:
the county, the deposition of a thick sequence of Upper Cretaceous sediments
and thin to nondeposition of the more recent Tertiary formations.

Sediment accumulation on the crystalline basement floor ranges in thick-
ness from about 1,100 feet at Wilmington to 1,500 feet at Fort Fisher. Near:
90 percent of the sediments accumulated during Cretaceous time when the counf
was on the flank of a depositional basin. These deposits, ranging in age frc
Cretaceous through Tertiary, are divided from oldest to youngest into the Bl.:
Creek, Peedee, Castle Hayne, and undifferentiated deposits of Oligocene(?) ar
Miocene age. They are overlain at the surface by sands, clays, and marls de-
posited during the comparatively recent geologic past.

BASEMENT ROCK

The submerged erosional surface upon which the Upper Cretaceous sediment
were deposited consists of schist, gneiss, granite, and metamorphosed volcan:
rocks typical of rocks which are exposed in the Piedmont Province of North C:
olina. Granite occurs at a depth of 1,109 feet in well 202, which was drille
as a municipal water well for Wilmington in 1899. A well drilled during 190!
07 at Fort Caswell, across the Cape Fear River from the southern tip of the
county, penetrated basement rock at 1,540 feet (Clark and others, 1912, p. I¢
196). The ages of the basement rocks are unknown but may range from Precam-
brian(?) to Mississippian(?).
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CRETACEOUS SYSTEM

BLACK CREEK FORMATION

The Black Creek Formation of Late Cretaceous age rests unconformably
upon the basement rocks at Wilmington. Lower Cretaceous sediments and the
Tuscaloosa Formation, prominent in other parts of the Cocastal Plain, are not
known to be present beneath New Hanover County (Brown, 1959a).

The Black Creek Formation is approximately 380 feet thick in New Hanover
County. The upper and lower contacts were placed at 711 and 1,100 feet below
sea level, respectively, in the Hilton Park well (well 202, see fig. 3), by .
T. W. Stanton (Clark and others, 1912). The top of the Black Creek was pene-
trated at 673 feet below mean sea level in the Murraysville test well (well
87) but was not reached in the Edwards test hole (well 347), which was drilled
to a depth of 610 feet below sea level.

The Black Creek Formation is assumed to contain saline water everywhere
beneath New Hanover County. Highly saline water was found in the Hilton Park
well in all zones below 370 feet and in a well at Fort Caswell, Brunswick
County, below 354 feet (Clark and others, 1912).

PEEDEE FORMATION

The Peedee Formation conformably overlies the Black Creek Formation in
New Hanover County. It typically consists of unconsolidated greenish-gray to
dark-gray silt, olive-green to gray sand, and massive black clay interbedded
with consolidated calcareous sandstone and impure limestone. Glauconite gives
the Peedee Formation its characteristic salt and pepper appearance. There
appears to be an increase in sand and lime and a decrease in clay toward the
top of the formation in New Hanover County.

The Peedee Formation in New Hanover County is 710 feet thick at well 202
and 645 feet thick at well 87, and contains four water-bearing beds of sand.
The uppermost sand contains fresh water and the lower three contain brackish
to saline water throughout the county. The general relationship of the Peedee
Formation to the other formations in the county is illustrated in figures 4, 5,
and 6. Figure 6 is a structure contour map of the top of the uppermost salt-
water bearing sand. The top of the sand strikes N. 25° E. and dips toward the
southeast at the rate of 10 feet per mile.

Figure 7 is a structure contour map of the top of a calcareous sandstone,
the topmost sandstone in the Peedee Formation and the principal fresh-water

aquifer in New Hanover County. It is discussed in a later section as the
sandstone aquifer.
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY
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dure 6.,--Map showing the altitude of the top of the uppermost saline aquifer.
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Figure 7.--Map showing the altitude of the top of the sandstone aquifer in
the Peedee Formation.
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All water below the altitudes shown on figure 6 is saline. All water
in and above the sandstone shown in figure 7 is known to be fresh except that
south of Myrtle Grove, where there are no data. Fresh water of unknown but
probably limited extent and quantity was detected in well 87 in fine uncon-
solidated sand below the sandstone aquifer.

Figure 8 is an isopach map showing the distribution and thickness of the
massive clay aquiclude lying between the calcareous sandstone and the top of
the Peedee Formation. In effect, this figure shows the thickness of the im-
permeable beds lying between the sandstone aquifer and the Castle Hayne Lime-
stone, the next higher aquifer.

TERTIARY SYSTEM

CASTLE HAYNE LIMESTONE

The Castle Hayne Limestone of middle and late Eocene age (LeGrand and
Brown, 1955) was first described by Miller (Clark and others’ 19]_2) at a quarry
near the intersection of Prince George Creek and U. S. Highway 421 at the
town of Castle Hayne. Rocks of. Paleocene age were not deposited in the county
because of erosion or nondeposition upon the elevated Cape Fear Arch. Thus,
the Castle Hayne Limestone unconformably overlies the channeled and eroded
upper surface of the Peedee Formation.

The Castle Hayne Limestone is quite variable lithologically, consisting
of shell, marl, sand, and limestone. A complete geclogic section in New
Hanover County includes:

A. A basal sandy shell conglomerate containing much reworked
material from the Peedee Formation. It is discontinuous
in occurrence because it was deposited in channels on the
top of the Peedee Formation. It is approximately 30 feet
thick in the Superior Stone quarry near the town of Castle
Hayne.

B. Above the basal shell-conglomerate is a glauconitic shell
limestone. It is light-gray toward the top and yellow and
dolomitic toward the bottom. In places it contains inter-
bedded sand. Where the lower unit is missing the shell
limestone facies rests unconformably upcn the Peedee For-
mation. The glauconitic shell limestone thickens from a
featheredge along its up-dip extremities to about 40 feet
at the town of Wrightsville Beach and to more than 80 feet
at the town of Carolina Beach.

C. The shell facies is overlain by a dense, chalk-white siliceous
limestone that contains phosphate at its base. This lime-
stone, called "cap rock,' by local well drillers averages
about 3 feet in thickness throughout the county.

) e
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GEOLOGY

pD. Overlying the '"cap rock' is a cream to light-green,
glauconitic, bryozoan—bearing "shell hash" (a coarse,
braided mixture of shell fragments). This unit is
generally confined to the northeastern section of
the county north of a line connectiung the city of
Wilmington and Wrightsville Beach. South of this
line the unit, if deposited, has apparently been
removed by erosion. At the Ideal Cement Company
quarry in the northern part of the county, where
this unit 1s approximately 10 feest thick, it is
mined for the manufacturing of cement. At Porters
Neck crossroad it ranges frem 55 to 80 feet thick.

The irregular distribution and thickness of the Castle Hayne Limestone
(figs. 9 and 10) results from its deposition on an eroded surface of the Pee-
dee Formation and from subsequent erosion and solution of the upper surface of
the Castle Hayne. Areas in which the Castle Hayne Limestone is missing or
spotty are also shown in figure 9.

The sandy, shell part of the Castle Hayne Limestone is generally a pro-
ductive aquifer. Yields of individual wells in the county depend largely upon
the degree to which the porosity and permeabilitv have been increased by
solution.

UNDIFFERENTIATED DEPOSITS OF LATE TERTIARY AGE

Overlying the Castle Hayne Limestone in the southern part of the county
are sediments that probably range in age from late Oligocene through late
Miocene. Most of the sediments in this late Tertiary sequence are phos-
phatic sands, silts and clavs, and phosphatic limestones similar to materials
in the Pungo River Formation described by Kimrev (1964) in Beaufort County,
North Carolina. The upper part of the Pungo River Formation is equivalent in
age to the Calvert Formation of Maryland (Brown, 1958b, p. 89) (Gibson, 1967,
p. 636), which the U. S. Geological Survey currentlv recognizes as middle
Miocene. The possibility that the lower part of the Pungo River is of early
Miocene or late Oligocene has not been discounted (Brown, 1958b, p. 90)
(Gibson, 1967, p. 637). According to Gibson (written communication,

July 1, 1968), the sediments in southern New Hanover County "are in part
facies equivalents of the phosphatic sands, limes, and diatomites of the

Pungo River, but whether they belong lithologicallv and genetically is another
question." Thus, the name Pungo River should not te applied to the deposits
in New Hanover County although they are probablv facies equivalents.

; In the Carolina Beach area the above deposits consist chiefly of marl
gg;:rbedded yith light-green to dark-gray silty clav containing thin shel%
Sand§ C2h9181lty phage is replaced to the northwest by llghF~gray sand and
At 36§u1na overlgln by Qllve—gIQEH Savd. fhe sandy coquina, present in
and 381, is possibly of late Miocene age. Phosphate is present
o

bur i 2
is - . : = i ;
not known to be in sufficient aquantitilies to warrant economic
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the Castle Hayne Limestone.
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GEOLOGY AND CROUND WATER OF NEW HANOVER COUNTY

development. The lower silty part of the unit thickens southward from about
10 feet at Wrightsville Beach to 75 feet at well 394 at Carolina Beach and
dips to the south-southeast and southeast at 10 to 25 feet per mile. It is
overlain in the southeastern part of the county by 20 to 30 feet of fine- to
medium—grained sand containing dark-gray to chocolate-brown clay beds that
change southward to light-gray to olive—green clay and shell beds. This late
Miocene unit is as much as 10 feet above sea level. 1In the north-central and
northeastern sections of the county——10 to 20 feet of fine- to medium-grained
sand containing a dark-gray to blue-gray clay is overlain by 5 to 20 feet of
blue or grav dense clay of late Miocene age. The late Miocene clay occurs in
a zone as nuch as 25 feet above sea level.

The silty part of the unit functions as a hydraulic barrier (aquiclude)
between the overlying water-table aquifer and the underlying Castle Hayne

aquifer near the seacoast.

Small to moderate water supplies are available from the sandy coquina,
but only small supplies are available from the shallow sands and from the
thin shell beds of this formation.

QUATERNARY SYSTEM

UNDIFFERENTIATED SURFACE DEPOSITS

Overlying the channeled surfaces of the formations previously described
are deposits of clay, sand, and marl. Their age, thickness, and origin vary
from one place to another. As used in this report the deposits include all
of the sediments between land surface and the undifferentiated deposits cof
late Tertiary age. Thus, they include terraced and barrier-beach deposits,
sandy coquinas (DuBar and Johnson, 1964), fossil sand dunes, stream channel
deposits, and possibly thin and scattered remnants of the underlying forma-
tion. These sediments are absent in the towns of Castle Hayne and Wilmington
where the underlying limestone is exposed, but are as much as 70 feet deep
near the Cape Fear River west of Myrtle Grove,

Eastward from a line connecting Fort Fisher, Myrtle Grove, and Wrightsvi
Beach, the base of these surficial sediments rests upon silt, clay, and shell
beds of the underlying deposits of late Tertiary age. In the northwest one-
third of the county they rest upon the Peedee Formation where the Castle Hayr
Limestone is missing as shown in figure 10. Between the above areas they rec
upon the Castle Hayne Limestone.

The surficial sediments may be divided into the following oversimplifiec
or generalized categories:

1. In the central and western parts of the county, 0 to 35
Zeet of coarse, clean, nonfossiliferous quartz sand gen-
erally from O to 30 feet below sea level. Reference to
tigures 10 and 11 shows that the coarse sand occurs where
the Castle Hayne is missing, or more specifically, in

- 18 -
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channels cut into the surfaces of the Peedee and Castle
Hayne Formations. Although there is no direct evidence,
the sand is probably of Pleistocene age.

2. Throughout the county 0 to 60 feet of fine- to medium-
grained Pleistocene cand tend to cover underlving clays
and sands. The sandy veneer includes the commonplace
surface sand and the fossil dunes and beach bars. Where
swampy the sand is dark brown or black with humic material,
and where well drained it is tan to gray white. Sandy
coquina and marl beds cccur at shallow depths in the sand
along the present-day coast and mark the sites of Pleis-
tocene beaches and inlets. As much as 20 feet of red clay
and sandy clay overlie the Castle Hayne Limestone along
Middle and Topsail Sounds. At a few isolated spots the
surface material is a weathered product of the Castle Hayne
Limestone or Peedee Formation.

The occurrence and distribution of the above sands and clays affect the
water yield potential of various parts of the county. Moderate to large yields
are available from these deposits northwest of Wilmington and south and south-
east of Greenfield Lake where coarse sand is overlain by thick and extensive
fossil dune deposits. Although the water in such deposits is acidic, iron
and hydrogen sulfide are negligible. Small yields are available for domestic
and small irrigation supplies from the finer grained and shallower surface
sands throughout the county.
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HYDROLOGY

GENERAL STATEMENT

The earth's vast but fixed supply of water is kept in endless circulation
by energy supplied from the sun. Water evaporates from the oceans, lakes,
streams, and land surfaces and is carried in the atmosphere as water vapor
until it condenses and falls as precipitation. Part of the precipitation
flows overland as surface runoff, a part is returned directly to the atmo-
sphere by evaporation, a part is transpired by plants, and the remaining
part enters the ground from which it eventually discharges to streams or to

the coast.

Ground water occurs in the spaces between the rock particles in the zone
of saturation. Where the spaces are interconnected and large enough to permit
flow through them the rocks will yield water to wells. Rock units that yield
water to wells are called aquifers. In New Hanover County two types of spaces
that transmit and store water are: (1) the openings between the sand grains;
and (2) the larger interconnected openings, created by solution of some of the
calcareous cement and shell material from the limestone and shell beds. In-
terbedded clay sediments contain numercous pore spaces, but the pores are ex-
tremely small and the yield to wells is so small that they are not considered
0 be aquifers.

Ground water not evaporated to the atmosphere or transpired by vegetation
is eventually discharged to the streams or to the ocean. The discharge of
ground water is facilitated where streams have incised their channels into,
or below, the water table. The discharge of water as springs or seeps in such
topographically low places creates a significant difference in hydrostatic
head between the water level in the interstream and stream areas. New Hanover
County is essentially a peninsula; thus the Northeast Cape Fear and the Cape
Fear Rivers serve as diffuse discharge lines along the west boundary and the
coast serves the same purpose along the east boundary. The upward movement
through the confining beds occurs over large areas, and through the geologic
ages it has been sufficient to cause partial flushing of the original comnnate
Sea water from the aquifers.

The uppermost water-bearing unit includes the surface sand that covers
most of the county to depths of 50 feet or more in places. The lower part of
the surface material is saturated with water; in the upper part the water is
moving downward in response to gravity. The upper surface of the saturated
zZone isfcalled the water table.

All of the sediments below the water table are saturated, not only in the
Surface sand, but also in the underlying limestone, clay, and sand. Where
beds of clay and silt (aquicludes) are impermeable enough to retard the move-
Ment of water, the water in the underlying beds of limestone and sand is con-
fined under hydraulic pressure and is called artesian water. The height to

thi : : : ; i :
.1Ch artesian water will rise in wells forms an imaginary surface called the
¢lezometric surface.




GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

Artesian water moves to discharge areas in many places along the major
streams and the coast. The rate of water movement from areas of recharge to
areas of discharge ranges from a few feet to as much as a few hundred feet
per year.

The aquifers in New Hanover County are recharged by local rainfall.
Areas of significant recharge are identified on the maps showing the piezo-
metric surfaces as the areas having higher water levels, and on the water
quality maps as the areas of lower chloride and of higher iron and hardness
values. These are in the interstream areas where the topography is rela-
tively high. Conditions for recharge are excellent in New Hanover County
because most of the areas are underlain by sand.

AQUIFER CHARACTERISTICS

The quantity of water that an aquifer can hold in storage is governed by
its porosity. Porosity is the ratio of volume of pore space or interstices
to the tctal volume of the rock material and is usually expressed as a per-
centage. Clean, well-sorted sand may have an initial porosity as high as 40
percent, but during its transformation into a sandstone the porosity may be
reduced by compaction and cementation to less than 10 percent. Clay may have
a porosity of 50 percent, but because of the minute size of its pores, a large
percentage of the water stored in clay is retained by molecular attraction.
Consequently, clays and clayey sediments act as aquicludes and tend to retard
water movement.

The permeability of an aquifer is a measure of its ability to transmit
water in response to gravity or to differences in hydrostatic pressure. It
is governed by the size and shape of pore spaces and the degree to which these
spaces are interconnected. A rock unit that is nonporous is also impermeable.
However, water may be yielded freely from rocks of low porosity if the pores
are interconnected and are large enough to freely transmit water. In New
Hanover County, the removal of cementing material from the calcareous sand-
stones and limestones by solution has increased the effective porosity and
permeability of these rocks, thus increasing their water-bearing potential.

The water level in an unpumped well is referred to as the 'static' water
level. Withdrawal of water from a well creates a difference in head between
the water in the well and that in the surrounding aquifer with the result that
water flows toward the well. The surface of the water around the well assumes
the shape of an inverted cone (cone of depression) whose apex is at the well.
(See fig. 12.) The vertical distance between the static water level and the
pumping level is called the drawdown. The area in which water levels are
lowered by the pumping of a well is termed the area of influence.

The coefficient of transmissibility is the quantity of water, in gallons
per day, that will move through a vertical section of an aquifer 1-foot wide
and extending to its full saturated thickness under a hydraulic gradient of
1 foot per foot at the prevailing water temperature. The coefficient of stor-
age is a measure of the volume of water that an aquifer releases from or takes
into storage under a unit surface area by a unit change in head.

S=Eofsle =
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Figure 12.--Diagrammatic sections showing the effect of pumping on
the water table and the piezometric surface.
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The shape, size, and rate of growth of the cone of depression (and thus
the yield of the well) are controlled by the transmissibility and storage
coefficients of the aquifer and the rate and duration of pumping.

The specific capacity of a well is the quantity of water in gallons per
minute (gpm) that a well yields for each foot of drawdown in water level after
a given period of continuous pumping. The theoretical specific capacity can
be calculated from the transmissibility and storage coefficients of the aqui-
fer. The actual specific capacity is found by dividing the yield in gallomns
per minute by the number of feet of drawdown. Comparison of the theoretical
and actual specific capacities is useful in determining the efficiency of a
well,

AQUIFERS CONTAINING FRESH WATER

The deposits underlying New Hanover County may be grouped according to
their ability to transmit water. The productive zones are termed aquifers,
and the relatively nonproductive zones are termed aquicludes. One objective
of the study was to identify and map the productive zones.

The chief fresh~water-bearing zones or aquifers in New Hanover County
are: an indurated calcareous sand in the upper part of the Peedee Formation,
a sandy limestone in the Castle Hayne Limestone, and beds of sand and some
coquina in deposits younger than the Castle Hayne at the land surface.

Peedee Formation

The lowermost productive zone is a bed of sand in the upper part of the
Peedee Formation (see fig. 7). This zone is about 35 feet thick in most of
the county except where it has been partly or entirely removed by erosion;
it dips to the southeast at about 14 feet per mile. It consists-of quartz” «
sand which is usually indurated with calcareous cement and is underlain by ov*'
an aquiclude about 150 feet thick consisting of very fine sand and clay.
Water in this zone is under artesian pressure throughout most of the county.
The permeability of this sand has been increased by solution of its calcar-
eous cement in an area that lies generally northwest of U. S. Route 17. The
specific capacities of wells in this area range from 20 to 75 gpm per foot
of drawdown, whereas they range from 1 to 7 gpm per foot in the eastern part
of the county.

Many of the wells that tap this productive zone in the Peedee Formation
aré of the open-hole type, the casing being set in sandstone or on the over-
lying limestone. These wells are developed by using compressed air to remove
loose sand, silt, and clay.

The zone is generally 10 to 25 feet below land surface in the north-
western part of the county but is more than 150 feet below land surface along
the Atlantic coast. It is overlain by a clay bed that ranges in thickness
from only a few feet to more than 50 feet in places. The clay bed retards
the movement of water both into and out of the sand. The piezometric surface
(fig. 13) is highest in the interstream areas in the central part of the
county. These are the areas in which the sandstone aquifer is recharged.
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Figure 13.--Map showing the piezometric surface of the sandstone aquifer in
the Peedee Formation.
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

This recharge occurs as water moves downward from the overlying beds. The
natural discharge from the sandstone aquifer is in the major stream valleys
and upward through the overlying beds along the coast.

The quality of the water from the sand in the Peedee Formation is accept-
able for most uses. The hardness ranges from less than 60 mg/l (milligrams
per liter) to more than 200 mg/l (fig. 14), the higher values being in the
northern half of the county where the sandstone aquifer shows the greatest
degree of calcium carbonate concentration. Figure 15 shows that the chloride
content generally ranges from 5 to about 200 mg/l. Note that the chloride map
roughly outlines the areas of recharge and discharge. The area surrounded by
the 20 mg/l chloride contour approximates the area in which the Peedee sand-
stone aquifer is receiving recharge, and the area outside of this contour is
approximately the area of discharge. The iron content in samples analyzed
ranges from 0.01 mg/l to 3.0 mg/l in areas of effective recharge (fig. 16).

Castle Hayne Limestone

The Castle Hayne Limestone overlies the Peedee Formation and is a pro-
ductive aquifer in much of the county. The limestone is absent in an area
west and northwest of Wilmington but in other parts of the county it thickens
toward the southeast. It is predominantly a sandy shell limestone, but in
some places it is a hard limestone. The Castle Hayne is readily identified
from well-cuttings, as it is an indurated light-colored fossiliferous lime-
stone. Although it contains some relatively impermeable beds of marl or dense
limestone, much of it is highly permeable; the permeability resulting from
solution of the rock by circulating ground water (LeGrand, 1960, p. 17-18)
(Mundorff, 1945, p. 50).

In the southern part of the county beds of sandy coquina and clay, prob-
ably of Miocene age, overlie the Castle Hayne Limestone. The sandv coquina
yields some water to wells and probably forms a single hvdrologic unit with
the Castle Hayne.

Where the Castle Hayne Limestone is present in the northern part of the
county, it lies near the land surface, but is more than 100 feet deep in the
southern part. The thickness of the Castle Hayne varies greatly from one
place to another, being generally less than 50 feet in much of the county and
more than 100 feet in the southern part (fig. 9).

The water-bearing characteristics of the Castle Hayne are variable from
place to place, depending on the thickness and permeability. The specific
capacities of wells tested range from 4 to more than 50 gpm per fooct of draw-
down. The highest yields obtained from the Castle Hdayne Limestone are in the
area between U. S. Highway 17 and Wrightsville Beach. The water in the Castle
Hayne occurs under water-table conditions in the northern part of the county.
Elsewhere, however, the water may be confined beneath clay beds. Wells gen-
erally tap only the Castle Hayne in the southern part of the countv where the
limestone is thickest, but in the northern part, where it is thinner, the wells
also generally tap both the Castle Hayne and the sand in the Peedee Formatiom.
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Figure 14.--Map showing the hardness of water in the sandstone aquifer in
the Peedee Formation.
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Figure 15.--Map showing the concentration of chloride in water of the
sandstone aquifer in the Peedee Formation.
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Many wells penetrating the Castle Hayne are of the open-end type, the
casing being set near the top of the formation in hard limestone. A few un-
screened wells have been noted to yield water containing coarse quartz sand
and fine gravel from the upper part of the formation, probably from sand-
filled solution channels or cavities in the weathered surface.

The water levels in the limestone (fig. 17) are highest in the interstream
areas, indicating that the formation is recharged locally; water levels are
lowest in the major stream valleys and along the Atlantic coast where natural
discharge takes place. Recharge of the limestone is facilitated in the north-
eastern part of the county where the limestone is shallow and where it is over-
lain by flat-lying sandy material into which precipitation readily infiltrates.

The quality of the water in the Castle Hayne Limestone is acceptable for
most uses. The iron concentration of water samples analyzed ranges from 0.1
to 12 mg/l (fig. 18) and in general decreased from areas of recharge toward
areas of discharge. The chloride content of the water generally is low except
along the Atlantic coast where there may be leakage of sea water into the
limestone. Figure 18 also shows that the chloride concentrations increase in
the areas of discharge--creeks, sounds, and inlets-~-and are greatest along the
coast from Wrightsville Beach northward. The water is moderately hard (61 -
120 mg/1) to very hard (more than 200 mg/l).

Undifferentiated deposits of late Tertiary age

Southwest of Wrightsville Beach the Castle Hayne is overlain by an aqui-~
clude of calcareous clays, sands, and silts containing thin shell beds. This
marly sequence thickens southward from Wrightsville Beach and Barnard Creek
toward Carolina Beach where it is about 75 feet thick. Only very small sup-
plies are available from the thin shell beds and cleaner shallow sands of this
unit. Locally sandy coquina of irregular distribution forms a minor aquifer
at or near the top of the above sequence. Specific capacities of two wells in
sandy coquina (table 1) were 2.6 gpm per foot of drawdown for well 368 and 6
gpm per foot of drawdown for well 381. In four wells for which quality of
water data are available, the iron concentration ranged from 0.3 to 3.1 mg/l,
the chloride concentration ranged from 5 to 22 mg/l, and the total hardness
ranged from 84 to 278 mg/l.

Undifferentiated surface deposits

The slightly inclined rock units previously described are overlain at the
surface by beds of sand, clay, and marl. Such surficial deposits include ter-
raced materials and related beach sands, the present day beaches, sandy coquina
beds marking Pleistocene beaches and inlets, high fossil sand dunes along U. S.
Highway 421 from the Pender County line to Carolina Beach, Pleistocene stream
channels filled with coarse sand, and silty interstream deposits. The surface
material throughout almost all the area contains the uppermost ground-water
body.

The water in the surface material is under water-table conditions through-

out the county. The configuration of the water table approximates the topog-
raphy of the land surface.
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Figure 17.--Map showing the altitude of the water level in wells
penetrating the Castle Hayne Limestone.
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The high altitude of the water table beneath topographic highs in New
Hanover County indicate that the recharge areas are the broad areas between
the streams. The uplands are favorable recharge areas, as they generally
are flat and very sandy. Runoff is low to nonexistent. The streams have
incised their channels into the surface material, and the ground water dis-
charges as springs and seeps along the stream channels.

The thickness and water-bearing capacity of the surface material vary con-
siderably from one site to another. The thickness determined from auger holes,
ranges from less than 20 feet to about 60 feet. The water—bearing capacity de-
pends not only on the thickness but also on the character of the material.

During this investigation the geology and hydrology were further explored
through installation of 8 test sites and observation wells. The results of
these tests are reported and interpreted in the following section of Hydraulic
Characteristics of Aquifers.

The sand dune areas south of Wilmington are similarly underlain by coarse
sand in many places, and the hydrology is thus similar. However, infiltration
from the tidal creeks and the river must be prevented because the Cape Fear
River estuary 1s quite brackish downstream from Wilmington. Brackish water
extends farther up the Northeast Cape Fear than up the Cape Fear River. There-
fore, all infiltration wells to be screened in the dune sand and stream de-
nosits adjacent to the Northeast Cape Fear River between Wilmington and Castle

yne should be managed carefully to avoid lateral salt-water encroachment.

Elsewhere, small yields are available for small irrigation and domestic
supplies from the finer grained and shallower surface sands throughout the
county.

The iron content in water from the surface material generally is high
everywhere except adjacent to creeks, sounds, and estuaries, ranging from 0.01
to 12 mg/l. However, in the sand hills area the iron content of the water is
less than 0.3 mg/l except near the rivers where some infiltration probably
occurs.

The chloride concentration is less than 20 mg/l throughout the county in
the surface sands. Where the sands are adjacent to parts of the Cape Fear
River that contain brackish water, the risk of drawing brackish water into
the sands is increased by pumping of wells.

The hardness of the water in the surface sediments ranges from soft (less
than 60 mg/1l) to moderately hard (61~120 mg/l) throughout most of the county.

Large yields of water have been obtained from wells in the sand hills area
between the Cape Fear River and Northeast Cape Fear River north of Wilmington.
A yield of 1,100 gpm was obtained from a multiple well-point installation for
Several weeks during construction of the Sutton Power Plant in 1952 (LeGrand,
1960). One large pond near well 105 on the east bank of the Cape Fear River

T reported to have a similar high yield. Well 108 which taps the dune sand
48 been tested at 480 gpm at 7.0 feet of drawdown--or a specific capacity of
69 gpm per foot of drawdown. However, specific capacities of wells at the
Nearby Nitrex Plant range from 2 to 15 gpm per foot. Screens for naturally
deV810ped wells in these sands range from 35 to 60 slot size.
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Previous investigators (LeGrand, 1960, and Thompson, 1941) have noted the
permeable character, the lack of surface runoff from, and the infiltration
potential of the above sand hill deposits. LeGrand (1960) suggested that
about 90 percent of the prcipitatiqn in the sand hills area soaks into the
ground, and estimated that about 730 million gallons a year per square mile
becomes ground water. He also indicated that because of the great perme-
ability of the sand, the ground water discharges readily into the swamps bor-
dering the rivers, and the water table is nowhere more than a few feet above
river level. He further suggested that water from the rivers could be induced
as additional recharge to the sand where water levels are lowered below river
level by pumping wells and cautioned that where recharge from the river occurs,
the chemical quality of the water pumped from the sand may be objectionable
where the river water is brackish.

HYDRAULTC CHARACTERISTICS OF AQUIFERS

A phase of the ground-water study was designed to determine such charac-~
teristics as the coefficients of transmissibility and storage of the aquifers,
and the specific capacity of wells drawing from the several aquifers. Aquifer
characteristics were determined by making pumping tests on test wells, selected
irrigation wells, and domestic wells; assisting well drillers in making pumping
tests on wells following construction; evaluating drillers' records of previous
pumping tests; comparing tidal fluctuations in wells with the corresponding
ocean tides, and making pressure recovery tests on flowing wells. The test
data are presented in table 1. The well numbers correspond to the numbers
shown on the well location map (fig. 3).

For those tests which were of less than 24-hours duration, the specific
capacities are shown as measured at the end of the tests. The adjusted 24-
hour specific capacities are then tabulated in the following column, and
plotted on figure 19. The coefficients of transmissibility are calculated
from pumping-test data or estimated from specific-capacity data. The satu-
rated thickness of an aquifer is given where that information is available.
The approximate field permeability may be calculated at some well sites by
dividing the transmissibility by the saturated thickness.

Specific-capacity data derived from the tests of 1-1/2- and 1-1/4-inch
wells are affected by incomplete development, partial penetration of aquifers,
pipe friction, and screen losses. Adjusted specific capacities of small dia-
meter wells in the sand hills northwest of Wilmington differed from the ob-
served specific capacity of the 10-inch gravel-packed wells at the Sutton
Plant by a factor of about 1 to 20. Calculated coefficients of transmissi-
bilities differed by as much as 1 to 4.

Comparison of the tested coefficients of transmissibility of wells 51 and
107 with those of established production wells in the area indicates that the
coefficients of transmissibility of the coarse sand most reasonably range from
50,000 gpd (gallons per day) per foot in the north near the Pender County line
to 100,000 gpd per foot in the vicinity of the Sutton Plant. The sand is also
known to thicken in this direction. From the above transmissibilities and the
observed ground-water levels the sand hills area is calculated to be discharg-
ing 0.88 to 2.0 mgd (million gallons per day) per square mile to the surrounding
river and underlying formations. Of the 50 inches of annual precipitation 18,5
to 41 inches is contributed to ground-water recharge.
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Figure 19.--Map showing measured specific capacities of wells with depths




GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

The amount of ground-water discharge that can be salvaged as potable
water depends upon future well-field design and development, the degree to
which the area is left unpaved, and the manner of disposal of industrial
wastes. The moderate coefficient of transmissibility and high coefficient
of storage indicate that the coarse sand deposits can be developed using
infiltration galleries, open ponds, multiple well points or large—diameter
gravel-packed wells.

The data from the sand hills area northwest of Wilmington indicate that
yields from wells 8-inches in diameter, gravel packed to a nominal 16-inch
diameter with 20 feet of screen, and spaced at least 500 feet apart will be
at least 250 gpm. Similar yields shiould be expected from such well-field
designs in the sand-dune area south of Wilmington where underlain by coarse
sand. Larger yields may be obtainable as a result of induced infiltration in
areas where the sands are hydraulically connected with the rivers, such as at
the Carolina Power and Light Company's Sutton Plant and along the Northeast
Cape Fear River below Castle Hayne. Care must be exercised, however to pre-
vent infiltration from the rivers where they contain brackish water. Brackish
water extends upstream in the Cape Fear River as much as 10 miles above
Wilmington during periods of low flow. This fluctuation in quality of water
from time to time requires careful planning of ground-water development near
the river.

Elsewhere the specific capacity of a properly designed and developed well
generally is found to be at least 3 gpm per foot of drawdown throughout the
county (fig. 19). Minimum yields of 150 to 250 gpm of potable water may be
developed almost anywhere in the county.

The specific capacity of wells in the watershed of Smiths Creek north of
Wilmington is greater than 20 gpm per foot of drawdown. Here, the sandstone
aquifer, containing some calcareous material, has undergone solution and
channels (fig. 19) in its upper surface contain up to 30 feet of coarse sand.
Solution in the aquifer may account in part for the abnormally high specific
capacity of well 112. Wells having exceptionally high specific capacities
also are found in the limestone aquifer at Porters Neck (well 82) and near
Wrightsville Beach (well 251). However, high specific capacities of wells in
the limestone is much more sporadic than in the other aquifers.

The prohibitive cost of drilling test wells and the limited time avail-
able made it necessary to collect most of the data from existing privately
owned wells. Thus, the available hydrologic data from remote and unpopulated
areas are less than desired. Specifically, the position of the salt-water
interface and information on the water-bearing characteristics of the sand-
stone aquifer are unavailable in the southern tip of the county. In areas
where the geology is known but the hydrologic data are deficient, the aquifer
characteristics are estimated by projecting known data from similar geologic
situations.

The information presented in this section does not preclude the necessity
of drilling exploratory wells when the desired quality of water is critical
or when the needed quantity of water approaches the limits indicated in this
report.
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WATER-LEVEL FLUCTUATIONS

Observation wells were established in the different aquifers during the
initial phase of the study to measure changes in ground-water storage.

Despite heavy rains ground-water storage is least during June, July, and
August when evapotranspiration demands are greatest, and again during December
after the fall "drought.” The water level is highest in late February and
early March during the period when winter rains are heavy and vegetation id
dormant. There is frequently a secondary peak in ground-water levels in Sep-
tember resulting from heavy rains.

LOW-FLOW DISCHARGE MEASUREMENTS

The low~flow discharge of streams, sometimes called the '"base flow," is
that streamflow which occurs during long periods of fair weather. This flow
is derived entirely from ground-water discharge. In order to evaluate the
amount of ground water discharging in New Hanover County, measurements were
made of the low flow of Smiths, Prince George, and Todds Creeks, as well as
the flow from Greenfield Lake. These creeks and the lake are important areas
of ground-water discharge in New Hancver County and may represent significaent
sources of water supplies.

In October 1965 a low-flow recession recorder was placed in operation on
Smiths Creek about 500 feet southwest of N. C. Highway 132. Data from this
ecorder were used to determine what part of the streamflow is supplied by
ground water. The streamflow in Smiths Creek, water levels in well 141, and
the precipitation at the New Hanover County Airport are shown for the period
from October 1965 to March 1966 in figure 20.

Smiths Creek has a drainage area of 8.9 square miles upstream from the
low-flow recession recorder. It is a rural, sparsely populated area of which
two—-third: is forest-covered and one-third is agricultural. Large ground-
water witndrawals are not known in the area.

Figure 20 illustrates the relationship between precipitation, ground-
water levels, and streamflow variations. During the period from late October
through December the total precipitation at the nearby New Hanover County Air-
port totaled only 2 inches. Although plant transpiration and evaporation
were low, they utilized nearly all the precipitation, and very little ground
water was added to storage. Thus, the water level in well 141 declined at
the nearly uniform rate of 0.03 feet per day. The ground water discharge
into Smiths Creek, as indicated by the nearly horizontal segments of stream-
flow graph during this period, was approximately 2 cfs (cubic feet per second).

During the period from early January through the middle of March, when
evapotranspiration losses were still at a minimum, the increased precipitation
resulted in a rise in the water level in well 141 at rates of about 0.06 to
0.03 feet per day. As the aquifers became saturated a decreasing amount of
the available precipitation went into storage and the contribution to stream-

.ow was correspondingly increased.
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

PRECIPITATION IN INCHES
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Figure 20.--Composite graph of precipitation at the New Hanover County
Airport, discharge from Smiths Creek, and fluctuations of
the water level in well 141.

On March 16 the water level in well 141 declined sharply possibly due to
reduction of backwater effects in Smiths Creek combined with increased evapo-
transpiration. If it can be assumed that the evaporation losses and the pre-
cipitation from late October to January were similar to those from March 15
to April 25, then the 0.0l foot per day increase in the water-level decline
in well 141 during that period can be attributed to plant transpiration.

The January 4, 1966, low-flow discharge of 1.8 cfs at the station on
Smiths Creek represents about 1.2 mgd of ground-water effluent. The April
25, 1966, low flow of 1.6 cfs (1.07 mgd) is about 89 percent of its January
rate.
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HYDROLOGY

Greenfield Lake is on the southern edge of the city of Wilmington. It
has a drainage area of 4.1 square miles and was discharging 3.1 cfs (1.9 mgd)
of water at the spillway on December 8, 1965. The streams draining into the
lake are quite short, and their gradients range from 30 to 50 feet per mile.
Thus the lake is in effect a very large spring. Although storm sewers drain
into the lake, sanitary sewage lines do not.

Prince George Creek has a drainage area of 2.4 square miles above its
intersection with the Blue Clay Road (rural road no. 1318). Most of the area
is forest land. The December 9, 1965, discharge of 0.22 cfs represents 0.14
mgd of ground-water discharge.

Todds Creek has a forest drainage area of 0.03 square miles above its
intersection with N. C. Highway 132. The December 9, 1965, discharge was
0.11 cfs (0.07 mgd).
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QUALITY OF WATER

The quality of ground water in New Hanover County is influenced by the .
chemical and physical character of the water as it enters the ground and by
the composition of the rocks through which it moves. Rainwater usually con-
tains dissolved gases, chiefly oxygen and carbon dioxide, that make it slightly
acidic and thus capable of dissolving mineral matter from the rocks comprising
the aquifers. The chemical quality of water varies considerably between areas
of recharge and areas of discharge. Shallow ground water in the county has a
low hardness where the Pleistocene and Miocene sediments are not composed of
soluble carbonates. Because of the water's acidity and the high solubility of
iron in acid water, iron is leached from minerals in the aquifer. As water
moves through the aquifer toward the discharge areas it tends to increase in
mineral content, chiefly because of the solution of calcareous cement.

DISSOLVED MINERAL CONSTITUENTS

Chemical compounds of calcium, iron, potassium, sodium, magnesium, and
most other common metals make up most of the dissolved mineral matter in ground
water. Chemical analyses of water sampled from various aquifers in New Hanover
County are given in table 2; partial analyses are reported in table 5. Complete
analyses were made to give adequate areal and chemical representation of the
individual aquifers. The sampling sites were chosen on the basis of data
obtained from partial analyses.

The chemical analyses in this report are expressed in milligrams per liter
(mgf1). As of October 1, 1967, the U. §. Geological Survey reporis results of
chemical analyses in milligrams per liter (mg/l) instead of in parts per million
(ppm). In the fresh through moderately saline water range, mg/l are virtually
equal to ppm. The following discussion gives pertinent information concern-
ing the geologic source of dissclved mineral constituents, the recommended
limits of the U. S. Public Health Service, methods of treatment, and their
significance in relation to use.

SPECIFIC CONDUCTANCE

Specific conductance is a measure of the capacity of water to conduct an
electric current. The conductance is primarily dependent upon the amount of
dissolved constituents and their degree of ionization. Therefore, specific
conductance values may be used to estimate the total amount of solids in solu-
tion. They are expressed in reciprocal ohms times 106 (micromhos) at a standard
temperature of 25°C.

HYDROGEN-ION CONCENTRATION (pH)

The hydrogen-ion concentration, expressed in pH units, is the degree of
acidity or alkalinity of the water. The pH of a solution is the negative log-
arithm of the concentration of the hydrogen ion in moles per liter. Numeri-
cally, the pH scale extends from O to l4. A water having a pH value of 7 is
said to be neutral, and the concentration of hydrogen ions is equal to the
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QUALITY OF WATER

.oncentration of hydroxyl ions. A water having a pH value greater than 7 is
referred to as basic; that is, the concentration of hydroxyl ions exceeds the
concentration of hydrogen ions. Conversely, if the pH is¢ less than 7 the hy-
drogen ions exceed the concentration of hydroxyl ions and the water is said
to be acidic. Inasmuch as the pH values are the numerical change to the log-
arithmic base, a water with a pH of 3 is ten times as acid as water with a pH
of 4, and conversely a water with a pH of 9 is ten times as basic as a water
with a pH of 8. The pH values are important indicators of the corrosive po-
tential of ground water. Acid waters generally are more corrosive than alka-
line waters. :

The pH of ground water was determined by the author using a pH meter
calibrated by standard buffer solution before each measurement. The water
was pumped until its temperature stabilized, and then it was conducted by
closed system to the pH cell. Most artesian water in the county had a field
pH slightly greater than 7.0. The pH of waters that remained in sample bottles
for several days ranged up to 8.2.

- i s . TEMP ERABURE v g

The temperature of most water samples from New Hanover County ranged from
64 to 66°F. The average annual air temperature at the Wilmington weather sta-
tion is 63.8°F for a 30-year periocd of record. Higher temperatures noted in
table 2 were caused by warming of the water by the sampling pump or while in
above-ground storage tanks. The higher temperatures of water from wells 87
and 347 are related to the relatively great depths to the aquifers at these
wells.

SILICA (Si02)

Silica in ground water is derived from the weathering of silicate minerals
that are common in the Coastal Plain materials. Except when present in high-
pressure boiler feed or steam—turbine water, high concentrations of silica in
ground water are not objectionable for most industrial processes. The concen-
trations of silica range from 4.1 to 45 mg/l and are highest in water from the
limestone aquifer in New Hanover County.

CALCIUM (Ca) AND MAGNESIUM (Mg)

Compounds of caleium and magnesium are abundant in the limestones, marls,
calcareous sands, and sandstones in the county and impart most of the hardness
to the water. The ions of calcium and magnesium are similar in chemical reac-
tion insofar as most water uses are concerned and are considered together in
this report. Circulating acidic water dissolves calcium carbonate and carries
it in solution as calcium bicarbonate. The quantity in solution is directly
related to the carbon dioxide content of the water. The reaction is reversible
so that where carbon dioxide is being released, such as at the screen and well
head where there is a decrease in pressure, calcium carbonate is redeposited.
In one well near Myrtle Grove, carbon dioxide (identified by chemical test) is
occasionally released in sufficient quantities to cause cavitation of a 1/2-
orsepower centrifugal pump.

The calcium and magnesium concentrations of well water in New Hanover
County are given in table 2.
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

SODIUM (Na) AND POTASSIUM (K)

Concentrations of sodium and potassium in New Hanover County are low in
ground water, except in wells 300 feet or more in depth, and in shallow wells
near the coast, Along the sounds and beaches brackish water contains rela-
tively high concentrations of sodium as well as chloride.

Water containing as much as 50 mg/l of sodium and potassium may be used
for most domestic purposes; however, greater concentrations may cause foaming

in high-pressure boilers. Sodium and potassium do not impart a noticeable
taste to water in concentrations of less than several hundred milligrams per
liter.

BICARBONATE (HCO, AND CARBONATE (COB)

5

Ground water in New Hanover County is principally the bicarbonate type
with calcium and magnesium as the dominant cations. Where the chief catioms
are calcium and magnesium the water is usually hard. As demonstrated by water
from well 87, the sodium ion is sometimes exchanged for the calcium and mag-
nesium ions to produce a soft sodium bicarbonate water. This ion exchange
principle is used in the zeolite softeners for domestic and industrial water
supplies.

Bicarbonate has little effect on the domestic use of water, but it may
cause foaming and scale formation in some industrial uses.

FEFATE 8
SUL L O;)

Sulfur-bearing minerals such as pyrite and marcasite are present in the

sediments beneath the county. These minerals, and the calcium and magnesium
= ~-gulfates frequently associated=with.shelland..linestone.heds .are soluble in .. .

ground water. Sulfate is also contributed to rainwater from airborne salt
spray and industrial pollutants. Except in the -deep test holes (wells 87
and 347), sulfate in water tested in the county did not exceed the U. S.
Public Health Service recommended limit of 250 mg/l. However, sulfate may
be reduced by bacteria and decaying organic matter to produce hydrogen sul-
fide and sulfur. The gas, hydrogen sulfide, a common nuisance in coastal
counties, has an offensive rotten-egg odor; and when dissolved in water,
forms a weak acid and imparts a characteristically disagreeable taste. The
odor of these reduced waters can usually be remedied by chlorination to pre-
vent bacterial growth. The effectiveness of both aeration and chlorination
in the removal of H,5 is dependent upon the pH of the raw water.

CHLORIDE (Cl)

Small amounts of chloride are available from the decomposition of igneous
rocks. However, the original source of most oceanic chloride is probably from
volcanic gas and hot spring emanations associated with volcanic activity.

More than 90 percent of the dissolved solids in the oceans are chloride salts,
and the chloride ion concentration ranges from 19,000 to 20,000 mg/l in sea
water. Chloride salts are incorporated within the porous sediments when they
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QUALITY OF WATER

are deposited or submerged beneath the ocean. Airborne salt spray also con-
tributes chloride to the aquifers in coastal areas {(Wait and Callahan, 1965).
The rate of flushing of these aquifers by fresh water depends on time, the
hydraulic head, and the composition of the flushing water.

Chloride concentrations are less than %0 mg/l in waters from the water-—
table aquifer. Chloride concentration is less than 20 mg/l in the limestone
aquifer (fig. 18), except along the estuaries and sounds where it ranges from
50 to 400 mg/l due to lateral encroachment ¢f brackish water. Encroachnient
of brackish water is a problem, especially where dredging of the Intracoastal
Waterway along Middle Sound has breached the permeable Castle Hayne Limestone.
Chloride concentration in the sandstone aquifer (fig. 15) is less than 50 mg/1l
everywhere within the interior of the countv at depths of less than about 200
feet. FExcept in areas of heavy pumping, chloride concentrations in this aq-
uifer along the sounds and at Wrightsville Beach range from 50 to 260 mg/1.

No information is available from the southern end of the county where the
sandstone aquifer lies below a depth of 200 feet. 1In test wells 87 and 347
the chloride content of the water is about 3,000 mg/l at a depth of 300 feet
and more than 8,000 .mg/l at a depth of 600 feet.

The U. S, Public Health Service recommends that the chloride content not
exceed 250 mg/l in water used for domestic and public supplies. The chloride-
contamination problem is further discussed in a following section.

FLUORIDE (F)

Fluoride in ground water is due to the solution of fluoride-bearing
minerals such as apatite, fluorapatite, the phosphates, the micas, hornblende,
and organic matter such as shells. The micas, phosphates, and shells are
prevalent in the sediments of the county and probably contribute most of the
fluoride in the ground water.

Fluoride in concentrations between 1.0 and 1.5 mg/l in drinking water
aids in reducing tooth decay in children. In concentrations greater than
1.5 mg/l fluoride may cause permanent mottling of the teeth (dental fluorosis)
when used by children (Maier, 1950, p. 1120-1132. Fluoride concentrations
averaged 0.2 mg/l and ranged from O to 0.5 mg/l in all ground water tested
in wells as much as 200 feet deep.

NITRATE (NOB)

Nitrate in ground water is generally ceonsidered to be the final oxidation
product of nitrogeneous (organic) waste. A nitrate concentration in excess of
3.0 mg/1 generally would indicate a nearby source of pollution. Shallow dug
wells and well points are most often subject to pollution from sewage, fertil-
izers, and polluted surface waters.

The so-called '"blue-baby'" condition is a possible hazard when water con-
taining nitrate concentrations in excess of 45 mg/l is mixed in feeding for-

mulas. Water from all but one of the wells tested in the county had nitrate
councentrations less than the U. 5. Public Health Service recommended maximum
of 45 mg/1. Well 115, which draws watér from beds of permeable sand, is prob-

ably contaminated by nitrogen fertilizers.
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

PHOSPHATE (PO,)

Phosphate in ground water may result from the solution of apatite or
phosphate fertilizers. Phosphate concentrations in ground water tested in
New Hanover County were below 0.4 mg/l.

ALUMINUM (Al)

Aluminum is a very common element in the earth's crust. However, high
concentrations of aluminum are not common in ground water because this metal
is only slightly soluble in water under the conditions that prevail in New
Hanover County. Aluminum concentrations in ground water tested were below
0.5 mg/l.

IRON (Fe) AND MANGANESE (Mn)

Iron in excess of 0.3 mg/l is objectionable for many uses. Excessive
amounts of iron and manganese impart a reddish-brown color to utensils,
plumbing fixtures, and laundry. It also interferes with dyeing and the man-
ufacturing of some products, such as paper and photographic film.

Excessive iron concentrations are common in water in the shallow sedi-
ments in the county. The shallow ground water generally is more corrosive
than deeper water. Oxygen and carbon dioxide are the principal constituents
of ground water causing corrosion. As the shallow water moves downward
through the soil and other sediments, the oxygen is used up in the oxidation
of organic and inorganic matter; the carbon dioxide reacts with carbonates to
form bicarbonates.

it is not always apparent whether the iron is in the water as it enters
the well, or whether it is dissolved from the well casing and pipes. It is
important to determine the source-of the iron, whether dissolved from the
rocks or the pipes, before methods for its removal are employed.

Iron concentrations in the water sampled are generally more than 1 mg/l
from wells in the water-table aquifer, between 0.3 and 4.0 mg/l for water
from the limestone aquifer, and less than 0.3 mg/l in the sandstone aquifer
in areas along the Atlantic coast and the Cape Fear and the Northeast Cape
Fear Rivers.

The chemical behavior of manganese in water resembles that of irot.
However, since manganese is much less abundant in rocks, its concentrations
in ground water are generally lower than iron concentrations. The U. S.
Public Health Service recommends that manganese not exceed 0.05 mg/l in
drinking and cooking water. Ninety-one percent of the water samples analyzed
for manganese contained less than 0.05 mg/l. Manganese ranged from 0.0 to
1.5 mg/l in ground water in New Hanover County.
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QUALITY OF WATER

DISSOLVED SOLIDS

Total dissolved solids are the residue after a given volume of water has
been evaporated and dried at a definite temperature (180°C by the U. S. Geo-
logical Survey methods). Computed dissolved solids are equal to approximately
one-half the bicarbonate plus the sum of the other chemical constituents in

milligrams per liter. Computed dissolved solids are used in the report, un-

less stated otherwise.

The U. S. Public Health Service recommends that dissolved solids in public
water supplies not exceed 500 mg/l. Except in cases of chloride contamination,
dissolved solids are less than 500 mg/l in ground water in New Hanover County.

HARDNESS

Hardness of water is usually recognized by the increased amount of soap
necessary to form and maintain a lather. Hard water is objectionable not only
because of its soap-consuming properties, but also because it forms scale in
boilers and, to a lesser degree, encrustations in cooking utensils. The
principal dons that produce hardness in ground water are calcium and magnesium,
which have been discussed in a pPevious section. The following classification
of water hardness is used by the U. S. Geological Survey.

Hardness as CaCO3

(mg/1) Classification
0 - 60 Soft water
61 - 120 Moderately hard water
121 - 200 Hard water
More than 200 Very hard water

Figure 14 shows the areal distribution of the hardness in the sandstone aquifer.
Most of the water in the county with the exception of that from the water-table
aquifer would be classed as hard to very hard water of the calcium-bicarbonate

type.

Hardness in excess of that equivalent to the carbonate and bicarbonate
present in the water is referred to as noncarbonate hardness.

OCCURRENCE OF SALTY WATER
AND ITS POSSIBLE ENCROACHMENT

In New Hanover County it is important to know where the salty water occurs
in the ground as well as in the major rivers so that fresh water can be devel-
oped without encroachment of salty water. The county is underlain by aquifers
containing brackish to highly saline sea water. The overlying reservoir of
fresh water exists in dynamic equilibrium with the underlying and surrounding

salt water.
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

The contact between fresh water and the underlying salt water lies within
the Peedee Formation everywhere in the county except in the limestone near the
sound at Porters Neck. The upper part of the Peedee contains fresh water.

The data from several deep wells indicate that saline water progressively
increases in chloride concentration to basement. Figure 6 shows the general
configuration of the top of a sand bed in the Peedee Formation that contains
more than 3,000 mg/l chloride, and indicates that the top ranges from about
180 feet below mean sea level in the western part of the county to about -340
feet below sea level in the eastern part.

The chloride and other pertinent data from two deep test wells drilled
during this investigation and the available data from all previously known ex-—

ploratory wells are summarized below in table 3.

Table 3.--Summary of deep test well data

Table J.--Summary of deep test well data
— —— — =R n SR B0 e = - — o
T !Dopth of | Elevation | Water level |
{ | sample | of land above sea Temper- |
Date tell |below msl surface level Chloride | ature
Name Drilled | No. (ft) Formation (ft) (ft), (mg/1) ! (°F) P Remarks
| |
et e e R o et e L LI TaN
Olsen  near 1965 87 278 32 ! 18 B3 67.5
Murravsville | | 557 40 8,780 69
|
| {
Edwards, about 1965 347 300 Pzedee 22 12 2,860 68.9 6.8
2 miles NW of ‘ 596 Tredee | 40 8,310 70 i ]
Mvrtle Grove ’ :
' 1953 261 | 235 5 630 } rown, 195
‘ 350 J 1, 000+
Allied Kennecot ‘ |42 ) 294 Fredee i7 f Yrackjsi watar
i ) ‘ reported
Carolina Power J { Near| 3g0 3 l 3
& Light | o8 ,
! |
Swart Dairy | 7 | 335 d 33 28 5.0 |
| , , approx.
! : l '
Fort Caswell | 1903 | 1,540 Tuscalooss 8,000+ | 89 Ealty EvoR 163
' ' I ‘ [e— to 1,340
Carolina Trucking ( 1905 A\’Cﬂfr 250-318 Feedes 20 Yonflowing ’ Reperued salev,
Development Co. I 318-330 Peadee i 20 Flowing Clarx and
' ! i athere, 1917
a5 | 2 e —— — e

,' 015
|
il

Saline waters from these aquifers are possible sources of bromine and
other rare salts. Too, the chloride-total hardness ratios in these waters
are such that they possibly may be used to regenerate sodium cation water
softeners. With suitable noncorrosive plumbing, their high temperatures
could be employed for heating. There is a possibility that these aquifers
could be used for disposal of industrial wastes.

Ocean water lies everywhere off the county's eastern shore and moves
with the tides up and down the Cape Fear and Northeast Cape Fear Rivers and
most of the larger creeks. The distance traveled depends upon the volume of
downstream flow and the height of the tides. The denser sea water moves
wedge-1ike along the stream bottom, and the fresh water flows out above it;
however, turbulence causes some mixing along the salt-water interface. Where




QUALITY OF WATER

infiltration occurs, the quality of water from wells located near the ocean
and river estuaries is dependent on the salt content of the water that in-
filtrates and the proportion it represents of the water pumped.

The position of the salt-water interface beneath New Hanover County de-
pends upon the height of the fresh water above sea level and the density of
the sea water. Due to the difference in density between fresh water and salt
water, fresh water floats upon salt water much as o0il does upon water in ac-
cordance with Archimedes' primciple. In a small land body composed of ho-
mogeneous sand and surrounded by water a reduction in the fresh water level
of one foot will theoretically cause a corresponding rise in the underlying
sea water of 40 feet. Although exact conformance with the above principle
does not occur in New Hanover County or in most coastal aquifers due to dif-
fusion or mixing along the salt-water interface (fig. 21) (Kohout, 1961, and
Cooper and others, 1964) variation in vertical and horizontal aquifer per-
meabilities, and incomplete encirclement of the county by sea water, a small
decrease in the height of the fresh water above sea level may result in a
much larger upward movement of the salt-water interface. Thus, a reduction
- in. rainfall or an increase in the withdrawal of water by pumping, swamp
drainage, or dredging reduces the hydrostatic head and results in a corre-
sponding encroachment of the salt water.

Land surface

Fresh water

Figure 21.--Diagram showing the circulation of salt water and
fresh water in a coastal aquifer. (Include credit in title).
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

Figures 15 and 18 show that the chloride concentrations are greater in
the vicinity of creeks, sounds, and estuaries where the hydrostatic head
approaches zero. This is shown also at Kure, Carolina, and Wrightsville
Beaches where the hydrostatic head has been lowered by pumping. The result
has been a slight upward movement of salt water or lateral movement of sea
water from the ocean and estuary, or both. Where lateral encroachment of
saline water occurs in the shallow aquifers, such as along the Cape Fear River
and the sound at Porters Neck, entrance of salt water to the well may be pre-
vented by extending the well casing through the contaminated zones and de-
riving water from the fresh zones below. Vertical encroachment can be con-
trolled by well-field design and management practices that decrease the draw-
down of the water level and spread the cones of depression over a wider area.
Proper practices include pumping more wells at lower rates and using multiple
well points and infiltration galleries for shallow installations.

Although chloride contamination is not a serious problem in New Hanover
County, the fact that it can happen is borne out by the increased chloride
content of the Wilmington wells pumped at high rates during the drought of
1940, and by the recent increase of chloride in wells 342 and 257.

Data are insufficient for making quantitative determinations of safe
yields for wells in the several aquifers at any specific point in the county.
In areas of heavy pumping it is advisable to monitor the chloride content of
the water at the point of pumping and in surrounding observation wells. This
method is being used by the Superior Stone Company for advanced warning of
contamination.

The quality of ground water near the rivers may be influenced by the
quality of the river water. Chloride concentrations and other chemical data
collected by the U. S. Geological Survey on the Cape Fear and Northeast Cape
Fear Rivers are given in Bulletin 1, volume 7, of the North Carolina Depart-
ment of Water Resources (Woodard and Phibbs, 1965). A typical chemical anal—
ysis of sea water is given in table 4 for those constituents that occur in
excess of 1 mg/l.

Table 4.--The composition of sea water

Concentration
Constituent ___{mg/1)
Cirktnrtdie (e . o PR R s A e 18,980
e I o o o Yol o o o8 ot o 47 e e o 10,560
Sulfate (804) ................................. 2,560
N o T e 5 o b N S s o s 01 3 1,272
Calicium (Cm)iadea's ST IEI0! o oo gy R O TSR Py A 400
BioEae oI (s stot e sher 5 o gl al ol v =AY oo 380
Bicarbonate (HCO3)..cevrvncnnernnnenn, g wre e B 142
i MLT A HEAIT AVl o Y | s 65
S e e S A L T e o R LGS 0 E s o i B L3
(oot M s R R 7 2 o VT el 0 0 Crosa A= PR T 4.6
[ p e R AR o o S R 8 e o 1 e n ) A 1.4

(Adapted from Rankama and Sahama as given in Hem, 1959.)
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WELLS AND WELL CONSTRUGTION

Existing privately owned wells and test wells drilled for or by the
U. S. Geological Survey were the source of most of the data used in this
report. Data for these wells are given in table 5 at the end of the report.
The 412 wells inventoried are numbered horizontally across the map of the

county and are shown in figure 3.

The well data indicate that problems encountered in obtaining adequate
supplies of well water of good chemical quality may result from inadequate
well construction. Wells frequently have a low specific capacity because of
poor construction or development methods, and they may produce water of unde-
sirable chemical quality because they tap the least desirable of several
aquifers. The following section on well construction, adapted in part from
Wyrick (1966) is included to help minimize some of the problems by improved
well design.

Water-well construction is usually governed by the owner's water needs
and the cost of the well. As the owner must determine what his requirements
are, the following discussion describes the various methods of well con-
struction and the advantages and disadvantages of each. The types of wells
constructed in New Hanover County are shown in figure 22. These wells fall
into three categories; bored wells, driven wells, and drilled wells. 1In
figure 22 diagram A is a large dug well, the next onme (B) is a driven well,
and the others shown are drilled wells.

Where large quantities of water are needed for irrigation, ponds are
frequently dug and used as wells. The chemical quality of the water is com-
parable to that from shallow driven wells. Infiltration galleries and mul-
tiple well-point installations also may be constructed where domestic needs
preclude the use of open ponds or where caving is a problem.

Driven wells are constructed by driving a length of steel well casing
with a pointed drive-screen into a sandy water-bearing zone. The well is
developed to clear the finer sandy material from the screen area and then
equipped with a pump. Driven wells in New Hanover County are usually 1-1/4-
to 2-inches in diameter and less than 30 feet in depth.

Several types of drilled wells are constructed in New Hanover County.
Among these types'are: open-end wells, single~ or multiple~screened natural-
development wells, and the single~ or multiple-screened gravel-pack wells.
Multiple-screen wells may also be naturally developed, but none of this type
were found in the county.

Well C in figure 22 jillustrates the open-hole type of well. This type
is constructed by drilling into consolidated rock, such as the Castle Hayne
Limestone, and setting a steel casing in the top of the consolidated rock.
Usually the well is then deepened to the sandstone aquifer of the Peedee
Formation and cleaned by pumping. This type of construction is restricted
to areas which are underlain by materials sufficiently consolidated to insure
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Figure 22.--Diagram showing types of wells constructed
in New Hanover County.

that the hole will remain open belcw the bottom of the casing. This is the
most common type of construction for domestic wells in the county.

The screened naturally developed well is illustrated by diagram D in
figure 22. This type of well is constructed by drilling into a sandy ag-
uifer and setting a steel casing with one or more screens on the lower end
so that the screens are in the sandy aquifers. The well is developed bv
washing fine sand and clay particles from the aquifer around the screen. In
this method of construction it is important that the screen openings be large
enough to allow about 50 to 70 percent of the fine sand in the aquifer to
wash into the well. In developing the well by pumping and surging, the fine
material of the aquifer is washed out of the well and the nearby formation,
leaving coarse, more permeable material packed around the screen. Common
problems in this type of well construction usually include (1) poor well de-
velopment due tec improper screen size or insufficient surging and pumping,
and (2) setting the screen so that part of the screen openings are blocked
by clay layers.

Screened gravel-packed wells are illustrated by diagrams £ and F in fig-
ure 22, This type of well 1s constructed by drilling a hole through one or
several aquifers, reaming or washing a large diameter hole in each aquifer to
be screened, setting a casing with screens spaced in the casing at each reamed
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WELLS AND WELL CONSTRUCTION

aquifer, pumping gravel into the large diameter holes outside of the screens,
and developing the well to remove drilling clay and fine material from the
gravel zones. The gravel packing effectively increases the radius of the
well in each aquifer. This, in turn. increases the specific capacity of the
well. Generally, only municipal or industrial wells are constructed in this

manner because of the greater cost.
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CONCLUSIONS

New Hanover County is underlain by sediments ranging in age from Creta-
ceous to Holocene. These sediments occur in layers most of which tend to
slope at low angles toward the Atlantic coast. They are composed of sands,
clays, and limestone, and lie on a floor of hard comnsolidated rocks at a
depth greater than 1,000 feet. A very large volume of water is stored in
the sediments of the Coastal Plain, but sediments below depths of approxi-~
mately 300 feet contain water that is too salty for normal use.

The usable ground water in the county occurs in three major aquifers.

The uppermost aquifer is that of the surface sands, of Miocene and Pleisto-
cene age, that extend over the county. This aquifer is especially important
along the western edge of the county where sand dunes overlie coarse sand of
Pleistocene(?) age. This aquifer is replenished by precipitation directly,
and the water table is near land surface in much of the county. Water from
this aquifer discharges into streams and into low swampy areas and into the
underlying aquifers. Many shallow well points obtain water easily from this
aquifer. The water is low in mineral matter but tends to be corrosive.

Below the surface sand in the eastern, central, and northern parts of
the county is the Castle Hayne Limestone of Eocene age. This limestone is
in most places less than 40 feet thick. It yields as much as 600 gallons per
minute tc a few wells, 150 to most, and is considered a good aquifer. Spe-
cific capacities of existing wells range from 3 to 60 gpm per foot of draw-
down. The water is of the calcium bicarbonate type, being moderately hard to
very hard in quality.

Underlying the Castle Hayne Limestone and separated from it by some rel-
atively impermeable clays is the sandstone aquifer in the Peedee Formation,
It yields 200 gpm to many wells and in excess of 400 to somej in most places
it is used in conjunction with the Castle Hayne Limestone aquifer. Specific
capacities range from one to 75 gpm per foot of drawdown.

Although each of the aquifers is to a great degree a separate unit, the

less permeable materials between the aquifers allow some interchange of water.

Heavy withdrawals from either the Castle Hayne or the Peedee sandstone aqui-
fers will tend to affect movement of water to or from the other.

The development of ground water on a large scale in New Hanover County
should be considered with care because of the possibility of encroachment of

salty water into the fresh-water beds. This encroachment may occur vertically

upward from beds containing salty water. Near the coast and along the Cape
Fear and Northeast Cape Fear Rivers lateral encroachment of brackish water

or sea water into the fresh-water formations is possible when the water level

is drawn down appreciably by pumping.

If heavy withdrawal is contemplated the following considerations may
prove helpful:
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1. A more detailed investigation of the local hydrologic
conditions is needed to determine the positions and
character of impermeable beds that could prevent or
retard encroachment.

2. Periodic determinations of chloride in water from one
or more observation wells that yield water from an area
between the producing wells and the salt-water body,
would be helpful in detecting increase in chloride
content. This would give sufficient warning so that
the rate of pumping could be decreased and an orderly
evaluation of the water problem could be made.

3. Properly spaced producing wells would prevent excessive
drawdown at the apex of the cone of depression.

4., The draining of swamps in recharge areas would lower
the water table and have other effects upon the ground-
water reservoir.

5. Capping flowing wells in the county would help to pre-
serve the hydrostatic head necessary to prevent salt-
water encroachment.

6. Introduction of contaminants into the aquifer would
pollute the water supply.

7. Long-lived radioactive waste would make the water
unsafe for generations. Plugging all abandoned salt-water
wells with clay or concrete (from the bottom up) would pre-
vent the contamination of fresh-water aquifers in the
event that corrosion causes eventual rupture of the
well casing.

So long as care is taken to prevent the encroachment of salty water
into the fresh-water aquifers, a fuller use of the ground-water resources
can be made. The county has not yet approached an optimum development of
its ground-water resources.
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