





Water Quality in the Appalachian Valley and Ridge, the
Blue Ridge, and the Piedmont Physiographic Provinces,
Eastern United States

By L.1 BRIEL

REGIONAL AQUIFER-SYSTEM ANALYSIS—
APPALACHIAN VALLEY AND PIEDMONT

U.S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 1422—D

1997



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY

Gordon P. Eaton, Director

The use of firm, trade, and brand names in this report is for
identification purposes only and does not constitute
endorsement by the U.S. Government.

Library of Congress Cataloging-in-Publication Data
Briel, L. I.

Water quality in the Appalachian Valley and Ridge, the Blue Ridge, and the Piedmont physiographic provinces, eastern
United States / by L.I. Briel.

professional paper : 1422)
Includes bibliographical references.
Supt. of Docs. no.: 119.16: 1422-D

p. cm. — (Regional aquifer-system analysis—Appalachian Valley and Piedmont : D) (U.S. Geological Survey

1. Water quality— Appalachian Region. 1. Title. II. Series. III. Series: U.S. Geological Survey professional paper : 1422
GB705.A55B75 1997
363.739'42'0974—dc21

97-7723
CIp

ISBN 0-607-86842-2

For sale by U.S. Geological Survey, Information Services
Box 25286, Federal Center, Denver, CO 80225



FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The RASA Program represents a systematic effort to study a number of
the Nation’s most important aquifer systems, which, in aggregate, underlie
much of the country and which represent an important component of the
Nation’s total water supply. In general, the boundaries of these studies are
identified by the hydrologic extent of each system and, accordingly, tran-
scend the political subdivisions to which investigations have often arbi-
trarily been limited in the past. The broad objective for each study is to
assemble geologic, hydrologic, and geochemical information, to analyze and
develop an understanding of the system, and to develop predictive capabili-
ties that will contribute to the effective management of the system. The use
of computer simulation is an important element of the RASA studies to
develop an understanding of the natural, undisturbed hydrologic system
and the changes brought about in it by human activities and to provide a
means of predicting the regional effects of future pumping or other stresses.

The final interpretive results of the RASA Program are presented in a
series of U.S. Geological Survey Professional Papers that describe the
geology, hydrology, and geochemistry of each regional aquifer system. Each
study within the RASA Program is assigned a single Professional Paper
number beginning with Professional Paper 1400.

rcty ALty

Gordon P. Eaton
Director
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CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi2) 2.590 square kilometer

degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) as follows: ° F = 1.8¢C) + 32

Absolute chemical concentrations of major ionic constituents in milligrams per liter (mg/L) can be converted to equivalent
concentrations in milliequivalents per liter (meq/L) by multiplying by the following factors:

calcium, mg/L 0.04990 calcium, meq/L
magnesium, mg/L 0.08229 magnesium, meq/L
sodium, mg/L 0.04350 sodium, meq/L
potassium, mg/L 0.02558 potassium, meq/L
chloride, mg/L 0.02821 chloride, meq/L
fluoride, mg/L 0.05264 fluoride, meq/L
sulfate, mg/L 0.02082 sulfate, meq/L
bicarbonate, mg/L 0.01639 bicarbonate, meq/L
nitrate, mg/L as nitrogen 0.07139 nitrate-nitrogen, meq/L
phosphate, mg/L as phosphorus 0.09685 phosphate-phosphorus, meq/L

Abbreviated water-quality units used in this report: Chemical concentrations, water temperature, and specific conductance are given in
metric units. Absolute chemical concentration of the most abundant (major) constituents is given in milligrams per liter (mg/L) and, for trace
constituents, in micrograms per liter (ug/L). Milligrams per liter is a unit expressing the concentration of chemical constituents in solution as
weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per liter is equivalent to one milligram per liter. For
concentrations less than 7,000 mg/L. the numerical value is the same as for concentrations in parts per million.

For electrically charged solutes (ions), the concentration of charge strongly affects the chemical properties of the water. To compare
different ionic constituents on an equal footing, absolute concentrations are converted to equivalent concentrations in milliequivalents per liter
(meq/L), by multiplying by the reciprocal of the combining weight. The combining weight of an ion is obtained by dividing the formula weight
by the ionic charge. For major ions, the numerical factors used to convert milligrams per liter to milliequivalents per liter are shown in the table.

The relative concentration of a positively charged ion (cation) or a negatively charged ion (anion) is expressed as a percentage of the total
milliequivalents per liter of cations or anions. Relative concentration is calculated by use of one the following equations:

percentage of cation = meq of cation / total meq of cations x 100
percentage of anion = meq of anion / total meq of anions x 100

Specific conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius (uS/cm). This unit is equivalent to
micromhos per centimeter at 25 degrees Celsius (umho/cm), formerly used by the U.S. Geological Survey.




REGIONAL AQUIFER-SYSTEM ANALYSIS—APPALACHIAN VALLEY AND PIEDMONT

WATER QUALITY IN THE APPALACHIAN VALLEY AND RIDGE,
THE BLUE RIDGE, AND THE PIEDMONT PHYSIOGRAPHIC PROVINCES,
EASTERN UNITED STATES

By L. I. BRIEL

ABSTRACT

The study area for the Appalachian Valley and Ridge, the
Blue Ridge, and the Piedmont Regional Aquifer-System Analy-
sis encompasses approximately 142,000 square miles in 11 east-
ern states. The principal axis of this area extends for
approximately 1,000 miles from the general vicinity of Newark,
NJ., to near Birmingham, Ala. The subsurface geology is
diverse and ranges from thick sequences of carbonate sedi-
ments and shales in the Valley and Ridge Physiographic Prov-
ince to fractured crystalline rocks mantled with weathered
regolith in the Piedmont and the Blue Ridge Physiographic
Provinces. Most aquifers consist of local, shallow flow systems
whose flow paths are typically less than 20 miles long and
within 300 feet of land surface. In all three physiographic prov-
inces, ground water discharges naturally from springs, but
almost three-fourths of the sampled springs are in the Valley
and Ridge Province. Ground water interacts with stream water
in many parts of the study area, and the movement of water
between systems is generally complex. Because of these interac-
tions, this study examines the quality and chemical character of
ground water, spring water, and surface water in all three phys-
iographic provinces and contrasts geographic trends in a
selected set of water-quality properties and constituents.

The principal source of water-quality information in this
report is the U.S. Geological Survey's computerized data base,
the National Water Information System (NWIS). In some parts
of the study area, supplementary data were obtained from
reports published by state agencies and universities. The chemi-
cal data base used for this study contains a total of 196,852 anal-
yses from 15,263 different sites. Location coordinates (latitude
and longitude) for all sites were included in the chemical data
base so that a geographic information system (GIS) could be
used to display data and facilitate analysis of geographic trends
in water quality.

The geographic distribution of water-quality sites in the
study area is highly uneven: For ground-water and surface-
water sites, the majority of data is for the Piedmont Province,
and most of the rest is for the Valley and Ridge Province. For

springs, however, these distributions are reversed: the majority
of data is for the Valley and Ridge Province, and most of the rest
is for the Piedmont. For all three types of sites, the smallest pro-
portion of water-quality data is for the Blue Ridge Province.

In the study area as a whole, typical ground water is not
highly mineralized: the median dissolved-solids concentration
is 164 milligrams per liter (mg / L). Typical ground water is also
nearly neutral (median pH is 6.9) and is classified as moderately
hard (median hardness is 82 mg /L as CaCO3).

Chemical quality of ground water in each physiographic
province differs substantially: Ground water in the Valley and
Ridge Province has the highest median dissolved-solids concen-
tration (226 mg/ L), is slightly alkaline (median pH is 7.3), and
is classified as hard (median hardness is 149 mg/L as CaCOs3).
Ground water in this province also tends to have high concen-
trations of calcium, magnesium, sulfate, bicarbonate, alkalinity,
nitrate, and dissolved iron. Ground water in the Piedmont
Province, by contrast, has a lower median dissolved-solids con-
centration (159 mg / L), is slightly acidic (median pH is 6.7), and
is classified as moderately hard (median hardness is 65 mg /L
as CaCOs). Ground water in this province tends to have high
concentrations of sodium, potassium, chloride, silica, ammonia,
phosphorus, total iron, and manganese. Ground water in the
Blue Ridge Province has the lowest median dissolved-solids
concentration (73 mg/ L), is slightly acidic (median pH is 6.6),
and is classified as soft (median hardness is 29 mg/L as
CaCO;).

Chemical quality of spring water in the study area differs
somewhat from ground-water quality. A lower median dis-
solved-solids concentration (136 mg /L) for spring water indi-
cates that it is typically more dilute than ground water. Higher
median values for pH (7.2) and carbonate hardness (120 mg /L
as CaCQj) indicate that spring water has a greater degree of
exposure to carbonate rock than ground water in the study area
as a whole. Spring-water quality generally tends to resemble
ground-water quality in the Valley and Ridge Province because
most of the sampled springs are in that province.
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D2 REGIONAL AQUIFER-SYSTEM ANALYSIS —APPALACHIAN VALLEY AND PIEDMONT

Chemical quality of surface water in each province is also
distinctive and is similar to ground-water quality; surface
water, however, is usually more dilute than ground water and
commonly more dilute than spring water. Median concentra-
tion of dissolved solids in surface water (107 mg /L) indicates
that surface water typically contains about 35 percent less dis-
solved solids than ground water and 21 percent less dissolved
solids than spring water. Surface water is slightly alkaline
(median pH is 7.2) and is appreciably softer than ground water,
although both are classified as moderately hard.

For most water in the study area, the major dissolved ions
are calcium, magnesjum, and bicarbonate, which are produced
by the dissolution of carbonate rocks (limestone and dolostone).
Commonly, the order of abundance of major cations is
calcium>magnesium>sodium, and for major anions, the order
is bicarbonate>sulfate>chloride. In parts of the Valley and
Ridge Province, however, the sediments contain significant
amounts of gypsum, and sulfate becomes the dominant anion at
higher ionic concentrations. Although calcium is usually the
dominant cation in most water in the study area, for estuarine
streams in the northeastern Piedmont Province, sodium
becomes the dominant cation at high ionic concentrations.

A new method for displaying variations in chemical compo-
sition of water is described in this report. Shaded-grid trilinear
diagrams, which can display general trends in chemical compo-
sition for an unlimited number of water samples, are based on
the distribution of cell populations in each field of a trilinear
diagram. Shaded-grid diagrams are used to show similarities
and differences in chemical composition for ground water, sur-
face water, and spring water in each province of the study area.

INTRODUCTION

In 1978, the U.S. Geological Survey (USGS) began a
series of Regional Aquifer-System Analysis (RASA)
studies to provide information on the hydrogeology
and water quality of the Nation's major aquifers (Ben-
nett, 1979). The Appalachian Valley and Ridge, Blue
Ridge, and Piedmont RASA (APRASA) is the 22d study
in this series. The study area for APRASA consists of
approximately 142,000 mi? in parts of 11 eastern states
and the District of Columbia (pl. 1).

This report describes variations in the chemical
quality of shallow ground water, spring water, and sur-
face water in the APRASA area. Although the primary
focus of RASA studies is ground water, examination of
the quality of water from springs and streams is also
useful for areas where data from wells are few or non-
existent. Springs are sites of natural discharge of
ground water, and water-quality data for springs repre-
sents the final stage in the evolution of ground-water
quality. Hydrogeologic interaction of streams and
underlying aquifers can be complex. In some locations,
the interaction is minimal; in other locations, stream-
beds are areas of recharge and discharge, depending on
the hydraulic gradient. A comparison of quality of

stream water and ground water in an area can be a use-
ful means of studying these interactions. The purpose
of this report, therefore, is to (1) summarize available
data on quality of ground water, spring water, and sur-
face water in the APRASA study area; (2) compare and
contrast trends in selected chemical properties and con-
stituents in various parts of this area; and (3) provide a
conceptual model that relates variations in ground-
water quality to physical, chemical, and hydrogeologi-
cal processes that occur in aquifers in this area.

DESCRIPTION OF THE STUDY AREA

The study area is oriented northeast-southwest and
extends for about 1,000 miles from Newark, N.J. to Bir-
mingham, Al (pl. 1). Three major regional units based
on physiographic province lie parallel to the major axis
of the area: (1) the Appalachian Valley and Ridge Prov-
ince, a belt of about 46,000 miZ along the northwestern
boundary; (2) the Blue Ridge Province, a shorter and
narrower belt of about 20,000 miZ in the center of the
area and extending about 585 miles from Harrisburg,
Pa. to Atlanta, Ga.; and (3) the Piedmont Province, a
belt of about 76,000 mi® along the southeastern bound-
ary (Swain and others, 1991).

Boundaries between physiographic provinces in this
area were originally defined on the basis of differences
in geology, lithology, and general topography (Fenne-
man, 1938). The boundaries shown on plate 1 for the
study area and the three provincial units were deter-
mined from geographic-information-system (GIS) map
coverages of the area produced during this study and
are based on digitized versions of state geologic maps
and USGS topographic quadrangle maps (Thomas
Mesko, U.S. Geological Survey, written commun., 1991).
These digital maps can easily incorporate detailed
hydrogeologic and water-quality data; hence, the maps
are a valuable tool for identifying and relating hydro-
geologic units in the study area on the basis of multiple
factors (Harlow and Nelms, 1989).

The western and northern boundaries of the study
area (pl. 1) correspond to the limit of thrust faults and
folds in the carbonate rock, sandstone, and shale sedi-
ments of the Valley and Ridge Province. Thickness of
sediments in this area ranges from 20,000 to 40,000 ft.
The northeastern boundary of the APRASA area is the
state border of New Jersey. A 1,000-ft-thick diabase
sheet lies at the extreme northern end of the eastern
boundary in Hudson and Bergen Counties, N.J.; else-
where, the eastern and southern boundaries correspond
to the Fall Line (pl. 1), which separates the Piedmont
Province from the Atlantic Coastal Plain (Fenneman,
1946).
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The sedimentary rocks that underlie the Valley and
Ridge Province range in age from Cambrian to Pennsyl-
vanian. Regionally, these sediments have been intensely
deformed by several mountain-building events inter-
spersed with periods of weathering that have resulted
in a region of valleys separated by parallel ridges. The
ridges are generally underlain by conglomerate, sand-
stone, or cherty dolomite, whereas the valleys are
underlain by siltstone, shale, limestone, or dolostone
that is less resistant to erosion than the rocks forming
the ridges. In much of the area, carbonate aquifers con-
tain significant amounts of chert or disseminated quartz
sand, but quartzite and sandstone aquifers also are
common in the Valley and Ridge Province. Although
some of these aquifers are highly permeable locally, few
are permeable regionally (areas of hundreds of square
miles). Ground-water flow paths, therefore, are typi-
cally less than 20 miles long and most of the active flow
is within 300 feet of land surface, where permeability is
greatest (Seaber and others, 1988).

A large area of paleokarst is present in the lower
Ordovician carbonates throughout the southern three-
fourths of the Valley and Ridge Province. Ground water
in this area discharges from a few large springs at rates
of as much as 64.7 million gallons per day (Sun and oth-
ers, 1963). The discharge is generally concentrated at a
few large springs rather than at many small springs
because flow is limited to dissolution openings in
poorly permeable carbonate rock. A detailed discussion
of the hydrogeology of the Valley and Ridge is given in
Seaber and others (1988).

The geology of the Piedmont and the Blue Ridge
Provinces is more heterogeneous than that of the Valley
and Ridge Province. The Piedmont and Blue Ridge
Provinces are underlain by igneous, metamorphic, and
sedimentary bedrock which has been extensively de-
formed and broken by a succession of orogenic and
metamorphic events that were followed by periods of
weathering and erosion. The principal rock types in this
area are massive granites and gneisses, foliated phyl-
lites and schists, and consolidated sandstones. Meta-
morphic and igneous rocks range in composition from
felsic to ultramafic and range in age from Middle Prot-
erozoic for granitic rocks in the Blue Ridge to Triassic-
Jurassic for the unmetamorphosed dikes and sills of
mafic composition that intrude the Piedmont (Swain
and others, 1991).

Bedding and foliation within metamorphic bedrock
commonly intersect one another in systematic geomet-
ric patterns. Bedrock is generally weathered to sapro-
lite; however, the relict structure and directional
properties controlling permeability are retained in some
places. Although most rocks in the area have been
metamorphosed and have strong directional fabrics,

igneous intrusives emplaced after the last metamorphic
event in the late Paleozoic tend to be massive and less
foliated. Most of the rocks were subjected to uplift dur-
ing the Cenozoic Era; subsequent weathering and ero-
sion widened previously formed fractures or created
new ones by stress relief. Fault zones of different types,
scales, and orientations are common in the crystalline
rocks of the Piedmont and the Blue Ridge Provinces.

In a few places, bedrock is exposed at land surface.
Over most of the area, however, fractured bedrock is
mantled by unconsolidated material (called regolith),
which consists of soil, alluvium, and saprolite. The
thickness of regolith can range from 0 to more than 100
feet (Daniel and Payne, 1990),

At isolated locations in the Piedmont Province, sedi-
mentary rocks of Mesozoic age fill a series of rift basins
that crop out in a discontinuous belt from northeastern
New Jersey to South Carolina. These basins are exposed
at land surface in the Piedmont but are covered by as
much as several thousand feet of Cretaceous and
younger sediments in the adjoining Atlantic Coastal
Plain. The basins are generally elongate, down-faulted
structures that were formed by continental rifting in the
Triassic and Jurassic periods and were subsequently
filled with thick sequences of continental sediments
eroded from surrounding crystalline highlands. These
sediments (the Newark Supergroup) consist predomi-
nantly of interbedded red shale, sandstone, and silt-
stone. In some areas, however, the sediments also
contain conglomerate, black mudstone of lacustrine ori-
gin, and coal. Coal has been mined in basins near Rich-
mond and Danville, Va., and along the Deep River in
North Carolina. Sediment thickness in the largest of the
Mesozoic basins has been calculated to exceed 20,000 ft
(Szabo and others, 1989). Sedimentation in the basins
was accompanied by periods of igneous and volcanic
activity, where basaltic and diabase dikes were intruded
into the Mesozoic sediments.

The Piedmont and the Blue Ridge Provinces contain
no flat-lying or blanket-type formations that have the
flow characteristics of sedimentary aquifers. Because of
geologic and hydrologic differences, rocks in the Pied-
mont and the Blue Ridge Provinces have been divided
into two groups: crystalline-rock regimes and sedimen-
tary-rock regimes. Fracture-type permeability is typical
for most rocks in these provinces, and the degree of
fracturing differs little among rock types (LeGrand,
1988, 1989). The mantle of residual soil and soft weath-
ered rock (regolith) that covers the fractured bedrock is
an important intergranular medium for the recharge
and discharge of ground water. Such a system is com-
plex because ground water circulates through more
than one medium between the point of recharge and the
point of discharge; thus, permeability and flow paths
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are especially difficult to determine. Detailed discussion
of the hydrogeology of the Piedmont and the Blue
Ridge Provinces is given in LeGrand (1988, 1989).

SOURCES OF WATER-QUALITY DATA

All chemical data used to determine water quality in
the study area had been collected prior to the APRASA
study. Major uncertainties and limitations with the use
of previously collected data include the following: (1)
sampling sites are not evenly distributed throughout
the area, (2) the set of chemical determinations is not
uniform for all sites, (3) seasonal data are unavailable
for some parts of the hydrologic cycle, and (4) depth
horizons at ground-water sites are generally not well
represented. These problems make necessary the use of
statistical techniques to infer representative values for
some parts of the area, and this reliance on statistical
techniques limits the interpretation of trends in water
quality. Uses and limitations of previously collected
data are discussed in Hamilton and others (1993), Alley
(1993a, 1993b, 1993c), and Back and others (1993).

Many sources of chemical data were evaluated for
incorporation into the data base. Potential sources of
data included reports published by Federal, state, and
local agencies and universities; the U.S. Environmental
Protection Agency's STORET data base; and the US.
Department of Energy's National Uranium Exploration
Project (NURE) data base. Although a large amount of
water-quality data was found, data from some sources
lack the detailed information about the location of the
sampling site or the analytical methodology necessary
for inclusion in the APRASA data base.

PREVIOUS STUDIES

Chemical data from previous studies are a valuable
source of information on water-quality trends and are
cited in this report for comparison. Data from USGS
offices in each of 11 states in the APRASA area are pub-
lished annually in a series of Water Resources Data
Reports that provide a continuing synopsis of water
quality at selected sites. Trends in these data have been
evaluated periodically on a national scale and have
been summarized in the USGS "National Water Sum-
mary" (U.S. Geological Survey, 1985, 1988, and 1993)
and in a series of hydrologic atlases of the United States
(Lloyd and Lyke, 1995; Miller, 1990; Trapp and Horn,
1997).

Water-quality data for specific sites and areas within
APRASA are also available in reports of hydrologic
investigations published by the USGS and other Federal
agencies, state and local agencies, and universities. A

selected geographical summary of previous studies in
the APRASA area that contain tables of water-quality
data is given in table 1.

NATIONAL WATER INFORMATION SYSTEM

The principal source of water-quality data used in
this study was the USGS National Water Information
System (NWIS). Much of the chemical data collected in
previous studies in the APRASA area (table 1) can be
retrieved from NWIS. For 405 counties in this area,
NWIS contains approximately 194,000 measurements of
1,434 different physical, chemical, and biological prop-
erties and constituents. Twenty-four properties and
constituents were selected for study (Appendix A, table
A-2). NWIS data were retrieved from USGS computer
files and compiled into a uniform water-quality data
base.

For all ground-water sites, selected geophysical
properties were also retrieved from the USGS Ground-
Water Site Inventory (GWSI) files and merged with the
chemical data. GIS data pertaining to the location of
hydrogeologic and lithologic units also were incorpo-
rated into the water-quality data base so that many
kinds of information on sites could be displayed on
computer-generated maps and correlated geographi-
cally. The APRASA water-quality data base is discussed
further in Appendix A.

ADDITIONAL DATA

Chemical data from three additional sources were
incorporated into the data base: (1) A file of data from
several state agencies in North Carolina (Douglas
Harned, U.S. Geological Survey, written commun.,
1991). This file contains 2,477 chemical analyses from
1,275 wells in the Piedmont and the Blue Ridge Prov-
inces of that State. (2) A file of data from state agencies
in South Carolina (Glenn Patterson, U.S. Geological
Survey, written commun., 1991). This file contains 342
chemical analyses from 44 wells in APRASA counties in
that State. Some of the sites, however, were outside the
study area and had to be excluded. (3) Data from a doc-
toral dissertation (Leonard, 1962) produced at the Vir-
ginia Polytechnic Institute and State University. From
this source, 49 analyses from 49 well and stream sites
along the western edge of the Blue Ridge Province in
Virginia were added to the data base.
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TABLE 1.— Selected references to previous water-quality investigations in the study area, by geographical unit

MULTIREGIONAL STUDIES

Davis, 1964
Harlow and Nelms, 1989
Hobba and others, 1977

Hallberg and Keeney, 1993
LeGrand, 1967 and 1988
Lloyd and Lyke, 1995

Miller, 1990
Trapp and Horn, 1997

U.S. Geological Survey, 1970, 1985, 1988,
1993

REGIONAL STUDIES
Valley and Ridge . . .... Seaber and others, 1988
BlueRidge ........... Hopkins, 1984
Piedmont............. LeGrand, 1989

STATE, COUNTY, AND SITE-SPECIFIC STUDIES

Alabama

Baker, 1957
Causey, 1965
Chandler and Lines, 1974, 1978a, 1978b

Faust and Harkins, 1980
Harkins and others, 1980 and 1981
Lines and Chandler, 1975

Sanford, 1966
Scott and Lines, 1973
Warman and Causey, 1962

Chandler and Moore, 1987 Lines and Scott, 1972
Chandler and others, 1972 Moffett and Moser, 1978
Delaware

Bachman, 1984
Barksdale and others, 1958

Groot and Rasmussen, 1954
Rasmussen and others, 1957

Georgia
Casteel and Ballew, 1987 Cressler, 1974 Radtke and others, 1986
Clarke, 1989 Cressler and others, 1976 Watson, 1974
Maryland
Bachman, 1984 Johnston, 1964 Slaughter and Darling, 1962
Bennett, 1946 McFarland, 1989 Trombley and Zynjuk, 1985

Duigon and Dine, 1991
Duigon and others, 1989

Posner and Zenone, 1983
Richardson, 1982

New Jersey
Ayres and Pustay, 1987 Lewis and Spitz, 1987 Puffer and Asemota, 1986
Barksdale and others, 1958 Nemickas, 1976 Szabo and others, 1989
North Carolina

Bain and Brown, 1981
Crawford, 1985
Daniel and others, 1982

Daniel and others (in press)
Harned, 1982 and 1989
Harned and Meyer, 1983

LeGrand, 1958
Simmons and Heath, 1982

Pennsylvania
Barksdale and others, 1958 Longwill and Wood, 1965 Paulachok and others, 1984
Becher and Root, 1981 McGreevy and Sloto, 1977 Poth, 1968, 1972, 1977

Becher and Taylor, 1982
Carswell and Lloyd, 1979
Carswell and others, 1968
Johnston, 1966

Lloyd and Growitz, 1977

Meisler, 1963

Miller and others, 1971
Newport, 1971, 1977
Patterson and Padgett, 1984
Paulachok, 1991

Royer, 1983

Senior and Vogel, 1989
Sloto, 1989

Sloto and Davis, 1983
Stuart and others, 1967
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TABLE 1.— Selected references to previous water-quality investigations in the study area, by geographical unit— Continued

STATE, COUNTY, AND SITE-SPECIFIC STUDIES—CONTINUED

Pennsylvania—Continued

Taylor and others, 1982 Wood, 1980a, 1980b
Taylor and others, 1983

Taylor and Royer, 1981

Wood and Johnston, 1964
Wood and MacLachlan, 1978

Wood and others, 1972

South Carolina

Bradfield, 1992
Clark and Stone, 1989

Donn, 1990

Speiran and Aucott, 1994

Sun and others, 1963

Tennessee

Brahana and others, 1986
Webster and Carmichael, 1993

Virginia

Cady, 1936, 1938

Collins and others, 1930
Dawson and Davidson, 1979
DeBuchananne, 1968
Ellison and Masiello, 1979
Froelich and Zenone, 1985

LeGrand, 1960
Leonard, 1962
Lynch, 1987

Johnston, 1960, 1964

Posner and Zenone, 1983
Powell and Abe, 1985

Powell and Hamilton, 1987

Subitzky, 1955

Waller, 1976

Wright, 1990

Virginia State Water Control Board, 1973

West Virginia

Bieber, 1961
Clark and others, 1976

Ferrel, 1987

Doll and others, 1963

Hobba, 1976, 1981, and 1985
Hobba and others, 1972

GEOGRAPHIC DISTRIBUTION OF
WATER-QUALITY DATA

The water-quality data base compiled during this
study contains a total of 196,852 analyses from 15,263
different sites. The geographic distribution of sites is
uneven (figs. 1-3): About 54 percent of the well sites are
concentrated in four northern states (New Jersey, Penn-
sylvania, Delaware, and Maryland), another 35 percent
are widely scattered over four central states (Virginia,
West Virginia, Tennessee, and North Carolina), and 11
percent are in three southern states (South Carolina,
Georgia, and Alabama) (fig. 1). The number of analyses
and type of chemical data available from wells differ
widely from state to state because some wells have been
sampled intensively, whereas most wells have been
sampled only once or twice for a small set of properties
and constituents. The number of water-quality sites and
the number of analyses by state and type of site are
listed in table 2.

Although fewer in number, stream sites in the area
are distributed more evenly (fig. 2) than well sites are
(fig. 1), and the central states (especially Virginia and
western North Carolina) are better represented in the
data base. Moreover, the number of analyses from
stream sites (177,149) is nearly 10 times the number of
analyses from well sites (18,008). Summary statistics
calculated for surface-water-quality data are the more
robust indicator of geographic variations in water qual-
ity. In this report, therefore, variations in chemical
characteristics of water from both types of sites are com-
pared and contrasted and, where possible, the compari-
sons are used to provide additional information on
water-quality variations.

A third type of site is also included in the water-
quality data base: Spring water quality represents the
final stage in the evolution of ground-water quality. The
608 spring sites in the APRASA area are primarily in the
Valley and Ridge and the northern Piedmont Provinces
(fig. 3). The data for some chemical properties of spring
water is statistically reliable, but the number of analyses
for spring sites (1,695) is less than one-tenth the number
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TABLE 3.— Number of water-quality sites and number of available chemical analyses in the study area, by physiographic province and type of

site
Number of sites Percentage of type Number of analyses Percentage by type
PhysiogAraphiC well  spring stream well  spring stream well  spring stream well  spring stream
province
Valley and Ridge .. 3,012 428 1,547 28.5 70.4 37.8 3,734 1,011 60,432 20.7  59.7 34.1
Blue Ridge........ 571 74 355 5.4 12.2 8.7 776 165 13,126 43 9.7 74
Piedmont......... 6,981 106 2,189 66.1 17.4 53.5 13,498 519 103,591 750  30.6 58.5
Total ........... 10,564 608 4,091 100 100 100 18,008 1,695 177,149 100 100 100

composition is presented in a later section of this report
("Variations in Chemical Composition of Water, by Type
of Site and Physiographic Province").

In addition to ionic composition, physical and chem-
ical properties commonly used to define water quality
include specific electrical conductance, dissolved-
solids concentration, acidity, water temperature, dis-
solved-oxygen concentration, and carbonate hardness.
Median values for selected properties and constituents
of ground water, spring water, and surface water in the
study area are listed by physiographic province in
table 4. These values indicate that ground water gener-
ally contains a small amount of dissolved minerals, is
slightly acidic, and is moderately hard. Spring water is
more dilute than ground water but contains a higher
percentage of ionic solutes; spring water is slightly alka-
line and is much harder than ground water. Surface
water is also slightly alkaline but is not as hard as
ground water. Surface water is the most dilute water
type, with only two-thirds the dissolved-solids concen-
tration of ground water.

Median values for water properties and constituents
differ considerably from place to place in the study
area. Regional differences in water quality are generally
related to the availability of soluble minerals in an area
and to the types of hydrologic systems that are there.
For ground water, median values for specific conduc-
tance and pH and for concentrations of dissolved
solids, calcium, magnesium, sulfate, bicarbonate, alka-
linity, carbonate hardness, nitrite plus nitrate, dissolved
iron, total and dissolved manganese are highest in the
Valley and Ridge Province. Median water temperature
and concentrations of sodium, potassium, chloride, sil-
ica, and total iron are highest in the Piedmont Province.
The median for dissolved-oxygen concentration is high-
est in the Blue Ridge Province. Median concentrations
of fluoride, ammonia, total and dissolved phosphorus
and total manganese are equal in the Piedmont and the
Blue Ridge Provinces.

Ground water in the Valley and Ridge is slightly
alkaline and is classified as hard, whereas ground water
in the Piedmont generally contains smaller amounts of

dissolved solids, is slightly acidic, and is classified as
moderately hard. Ground water in the Blue Ridge is
lowest in median values for most properties and con-
stituents, and it is classified as soft. Because three-
fourths of the available analyses are from wells in the
Piedmont Province (table 3), overall median values for
ground water in the study area resemble those for the
Piedmont Province.

Regional variations among the much larger number
of chemical analyses available for surface water are gen-
erally similar to those for ground water. Most of the
surface-water analyses also are for sites in the Pied-
mont; thus, many overall median values for surface
water strongly resemble medians for the Piedmont
Province. The Valley and Ridge Province, however, is
better represented in the surface-water data than in the
ground-water data, and some overall medians show
this difference.

Regional variations for some properties and constit-
uents of spring water are different from those for
ground water, because approximately 60 percent of the
sampled springs are in the Valley and Ridge Province;
thus, overall median values for spring water commonly
resemble ground-water medians for that province. The
chemical data for spring water shows several unusual
features that may be related to regional differences in
lithology: (1) An inconsistent relation between specific
conductance and dissolved-solids concentration. The
regional median for specific conductance of spring
water is highest in the Piedmont Province, whereas the
median for dissolved-solids concentration is highest in
the Valley and Ridge. (2) Water from springs in the
Piedmont has an unusually low median pH. These dif-
ferences in water quality may indicate that springflow
in the Piedmont Province is primarily through
carbonate-deficient regolith, whereas springflow in the
Valley and Ridge is primarily through the carbonate-
rich sediments of that region.
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TABLE 4.— Median values for selected properties and constituents of ground water, spring water, and surface water in the study area, by

physiographic province

[uS / cm, microsiemens per centimeter at 25 degrees Celsius; mg/ L, milligrams per liter; °C, degrees Celsius; mg / L as CaCOj, milligrams per liter as calcium carbonate;

ug/ L, micrograms per liter]

Ground water

Spring water

Surface water

Property or constituent Valley and  Blue Pied- Valley and ~ Blue Pied- Valley and ~ Blue Pied-
and unit Ridge Ridge  mont Ridge Ridge  mont Ridge Ridge  mont
Specific conductance, uS/cm.... 380 103 280 312 75 585 208 45 141
Dissolved solids, residue on
evaporation at 180°C, mg /L .. 226 73 159 160 58 109 134 37 99
pH, standard units............. 7.3 6.6 6.7 7.4 6.2 6.0 74 6.8 7.1
Water temperature, °C.......... 12.8 13.0 14.0 12.5 11.0 11.5 14.5 13.0 16.0
Dissolved oxygen, mg /L ....... 54 6.2 4.1 7.7 7.2 8.8 9.1 9.6 8.8
Calcium, mg/L................ 42 8.3 25 41 6.1 11 26 3.4 12
Magnesium, mg /L ............ 10 25 6.6 11 23 5.7 7.1 1.1 4
Sodium, mg/L................ 5.8 5 9.5 21 3.1 44 5.5 2.6 7.7
Potassium, mg/L.............. 1.1 1.2 1.4 12 8 1.6 1.6 8 1.9
Bicarbonate, mg /L............. 150 32 60 140 10 14 64 16 38
Alkalinity, mg /L as CaCO3, 122 32 57 137 10 16 55 13 34
Carbonate hardness, mg /L as
CaCOs. ..., 149 29 65 140 26 48 90 13 49
Sulfate, mg/L................. 20 5 13 11 5 7.7 22 37 16
Chloride, mg /L ............... 6 2.1 7 2.8 3.2 6.6 6.8 2.2 9.6
Fluoride, mg/L ............... 2 1 1 1 1 1 1 1 1
Dissolved silica, mg/L ......... 10 16 17 8.6 13 10 5.7 9 10
Nitrite plus nitrate, total, mg/L
asN......ooiiiiii 3.1 .20 99 15 .54 11 51 23 1.1
Ammonia, total, mg/LasN..... .03 .05 .05 .02 .01 .03 07 .05 .15
Phosphorus, dissolved, mg/L
asP.......oiii .02 .03 .03 04 .05 .03 .03 .02 09
Phosphorus, total, mg/LasP ... .02 .05 .05 .02 01 .03 .07 04 18
Iron, dissolved, pg /L .......... 100 31 50 20 8 30 40 40 90
Iron, total, ug /L............... 70 100 200 90 75 110 400 100 440
Manganese, dissolved, pug / L.... 40 17 38 11 25 8 40 11 46
Manganese, total, ug /L......... 80 50 50 20 15 15 80 50 100

ANALYTICAL AND INTERPRETIVE
APPROACH

Systematic variations in properties and constituents
of ground water in the study area may result from:
geologic and lithologic factors (water-rock interactions),
hydrologic factors (recharge, discharge, and mixing of
waters), biochemical factors (chemical reactions medi-
ated by living organisms), and physical factors (changes
in temperature, pressure, location, and topography);
but with previously collected data, systematic varia-
tions can also result from the diversity of methods that

were used to collect the data. The interpretation of vari-
ations in properties and constituents from a large
regional data base requires an approach that focuses on
comparing representative values for selected groups of
data. Statistical techniques based on sorted data
(ranked values) provide an unbiased means for obtain-
ing reliable central values (medians), for quantifying
the spread of values about the center (interquartile
range), and for comparing groups of data (analysis of
variance). Statistical techniques based on regression
provide a means for fitting a smoothed line to a group
of points on a scatterplot. GIS techniques provide a
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means to display variations in properties and constitu-
ents as a function of location (geographic trends). All
three methods are used in the following sections of this
report.

STATISTICAL TREATMENT OF
WATER-QUALITY DATA

Water-quality data commonly contain many values
clustered together at the low end of the range and a
diminishing number of values scattered across the high
end. For this type of skewed distribution, percentile
indexes based on the rank of the data values are often
used to express: (1) the median (or 50th percentile), a
value that represents the center of the group, and (2) the
interquartile range (IQR), a value that indicates the
degree of uncertainty in the location of the median. The
IQR is the difference between the 75th and 25th percen-
tiles and is the middle half of the data. Percentile
indexes are comparatively insensitive (or robust) to
extreme values and are usually a more reliable descrip-
tion of the data than are the mean and standard devia-
tion.

Seven percentile indexes calculated for selected
chemical properties and constituents are listed in table 5
by type of site and physiographic province. Zero and
missing values in the data have been excluded from the
calculation. Representative values in the lower quartile
of each group are shown by the 5th and 10th percen-
tiles; values in the upper quartile are shown by the 90th
and 95th percentiles. The arithmetic mean is also listed
for comparison.

DISPLAY OF REGIONAL VARIATIONS
IN WATER QUALITY

Value-distribution diagrams (boxplots) are a concise
way to display the statistical information obtained from
percentile indexes. This diagram was introduced by
Tukey (1977) and several modifications have been pro-
posed by other researchers (Helsel and Hirsch, 1992;
McGill and others, 1978). Most boxplots, however, con-
sist of a few basic elements: a rectangular box that
encloses the IQR, a median line that divides the box in
half, and a pair of whisker lines that extend outward
from the ends of the box to show the lower and upper
tails of the distribution. Some features of the diagram
have not been standardized: The far ends of whisker
lines may extend to: (1) the minimum and maximum
data values, (2) specific percentile indexes, or (3) a dis-
tance related to the size of the IQR. To emphasize skew,
Tukey's boxplots show individual values which lie
beyond the ends of the whisker lines (detached values).
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Boxplot diagrams are often put side by side to com-
pare and contrast groups of data. In this report, regional
variations in water-quality are shown on multiple box-
plot diagrams that display nine groups of data for each
property or constituent: a group for each type of site
(ground water, spring water, and surface water) in each
of the three physiographic provinces. Most groups con-
tain detached values, but this report emphasizes differ-
ences among the central values for the groups; detached
values represent extremes and are not shown. Whisker
lines extend to the 10th and 90th percentile indexes and
encompass about 80 percent of the data.

DISPLAY OF LOCAL VARIATIONS
IN WATER QUALITY

The county grid system for the study area is a useful
tool for displaying local variations in water quality
because each county can be shown on a map with an
intensity of shading that shows the relative magnitude
of the property or constituent. The value used to deter-
mine the shading for a county is generally the median
value for the county. If only one value is available for
the county, that value determines the shading. The
shading scheme is based on selected percentile indexes
calculated from all data shown on the map (see Appen-
dix B, table B-1), and the use of a contrasting color (red)
calls attention to counties with unusually high values
for a property or constituent. For each shaded map, an
inset map shows the location of data sites and empha-
sizes their uneven geographic distribution.

DISPLAY OF DEPTH VARIATIONS
IN GROUND-WATER DATA

Water collected from a network of wells can show
water-quality variations as a function of depth. Descrip-
tive statistics for depth of sampled wells are listed by
physiographic province in table 6 and summarized
graphically in figures 4 and 5. In the APRASA study
area, most sampled wells are less than 500 ft deep and
half are less than 200 ft deep; only a few wells in the
water-quality data base are deeper than 1,000 ft. Median
well depths in the Piedmont, the Blue Ridge, and the
Valley and Ridge Provinces are 140, 164, and 150 ft,
respectively (fig. 4). Nearly twice as many sampled
wells are in the Piedmont as are in the Valley and Ridge,
and only 4.2 percent are in the Blue Ridge (table 6).
Most sampled wells for which depth is known are in
New Jersey, Pennsylvania, Maryland, and North Caro-
lina and are less than 200 ft deep (fig. 5). The deepest



D14 REGIONAL AQUIFER-SYSTEM ANALYSIS —APPALACHIAN VALLEY AND PIEDMONT

TABLE 5.—Summary statistics for selected properties and constituents of ground water, spring water, and surface water in the study area, by
physiographic province

Type of site and Number of Mean Percentile values calculated from the data

physiographic province analyses 5th 10th 25th 50th 75th 90th 95th

Specific conductance, microsiemens per centimeter at 25 degrees Celsius

Ground water:

Valley and Ridge. ....... 2,955 604 75 126 220 380 600 817 1,002
BlueRidge ............. 454 154 29 39 54 103 201 303 440
Piedmont .............. 10,150 387 41 59 115 280 554 780 976
All ground water. . . . .. 13,559 427 44 62 129 295 560 780 970
Spring water:
Valley and Ridge........ 803 369 65 168 220 312 535 600 657
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