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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED

WATER-QUALITY UNITS
Multiply By To obtain
Length
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square mile (mi) 2.590 square kilometer
Flow
gallon per minute (gal/min) 0.06308 liter per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second

Vertical datum: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic
datum derived from a general adjustment of the first-order level nets of the United States and Canada, formerly
called Sea Level Datum of 1929.

Abbreviated water-quality units: Chemical concentrations and water temperature are given in metric units.
Chemical concentration is given in milligrams per liter (mg/L) or micrograms per liter (ug/L). Specific electrical
conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius (uS/cm). Radon-222
(**?Rn) concentration is expressed in picocuries per liter (pCi/L). Water temperature given in degrees Celsius
(°C) can be converted to degrees Fahrenheit (°F) by using the following equation: °F = 1.8(°C) + 32.
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Hydrogeology of, and Quality and Recharge Ages
of Ground Water in, Prince William County,

Virginia, 1990—91

By David L. Nelms and Allen R. Brockman

Abstract

Prince William County, Virginia, a rapidly
growing suburban area near Washington, D.C.,
includes parts of four distinct geologic prov-
inces: (1) the Blue Ridge, (2) the Culpeper Basin,
(3) the Piedmont, and (4) the Coastal Plain. The
hydrogeology is complex and is characterized by
ground-water-flow systems in both consolidated
rocks and unconsolidated material. A hydrogeo-
logic framework for the county was developed by
dividing the rocks in the four geologic provinces
into seven hydrogeologic groups on the basis of
factors that affect the presence and movement of
ground water. Generally, the ground-water sys-
tems in the county are recharged in elevated areas
between stream valleys and discharge to streams
and estuaries. The paths and rate of flow of water
in consolidated rocks and unconsolidated materi-
als are distinctly different.

The quality of ground water in Prince Will-
iam County varies across the county. The rocks in
the Blue Ridge, Piedmont, and Coastal Plain con-
tain minerals that are resistant to weathering, and
the ground water tends to be acidic having low
concentrations of dissolved constituents. The
rocks in the Culpeper Basin contain abundant sol-
uble minerals, and the ground water tends to be
basic, usually having the highest concentrations
of dissolved constituents. Dissolved oxygen con-
centration in ground water tends to be high in the
fractured-rock systems, especially in the Blue
Ridge. The abundance of the different ionic spe-
cies in ground water varies between and within

the different hydrogeologic groups. For tlI'= most
part, calcium is the predominant cation and bicar-
bonate is the predominant anion in grounc' water
of the county. Generally, ground water is soft to
moderately hard in the Biue Ridge, Piedmont, and
Coastal Plain and soft to very hard in the
Culpeper Basin. Sulfate concentration in the
ground water in the Culpeper Basin are th= high-
est in response to the abundance of gypsum.
Nutrient concentration in ground water is low.
The only metals that were detected at substantial
concentrations in ground water in the county are
barium, iron, manganese, strontium, and zinc.
The presence and distribution of radon-222 in
ground water are extremely varied and ter to be
highest in the rocks of the Piedmont. Established
drinking-water standards were exceeded in water
samples from wells for pH (28 percent of the sam-
ples), sulfate (8 percent), chloride (1 percent),
total dissolved solids (12 percent), iron (10 per-
cent), manganese (18 percent), zinc (1 percent),
and radon-222 (93 percent).

The presence of chlorofluorocarbons
(CFC’s) in ground water in parts of the flow sys-
tems in Prince William County indicates that the
water is younger than 45 years, especially in the
consolidated-rock aquifers. Because ground-
water samples were commonly contaminated by
CFC’s at concentrations greater than those in the
present-day atmosphere, however, precise dating
of water from wells in urban settings was not pos-
sible. High capacity wells tend to have younger
recharge ages than those estimated for low yield
domestic wells. The deepest water-producing
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zone that indicated CFC’s was 840 feet below
land surface in the Culpeper Basin within the high
ground-water pumpage area in Manassas and
Manassas Park. Some of the youngest CFC’s-
model recharge ages and highest tritium concen-
trations in ground water occur in an area of the
Piedmont where the thickness of overburden
ranges from 60 to 110 feet. Evidently,
macropores or remnant rock fabric in the saprolite
at land surface and at shallow depths allow for
rapid movement through the unconsolidated part
of the ground-water-flow system in this part of the
Piedmont. Stratification of CFC’s-model
recharge ages is evident in the Coastal Plain. The
CFC’s-model recharge ages can aid in the evalua-
tion of ground-water resources and in the inter-
pretation of differences detected in water-quality
analyses of ground water. Water-resource plan-
ners can use recharge ages to effectively design
management and protection strategies for their
ground-water resources.

INTRODUCTION

Future urbanization of Prince William County,
Va., a rapidly growing suburb of Washington, D.C., is
expected to increase the demand for water resources.
Because increasing real estate values and the presence
of sensitive ecosystems along rivers will make reser-
voir construction less feasible, the county will proba-
bly have to rely either on water purchased from
neighboring counties or municipalities, or on ground
water to meet future water-supply demands. Available
data on ground-water quality in the county were inade-
quate to allow a full evaluation of ground-water
resources, protection strategies, contamination, and
remediation alternatives. In 1990, the U.S. Geological
Survey (USGS), in cooperation with the Prince Will-
iam Health District, began a study of the quality of
ground water to generate the data needed to make this
evaluation and to establish a baseline for evaluating
the as yet undeveloped ground-water resources in the
county.

Purpose and Scope

This report presents a description of the hydro-
geology, the ground-water quality, and the ages of
ground-water recharge in Prince William County, Va.
The hydrogeology of the county is discussed in terms
of the hydrogeologic framework and ground-water-
flow systems, and water-bearing potential ¢ f the con-
solidated rocks and unconsolidated materials. Current
ground-water quality is characterized for the different
hydrogeologic settings on the basis of analvses of 88
samples from 87 wells. In addition, the statistical and
spatial distribution of major properties and constitu-
ents, types of water, and recharge ages of ground water
are discussed.

The basic data used for this study, including
well-construction information, ground-water levels,
and water-quality analyses are not included in this
report. These data, collected between 1990 and 1991
along with a description of the sample collection and
analysis methods, are presented in Nelms and Brock-
man (1993).

Location of Study Area

Prince William County is in Northerr Virginia,
about 25 mi southwest of Washington, D.C. It is bor-
dered by Loudoun and Fairfax Counties to the north,
Fauquier County to the west, Stafford County to the
south, and the Potomac River estuary and tt< State of
Maryland to the east (fig. 1). The study area, Prince
William County, encompasses about 347 mi’ and in
1990 had a population of about 215,000. From west to
east, the county includes parts of four distinct geologic
provinces: (1) the Blue Ridge, (2) the Culpeper Basin,
(3) the Piedmont, and (4) the Coastal Plain (fig. 1). An
estimated 6.46 Mgal/d of water is consumed in the
county (Kull, 1983).

Previous Studies

Several geologic investigations have been con-
ducted in Prince William County and adjacent areas.
Lee (1979, 1980) mapped the Triassic-Jurassic geol-
ogy of the Culpeper Basin of the Piedmont Physio-
graphic Province in parts of 34 quadrangles at a sczle
of 1:24,000. Mixon and others (1972) and Seiders
and Mixon (1981) mapped the Coastal Plain and east-
ern Piedmont Physiographic Provinces of the county,

2 Hydrogeology of, and Quality and Recharge Ages of Ground Water in, Prince William County, Virginia, 1990-91
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Figure 1. Location of study area and geologic provinces in Prince William County, Virginia.
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also at a scale of 1:24,000. Lee and Froelich (1989)
described the Triassic-Jurassic stratigraphy of the
Culpeper and Barboursville Basins. Pavlides (1990)
mapped the geology in the Piedmont of Northern Vir-
ginia at a scate of 1:100,000.

Other investigations have focused on the
hydrology of Prince William County and adjacent
areas. Cady (1933, 1938) presented the first compre-
hensive investigation of the ground-water resources of
Northern Virginia. An assessment of the ground-water
resources of the county was conducted by Comer
(1976) for the Virginia Department of Environmental
Quality (DEQ), formerly the Virginia State Water
Control Board (VWCB). Geraghty and Miller, Incor-
porated (1978), investigated the availability of ground
water for public supply in the county. Betz-Converse-
Murdoch, Incorporated (1982) completed a ground-
water supply study for the county in which 13 sites
were selected as potential well fields. Several consult-
ing firms have completed ground-water investigations
for private industries located in the county.

Other investigations presented a combined
focus on both the geology and hydrology, or hydro-
geology, of Prince William County and adjacent areas.
Sanford (1913) presented the first integration of geol-
ogy and ground-water resources of the Virginia
Coastal Plain. Johnston (1960) described ground-
water supplies in the shale and sandstone of Fairfax,
Loudoun, and Prince William Counties, Virginia.
Brown and others (1972) presented regional
permeability-distribution maps for geologic units in
the Northern Atlantic Coastal Plain. Leavy and others
(1983), Posner and Zenone (1983), Leavy (1984),
Froelich (1985), Laczniak and Zenone (1985), and
Lynch and others (1987) completed parts of a series of
studies conducted by USGS examining the hydrology
and geology of the Culpeper Basin of the Piedmont.
As part of the USGS Regional Aquifer-System Analy-
sis (RASA) of the Northern Atlantic Coastal Plain,
Meng and Harsh (1988) delineated the aquifers and
confining units of the Virginia Coastal Plain. The
nomenclature established by Meng and Harsh, with
minor modifications, is used in the description of
Coastal Plain hydrogeology in this report. Nelms and
Richardson (1990) investigated the extent of volatile
organic contaminants in the ground water of the
Culpeper Basin in the county.

Study Methods

Study objectives were accomplished through
analysis and synthesis of the available hydrogeologic
data, specific to Prince William County, from previous
investigations and the additional ambient-water-
quality and water-level data collected during this
investigation. The analysis of those data consisted of
a review of previous reports and well records at the
USGS, Virginia DEQ, Prince William Health District,
and Prince William County Service Authority. Estab-
lished methods were followed in the collection of
water-level and ambient-water-quality data.

Water levels were measured in 159 wells during
two synoptic runs in the spring and fall of 1991 to
approximate the seasonal water-level fluctuations.
Pumps were shut down for as long as feasitle and the
water-level recovery period was recorded. During the
fall synoptic run, the recovery duration of tt= spring
run was duplicated, whenever possible. At least three
water-level measurements were made at a well during
each synoptic run. At least two measurements had to
be identical for the water level to be recorded as a
static level. For wells that had not completely recov-
ered, a series of measurements were collected until the
difference between measurements was less than 0.5 ft,
and the water level was reported as an approximate
static level.

Ground-water samples were collectec from 87
wells during the summer months of 1990 ard 1991 to
characterize the ambient ground-water quality. Proce-
dures outlined in Wood (1976), Scalf and others
(1981), and Claassen (1982) were followed during
sample collection. Specific conductance, plI*, dis-
solved oxygen, and water temperature were monitored
in a flow-thru-chamber during the purging cf each
well. Domestic wells were purged either for at least 1
hour or until the field properties had stabilized after
the first hour. Public-supply wells generally had been
pumped for several hours and were effectively purged
prior to the arrival of project personnel; therefore, field
properties at these wells were monitored for at least an
additional 30 minutes or until stable values were
obtained. Any filtration or treatment devices at the
well were bypassed, so that a representative water
sample from the aquifer could be collected.

Samples collected for major cation, trace metal,
and nutrient analyses were filtered through a 0.45-n
membrane filter. Dissolved organic carbon samples
were filtered through a 0.45-u silver filter. Alkalinity
was measured in the field by using the fixed endpoint

4 Hydrogeology of, and Quality and Recharge Ages of Ground Water in, Prince William County, Virginia, 1990-91



(pH =4.5), electrometric titration method. Radon-222
samples were collected from the flow-thru-chamber
using the syringe method described in Cecil and Yang
(1987). The basic water-quality samples were ana-
lyzed at the USGS National Water Quality Laboratory
in Denver, Colo. Methods for the determination of
inorganic and organic constituents in water used by the
laboratory are documented in Fishman and Friedman
(1989) and Wershaw and others (1987). Laboratory
quality assurance procedures are outlined in Friedman
and Erdmann (1982) and Jones (1987).

Ground-water samples were collected and ana-
lyzed for chlorofluorocarbons, trittum (*H), dissolved
gases, and the stable isotopes—deuterium (*H) and
oxygen-18 ('*O)—to determine the recharge age of
ground water within Prince William County and to
evaluate the stable isotopic signature. The age of
ground water at 57 sites was determined by sampling
and analytical methods developed by Busenberg and
Plummer (1992), which use chlorofluorocarbons as
dating tools. The chlorofluorocarbon, environmental
isotope, and dissolved gas samples were analyzed in
laboratories maintained by the USGS National
Research Program in Reston, Va.
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HYDROGEOLOGY

The hydrogeology of Prince William County is
complex and is characterized by ground-water-flow
systems in both consolidated rocks and unconsolidated
materials (primarily overburden and weathere bed-
rock). A conceptual hydrogeologic framework was
developed by dividing the rocks of the county into
seven hydrogeologic groups (table 1). Conceptualiza-
tion of the ground-water-flow systems is crucial in the
characterization and evaluation of the quality of
ground water.

Hydrogeologic Framework

The hydrogeologic framework for Prince Will-
iam County consists of seven hydrogeologic groups
based mainly on lithotectonic features, which repre-
sent assemblages of rock grouped by lithology, struc-
tural features, origin, and historical evolution (Bates
and Jackson, 1987). The presence and movement of
ground water through the rocks are affected by these
lithotectonic features. The spatial distribution of the
hydrogeologic groups is shown in figure 2. In terms of
geologic provinces, hydrogeologic group A includes
rocks of the Blue Ridge; hydrogeologic group~ B, Bl,
and C include rocks of the Culpeper Basin; hydrogeo-
logic groups D and E include rocks of the Piedmont;
and hydrogeologic group F includes unconsolidated
material of the Coastal Plain and overburden in the
other provinces.

Group A

Hydrogeologic group A underlies the north-
western part of Prince William County on Bull Run
Mountain, which is part of the Blue Ridge geologic
province, and consists of Early Cambrian metasedi-
mentary rocks found in the Chilhowee Group: Anti-
etam, Harpers, and Weverton Formations. The
predominant rock types are quartzite and phyllite. The
Chilhowee Group is a basal sequence of clastic sedi-
ments, terrigenous and near-shore marine in o*igin,
deposited along the Cambrian continental margin on a
foundation of Precambrian lava flows of the Catoctin
Formation (Espenshade, 1986; Pavlides, 1989, p. 185;
Rankin and others, 1989, p. 32). The Catoctir Forma-
tion and the Chilhowee Group are part of the eastern
limb of the Blue Ridge Anticlinorium and generally
dip to the east and southeast. Steep slopes with relief
of approximately 500 ft and thin to absent cover of

Hydrogeclogy 5



Table 1. Hydrogeologic group classification for Prince William County, Virginia

[gal/min, gallons per minute; ft. feet]

Hydro- Geologic Rock Water-bearing
geologic province type Formation potential®
group
A Blue Ridge Metasedimentary Chilhowee Group Poor. Massive bedding and lack of well devel-
Antietam Formation oped open fractures. Thin cover of over-
Harpers Formation burden. Significant yields in upland draws.
Weverton Formation Yields range from 4 to 75 gal/min.
B Culpeper Basin Sedimentary Waterfall Formation Moderate to excellent. Closely to widely spaced
Millbrook Quarry Member fractures and bedding-plane pa-tings with
Turkey Run Formation high frequency of intersections Dissolution
Midland Formation of calcite along fractures. Yields range from
Catharpin Creek Formation 0.5 to 740 gal/min.
Goose Creek Member
Balls Bluff Siltstone'
Manassas Sandstone'
Poolesville Member'
Reston Member
Bl Culpeper Basin Sedimentary (well Balls Bluff Siltstone Same as hydrogeologic group B.
depth greater Manassas Sandstone
than 500 ft) Poolesville Member
C Culpeper Basin Igneous and Sander Basalt Generally poor. Massive to platy, random
metamorphic Hickory Grove Basalt fracture orientations, and wide spacing
Mount Zion Church Basalt between fractures. Some fractures miner-
Thermally metamorphosed alized. Locally may have significant yields
rocks associated with cross-strike features and
Diabase columnar joints. Yields range from 0.35 to
110 gal/min.
D Piedmont Igneous—metaplutonic Metatonalite” Moderate. Subhorizontal sheeting and near-
Occoquan Pluton? vertical joints overlain by thick overburden.
Lake Jackson Pluton? Yields range from 1.2 to 100 gal/min.
Goldvein Pluton
E Piedmont Metasedimentary, Quantico Formation Poor to moderate. Near-vertical joints over-
metavolcanic, and ~ Popes Head Formation lain by thin to thick overburden. Lack of
metadiamictite Phyllite2 well-developed open fractures, especially
Lunga Reservoir Formation in phyllite and slate. Yields range from
Purcell Branch Formation 0.25 to 70 gal/min.
Sykesville Formation
Chopawamsic Formation
F Coastal Plain Unconsolidated Holocene alluvium Very good to excellent. Porous media flow.
and other sedimentary and colluvium Yields tend to be high for wells in the
provinces and saprolite Tabb Formation deeper formations. Potential exists for

Aquia Formation
Potomac Formation

intrusion of brackish surface weter. Yields
range from 12 to 320 gal/min.

! Well depth less than 500 ft.

2 Unit follows usage of U.S. Geological Survey Open-File Report 90-548 (Pavlides, 1990).

3 Modified from Nelms and Richardson (1990).

6 Hydrogeology of, and Quality and Recharge Ages of Ground Water in, Prince William County, Virginia, 1990-91































































































































































