GEOLOGY AND GROUND-WATER RESOURCES

OF PITT COUNTY,

NORTH CAROLINA

By
Carlton T. Sumsion

U. S. Geological Survey

GROUND WATER BULLETIN NO. 18

North Carolina
Department of Water and Air Resources

George E. Pickett, Director

DIVISION OF GROUND WATER
Harry M. Peek, Chief

Prepared by the
United States Geological Survey

in cooperation with the

Pitt County Board of Commissioners

and the North Carolina

Department of Water and Air Resources

MARCH

1970






GEOLOGY AND GROUND- WATER RESOURCES
' OF PITT COUNTY,
NORTH CAROLINA

By

Carlton T. Sumsion

Prepared by the
United States Geological Survey
in cooperation with the
Pitt County Board of Commissioners
and the

North Carolina Department of Water Resources

Raleigh, North Carolina

1970



NORTH CAROLINA

BOARD OF WATER AND AIR RESOURCES

Se Vernon Stevens, Jre, ChairmaneccsscccccccsccssscsssssscssoBroadway
P. Greer Johnson, Vice ChalrmaNceecececsccscscsscssssscssssosAsheville
Pe De DavViSeescceccesccscscoscossosscoscsscosssssossssnsssesslUrham
Je Nelson GibSONeescccososecscscsscsccsccscssesssoascscsasseeTibsoON
Wayne Mabryeecocescececccsosecocscsocsssosscosccsosscsssesscasssoladin
Hugh Merrittecceccscscecsccscococoscsscsscsasssscsssssssllount Airy
Lee POWEIrSesesccsscscsosccssossssssscsssscsscasccnsscssssoslake Lure
Je Aaron Prevosteeccesccccocscscccococcssssscnsssnsssssselaynesville
We Grady Stevens............................................éhiloh
Raymond Se TalbtONecececocscccoscsscscssossesscscscesossssssoiialeigh
J0e ThOmaSeecescesecssscocsssscosssscesssssssesscsssessdacksonville
Glenn M. TUCKEIreoossocosccssscsnsoccscsssssssssssssslarolina Beach

He Weo Whitleyootoooooooo0...0.0.oooo.oocooooooooooooooMurfreeSborO



STATE OF NORTH CAROLINA
DEPARTMENT OF WATER AND AIR RESOURCES

ROBERT W. SCOTT 8. VERNON STEVENS, JR.
GOVERNOR ST CHAIRMAN

P. GREER JOHNSON
VICE.CHAIRMAN

P. D. DAVIS

J. NELSON GIBSON, JR.
WAYNE MABRY

HUGH L. MERRITT

LEE L. POWERS

J. AARON PREVOST

W. GRADY STEVENS

RAYMOND S. TALTON
JOSEPH E. THOMAS
GLENN M. TUCKER
H. W, WHITLEY

GEORGE E. PICKETT. DIRECTOR
TELEPHONE 829.3003

E. C. HUBBARD. AssT. DIRECTOR
TELEPHONE 828.3006
RALEIGH. N. €. 27611
P. O. Box 27048

February 12, 1970

The Honorable Robert W. Scott
Governor of North Carolina
Raleigh, North Carolina

Dear Governor Scott:

I am pleaséd to submit Ground-Water Bulletin Number 18, "Geology
and Ground-Water Resources of Pitt County, North Carolina" by
Carlton T. Sumsion, U. Se. Geological Surveye.

This report contains the results of a detailed study of the
ground-water resources made by the U. S. Geological Survey in
cooperation with the New Hanover County Board of Commissioners
and the North Carolina Department of Water and Air Resources.
It should prove to be of much value toward the economic and
industrial development of the Countye.

Respectfully submitted,

George E. Pickett

GEP:hbd






CONTENTS

Page

Abstract..ceceseceocces cesssscesaenas et ecesesecssesess e e st ansasne 1
Introduction...ceoeea. tecesseeanne ceesenaon ceesereaens N Ceeenanen 2
Objectives and methods....ccoceeveesvenen Ceeceesseaneens ceeeenae 2
Well-location sySteM....ceeeecscossans ceeecesenesescane s s ceeens 3
Previous investigationS..ceeieeeeeceeeeereneccenossannaossssases 3
Acknowledgments.......... et ecteceteesc st s s sac sttt e s enann 5
Regional settinge.ceeeceeeeeeacans e e ecsececeeestaeasea e seasaacanas . 6
Location and accessibility.eeee et eieereeenesaoescsssoonsanas 6
Climate..eeeereonoocoocoanans Ceeeeseasans et ecee e Ceeeeeoe .. 6
Phy31ography and dralnage ......................... Cectesicetenaan 6
Population..essseeeseeesoseasancasans A 8
General geology..... cecectcesceisan e e ereteaeaseacneenaan Ceeees 9
Basement TOCKS.:.oeseosooosasessecosesnnsons cetseec e ceeee 9
Cretaceous SYSEEM..eeeeeveeenaasoaoascaooassasesnnasassons N 10
Lower Cretaceous Series...... Gt et e sttt eas s cereeen 10

Upper Cretaceous SeriesS.....eeeeeeeececenns e 10
Tuscaloosa Formation.....eeeeeeeerssoceaoseasnces e e 10

Black Creek Formation...eeeeieeeereeeneeoseseossneanss . 13

Peedee Formation.......... e e sesta s s e etcnes s annn 13

Tertiary SYSteM...eeseeeeeeeeeesossosasoacscanaassosososns coesane . 17
Paleocene Seri@S..ciceeecesoeescacncaotosesosasssseasasocssas 17

Beaufort Formation....eeeeeeeeeesocensoosaasas ceee e 17

Eocene Series...... Chseeeesaceeeeeaseas e eserereeea e .. 17

Castle Hayne LimesStoOne.....cceieeeoncececnncans ceseean 17

MioCeNe SeTrieS..icesreeeeesesososaassosnsososonssasosensasass 20

Yorktown Formation...... C e e s e ecsceecsecea s annanan 20

Quaternary SYSteM....eeeeeeeeassoacccsons teeeiiceccaresceannnsose 22
Post-Miocene dep081ts ................... s ee e e 22
Hydrology.eeeeeoeoennennn e eceteeseacsecs s esscases e nns Ceeeeaa 23
Evapotranspiration. .o ieeeeeeoocsnoetsoscasaassscnncssonnssse coe 23
Occurrence Of ground WaAteT...eeeveriereeeneoosooncssonaannannaoas 24
Recharge and movement......coeeees D 24
Aquifer characterisSticS..iseeieeeeeteierereeennnecanenncnnns ceeae 25
Aquifers........ Chhecesesesenanas Cesieaeeraeaeean Ceeenaee e 30
Aquifer 1l.......0c00.0. ceseaen e e ecrssscessasseesensann ceen 30

Aquifer 2.. e ecseccecccesaraasesas ceesecessaesseeensans 30

Aquifer 3........... ceeeeesenn e cecceaseencansseesaaenn e 33

Aquifer 3A......cccennnn ceeeceseeane Ceeeesecesecaneannas . 33

AQUIfeT duveerrrnieireeneecneeeseseeassssosesessesasannsnsns 34

Aquifer 5....0c0iiienenne cecaenee cecescsasscseseenaasan . 34

Aquifer 6...... eseeaae it ce et eca e sns A 34

Aquifer 7.....iiiereicnocnaccncons Ceeciceeseaarterteacaevone 35

Types of well development.....c.ceeevevn. eeeeens ceaene e e resaean 36
Dug and bored wells........... ceeeens eheeesesaea e eeesseaeannn 36
Driven WellS.ce.eeeeeeeeoesnoooeosecoscsaoessasanssasusnsososassss 36

iv



CONTENTS (Continued)

Types of well development--continued
Drilled wells..... teessnan

Drawdown and the spacing of wells......... Ceesecscensons oo
Utilization of ground water.....coeeeiceocanconasons [P
Chemical quality of water.....ccocooeeceoceccecns feerecareas ceerenece .

Hardness...oeoeeee e cesceseseesesssessasasans cecenses - .
Turbidity...oceeeen Cecessesessaresenas ceesseean ceesaeeens e
Temperature....... cecseesennn cecsenens ceevesuas ceeeae ceeeseonoa
Specific electrical conductance............. cecenne cesesesecsans
Hydrogen—ion concentration (PH) c et i venonennsnennoncnnnnnnns oo
Silica (Si02).eeevecnsns e esesesseenn e eeecieeeseenanne e cecaces
Aluminum (Al)....... eeenn eeeeeen e teeoereeneeenonas Ceceeceeane
Tron (Fe)eeeeeoeosonanoonsns . Ceeereceeacenes ceeoens ceaees
Manganese (Mn)....... ..... Ceeeceeeseceseanenonn N Ceeeeeenn
Calcium (Ca) and magnesium’ (Mg) e e ceenceeececssosessesnens ..
Sodium (Na) and potassium (K).eieeeeeenieeennanronaacnns e
Carbonate (C03) and blcarbonate (HCO3) alkallnlty....... ...... .o
Sulfate (S04)ceveevrennss e e .
Chloride (Cl).. ...... e e e sesececececcoceeenscesanns e enae e
Fluoride (F)eeeeeeweeeosonaosnnnsnonsons N et eesececs e .
Nitrate (NO3).... ................. Ceeeeceeoee teeeeeneane Ceeesoan
Phosphate (POg)...... Ceeeeeeanone Ceeeeeeeceac e Ceessens ceeeen
Water conditioning.....cceeeececsen ceesen ceetseerrscseveson e
Summary and conclusions........ P e ceeeraenes coe
References...c.ceeeeee e ee o ceesean ceceesenacesaceas . ceceessccen s
Basic dat@.eeececcccessccccncs ceseene et ecescessanseens ceeeseenas .o

37
38
40
41
41
43
43
43
b4
44
44
45
45
46
46
46
47
47
47
48
48
48
50
51
53



ILLUSTRATIONS

(Plates are inside back cover)

Plate 1. Geologic sections A-A' and B-B' in Pitt County, North
Carolina.
2. Map showing aquifer depths and ground-water quality in
Pitt County, North Carolina.

Page
Figure 1. Index map of North Carolina showing the location of
Pitt COUNEY.eeeeeeoacacosscssoasssns e eseesesescanaaaans . 2
2. Diagrams of well-numbering system used in North Carolina.. 4
3. Well-location MaApP.sceescecscoscosssossans veeee.....facing page 6
4, Graphs showing temperatures and precipitation at
Greenville.....ccoene et etecaene tesesesaanee feesaecnnee 7
5. Map showing generalized configuration of the top of the
basement surface.....ecccen. N creeaseeneaans ceecanos 11
6. Map showing the conflguratlon of the top of, and the
thickness of, the Lower Cretaceous Series..... . ceeeae 12
7. Map showing the configuration of the top of, and the
thickness of, the Tuscaloosa Formation............. ceeens 14
8. Map showing the configuration of the top of, and the
thickness of, the Black Creek Formation........eeeecoene 15
9. Map showing the configuration of the top of, and the
thickness of, the Peedee Formation......... crsacepeenes 16
10. Map showing the configuration of the top of, and the
thickness of, the Beaufort Formation....c.ceeeeeeeceacns 18
11. Map showing the configuration of the top of, and the
thickness of, the Castle Hayne Limestone€......ceeceeeees 19
12. Geologic map showing the configuration of the pre-Miocene
! surface...ceeeenen ceeesnsass ceesenn . cheeeaaasaas e 21
13. Seasonal changes in water level in well 16 and in flow
of other artesian wells during 1964. e sesseescaaneses 26
14. Hydrologic cycle and generalized directions of ground-
WALEY MOVEMENL e v e v evosoassooesssssosassssanossssssssanssas 27
15. Generalized piezometric surface of aquifers 2 and 3....... 28
16. Relation of drawdown to time in artesian aquifers of
different transmissibilities....... criecaeeen ceresescnonns 39

vi



Table 1.
2.
3.
4,

5.

TABLES

Log of test well at Winterville, N. C....cicieveecocscnennen
Geologic units and related aquifers in Pitt County.........
Some quantitative values of aquifers in Pitt County........
Chemical analyses of water from selected wells in Pitt
COUNEYeeoooeasoenoasssosossssssesossnscsssssas B
Records of wells in Pitt County.............;.............

vii



GEOLOGY AND GROUND-WATER RESOURCES
OF PITT COUNTY,
NORTH CAROLINA

By

Carlton T. Sumsion

ABSTRACT

This report describes the geology and ground-water resources of Pitt
County in eastern North Carolina. Pitt County comprises an area of 656 square
miles and has a population of about 64,000. The climate is humid. Mean an-
nual precipitation in the county is approximately 48 inches. The topography
of the county is typical of the Coastal Plain Province, a flat, sandy plain
whose only steep slopes are along stream-valley terraces. The northern and
central parts of the county are drained by the Tar River and its tributaries.
Contentnea and Swift Creeks, which are tributary to the Neuse River, drain the
southern part of the county.

Nearly flat-lying surficial sediments of Holocene and Tertiary age over-
lie strata of Cretaceous age which dip gently to the southeast. The sedimentary
strata lie on a basement complex of granitic and metamorphic rocks having an
irregular surface which slopes to the southeast.

Seven major aquifers, five of which underlie only part of the county and
two of which underlie the entire county, serve as sources of ground water.
Ground water is recovered from both confined (artesian) and unconfined (water-
table) aquifers; large quantities of ground water suitable for industrial or
municipal supplies are obtained from confined (artesian) aquifers tapped by
drilled wells. Current ground-water withdrawal in Pitt County is only a small
percentage of recharge, and nowhere has there been an overdraft.

Ground water in the shallow unconfined aquifer is generally slightly acidic
and in many cases contains objectionable amounts of iron. Most farm water sup-
plies are withdrawn from these shallow aquifers. Deeper confined aquifers,
mainly in Cretaceous sediments, yield large amounts of water suitable for most
industrial and municipal requirements. Brackish or saline ground water is
present in these deeper strata in the eastern part of the county.



INTRODUCTION

OBJECTIVES AND METHODS

Ground water is one of the most valuable natural resources of the Coastal
Plain of North Carolina. As the population, economy, and industrial develop-
ment of this area continue to flourish and expand, the need for adequate in-
formation on occurrence, quantity, quality, movement, and use of ground water
becomes increasingly important. Recognizing such information as basic to the
establishment of sound policies for the effective development and management
of ground water, the study of this natural resource in Pitt County (fig. 1)
was begun in August 1963 by the U. S. Geological Survey at the request of the
Pitt County Board of Commissioners and the State Department of Water and Air
Resources (formerly the Department of Water Resources).
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Figure l.--Index map of North Carolina showing the location
of Pitt County.

The principal objectives of this report are to describe the geologic
formations and the extent of productive water-bearing zones in Pitt County
and to provide the quantitative and qualitative hydrologic data needed for
development and management of the ground-water resources.

During the field study data were collected on selected wells in the
county. Wherever possible, water levels in the wells were measured. For
some wells hydrologic data were obtained from the owners or from well-drilling
companies. Data resulting from controlled pumping tests were obtained at the
test sites or from drillers well records and from municipal well records. Al-
titudes of many wells were determined from U. S. Geological Survey topographic
maps; others were obtained with surveying altimeters.



INTRODUCTION

Water samples collected from most of the wells inventoried were analyzed
by the U. S. Geological Survey laboratory in Raleigh.

The thicknesses of geologic formations and aquifers were determined from
well logs and from previously published data.

WELL-LOCATION SYSTEM

The well-location system used in North Carolina conforms to the system
adopted by the U. S. Geological Survey for the data card processing of well
information.

The well~location system, derived from latitude and longitude coordinates,
is based on a grid of one-second parallels of latitude and meridians of longi-
tude. The wells visited in each one-second quadrangle are numbered comnsecu—
tively in the order inventoried.

The well number is composed of fifteen numbers and letters: the first
six numbers and one letter compose the digits of the degrees, minutes, and
seconds of latitude, and indicate northern (N) or southern (S) hemisphere
latitude of the one-second quadrangle; the next seven numbers compose the
digits of the degrees, minutes, and seconds of longitude; the last number
indicates the order in which the wells were inventoried within the one-second
quadrangle (fig. 2). A one-second quadrangle in North Carolina contains about
6,500 square feet, the length of each side being about 80 feet.

Wells in Pitt County are also designated by local well numbers from 1 to
408 (fig. 3). Table 5 under Basic Data gives information about these wells.

PREVIOUS INVESTIGATIONS

A description of ground-water occurrence in Pitt County is included in
volume ITIT of North Carolina Geological and Economic Survey under the section
"The Coastal Plain of North Carolina' by Clark and others (1912).

Mundorff (1945) gives an account of the geology of the Coastal Plain of
North Carolina.

A general description of the ground-water resources of the North Carolina
Coastal Plain is given by LeGrand (1956).

Surface-water resources of that part of Pitt County which lies within the
Neuse River drainage basin are described by Billingsley, Fish, and Schipf
(1957). They also briefly describe ground-water occurrence in this area.

Geologic outcrops at two Pitt County localities are described in detail
by Brown (1957). Brown (1958) presents detailed geologic and paleontologic
data from three wells in Pitt County, and a reconnaissance study by Brown
(1959) describes the geology and ground water in Pitt County, giving data for
87 wells, including the detailed log of the lithology and paleontology of one
well, and the chemical analyses of water samples from 18 of the wells. Swain
and Brown (1964) describe microfossils from wells in and near Pitt County.
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INTRODUCTION

Detailed water-supply characteristics of creeks and rivers in and near
Pitt County are given by Goddard (1963).

A comprehensive account of geology and ground-water occurrence in Martin
County, adjacent to Pitt County on the northeast, is given by Wyrick (1966).

Floyd (in press) describes in detail the aquifers and ground water of
Craven County, adjacent to Pitt County on the south.

Kimrey (1965) gives detailed descriptions of the geology of Tertiary de-
posits in Beaufort County which joins Pitt County on the east.

ACKNOWLEDGMENTS
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Pitt County who contributed information on the construction and other features
of their wells. Well data and much other significant information were gener-
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Rivers and Associates, Inc. Officials of municipal water systems, the Pitt
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search Geologist, U. S. Geological Survey, provided lithologic and paleon-
tologic descriptions of well cuttings collected during the investigation.

The investigation was made under the direct supervision of G. G. Wyrick,
former District Geologist, and under the general supervision of E. B. Rice,
former District Chief, U. S. Geological Survey.



REGIONAL SETTING

LOCATION AND ACCESSIBILITY

Pitt County occupies 656 square miles in east-central North Carolina
between lat 35°20'N. and lat 35°50'N., and between long 77°05'W. and long
77°45'W. (fig. 3). It is adjoined by Beaufort County on the east, by Martin
and Edgecombe Counties on the north, by Wilson and Greene Counties on the west,
and by Lenoir and Craven Counties on the south.

Greenville, founded in 1771, is the county seat. Other Pitt County mu-
nicipalities having populations of more than 1,000 are Ayden, Bethel, Farm-
ville, Grifton and Winterville.

CLIMATE

Temperature, precipitation, and evapotranspiration are factors of climate
related to ground-water recharge and discharge. The Coastal Plain of North
Carolina lies within a subtropical moist climatic region characterized by warm
summers, cool winters, and moderate precipitation during all seasons. However,
the seasonal rainfall reaches a maximum during the summer (Yust and Hudson,
1949) as more than 60 percent of the average-annual precipitation occurs dur-
ing the warmer half-year, April to September. FEvapotranspiration becomes no-
ticeably effective during the growing season; vegetation intercepts much of
the water reaching the soil zone from near the end of April to the latter part
of October. The mean temperature during 1964 at the Greenville weather sta-
tion was 61.8°F. The length of record was insufficient to obtain a long-term
value for temperature. The long-term (64 years) mean—annual precipitation at
Greenville is 47.54 inches. Throughout the year the relative humidity is high,
seldom being less than 50 percent.

The Coastal Plain lies in the path of occasional hurricanes which move up
the coast from the Caribbean area in the late summer or autumn. These infre-
quent storms may produce unusually heavy rains in the Pitt County area.

Temperatures and the average-monthly precipitation are shown graphically
in figure 4. The average-monthly temperatures and precipitation do not vary
significantly from place to place within the county.

PHYSIOGRAPHY AND DRAINAGE

Pitt County lies within the embayed section of the Atlantic Coastal Plain
physiographic province (Fenneman, 1938). Characteristic surface features of
the nearly uniform plain are gently sloping interstream areas with scattered
swampy upland flats or ''pocosins' and slightly entrenched streams. The streams
commonly form a combination of parallel and dendritic drainage patterns. The
land-surface profile in Pitt County from the town of Fountain to the mouth of
the Tar River has an average slope of about three feet per mile. Present in
this part of the Coastal Plain Province but barely discernible are remnants
of beaches or erosional terraces of former sea levels.
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REGIONAL SETTING

Monthly temperatures, 1964
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GEOLOGY AND GROUND-WATER RESOURCES OF PITT COUNTY

Pitt County lies within the Neuse River and Tar River drainage basins--
283 square miles in the Neuse River basin and 373 square miles in the Tar
River basin. The drainage divide between these basins is located approxi-
mately (fig. 3), as it is difficult or nearly impossible to define in some
flat or swampy areas. The longitudinal profile of the Tar River has a gra-
dient of about 0.3 foot per mile in the county. Tributary streams are almost
parallel to each other as is characteristic of the low-gradient rivers, and
winding streams and large areas of swampland are common in the river flood-
plains.

POPULATION

In pace with the overall economic growth of Pitt County, the general
population increased by nearly 10 percent during the period 1950-60 according
to the U. S. Bureau of the Census. The larger municipalities in the county
and their gains in population during the period 1950-60 are listed below. The
very large percentage increase in population at Grifton is due to recent in-
dustrial development in that vicinity.

Municipality Population Por :
1950 1960 Increase ercen
Increase
Ayden 2,282 3,108 826 36.2
Bethel 1,408 1,578 170 12.1
Farmville 2,942 3,997 1,055 35.9
Greenville 16,724 22,860 6,136 36.7
Grifton 510 1,546 1,036 203
Winterville 870 1,423 553 63.6
Urban total 24,736 34,512 9,776 39.5
Pitt County 63,789 69,942 6,153 9.6




GENERAL GEOLOGY

Pitt County lies in the middle part of the Atlantic Coastal Plain, which
extends from Long Island southward to Florida, and which, in North Carolina,
extends more than 100 miles inland from the coast. The Coastal Plain is under-
lain by beds of sand, clay, and calcareous sediment. The beds are inclined
coastward at a rate only slightly greater than the slope of the land surface.
Beds tend to thicken coastward, and those that are inland near the land sur-
face occur at greater depths near the coast. The greatest thickness of the
wedge of sediments is perhaps a few tens of miles out to sea from the present
coastline.

The sediments are grouped according to the geologic period in which they
were deposited. Beginning at the top, in Pitt County they include sediments
of Quatermnary, Tertiary, and Cretaceous Systems. The sediments are further
divided into formations according to their lithology or character of the con-
stituent materials. Table 1 in the Basic Data section is a log of a test well
at Winterville, the test well penetrating the entire section of Coastal Plain
sediments. Formations have distinctive characteristics and may be traced for
many miles. The sediments contained in some beds grade from one kind of ma-
terial to another, such as from coarse to fine sand or to clay. Almost all
the sand, clay, and some of the calcareous material in the Atlantic Coastal
Plain are unconsolidated. Clays are very common in the sedimentary sequence.

The wedge of formations underlying the Coastal Plain lies on older igneous
and metamorphic rocks, such as those exposed in the Piedmont Province to the
west. These rocks are not of great significance to the study of the water re-
sources in Pitt County, and accordingly, are referred to simply as basement
rocks.

During the geologic development of the Atlantic Coastal Plain, the sea ad-
vanced and retreated many times. The inner margin of the Plain west of Pitt
County has been submerged during only a fraction of the time that land adjacent
to the present coast has been submerged. Most sediments of the Coastal Plain
were deposited in the sea, but some were deposited on land along the lowland
margins of the Plain. Whether deposited in the sea or along marginal land
areas, the sediments tend to be preserved in nearly flat layers which dip gen-
tly coastward. Invasions of the sea during Pleistocene time left a veneer of
sand and clay, commonly 10 to 20 feet thick at the land surface. Thus, the
underlying older formations are mostly hidden from view except along stream
banks.

BASEMENT ROCKS

The basement rocks underlying the Pitt County area are similar in compo-
sition to rocks exposed in the Piedmont Province. Well cuttings in the Pitt
County area indicate that the basement rocks consist generally of weathered
schist and gneiss. Rock from the stone quarry at Fountain is gray medium-
grained granite gneiss. The linear structure of the gneiss trends generally
northeastward.
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Logs of the formations penetrated by wells in this area, in addition to
geophysical data, indicate that the surface of the basement rocks beneath the
sedimentary cover is irregular. Near the town of Fountain the basement rocks
have a topographic relief of more than 350 feet--from a surface exposure in the
stone quarry about half a mile southeast of town to a depth of 350 feet below
land surface at the town's supply wells. This irregular erosional surface
slopes generally southeastward from about 300 feet below land surface at the
western end of Pitt County to more than 1,150 feet below land surface at the
county's southeastern boundary, an average slope of about 26 feet per mile.
Figure 5 shows the surface of the basement rocks in Pitt County. The irreg-
ularities of the basement surface are not shown on the map owing to the wide
spacing of data-control points.

Fracture zones in the gneiss and other rocks of the basement are known to
be sufficiently permeable to yield water to wells. However, the yields of such
wells are so slight in comparison to the yields of wells in the overlying sand
strata that the basement rocks are not considered to be an aquifer in the Pitt
County area.

CRETACEOUS SYSTEM

LOWER CRETACEOUS SERIES

Sediments consisting of sand, silt, and clay of Early Cretaceous age lie
unconformably on the basement rocks throughout the Pitt County area. These
sediments are not known to be exposed, but they have been penetrated by deep
wells in and adjacent to Pitt County.

These sediments are predominantly sand and silt, interbedded with green
and brown silty clay, not changing greatly from place to place in the county
(Swain and Brown, 1964). Studies of the microfauna indicate that the sediments
were deposited in a lagoonal environment that may have been similar to the
modern-day Pamlico Sound. The sediments were deposited during a generally
rising stage of sea level (Brown, 1959, p. 10). The Lower Cretaceous sediments
thicken from about 50 feet in the western corner of Pitt County to about 300
feet at the southeastern corner. Figure 6 shows the top and the thickness of
the Lower Cretaceous Series. The dip of the top of the Series is to the south-
east at about 20 feet per mile.

The sand strata yield ample water of good quality to wells in the vicinity
of Farmville. However, at Greenville and in the eastern part of Pitt County

water in the deeper sand is slightly brackish.

UPPER CRETACEQOUS SERIES

Tuscaloosa Formation

The Tuscaloosa Formation was first referred to by this name in North Car-
olina by Cooke (1936). Throughout the Pitt County area the Tuscaloosa Forma-
tion unconformably overlies the Lower Cretaceous Series.

- 10 -
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In northwest Pitt County the upper part of the Tuscaloosa Formation is
exposed in a small area along the banks of the Tar River between Otter Creek
and Penny Hill. The composition of the formation varies widely from place to
place but generally consists of sand or clay, sandy or silty clay, and poorly
sorted silty sand. The Tuscaloosa Formation generally grades upward from fine
sand and silt to coarser sand interbedded with silt and clay. Figure 7 shows
the altitude of the top of the formation in Pitt County. The formation dips
generally to the southeast at about 22 feet per mile. The formation is about
300 feet thick in the vicinity of Farmville and thins both toward the east and
toward the west.

Sand in the upper part of the Tuscaloosa Formation yields water of excel-
lent quality to wells at Ayden, Farmville, Greenville, and Grifton. Very thin
sand layers near the bottom of the formation contain slightly brackish water
at Greenville and in the eastern part of Pitt County.

Black Creek Formation

The Black Creek Formation comprises two members: an unnamed lower member
of Austin age which unconformably overlies the Tuscaloosa Formation, and the
Snow Hill Marl Member of Taylor age.

The lower member of the Black Creek Formation consists of alternately
bedded gray sand and dark-gray clay. The upper part of the Black Creek For-
mation is exposed along the banks of the Tar River between Otter Creek and
Greenville, and southwest of Farmville along the banks of Contentnea Creek.
The Snow Hill Marl Member of the formation is composed predominantly of cal-
careous sand and clay layers.

The western limit of the Black Creek Formation is shown in figure 8, which
also shows the configuration of the top of the formation in Pitt County. The
dip is generally southeast at about 11 feet per mile. From its margin in
western Pitt County, the Black Creek Formation thickens southeastward to about
450 feet near the southeastern county boundary.

In Pitt County the sand layers of the Black Creek Formation compose a
major aquifer system, yielding the greatest amounts of water to wells of all
the aquifer systems in the area. The water is of excellent quality through-
out the county.

Peedee Formation

As shown in figure 9, the Peedee Formation occurs in approximately the
southeastern two-thirds of Pitt County. It conformably overlies the Snow Hill
Marl Member in some places, but it unconformably overlies the lower member of
the Black Creek Formation where the Snow Hill Marl Member does not occur.

The Peedee Formation is exposed along the banks of the Tar River from
Greenville to the vicinity of Grimesland, and along the banks of Contentnea
Creek and the Neuse River in the vicinity of Grifton. The Peedee Formation
consists of lenticular beds of green and gray sands, dark-gray silt, and clay

layers. The uppermost sand and silt beds of the formation are characteristically

- 13 -
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bright green. Glauconite and collophane are generally present in relatively
large proportions in the Peedee sand beds, and well-cemented calcareous len-
ticular sand and shell layers occur throughout the formation. The Peedee
Formation probably was deposited in an estuarine or near-shore environment.
The dip is southeast at about 10 feet per mile. From its margin in western
Pitt County the Peedee Formation thickens southeastward to about 250 feet near
the southeastern county boundary.

Sand layers of the Peedee Formation yield ample water of excellent qual-
ity to the municipal well at Crimesland. These sand layers are relatively un-
tapped as a source of ground water in Pitt County but have an excellent poten-
tial where they are thickest.

TERTIARY SYSTEM

PALEOCENE SERIES

Beaufort Formation

The Beaufort Formation of Paleocene age occurs in the subsurface of east-
ern Pitt County as shown in figure 10. The Beaufort Formation overlaps the
older Cretaceous formations, and it unconformably overlies the Peedee Forma-
tion in eastern Pitt County. In turn, the Beaufort Formation is unconformably
overlain by the Eocene Castle Hayne Limestone and the Miocene Yorktown Forma-
tion in this area.

In eastern Pitt County the Beaufort Formation consists mainly of glauco-
nitic "salt and pepper" sand, and also of thin calcareous clay and silty marl
layers, mostly in the upper part of the formation. The dip in eastern Pitt
County is generally to the east at about 14 feet per mile, but it increases
northeastward. The Beaufort Formation thickens to about 50 feet at the ex-
treme eastern tip of the county.

A few wells in the eastern corner of Pitt County obtain water for house-
hold supplies from the Beaufort Formation. The water from the Beaufort is

slightly harder than that from deeper aquifers.

EOCENE SERIES

Castle Hayne Limestone

The Castle Hayne Limestone underlies a narrow strip in the eastern part
of the county. Figure 11 shows the altitude of the top of the formation and
its thickness. In this area the Castle Hayne Limestone is of middle Eocene
age (Brown, 1959). It unconformably overlies the Paleocene Beaufort Formation
and the Cretaceous Peedee Formation. The Castle Hayne Limestone is readily
identified by its characteristic resistivity and spontaneous-potential pat-
terns on electrical well logs.

- 17 -
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This formation consists of light-colored marl, white calcareous sand,
light-gray sandy coquina limestone, and sparse green clay in the eastern Pitt
County area. Glauconite and phosphorite occur as abundant accessory minerals.
The Castle Hayne Limestone was deposited in an enviromment which may have been
similar to that of the present-day Bahama Banks. The formation dips to the
southeast at approximately 7 feet per mile. The greatest thickness is about
75 feet at the extreme southeastern county boundary.

The Castle Hayne Limestone is an important aquifer in eastern North Car-
olina, but it remains essentially untapped in Pitt County where it yields
water to wells for household use only. Water from this aquifer is hard but
otherwise is of good quality.

MIOCENE SERIES

Yorktown Formation

The Yorktown Formation of late Miocene age underlies most of Pitt County.
It unconformably overlies the Castle Hayne Limestone of middle Eocene age and
the Peedee, Black Creek, and Tuscaloosa Formations of Late Cretaceous age.

The Yorktown Formation is overlain mainly by thin sands and silts of
Pleistocene and Holocene age. Gross similarity of the upper part of the
Yorktown Formation to these younger deposits causes difficulty in distin-
guishing them. The Yorktown Formation is commonly a massive gray silty clay
throughout Pitt County. The formation is exposed on the right bank of the
Tar River, at the bridge one mile northeast of Grimesland, where the lower
part of the formation consists of dark blue-gray sandy clay containing abun-
dant pelecypod and gastropod shells for about 8 feet above river level. Over-
lying this fossiliferous matrix is about 10 feet of massive gray silty clay.
Lenticular layers of sand occur throughout the formation, and phosphorite
pebbles are common.

The formation was deposited during a predominantly transgressive stage of
sea level (Brown, 1959). Figure 12 shows the older formations that immediately
underlie the Yorktown Formation, and the altitude of the pre-Miocene surface.
The altitude of this surface decreases toward the northeast at a greater rate
than does the land surface, therefore, the Yorktown Formation thickens in that
direction. Its greatest thickness in Pitt County is about 105 feet in the
vicinity of Bethel.

The generally fine texture of the Yorktown Formation precludes its use as

a major aquifer, although it does yield sufficient water for household sup-
plies. Water from the sand and silt layers of this formation is hard.

- 20 -
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QUATERNARY SYSTEM

POST-MIOCENE DEPOSITS

Most of the surface of Pitt County is underlain by beds of sand and silt
of Pleistocene age. These beds overlie the Miocene and pre-Miocene formations.
Remnants of Pleistocene beach-terraces or offshore bars are difficult to rec-
ognize because of subsequent erosion. The surficial deposits of sand and
silt, where exposed in road cuts or stream banks, generally are crossbedded.
The thickness in Pitt County may be as much as 50 feet but commonly ranges
from 10 to 20 feet. The Pleistocene sand beds yield ground water to numerous
shallow wells. Water from these sand beds is slightly acidic and, therefore,
somewhat corrosive to metal; the water commonly contains iron in amounts suf-
ficient to impart its distinctive taste to the water.

Sedimentary deposits of Holocene age, river—laid and windblown sand, are
conspicuous along the flood plains of the Tar and Neuse Rivers, as well as
along some of their larger tributaries. Well-drained interstream areas gen-
erally are covered with sandy soils of Holocene age. Swamps, bogs, pocosins,
and other areas in which there are undisturbed acid soils, all contribute to
the acidity of the unconfined ground water occurring in the surficial sands
and silts.

- 22 -
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EVAPOTRANSPIRATION

Because of higher air temperatures, much of the precipitation that falls
during the summer is lost by evaporation before it can enter the ground. Since
the growth of vegetation reaches its peak during the summer, most of the water
absorbed by the ground is intercepted by the soil zone and is used by plants
in the process referred to as transpiration. Large amounts of water are re-—
quired for plant growth, and when rainfall is scarce, water stored in the soil
zone is soon depleted. Thus, the rainfall that infiltrates into the ground
during the summer is used to replenish this soil moisture, and little, if any,
percolates through the zone of aeration to the water table. Conversely, dur-
ing the fall, winter, and spring, evaporation may return little of the precip-
itation to the atmosphere; plants are dormant after the first killing frost;

a larger proportion of the water infiltrates to the zone of saturation.

Quantitatively, it is nearly impossible to separate the consumptive use
of water by evaporation from that of transpiration. In combination they are
termed evapotranspiration. These processes return water to the atmosphere;
hence evapotranspiration may be regarded as the reverse of precipitation.
Actual measurements of this type of consumptive use for any area as large as
Pitt County are expensive, time consuming, and beyond the scope of this in-
vestigation. However, a method of estimating potential evapotranspiration
has been described by Thornthwaite (1948). Potential evapotranspiration is
defined as the amount of water that may be lost from a surface entirely oc-
cupied by vegetation where no deficiency exists in available soil moisture.
At any time, potential evapotranspiration is proportional to the intensity
of solar radiation. As the precipitation on a given area increases, water
loss by evaporation and transpiration increases also, approaching potential
evapotranspiration as an upper limit. Water yield in a given area is the sur-
plus of precipitation over loss by evapotranspiration. Application of Thorn-
thwaite's method requires monthly mean temperature and precipitation records,
and the latitude of the area. Annual potential evapotranspiration at Green-
ville computed by Thornthwaite's method is estimated to be about 34.6 inches,
or nearly 12.9 inches less than the annual mean precipitation. During the
first part of the growing season potential evapotranspiration exceeds precip-
itation, which may result in a slight depletion of soil moisture. About the
middle of summer, precipitation becomes greater than evapotranspiration, and
moisture is added to the soil. TIf precipitation during the spring occurred
as widespread low-intensity storms, there would be little or no runoff or
water surplus during this period. However, intense storms yield precipitation
at rates that exceed the infiltration capacity of Pitt County soils, result-
ing in runoff to streams.
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OCCURRENCE OF GROUND WATER

Ground water occurs in the pore spaces between the rock particles in the
zone of saturation. Rock units containing spaces that are interconnected and
large enough to permit flow through them will yield water to wells. These
rock uniits are called aquifers. Two types of aquifers in Pitt County may be
distinguished on the basis of the type of spaces that transmit water: beds
of sand in which the water moves or is stored in the openings between the sand
grains, and beds of shell aggregate characteristic of the Tertiary sediments.
The original spaces between the shells have been filled with calcareous ce-
ment, but some of the shell material has been dissolved and removed, resulting
in large interconnected openings.

The uppermost water—bearing rock unit is the surface material that covers
most of Pitt County to depths of generally not more than 40 feet. The upper
part of the surface material comprises the zone of aeration through which
water percolates downward to the zone of saturation. The zone of aeration
does not yield water to wells. The lower part of the surface material is
saturated with water. The upper surface of the saturated zone is called the
water table. Water below the water table is called ground water. The water
table is not usually a flat plane as the name would imply, but generally is
a subdued reflection of the land surface. The water table may extend to the
land surface, however, as it does obviously in swampy areas, bogs, some drain-
age ditches, and in stream channels. The water table does not remain static
but is continuously rising and falling in response to changes in rainfall and
evapotranspiration patterns.

A1l of the sediments below the water table are saturated, not only in the
surface sand, but also in the underlying limestone, clay, and sand. In the
Coastal Plain region, clay and silt compose aquicludes that are interlayered
with the more permeable sand and limestone aquifers. These interlayered beds
dip oceanward, and ground water moving downslope in the permeable beds becomes
confined beneath the less permeable beds of silt and clay.

The water level in a well tapping a confined aquifer stands above the top
of the water-bearing material. The height to which the water will rise forms
an imaginary surface called the piezometric surface. If the piezometric sur-
face is above land surface at the well, water will flow from the well.

RECHARGE AND MOVEMENT

Precipitation is the source of all water in the Coastal Plain of North
Carolina. There are no significant local variations in precipitation in Pitt
County, and the mean (64 years) annual precipitation of 47.54 inches at Green-
ville may be regarded as representative of the county. This amount of precip-
itation is equivalent to nearly 1,662,000 acre~feet per year on the entire
county, approximately 2,266,000 gpd (gallons per day) on each square mile, or
about 3.5 cfs (cubic feet per second) per square mile. The ability of precip-
itation to infiltrate the soil zone and percolate downward is dependent on the
topographic relief of the surface on which it falls, the permeability of the
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soil or surface material, the air temperature, the type and density of vege-
tative cover, and the intensity or rate at which the precipitation falls.
Rain falling on the nearly level sandy loam soils that are typical of much
of Pitt County has a minimum infiltration rate ranging from about 0.15 to
0.30 inch per hour. .
Water-level fluctuations in observation wells indicate that the aquifers
receive most of the annual recharge during the period from October through
March, mainly because evapotranspiration is lowest in that period (fig. 13).

Although aquicludes, or confining layers, between aquifers are relatively
impermeable, they transmit water slowly from aquifer to aquifer where hydraulic
gradient exists between the aquifers. The natural movement of ground water
from recharge areas to discharge areas is shown diagrammatically in figure 14.

Figure 15 is a map of the county showing the general piezometric surface
of water in aquifers 2 and 3. In making this map the water levels used were
obtained over a period of several years (1960-1968). The water levels were
not adjusted for seasonal fluctuations, which range five to ten feet in well
number 18 at Bethel. The altitudes were taken from topographic maps of 1905
or earlier vintage, which are contoured at 10-foot intervals. Thus, the con-
tours were intentionally generalized and do not conform precisely to the water-
level altitudes shown for some of the wells. 1In view of the inaccuracies in-
herent in the data used in constructing the map, we believe that the map is
useful only for general evaluations. The piezometric surface in figure 15
shows prominent depressions in the central and southern part of the county.
These depressions probably represent coalescing cones of depression resulting
from withdrawals of water for municipal and industrial purposes at Greenville,
and at Graingers, in Lenoir County. The reason for the deflection of the
contours into western Pitt County has not been determined, but may result
from withdrawals in the vicinity of Farmville.

The gross direction of ground-water movement within confined aquifers is
from areas of high artesian head to areas of lower head and is generally per-
pendicular to the contours of the map. Although recharge is widespread, it
is especially effective in areas aligned nearly coincident with the drainage
divide between the Neuse and Tar Rivers. The ground water from these areas
discharges into Contentnea Creek and the Neuse River. Ground water in the
northern part of Pitt County discharges into the Tar River and Tranters Creek.

AQUIFER CHARACTERISTICS

The quantity of water contained in a rock material depends on its poros-
ity. Porosity is the ratio of the volume of pore space or interstices to the
total volume of the rock and is usually expressed as a percentage. The po-
rosity of sediments depends mainly on the shape, arrangement, sorting, and
the degree to which the sediments have been compacted or cemented. The par-
ticle sizes of gravel, sand, silt, and clay range widely, but their average
porosity, if they are well sorted and relatively uncompacted, does not dif-
fer greatly. Fine sediment, such as silt and clay, may have a porosity of
40 to 45 percent, but because of the minute size of the pores, a large per-
centage of the water stored in the silt or clay is retained by molecular
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WATER LEVEL, IN FEET
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Figure 13.--Seasonal changes in water level in well 16 and in flow of other
artesian wells during 1964.
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HYDROLOGY

attraction or surface tension. Some water will always be retained by surface
tension in any sediment. The average porosity of Coastal Plain sediments in
the Pitt County area is about 30 percent.

The two quantitative hydraulic characteristics that determine the value
of an aquifer as a source of water are: (1) the capacity of the aquifer to
store water, and (2) the ability of the aquifer to transmit water.

The capacity of an aquifer to store water may be expressed as the coef-
ficient of storage (S). The coefficient of storage is the volume of water
released from or taken into storage per unit surface area of the aquifer per
unit change in the hydraulic pressure normal to the aquifer surface. The
water released from or accepted by an artesian aquifer in response to a change
in the hydraulic pressure is due to the compressibility of the aquifer mate=-
rial and the water.

The ability of an aquifer to transmit water is referred to as the coef-
ficient of transmissibility. The coefficient of transmissibility is the rate
of flow of ground water at the prevailing water temperature, in gallons per
day (gpd), through a one-foot wide vertical strip of an aquifer under a hy-
draulic gradient of one foot per foot.

The property of any part of a water-bearing formation to transmit water
is called its permeability. When the transmissibility (T) is known, the field
coefficient of permeability (P) may be found by the relation P = T/m, where
m is the aquifer thickness.

Hydraulic characteristics of aquifers are usually determined by analyzing
the drawdowns produced in observation wells or in the pumped well when a pro-
duction well is pumped at a constant rate.

The water level in a well not affected by pumping is referred to as the
"static' water level. When water is withdrawn from a well, a difference in
head between the water in the well and that in the surrounding aquifer is
created, resulting in a flow of water toward the well. The surface of the
water (or the piezometric surface where artesian conditions occur) around the
well assumes the shape of an inverted cone, the cone of depression whose apex
is at the well. The vertical distance between the static water level and the
pumping level is known as the drawdown. The area in which the water level
is lowered by pumping the well is referred to as the area of influence.

The shape and the rate of expansion of the 'cone of depression' around
the pumped well and thus, the yield of the well, are controlled by the hy-
draulic characteristics 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 per foot of drawdown in water level in the
pumped well after a given period of pumping at a constant rate. The theo-
retical specific capacity can be calculated from the transmissibility and
storage coefficients of the aquifer. The actual specific capacity is cal-
culated by dividing the yield by the number of feet of drawdown. The ef-
ficiency of a well is found by comparing the theoretical and actual specific
capacities.
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AQUIFERS

There are as many as eight aquifers underlying some areas of Pitt County.
These aquifers occur in the following rock units: the Lower Cretaceous Series;
the Tuscaloosa, Black Creek, Peedee, and Beaufort Formations; the Castle Hayne
Limestone; and the surface sediments. Some of the aquifers extend over most
of the county, whereas others are of limited extent. The aquifers generally
are separated by beds of clay, but in some areas one aquifer directly overlies
another, in which case they are interconnected and act as one aquifer. The
aquifers and their relationship to geologic formations are shown in sections
A-A' and B-B' of plate 1 and in table 2. In this report they are designated
numerically, commencing with the lowermost aquifer. Plate 2 gives information
at various places in the county about depths to aquifers. The hydraulic char-
acteristics of the aquifers differ from place to place as the aquifer materials
and thicknesses change. Wells yielding large amounts of water commonly pene-
trate and withdraw water from several aquifers. Municipal wells yielding
large amounts of water from one or more aquifers are shown in table 3. The
transmissibility of a series of aquifers is equal to the sum of the transmis-
sibilities of the individual aquifers. The yield of wells tapping only one
aquifer may be increased, therefore, by deepening the wells to penetrate other
aquifers. Descriptions of the aquifers in Pitt County commencing with the
deepest aquifer follow.

AQUIFER 1

Aquifer 1 is the lowermost aquifer in the Pitt County area. It occurs in
the Lower Cretaceous Series immediately above the basement rocks. It is pre-
sent throughout Pitt County, and dips to the southeast at an average of 20 feet
per mile. The thickest parts of the aquifer are in the vicinity of Fountain
and near the southeastern boundary of Pitt County where it is nearly 100 feet
thick. The average thickness of aquifer 1 in Pitt County is 50 feet. Although
no test was made of aquifer 1 alone, field observations indicate that the
transmissibility is quite low, possibly in the range of 1,000 and 2,000 gpd
per foot.

Aquifer 1 probably receives most of its recharge in areas adjoining Pitt
County to the west and northwest, although some recharge may also reach it in
Pitt County, especially in the western part.

Aquifer 1 yields soft bicarbonate~type water of excellent quality to mu-
nicipal wells at Farmville. At Greenville and in the eastern part of Pitt
County, the water in this lowermost aquifer is slightly brackish or saline,
containing more than 250 mg/l (milligrams per liter) chloride.

AQUIFER 2

Aquifer 2 is present throughout Pitt County. It occurs in the upper part
of the Tuscaloosa Formation and, in a few places, in the lowermost part of the
Black Creek Formation as well. It is separated from the overlying aquifer

- 30 -



HYDROLOGY

Table 2.--Geologic units and related aquifers in Pitt County

Ground-water characteristics

31 -

System Series Pitt County, N. C. Characteristics in Pitt County in Pitt County
Fluvial and eolian sand on river flood plains;
Holocene sandy soil on interfluvial areas; gley soils,
ground-water podzols, and acid soils and peat Yields acidic ground water containing much
in lower or swampy areas; 0-10 feet. soluble iron to innumerable shallow wells
Quaternary Undifferentiated (10-30 feet) in this area; the most common
Fluviomarine sands and silts; remnants of source of water for homes and farms.
Pleistocene beach-terrace deposits, offshore bars, and Includes aquifer 7.
eolian dune deposits; 0-40 feet.
Pliocene R S
1 d silt k . in thi
Dark, blue-gray, sandy clay with abundant Clays and silts of Yorktown ﬁa. mn s
N ) . . area serve generally as an aquiclude,
Miocene Yorktown Fm. marine pelecypod shells; overlain by massive . .
11ty clay: 0-105 feet although water is obtained from sparse
gray siity yi 0= eet. thin lenticular sand layers.
Tertiary Light-gray marl, calcareous sand, coquina, wymwam.wm%m water to a few home mdw farm )
Castle Hayne i ) wells in the easternmost part of Pitt County;
Y and sparse green clay; abundant glauconite : N
Eocene Limest . ) . remains undeveloped because water of better
estone and phosphorite; 0-75 feet including the 1it t osli 1 t depth
lying unnamed Oligocene limestone. quality at slightly greater depihs.
overly: Includes aquifer 6.
Supplies soft, bicarbonate-type water to
Green-gray glauconitic "salt and pepper” sand home and farm wells in the eastern part of
Paleocene Beaufort Fm. with thin calcareous clay and silty marl Pitt County. N
layers at irregular intervals; 0-50 feet. Includes aquifer 5.
Bright-green glauconitic sand in the upper Sand aquifers yield soft, bicarbonate-type |
Peedee Fm part; dark-gray clay and silt strata inter- water of excellent quality to municipal
. gradational with thin sand beds in the and home or farm wells.
lower part; 0-250 feet. Includes aguifer 4.
.| Snow mill Mainly a gray calcareous sand with dark- Yields EOmewﬁm amounts of water; soft,
M Marl mem. gray and black clay layers. duom&dobmcm-wzwmyzﬁwmw of excellent quality.
P Includes aquifer 4.
Upper 9 )
Cretaceous = : PR
N ) Gray sand with interbedded dark-gray clay; Mwmw@m.wmﬂmm.msozbdm of Swdmw.do Bcbwnwwww
“ Gretaceous % | Unnamed mica, glauconite, lignite, pyrite, and wells in Pitt County; m@%d‘ wHodenbmwm-nwwm
) , 9] lower mem. collophane are conspicuous; 0-450 feet water of excellent quality; the principal
m including both members. aquifer in the Pitt County.area.
Includes NQCH%QRMfm“ 3, and 3A.
. : N Yields large amounts of excellent water to
- Gray to red arkosic sand, gravel, and clay; .. . . ~
Y 1 . . . . municipal wells in western Pitt County; water
&P Tuscaloosa Fm. mica conspicuous with some glauconite and . R N .
h it tes: B0-300 feet in eastern Pitt County is slightly brackish.
ematite ageregates; oU- eet. Includes aquifers” 2 and 3
Rust and tan sand bed and green clay; mica Mme@m.ﬁSﬁHm smdmw.ow mxomwwmsw quality to
3 Lower Unnamed sands is a conspicuous accessory mineral and zwwwm in western Pitt County; in mmm&mws
{ Cretaceous and clays oyster-shell fragments are conspicuous; Fitt Cointy these sand strata contain

50-300 feet.

brackish or saline water.

Includes mmzwwmﬁmwﬂ

Pre-Cretaceous rocks of the metamorphic
basement complex similar to rocks exposed
in the Piedmont province.

Schist, gneiss, quartzite, and related
metamorphic rocks.

Not considered to be an aguifer in this
area.
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Table 3.-—Some quantitative values of aquifers in Pitt County

. Total .
, Well |Aquifers |y joip | Txems Field Specific
Location number supplying of missi- , , | perme- /| capacit 3/
wells bility = |ability < pacity
screens

Ayden 349 o4 230 28,000 236 7.7

Bethel 22 3 30 18,000 597 3.0

23 4
3 92 22,000 237 7.5

2

Farmville 218 3
2 190 26,000 139 6.0

1
221 3 85 36,000 419 6.1
Fountain 40 ) 81 25,000 311 6.0
Greenville 176 gA 70 30,000 437 8.5
183 * 81 28,000 349 5.7

Winterville 264 3 43 7,000 170 5.3

1/ Transmissibility is in gallons per day per foot.

2/ Field permeability is in gallons per day per square foot, calculated
by dividing the transmissibility by the length of screens from the
length of the screened interval.

3/ Specific capacity is in gallons per minute per foot of drawdown.
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(aquifer 3) by a thin sequence of clay and silt layers which range in thick-
ness from 10 to 60 feet. The top of the aquifer dips generally to the south-
east, with local variations, at an average of 17 feet per mile. The thickest
part of the aquifer is in southeastern Pitt County, where it is more than 150
feet thick. The average thickness in the county as a whole is 50 feet. The
pumping test data, table 3, and field observations indicate that the trans-
missibility may range from 1,000 to 2,000 gpd per foot. Recharge to this
aquifer occurs directly in western and northwestern Pitt County and adjoining
areas to the west and northwest.

Aquifer 2 yields soft, bicarbonate-type water of excellent quality to
municipal wells. at Bethel, Farmville, and Fountain. However, at Greenville
and in the eastern part of Pitt County, the water contains more than 250 mg/l
chloride.

AQUIFER 3

Aquifer 3 is the principal aquifer in Pitt County. It occurs mainly in
the lower part of the Black Creek Formation, and in the uppermost part of the
Tuscaloosa Formation in a few places throughout all but the western part of
Pitt County. In the westernmost part of Pitt County, aquifer 3 occurs wholly
within the Tuscaloosa Formation. The top of aquifer 3 dips southeastward at
an average rate of nearly 15 feet per mile. The aquifer is thickest in the
central part of Pitt County, centering near Greenville, and near the southern
boundary of the county in the vicinity of Grifton where it is more than 150
feet thick. The average thickness of aquifer 3 in Pitt County is 125 feet.
The results of pumping tests, table 3, show a transmissibility between 15,000
and 25,000 gpd per foot. Recharge to aquifer 3 occurs directly in the western
part of Pitt County.

Aquifer 3 yields soft, bicarbonate-type water of excellent quality to
municipal wells at Ayden, Bethel, Farmville, Fountain, Greenville, and Grifton.
Only in the easternmost part of Pitt County, beginning about midway between
Grimesland and Washington, does the chloride concentration of water from aq-
uifer 3 exceed 250 mg/1l.

AQUIFER 3A

Aquifer 3A is a relatively thin aquifer which does not extend throughout
Pitt County. Aquifer 3A occurs generally at or near the top of the unnamed
lower member of the Black Creek Formation. The aquifer is present in the
central and southern parts of the county, but thins to a featheredge north-
ward and westward. Southward, aquifers 3 and 3A are separated by a thin
(about 20 feet) aquiclude, and may be locally interconnected as a single aq-
uifer system. The top of aquifer 3A dips southeastward at an average rate of
nearly 18 feet per mile. The thickest part of the aquifer in Pitt County is
in the vicinity of Grifton where it is more than 100 feet thick. The average
thickness of aquifer 3A in Pitt County is 40 feet. Pumping-test data, table
3, and field observations indicate that the transmissibility may be about
10,000 gpd per foot. Recharge to aquifer 3A occurs principally in the central
and eastern parts of the county. '
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Aquifer 3A yields soft, bicarbonate-type water of excellent quality to
municipal wells at Ayden and Greenville. The quality of the water is not
known to vary appreciably in Pitt County.

AQUIFER 4

Aquifer 4 extends throughout Pitt County except for a small area in the
westernmost corner. In eastern Pitt County, aquifer 4 occurs mainly in the
Peedee Formation. Westward it transgresses the formation boundary and becomes
a part of the Black Creek Formation and pinches out east of Farmville. In the
southern part of the county, the top of aquifer 4 dips southeastward at about
15 feet per mile, but the dip averages nearly 8 feet per mile to the northeast
in central Pitt County. The average thickness of aquifer 4 in Pitt County is
40 feet. Field observations indicate that the transmissibility may be between
1,000 and 5,000 gpd per foot. Recharge to this aquifer occurs chiefly in the
central and northern parts of the county.

Aquifer 4 yields soft, bicarbonate-type water of excellent quality to
municipal wells at Ayden, Bethel, Grifton, and Grimesland. The quality of
the water does not vary appreciably from one part of the county to another.

AQUIFER 5

Aquifer 5 is limited to the eastern part of Pitt County. This aquifer
occurs within the Beaufort Formation in eastern Pitt County and thins west-
ward to a featheredge at a north-trending margin about midway between Green-
ville and Grimesland. The dip of the aquifer is southeast at nearly 20 feet
per mile. The thickest part of aquifer 5 in Pitt County is near the south-
eastern boundary where it is more than 50 feet thick. The average thickness
in Pitt County is 30 feet. Much recharge to this aquifer occurs in the east-
central part of the county.

Aquifer 5 is not extensively developed for water supplies in Pitt County.
It yields moderately soft, bicarbonate-type water to domestic or stock wells.
Generally this water is of excellent quality, but near the western margin of
the aquifer the soluble-iron content may be slightly more than desirable.

AQUIFER 6

Aquifer 6 is limited to the easternmost part of Pitt County. This aqui-
fer occurs within the Castle Hayne Limestone. Westward, aquifer 6 thins to
a-featheredge at a north-northeast-trending margin a short distance west of
Grimesland. Aquifer 6 dips east-southeast at an average rate of 8 feet per
mile. The limestone aquifer in Pitt County is thickest at the southeastern
corner where it is more than 70 feet thick. The average thickness in the
county is 20 feet. Recharge occurs throughout the area underlain by the
Castle Hayne Limestone except for a narrow area along the Tar River where dis-
charge to the river takes place. The recharge to the aquifer is most effec-
tive in the east-central part of the county where the overlying beds are thin.
Recharge also occurs farther downdip but is less effective because of the
thickening of the overlying beds of sand and clay. Wells in aquifer 6 are
commonly cased to the top of the aquifer and then developed as open-hole wells
in the indurated but porous limestone.
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In adjacent counties to the east of Pitt County permeabilities of aqui-
fer 6 generally range from 1,000 to 1,200 gpd per square foot. In Beaufort
County 60-80 mgd (million gallons per day) of water is pumped to dewater an
open-pit mine. No significant effects of the removal of this amount of water
have been detected in Pitt County. The fact that the aquifer is capable of
producing this much water in adjacent areas indicates that it may be more pro-
ductive in Pitt County than available data indicate.

Aquifer 6 is not extensively developed for water supplies in Pitt County.
It yields a hard, calcium bicarbonate type water. In all other respects water
from aquifer 6 is of excellent quality, but it remains relatively undeveloped
where slightly deeper aquifers yield softer water which does not require treat-—
ment for general use.

AQUIFER 7

This is the unconfined or water-table aquifer which underlies the entire
county. It consists of the materials underlying the surface of the county and
is composed of sand and clay of fluvial and marine origin. The top of aquifer
7 is near the land surface, and the aquifer is thickest in interstream areas.
The unconsolidated sediments range in thickness from less than 1 foot to nearly
50 feet, the thickest occurring in the vicinity of Bethel. The average thick-
ness of aquifer 7 in Pitt County is 25 feet. Aquifer 7 is underlain generally
by the clays and silts of the Yorktown Formation except in the southern and
southwestern parts of Pitt County where it rests on the Peedee and Black Creek
Formations. As the mode of deposition of the sediments in aquifer 7 was di-
verse, so the aquifer characteristics differ within very short distances. The
results of pumping tests in Martin County (Wyrick, 1966, p. 39) show that the
transmissibility is 700 gpd per foot, and the field permeability is 27 gpd per
square foot. Field observations suggest that the characteristics of the shal-
low aquifer in Pitt County are similar to those in Martin County.

Sand strata of aquifer 7 yield water to numerous shallow wells. Water
from aquifer 7 commonly has noticeably large amounts of soluble iron, is
slightly acidic, and has a characteristic taste. When exposed to air, the
dissolved iron oxidizes, forming a rust-red precipitate which stains laundry
and utensils. Large~diameter dug wells provide water with less-noticeable
amounts of iron as they permit access of air to the well water. Hence, the
soluble iron oxidizes and forms a precipitate which settles to the bottom of
the well. Ground water in aquifer 7 may be locally contaminated from waste
disposal at the land surface, by effluent from septic tanks, and by chemical
contamination from insecticides and fertilizers.
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DUG AND BORED WELLS

Wells are dug into the unconsolidated sand and clay as far below the
water table as the well diggers could work, usually during the late summer
or early autumn when seasonal ground-water levels are near their lowest.
The well shafts are lined with cribbing of wood, brick, or tile to prevent
caving or slumping of loose sand and clay from the sides. The well was
usually protected at the surface by a wooden house, and water was withdrawn
by means of windlass and bucket. In the Pitt County area such wells are
about 4 feet in diameter and range from 10 to 30 feet deep. They are now
most commonly used as sources of water for farm animals. The obvious dis-
advantage of the shallow open wells is their susceptibility to contamination.
However, where these wells are protected by cement or tile curbing at the
land surface, and from any nearby concentrated sources of infiltrating con-
tamination, they may provide satisfactory water for domestic use. In com—
parison to deeper drilled wells, the yields of shallow excavated wells are
very small and the shallow ground water may be slightly acidic, containing
considerable amounts of soluble iron.

Bored wells are excavated by power auger to depths of usually not more
than 50 feet in the Pitt County area. They are lined with tile or concrete
drain pipe which may be from 2 to 3 feet in diameter. Ground water seeps in-
to the wells through the pipe joints and from the open well bottom. In other
respects bored wells are similar to dug wells.

These relatively shallow wells are inexpensive and easily constructed.
Their small yields are partially compensated for by the volume of storage pro-
vided by the excavation. Continuous care must be exercised to prevent con-
tamination from organic or chemical sources.

DRIVEN WELLS

The unconsolidated surficial sands and clays in Pitt County are easily
penetrated by driven pipe of small diameter. A screened well point, usually
not more than 3 feet in length, attached to a short length of ordinary gal-
vanized pipe commonly 1 or 1-1/4 inches in diameter, may be driven below the
water table manually or mechanically. Successive lengths of pipe are at-
tached and driven until a desired depth is attained. Wells of this type
range in depth from about 8 to nearly 50 feet in Pitt County. The ease and
rapidity with which driven wells may be installed has made them very common.
Water is withdrawn manually by pitcher pumps or more conveniently with piston
and centrifugal pumps powered electrically or by gasoline engine. Driven
wells are not as susceptible to contamination as shallow open wells, but care
must be exercised in locating them beyond any concentrated sources of organic
or chemical contamination which might infiltrate to the water table. The
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yields of these shallow wells are small but usually sufficient for domestic
or farm uses. Owing to the acidity of the shallow ground water, the well-
point screen will corrode so that the usefulness of the driven well may be
limited to a few years. However, it may be easily and economically replaced
by another driven well. Soluble iron is present in varying concentrations in
water from driven wells, but may be lessened by aeration and filtration treat-
ment.

DRILLED WELLS

Abundant quantities of ground water of satisfactory quality for large-
scale industrial and municipal uses can only be obtained by deep drilling.
Although there are several methods of deep~well drilling, the hydraulic-
rotary method has proved to be an efficient one in Coastal Plain sediments
during the 50 years or so since its introduction.

The precise depths and thicknesses of aquifers and the chemical quality
of their water are rarely known before drilling. Thus, it is advisable in
many cases to drill a test well prior to construction of a production well.
Representative samples of unconsolidated aquifer sands as they occur naturally
are difficult to obtain. Hence, in order to supplement the information de-
rived from drilling the test well, electric and/or gamma-ray well logs are
made of the well. The electric well log and the gamma-ray log may be inter-
preted to determine the depths and thicknesses of aquifers and aquicludes;
an electrfc log may indicate which aquifers have water containing relatively
greater concentrations of dissolved solids or saline water. To minimize
costs, test wells are usually of small diameter, and test pumping is commonly
performed at each aquifer interval only to obtain water samples for chemical
analyses. Aquifer characteristics are determined by pumping tests after com-
pletion of the production well.

0f the two types of deep-well construction, tubular and graveled-wall,
the second is preferred for production of large quantities of water. The
tubular-type well is installed with the well screen directly in contact with
the aquifer sand; hence much care must be taken to select the proper-sized
screen openings. The screen openings for this well type are necessarily very
small in order to reduce entrance of very fine sand into the well. Conse-
quently, the intake velocity of water and the friction losses are high. Draw-
down of the water level within the well is excessive compared with the quan-
tity of water withdrawn, and pumping costs are therefore relatively high.
Tubular wells may be satisfactory when small to moderate quantities of water
are withdrawn. In constructing a graveled-wall well, the interval of aquifers
to be developed is underreamed to a larger diameter. This underreaming is
accomplished by a mechanically or hydraulically expanded well bit. After
underreaming, the well screens are placed adjacent to aquifers and the an-
nular space about the screen is hydraulically packed with sorted gravel of
a preselected size. The effective diameter of the well is enlarged to approach
that of the gravel wall; therefore, the inlet velocity and friction are reduced.
Movement of sand from the aquifers is reduced because of the reduction in the
inlet velocity through the larger diameter of the graveled wall. Industrial
and municipal wells of large specific capacity in the Pitt County area are,
without exception, graveled wall.
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The length of service or life of wells is dependent upon the manner in
which it is constructed, the materials used, and the chemical quality of the
ground water it is producing. Reduction of pressure in ground water adjacent “
to a well caused by the conversion of static head to velocity head tends to
release carbon dioxide from the water. As a result, minerals that have been
held in solution by virtue of the dissolved carbon dioxide then become insol-
uble, their precipitates forming incrustations on the well screen and on the
pump, thereby reducing the efficiency of the well. When carbon dioxide is
released from solution the water is, to a certain limited extent, corrosive
to the well and pump materials. Corrosion of this type and screen incrus-
tation is very slight in deep wells of the Pitt County area owing to the
favorable quality of the deeper ground water. Well screens of bronze or
stainless steel are commonly used, and the minimum length of efficient ser—
vice of a graveled-wall well may be 20 years. Many wells on the Coastal
Plain and in the Pitt County area are producing water efficiently after
nearly twice that length of time.

DRAWDOWN AND THE SPACING OF WELLS

When pumping begins, the water level in a well declines proportionately
to the rate of pumping. The depth to which this water level declines is
known as the pumping level. When drawdown occurs within the well, water flows
from the surrounding aquifer toward the well as a result of the hydraulic gra-
dient in the vicinity of the well. The velocity of water in an aquifer flow-
ing toward a well increases as it approaches the well. The increasing rate
of flow is proportional to the slope of the water—level or piezometric surface
of the aquifer. The drawdown in water levels around a pumping well forms a “
surface that resembles an inverted cone, the '"cone of depression,'" which in
vertical section approaches the configuration of a logarithmic curve. The
theoretical relation of time, distance, and drawdown for constant discharge
within artesian aquifers is shown in figure 16. The drawdown curves (which
appear as straight lines on a logarithmic scale of distance) do not reflect
potential aquifer leakage or hydraulic boundaries.

Cones of depression of adjacent wells overlap when the wells are pumped.
The overlap of cones of depression is known as well interference. Well inter-
ference will cause increased drawdown in each of the pumped wells. Increasing
the number of wells in a given area will not increase the yield of ground
water proportionately unless the wells are spaced far enough apart to avoid
undue interference. However, it is often entirely feasible to operate a se-
ries of adjacent wells with some interference. Under such circumstances the
total drawdown in each well is equal to the sum of the drawdown effects due
to its own pumping and to the interference of the adjacent well or wells, de-
pending on distances and aquifer characteristics. Calculating the spacing of
planned adjacent wells that are to be screened in more than one aquifer, as
are most industrial and municipal wells on the Coastal Plain, presents some N
complex problems which are beyond the scope of this report. Interference be-
tween wells of large capacity that must be spaced at lesser distances can be
accurately determined only by controlled pumping tests. Modified versions of .
the Theis nonequilibrium formula to obtain equations useful in determining
proper well spacing in artesian aquifers are summarized by Lang (1961).

- 38 -



DRAWDOWN IN FEET

DRAWDOWN IN FEET

TYPES OF WELL DEVELOPMENT

0

T 1 R

T = 1,000 GPD PER FT.
1 — s= .0003
Q = 100 GPM s
2
yo 58
3
30“1’:{%
4
5
6 I N N I I N
100 1,000 10,000
DISTANCE IN FEET FROM PUMPED WELL

T T T T I R
0
. 4,””’/”/’”4”’——f———’—_————”——"~——

T = 20,000 GPD PER FT. ’//,/,/f””//’
S = .0003
2 ——q = 100 GPM
1 opd
3
XODSS
4
50 D2
5 ///’////’///,,,/'
6
7
8 I T I B A [ I I N
100 1,000

DISTANCE IN FEET FROM PUMPED WELL

Figure 16.--Relation of drawdown to time in artesian aquifers
of different transmissibilities.
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UTILIZATION OF GROUND WATER

Without exception, municipal water supplies in Pitt County are obtained
from deep graveled-wall wells. There are 19 municipal wells in regular use
in the county. The municipal use of ground water of about 3.3 mgd in 1965
accounts for about 95 percent of ground-water pumpage. The filtration plant
which processed water from the Tar River for municipal supplies at Greenville
is no longer regularly used but is available on stand-by basis.

Industrial use of ground water in Pitt County has a large potential, but
remains as yet relatively undeveloped. Most industrial requirements are ade-
quately met by municipal water systems.

Agricultural use of ground water is seasonal. The use of sprinkling
systems for irrigation is becoming more common during the short, intermittent
rainless periods that sometimes occur during the early part of the growing
season. The sources of water for irrigation are commonly the numerous farm
ponds excavated to shallow depths in the surficial sands and silts. Use of
this shallow source of ground water does not affect the deeper aquifers, as
the amount of water used for irrigation is relatively small, and there is lit~-
tle ground-water recharge to deeper aquifers during the growing season.

Domestic uses of municipal water supplies in Pitt County continue to ac-
celerate concurrently with the nation's increasing demands on water supplies.
The per—capital use of water in North Carolina approaches that of the nation
as a whole (MacKichan and Kammerer, 1961).

The available supplies of water in Pitt County from both streamflow and
ground-water sources far exceed present and foreseeable demands.
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CHEMICAL QUALITY OF WATER

The chemical quality of water is determined by the amounts and varieties
of dissolved substances within it. The quantities and kinds of solutes in
ground water are expressed as milligrams per liter (mg/l) or milliequivalents
per liter (me/l). One milligram per liter is equal to one part per million.

Rainfall contains dissolved carbon dioxide (C02) from the air which im-
parts acidity to the water. The slightly acid rainfall is capable of dis-
solving still other substances from the surface materials through which it
flows after reaching the earth. Hence, the chemical quality of ground water
may change as it moves through the water-bearing materials from place to
place in the Coastal Plain. As a result of ion exchange within the aquifers
the quality of ground water improves as it moves from shallow aquifers through
the deeper water-bearing sands; thus, the acidity of the water is practically
neutralized, hardness diminishes, and the water becomes a sodium bicarbonate
type, ideal for municipal and most industrial uses.

Contamination of ground water results from the deliberate or inadvertent
contribution of undesirable chemical or biological substances to it in con-
centrations sufficient to render it unpotable or unusable, or by causing sa-
line intrusion into fresh-water aquifers by uncontrolled pumping of near-shore
wells. The possibility of ground-water contamination becomes a critical fac-
tor as the degree of industrialization increases. Contamination of ground
water has not been detected in any of the artesian aquifers in Pitt County.

Nearly all ground waters sampled in Pitt County are suitable for most
household and industrial uses. A discussion follows of each constituent or
characteristic commonly reported in the chemical analyses of water. Table 4
contains chemical analyses of ground water from 16 wells in the county.

HARDNESS

The property of hardness is generally associated with the amount of soap
required to maintain a lather in a particular water. Incrustation on cooking
utensils from boiling water and some of the scale or incrustation in steam
boilers are caused by the hardness of water. Calcium (Ca) and magnesium (Mg)
are the principal solutes causing hardness. When water evaporates or reacts
with soap, these cations form insoluble residues. The U. S. Geological Survey
uses the classification of water hardness which is reported in terms of cal-
cium carbonate (CaCO3) as follows:

Hardness as CaC0Oq in

milligrams per liter (mg/1) Classification
0 - 60 Soft water
61 - 120 Moderately hard water
121 - 180 Hard water
More than 180 Very hard water
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CHEMICAL QUALITY OF WATER

Water from the shallow unconfined aquifer in Pitt County is generally
moderately hard to very hard. In the uppermost artesian aquifers water is
soft or in the lower range of moderately hard. The deeper artesian aquifers
yield soft water of sodium bicarbonate type which does not require treatment
for hardness.

TURBIDITY

The filtering effect of the sand layers of deep aquifers prevents move-
ment of fine material in ground water. Turbidity in water from shallow wells
becomes apparent if it contains soluble ferrous iron, which on standing in
contact with air, oxidizes to insoluble rust-red ferric oxide. Colloidal
material, generally clays, may also cause varying degrees of turbidity.

The amount of turbidity tolerable in ground water depends on the nature
or cause of turbidity and the use for which the water is intended. For drink-
ing water, the recommended tolerance is 10 mg/l (as silica). Only two deep
wells in Pitt County have produced water with noticeable turbidity, and in
both cases this was reduced to negligible amounts of continuous pumping.

Turbidity caused by oxidation of ferrous iron may be removed by sand
filtration. Traces of turbidity caused by colloidal clays may also be re-
moved from water by simple filter systems.

TEMPERATURE

Water temperatures in the shallow unconfined aquifer in Pitt County are
affected seasonally by changes in air temperature and may range from about
55°F to about 64°F. In the deeper artesian aquifers, water temperatures are
more constant, averaging about 62°F. Water temperature and its seasonal
fluctuation, if any, are major considerations when water is to be used for
industrial cooling. Ground water is ideal for this purpose because of its
relatively low, uniform temperature. Having been used for industrial cool-
ing, ground water may be recharged to the aquifer to avoid excessive depletion
of the supply.

SPECIFIC ELECTRICAL CONDUCTANCE

Electrical conductance is the ability of a substance to conduct an elec-
trical current. Specific conductance is the conductance of a l-centimeter
cube of the substance, or 'volume conductivity" and "conductivity per centi-
meter.'" Chemically pure water, as a liquid, has a very low conductance. The
presence of ionized solutes in water renders it electrically conductive.
Specific conductance values are expressed in reciprocal ohms times 10
(Micromhos) at a standard temperature of 25°C (77°F). The relation of dis-—
solved solids to specific conductance may be expressed as:

Dissolved solids (mg/l) = A (a variable factor) x Specific
conductance (micromhos)
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The variable factor A ranges in value from 0.55 to 0.75 unless the water has
an unusual composition (Hem, 1959, p. 40).

High specific conductance in waters of the Coastal Plain area may indi-
cate salinity, although it is commonly considered to be a measure of other
dissolved solids as well.

HYDROGEN-ION CONCENTRATION (pH)

The chemical symbol pH denotes the negative logarithm of the concentra-
tion of hydrogen ions in gram atoms per liter, and expresses either the acid-
ity or alkalinity of a solution. Values of pH are scaled from 0 to 14. A
pH value of 7 is neutral, values greater than 7 indicate alkalinity, and
values of pH less than 7 indicate acidity. The pH values are important as
indicators of the corrosive potential of ground water. Ground water which
has a low pH value is acidic and may be corrosive to well screens, pumps, and
plumbing systems.

In Pitt County, water from the shallow unconfined aquifer has pH values
of less than 7, indicating that the water is acidic. Water from the deeper
aquifers has pH values somewhat greater than 7, indicating slight alkalinity.
Water from the municipal wells in Pitt County has pH values ranging from about
7.2 to about 8.9, and does not require treatment for municipal and most in-
dustrial uses. The acidity or alkalinity of water is easily controlled by
simple treatment.

SILICA (Si0O,)

The major constituent of the Coastal Plain sands is trystalline quartz
(Si09). However, because of its resistance to direct reaction with water,
quartz sand is not regarded as a likely source of dissolved silica in Coastal
Plain waters. The decomposition of silicate minerals such as the relatively
sparse amphibolites and feldspars accessory to Coastal Plain quartz sand may
result in the formation of clay minerals having surplus silica which is more
directly soluble. Not all silica is considered to be in dissolved or ionic
form but may occur as a very finely divided colloid.

In ground waters of Pitt County, silica ranges from 9 mg/l to 38 mg/l
averaging about 18 mg/l. Most industrial processes tolerate silica in these
concentrations.

ALUMINUM (Al)

Aluminum is present in most silicate minerals, but is highly resistant to
weathering or solution, even more so than silica. Residual aluminum is pre-
sent in clays and shales. Concentrations of aluminum great enough to be re-
ported in chemical analyses are rare, particularly in Coastal Plain ground
waters. An aluminum concentration as great as 0.1 mg/l was reported in one
analysis in Pitt County. The usual analysis of ground water in Pitt County
does not report concentrations of aluminum.
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IRON (Fe)

Iron sulfide, as pyrite or marcasite, is very common in the beds of clay,
silt, and shale of the Coastal Plain and particularly in those of Cretaceous
age. Iron oxide, as rust-brown limonite, stains the more recent surficial
sand and clay. Iron is a component of the ferrosilicate accessory minerals
which occur with quartz sand of the Coastal Plain, but these minerals are
sparse and not major contributors of iron to the Coastal Plain waters.

The acidity of water is the limiting factor of iron solubility. In the
shallow unconfined aquifer, ferrous iron occurs in acidic ground water. When
this water is exposed to air, the ferrous iron oxidizes to the rust-red in-
soluble ferric state commonly observed on some laundry and plumbing fixtures.
Water containing soluble iron may favor the growth of bacteria commonly known
as crenothrix. This bacterial infestation occurs mainly during warm weather
as red-brown masses of algal-like growths which may cause clogging of water
mains and meters or pumps. Although not hygienically injurious, this bacteria
imparts an unpleasant taste to water and may stain laundry. Crenothrix may
be controlled or eliminated from water mains by chlorination.

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

It is not always apparent whether the iron is in the water as it enters
the well, or whether the water dissolves the iron from the well casings 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.

In the deeper artesian aquifers soluble iron may be present, but gener-
ally not in excess of 0.2 mg/l, and some wells produce ground water with less
than 0.1 mg/1 iron.

MANGANESE (Mn)

As it occurs in natural waters, manganese resembles iron in its chemical
characteristics. However, it is much less abundant than iron and is seldom
reported in chemical analyses because of its very small concentrations. Man-
ganese in water may support growths of crenothrix—-types of bacteria in the
same manner as iron.

The greatest concentration of manganese reported from analyses of arte-
sian ground water in Pitt County is only 0.03 mg/l.
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CALCIUM (Ca) AND MAGNESIUM (Mg)

Calcium is a component of nearly all rock types but is most abundant in
limestone, which is predominately calcium carbonate (CaCO3). Magnesium oc-
curs in varying amounts in limestone as a double carbonate with calcium
[CaMg(CO3) 9] or as magnesite (MgCO3). Calcium is a constituent of many sil-
icate minerals which may weather to yield soluble calcium and a residue of
clay minerals. Magnesium-silicate minerals yield soluble magnesium in the
same manner. The sources of calcium and magnesium in waters of Pitt County
aquifers are marl and limestone interbedded with quartz sand, and shell layers
such as those so prominent in the Yorktown Formation. Calcium and magnesium
are quite soluble in acidic waters where carbon dioxide is present. Both cal-
cium and magnesium contribute to hardness in water, although hardness is re-
ported in chemical analyses as calcium carbonate.

0f chemical analyses of ground water from 20 deep wells in Pitt County,
calcium values range from 0.4 mg/l to 51 mg/l, averaging about 5 mg/l. In
these same analyses magnesium values range from 0.0 mg/l to 8.9 mg/1l, and
average about 2.4 mg/l.

SODIUM (Na) AND POTASSIUM (K)

The high concentration of sodium in sea water indicates the tendency of
this ion to remain in solution once it has been dissolved. Potassium is less
common than sodium in natural waters, because the potassium bearing minerals
are less soluble. Sodium most commonly occurs in high concentrations in sa-
line ground water in near-shore areas and in connate or fossil sea water.
Even in sea water, potassium occurs in far smaller concentrations than so-
dium. Base exchange, or adsorption by clays, is one of the means by which
potassium is removed from solution. The conversion of montmorillonite to il-
lite (both are clay minerals) is likely one of the most effective processes
in removal of potassium from natural waters (Mason, 1952, p. 136-137).

In the bicarbonate waters of the deeper artesian aquifers in Pitt County,
sodium concentrations in samples from 16 wells ranged from about 2 mg/l to
210 mg/1 averaging 95 mg/l. Potassium in the same analyses ranged from 1 mg/1
to 22 mg/1l.

CARBONATE (CO;) AND BICARBONATE (HCO5) ALKALINITY

The alkalinity of water may be defined as its capacity to neutralize
acid. 1In chemical analyses it is usually reported in terms of equivalent
amounts of carbonate and bicarbonate. Anions, which form only weakly ionized
acids in solution, thus entering into hydrolysis reactions, are those that
contribute to alkalinity. Owing to the relative abundance of carbonate sed-
iments such as limestone and marl in the Coastal Plain, and to carbon dioxide
which goes into a state of chemical equilibrium with them, bicarbonate and
carbonate are common in most waters. Alkalinity as hydroxide in natural
waters is uncommon and may indicate artificial contamination.
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Of water from eight deep wells in Pitt County in which alkalinity is re-
ported as equivalent calcium carbonate in milligrams per liter, values range
from 120 mg/1 to 212 mg/l averaging about 165 mg/l. The pH values of these
same analyses average about 7.8.

SULFATE ( S0,)

In natural waters, sulfur occurs most commonly in a completely oxidized
state as sulfate. In the clays, silts, and shales of Coastal Plain sediments,
unaltered sulfide minerals may be in part oxidized in an acidic environment
to yield soluble sulfur as sulfate. Where calcium, magnesium, and sodium
sulfate minerals are present in limestones and marls, sulfate may be released
into solution. The sulfate ion is chemically stable under most conditions
after it is in solution. The recommended tolerance for sulfate in drinking
water is 250 mg/1l.

The results of analyses of water from 23 deep wells in Pitt County showed
sulfate values ranging from less than 1 mg/l to 62 mg/l and averaging about
13 mg/1.

CHLORIDE (CI)

The predominant anion (and the most abundant ion) in sea water is chlo-
ride. When porous rocks or sediments such as those comprising the formations
of the Coastal Plain are submerged by the sea after deposition, the sediments
become infused or permeated by the soluble salts present in sea water. Relict
or connate sea-water salts may be retained by incompletely leached sediments
after their emergence from the marine environment. The salinity of water is
commonly expressed in terms of chloride-ion concentration although other so-
lutes are involved, so that sea water may contain about 35,000 mg/1 of solutes,
of which about 19,000 mg/l are chloride. The recommended tolerance of chlo-
ride in drinking water is 250 mg/1.

0f 20 deep wells in Pitt County, chemical analyses of ground water show
chloride ranging from about 1 mg/l to 86 mg/l, and averaging about 20 mg/1.
The greatest concentration of chloride in water from deep test holes in Pitt
County is 335 mg/1.

FLUORIDE (F)

Fluorine, like chlorine, is a member of the halogen group of elements.
Most fluorides are much less soluble than chlorides and lebs common in natural
waters. Fluorite (calcium fluoride) is the most common of the fluoride-bear-—
ing minerals. The source of the fluoride in ground water in sedimentary for-
mations has been attributed to several different minerals, but the source is
uncertain. The recommended tolerances for fluoride in drinking water depend
on the annual averages of maximum daily air temperatures, ranging from 0.6
mg/1 fluoride at 90.59F to 1.7 mg/l fluoride at 50°F, The recommended maxi-
mum limit of fluoride concentration in drinking water is 1.5 mg/l.
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Chemical analyses of water from 22 deep wells in Pitt County show a
range of concentration of fluoride from less than 0.1 mg/l to 3.2 mg/l. The
average concentration of fluoride of these same analyses is 1.0 mg/1.

NITRATE (NO ;)

Nitrogen, oxygen, and moisture in the atmosphere are combined by the ef-
fects of electrical discharges during storms to produce nitrates and ammonia.
Much of the nitrate in rainfall is very likely relinquished to the soil. Le-
gumes increase the nitrate in the subsoil, and chemical fertilizers may add
to this. Nitrates not consumed by vegetation may reach the unconfined aqui-
fer and eventually even the artesian aquifers. However, nitrate concentra-
tions in artesian ground waters in Pitt County are commonly so slight that
nitrate is not reported in chemical analyses. Of 16 chemical analyses of
water from deep wells in the county the nitrate concentration ranges from
less than 0.1 mg/l to 4.9 mg/l, averaging about 0.2 mg/l.

PHOSPHATE (PO,)

Phosphate is present in igneous rocks, largely in the mineral apatite.
Weathering of igneous rocks may produce calcium phosphate, which is slightly
soluble in the presence of carbon dioxide. Phosphates in soils occur largely
as cyclic products of vegetation. Chemical fertilizers may be a source of
phosphates in the subsoil, and in surface waters. Phosphate occurs in sedi-
mentary formations as phosphorite. The composition of this rock is complex,
consisting of what is probably a group of closely related minerals. Chemi-
cally, phosphorite is tricalcium phosphate with varying amounts of calcium
carbonate and fluoride.

Chemical analyses of water from 29 deep wells in Pitt County show a
range of phosphate concentration of less than 0.1 mg/l to 2.2 mg/l. The
average phosphate concentration of these same analyses is only 0.9 mg/1.

WATER CONDITIONING

The quality of water from deep wells in Pitt County is excellent for
municipal use and for most industrial processes. Water treatment, other than
occasional chlorination in warm weather to control algae and crenothrix bac-
teria, is not required for water from the deeper artesian aquifers.

Water from the shallow unconfined aquifer is slightly acidic and cor-
rosive, thus containing varying amounts of soluble iron. It has sufficient
dissolved calcium and magnesium so that the hardness (as CaC03) ranges from
moderately hard to very hard. However, this shallow source of ground water
should not be overlooked as a potential water supply. Economics and the in-
tended uses of the water will, of course, determine what the source of the
ground water will be. In the event that economics indicate use of water
from the shallow unconfined aquifer, water conditioning or treatment will
very likely be desirable.
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Iron is one of the most troublesome substances in water. It is readily
soluble in acidic ground water where it may be present as ferrous bicarbonate,
a common constituent of shallow ground water in the Coastal Plain. The rust-
red turbidity occurring in such water on exposure to air results from oxida-
tion of the ferrous iron to insoluble ferric oxide. The soluble iron and
acidity of shallow ground water may be reduced or nearly eliminated by aera-
ation and filtering. Aeration may be very simple; it requires that the max-
imum surface of the water be exposed to air. This may be accomplished by
pumping the water through a sprinkler system against a series of baffles be-
fore it is filtered. Passing this aerated water over crushed limestone, such
as that available from a number of quarries in eastern North Carolina, will
remove much of the carbon dioxide serving to hold the iron in suspension,
Limestone filtering will also reduce the acidity of the water. Passing the
water through a bed of fine sand will remove the rust-red insoluble iron.
Fine, clean, well-sorted sand is available from many dune deposits through-
out the area. The filter bed should be constructed to permit a reverse flow
for occasional backwashing or replacement of the sand when necessary. Other
means of treating water for removal of iron are described by Nordell (1961).

The cation—exchange process, more commonly known as the zeolite process,
is used to reduce the hardness in water when relatively small volumes of water
are to be used. The zeolites may be either natural or synthetic silicates,
and as hard water passes over them, calcium and magnesium are exchanged for
sodium. Zeolites may be reactivated after this exchange is completed by pass-
ing a solution of sodium chloride (from common rock salt) through the water
softener and then backwashing with clean water. Large volumes of water are
usually treated for hardness by the soda-lime (zeolite) process. This and
other methods of treating water for hardness are described by Nordell (1961).
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SUMMARY AND CONCLUSIONS

Pitt County lies within the Neuse River and the Tar River drainage
basins; 283 square miles are in the Neuse River basin and 373 square miles
are in the Tar River basin. Land-surface relief is gentle, averaging about
3 feet per mile from west to east over the county. The Tar River flows
through the county from northwest to east.

Pitt County is underlain by sedimentary formations common to the Atlantic
Coastal Plain, the formations ranging in age from Early Cretaceous to Holocene.
These sediments range in total thickness from about 300 feet in the west to
nearly 1,200 feet in the southeastern part of the county. Seven major arte-
sian aquifer systems have been defined in these sediments. The average coef-
ficient of storage of the artesian aquifers in Pitt County is 0.0003, and
coefficients of transmissibility of these aquifers range from about 1,000
to about 18,000 gallons per day per foot. Recharge to the aquifers takes
place mainly during the first half of the water year, October through March.

Chemical quality of the ground water in the county is generally good.
Water from the shallow unconfined aquifer is hard and may contain objection-
able amounts of soluble iron. Artesian aquifers throughout the county provide
water of excellent quality except where brackish or saline water occurs at
greater depths in eastern Pitt County. There has been no evidence of contam-
ination of artesian aquifers by industrial effluents or by saline intrusion.

Ground water in Pitt County has been developed mainly for municipal,
private domestic, and farm supplies. Private industrial use of ground water
is not yet great. Nowhere in the county has there been an overdraft, and the
full potential of ground water remains to be utilized.
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BASIC DATA




Table 1.--Log of test well 261

Location: About 0.1 mile north of county
of Highway 11 in Winterville.

Date drilled: July 1965.

Altitude: 70 feet above mean sea level.

Diameter of well: 6 inches, from surface

Depth of well: 675 feet.

Static water level: 13.4 feet below land

Depth (feet) Interval
below land surface in feet

at Winterville, N. C.

road 1133 and about 300 feet east

to bottom.

surface 24 hours after completion.

Log of well

Quaternary - post-Miocene deposits

0-10 10 Brick fragments, red. Soil and ash,

dark gray. Surficial detritus.

10-18 8 Silt and fine sand, yellow. Sparse
white clay.
18-24 6 Sand, yellow, medium to coarse, sub-

angular, sparse yellow and white
clay matrix, limonite stained.

Miocene - Yorktown Formation

24-34 10 Sand, gray, fine, subangular, and

gray silt and clay matrix.

34-42 8 Clay, gray, silty and fine gray sand,
white shell fragments. Sand phos-
phoritic and glauconitic.

42-62 , 20 No

samples recovered.

62-70 8 Clay, gray-green, abundant white shell

fragments, silty and sparse fine
sand, phosphoritic and glauconitic.

Upper Cretaceous - Peedee Formation

70-90 20 Sand, dark gray, fine to coarse and

sparse grit, phosphoritic and traces
of glauconite, blue quartz grit, and
shell fragments.

Upper Cretaceous - Black Creek Formation

90-112 22 Sand, gray, fine to medium, phospho-

ritic and glauconitic, water-bearing
"Salt and pepper" sand.

112-133 21 Sand, gray, fine to medium, and sparse
blue quartz grit. Phosphoritic and

glauconitic, some white shell frag-

ments.
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Depth (feet) Interval
below land surface in feet
133-143 10
143-154 11
154-194 40
194-235 41
235-287 52
287-307 20
307-317 10
317-328 11
328-338 10
338-389 51
389-399 10
399-451 52
451-461 10
461-471 10
471-482 11
482-492 10
492-502 10

Log of well

Clay, dark-gray, silty and sandy.
Sparse blue quartz grit. Traces
of weathered mica (muscovite?).

Sand, very fine, dark-gray with dark-
gray clay and silt matrix, micaceous.
Glauconitic and sparse white shell
fragments.

Sand, dark-gray, very fine with abun-
dant dark-gray silt and clay. Mica-
ceous and white shell fragments.

Sand and clay, dark-gray and gray-
green, silty, micaceous, abundant
glauconite and phosphorite.

Upper Cretaceous — Tuscaloosa Formation

Sand, gray, fine to medium, glauconitic
and sparse silt and traces of gray
clay.

Sand and clay, gray, fine, glauconitic
and micaceous.

Sand, gray, fine, and sparse red clay
fragments.

Sand, gray, fine, and sparse red and
medium-gray clay fragments.

Sand, gray, fine, sparse gray silt
and clay, glauconitic and micaceous.

Sand, gray, fine to medium, sparse mica
and glauconite.

Clay, dark-gray, silty and sparse fine
to medium sand, and mica and glauco-
nite.

Sand, gray-tan, fine to medium-coarse,
sparse fragments of dark-gray clay,
micaceous and glauconitic. Water
sample taken from 420-430 ft. inter-
val for chemical analysis.

Clay, dark-gray, sparse fine sand and
silt, mica and glauconite.

Sand, gray-tan, fine to medium, mica-
ceous and glauconitic. Water sample
taken from 460-470 ft. interval for
chemical analysis.

Sand, gray-tan, medium to coarse, and
mica and fine glauconite.

Clay, gray—-green, and traces of sparse,
red, medium sand.

Clay, red-gray, and traces of medium
sand.
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Depth (feet)
below land surface

502-512

512-553

553-563

563-625

625-635

635-675

Interval

in feet

10

41

10

62

10

40

Log of well

Sand, light-gray fine, and silt and
gray clay. Water sample taken from
500-510 ft. interval for chemical
analysis.

Sand and clay, tan and red-gray, silty
to medium, glauconitic, sparse
hematite aggregates.

Sand, tan, fine to coarse, limonite-
stained, glauconitic, sparse hema-
tite and gray-green clay.

Sand and clay, tan and gray-green, fine
to medium sand, sparse hematite and
white shell fragments.

Lower Cretaceous — undifferentiated

Sand, tan, fine to medium, sparse green
clay fragments, sparse hematite and
green feldspar grains.

Sand, tan, fine to medium, very sparse
green clay fragments, green feldspar
grains and hematite aggregates. The
test was terminated at 675 feet.

Basement complex is estimated to be at about 790 feet below land surface.

(Lithologic descriptions by C. T. Sumsion)
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SECTIONS SHOWING CORRELATION OF GEOLOGIC FORMATIONS AND AQUIFERS
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3-325-485-H Chemical quality of water:

Absence of notation indicates all constituents less

than maximum recommended by USPHS

Cl-Chloride exceeds 250 ppm

Fe-Iron exceeds 0.3 ppm

H-Hardness exceeds 120 ppm
Depth to bottom of aquifer below land surface, in feet
Depth of top of aquifer below land surface, in feet
Aquifer number

Data are not listed where aquifers are less than 10 feet thick

TYPICAL HYDRAULIC PROPERTIES OF AQUIFERS
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MAP SHOWING AQUIFER CHARACTERISTICS






