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FOREWORD

This report is part of a series intended to cover the entire
State, and to provide private citizens, groundwater users, developers,
investors, well drilling contractors, consultants, professionals,
and government officials with as complete a picture as possible
of the‘groundwater situation, including prospects, as it exists

in each of the counties of Virginia.

On the basis of this report, prospective groundwater users
and anyone else interested in the development and protection of
that invaluable resource that is groundwater can call a consulting
hydrogeologist to handle their specific groundwater problem, while
the State Water Control Board remains at the public's service

for general information and governmental action.
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PRINCE WILLIAM COUNTY GROUNDWATER
PRESENT CONDITIONS AND PROSPECTS
by

C. D. Comer

ABSTRACT

Groundwater availability is highly variable in Prince William
County and depends‘primarily on the geologic formation in which
the groundwater occurs and secondarily on the topographic position
of the well site. The greatest variations in the geologic for-
mations occur among the physiographic areas which, from West to
East are: Bull Run Mountain, the Triassic Lowlands, the Piedmont
Uplands, and the Coastal Plain.

Aquifers are geologic formations that are capable of containing
and transmitting groundwater to wells. The quartzite rock on
Bull Run Mountain is a very poor aquifer. The red shale, siltstone,
and sandstone rocks of the Triassic region are the most widespread
and productive aquifers in the County, while the diabase rock
of the Triassic region is the poorest aquifer. The granite and
schist rocks of the Piedmont yield low to moderate quantities
of groundwater, and wells drilled in valleys, draws, and ravines
yield more water than wells on ridges or hilltops. The unconsolidated
Coastal Plain deposits in the extreme eastern portion of the
County are good aquifers, but these sediments are too thin in

some places to be highly productive.
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The natural quality of the groundwater varies with the aquifer.
The water from the Piedmont schist and granite is soft to mod-
erately hard, contains low to moderate amounts of dissolved mineral
matter, often contains excessive iron, and is acid to slightly
alkaline and may be corrosive. The quartzite rock on Bull Run
Mountain yields water that is very soft, low in dissolved minerals,
and is acidic and corrosive. Groundwater from the Triassic sed-
imentary rocks is hard to very hard, very high in dissolved minerals,
alkaline (noncorrosive), sometimes contains objectionable amounts
of iron, and often contains excessive sulfate. The Triassic
diabase groundwater is similar to that of the sedimentary rocks,
but is‘1ower in sulfate content. Water from the Coastal Plain
sediments is soft to moderately hard, relatively low in dissolved
mineral matter, acidic to slightly alkaline, and commonly contains
excessive iron.

Groundwater pollution is a potential long-range problem,
especially where there are high concentrations of septic tanks.
The Triassic sedimentary rocks are probably more vulnerable than
any other aquifer system in the County to septic-tank contamination.
Gasoline Teaks in buried storage tanks are another significant
source of groundwater contamination.

Present groundwater development is significant, by means of
numerous wells in the Mana;sas area for public water supplies and
in several subdivisions and governmental institutions throughout
the County. Most domestic water supplies in rural areas of the

County depend exclusively on groundwater.
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The area with the best potential for large-scale groundwater
development is a 27 square-mile tract south of Manassas to the
Fauquier County Tine and west of Cedar Run. This area is 1in
Triassic sedimentary rocks and could possibly yield 10.6 million
gallons per day. A second area in the Triassic sedimentary rocks
could be developed west of Catharpin but a reliable estimate of
the potential yield cannot be made. The southeastern portion of
the Coastal Plain along the Potomac River from the Stafford County
line to Powells Creek also likely contains a significant amount

of groundwater readily available for development.
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CHAPTER 1
- INTRODUCTION

Background

Prince William County is 10céted in Northern Virginia approx-
imately 25 miles from Washington, D. C. (Plate 1). The majority
of the County is rural in nature, although urbanization has occurred
at a very rapid rate since 1960. The proximity of the County to
the nation's capitol is primarily responsible for this trend. The
incorporated towns with their populations (1974 data) are: Manassas
(13,067), Manassas Park (6,308), Dumfries (2,230), Occoquan (672),
Quantico (777), and Haymarket (235).

' Agriculture, chiefly livestock and poultry products, has been
increasing in economic output although declining in over-all im-
portance in the County. Manufacturing has increased greatly in
output and employment with the principal industries being involved
in construction materials (particularly structural steel), refrig-
eration and air conditioning equipment, motors and generators,
electronic components, and research activities. The U. S. Marine
Base at Quantico employs some of the County's residents. Also,
many citizens commute to the Washington D. C. area, primarily for
government-related jobs. (Much of this information was taken from

- the Division of State Planning and Community Affairs, 1973).
The County's population grew from 50,164 in 1960 to 151,659
in 1974, with an average annual growth rate peaking at 8.3 percent

in the 1960's. This rate is presently declining (4.8 percent), and

according to the Division of State Planning and Community Affairs




(1975), the decline will continue and gradually reach 2.2 percent
in the years 1990-2000. The population for the years 1980, 1985,
1990, and 2000 is projected to be 180,000, 209,000, 238,000, and

296,000 respectively.

This continuing influx of people will bring additional problems,
not the least of which will be the providing of an adequate supply
of potable water. At the present, much of the water utilized in
the County is purchased from the Fairfax County Water Authority. The
financial burden of providing water is aggravated, since the price
of wholesale water is escalating along with the increased demand.
Thus, it behooves the County to make use of its existing groundwater
resources where available to alleviate this burden.

Groundwater development usually is less expensive than surface
water development because of the large capital outlay required in
building a surface impoundment and in purchasing land to be flooded.
It is also more flexible, since wells can be dril'led incrementally
as demand increases.

Purpose and Scope

The purpose of this report is to consolidate available in-
formation on groundwater in Prince William County, and to provide
County officials and citizens with a concise publication that
relates this information to existing groundwater conditions and
to potential for groundwater development.

The planning and development of any area is dependent on a

potable water supply. The importance of groundwater resources is

magnified in areas where a sufficient quantity of surface water is
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unavailable or where surface water is of an undesirable quality. This
report attempts to identify areas where significant quantities of
undeveloped groundwater are believed to exist. Also, the chemical
quality of the groundwater is covered in as much detail as present
data will allow, and certain groundwater problems are enumerated.

Methods of Investigation

The occurrence, availability, and quality of groundwater are
governed by geology, which is very diverse in Prince William
County. Therefore, the geologic framework of the County was in-
vestigated from available reports and unpublished data. Information
on the productivity of water wells was examined and consolidated
with the geologic data to establish the correlation between geology
and well yields. The’influence of topography on well yields was
also considered as was the depths and construction characteristics of
the wells. Chemical quality samples were collected at selected
sites to establish the effect of geology on groundwater quality.
These data were supplemented with chemical analyses from public
water-supply wells provided by the State Department of Health.
Other sources of information on the hydrogeology of the County
include data from water-level observation wells, water-level
~ measurements from private and public wells, pumpage records,. and
pumping test and other information provided by well drillers.

A1l water well information and records of water quality analyses
used in this report are in the files of the State Water Control
Board central office in Richmond and the Northern Regional Office

in Alexandria. These data have been computerized for storage and

retrieval and were used to compile Appendices A and B.




Previous Investigations

The ear]iesﬁ reports concerned with groundwater in Prince
William County were published by C]épp (1911), Sanford (1912),
and Cady (1933 and 1938). Additional groundwater information,
although generalized, is contained in publications by Walp (1960),
Johnston (1960) and the Virginia Division of Water Resources (1969),
which is now part of the State Water Control Board.

Publications pertinent to the geology of the County include
studies by Lonsdale (1927), Roberts (1928), Brown (1954), Southwick
et al (1971), Mixon et al (1972), and Lee (1976). The only geologic
map covering the entire County is the State geologic map prepared
by the Division of Mineral Resources (1963). This map is at a
scale of 1: 500,000 and therefore is not of sufficient detail for
anything other than generalized groundwater investigations. The
report by Mixon et al (1972) contains a detailed geologic map at
a scale of 1:24,000 of the Quantico 7.5 minute quadrangle, but a
detailed geologic map is not available for any other quadrangle in
the County. |

Detailed soils maps at a scale of 1 inch = 400 feet are
available through the Bureau of Soil Science and Erosion Control
in the County Public Works Department. These soil maps can be
related to the underlying geologic formations by referring to Kaster
and Porter (undated) and Pettry et al (1970).

Water Well Numbering System

The water wells studied for this report are identified by the

State Water Control Board's Bureau of Water Control Management well




numbers. Each well number consists of two parts, such as 175-55.
The first number, 175, denotes the County in which the well is
located; in this case Prince William. The second number, 55, is a

sequential number that refers to a specific well in Prince William

County.







CHAPTER II
PHYSICAL SETTING

Physiography

Prince William County lies primarily within the Piedmont
Province of Northern Virginia. The extreme eastern portion of the
County (roughly, the area east of Interstate Highway 95) lies
within the Coastal Plain Province. The County's land area is 347
square miles and its water area is approximately seven square miles.
The morphology of the County contrasts sharply between the salt
marshes and tidal flats along the Potomac River and the prominent
ridge of Bull Run Mountain. The intervening area consists of
rolling hills and lowlands.

The crest of Bull Run Mountain forms the northwestern boundary
of the County and the Potomac River forms the southeastern boundary
(Plate 2). The highest point on Bull Run Mountain is 1,311 feet
above sea Tevel. The elevation drops to approximately 500 feet
at the base of Bull Run Mountain.

The area southeast of Bull Run Mountain for approximately 17
miles is known as the Triassic lowlands, which is a sub-province of

the Piedmont. The Triassic is characterized by flat to gently

rolling topography with several prominent northeast-southwest
trending ridges of 50 to 75 feet in relief. The Triassic Towlands
drops in elevation gradually to about 200 feet on its eastern
boundary.

East of the Triassic the Piedmont uplands extends for approximately

10 miles to the Fall Line, which forms the boundary between the




Piedmont and the Coastal Plain. The Piedmont and Coastal Plain in
Prince William County have been dissected by stream erosion so
that the relief in both afeas is greater than in the Triassic
lowlands.

Hydrology

The County lies within the Potomac River Basin and is drained
mostly by the Occoquan Watershed. Occoquan Creek is formed by the
confluence of Bull Run, Broad Run, Cedar Run, and several smaller
streams. Occoquan Creek is a tributary of the Potomac and enters
that river at the northeastern boundary of the County. Several
smaller tributaries of the Potomac drain the remainder of the County
south of Occoquan Creek. The larger of these are Neabsco, Powells,
Little, Quantico, and Chopawamsic creeks.

The Occoquan Watershed is impounded by two concrete dams near
the town of Occoquan. The larger of the dams creates a reservoir
of 9.8 billion gallons which furnishes the potable water supply
for the Fairfax County Water Authority. Some of this water is
utilized in Prince William County since some of the County sanitary
districts purchase their water wholesale from the Fairfax County
Water Authority.

Several streamflow gaging stations are maintained throughout
the County. The data from these are published annually by the
U. S. Geological Survey in "Water Resources Data for Virginia". Flow
data for three of these stations for the years indicated are shown
in Table 1. The high values for June 1972 reflect the unusuaily

heavy rainfall associated with tropical storm "Agnes" on June 22, 1972.
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Several areas in the County along the major streams are
subject to flooding. Flood damage in some communities, notably the
town of Occoquan, has been extensive during major storms. All
jdentified flood-prone areas in the county with the exception of
the town of Haymarket, are presently participating in the National
Flood Insurance Porgram administered by the U. S. Department
of Housing and Urban Development.

The quality of the surface water in the County is generally
poor. The Occoquan Reservoir suffers from an over-abundance of
nitrogen and phosphorus nutrients derived from sewage treatment
plant discharges and storm water runoff from urban areas, agricultural
land, and construction sites.” These nutrients contribute to ex-
cessive growths of algae which Tower the dissolved oxygen content
of the water and cause taste and odor problems.

The Potomac River adjacent to Prince William County is actually
an estuary, which means it is within the range of the tidal fluct-
uations. Therefore, the water is brackish and unusable as a water
supply.

Climate

The climate of Prince William County is temperate. The average
annual precipitation is 39 to 42 inches. The average temperature
in July, the hottest month, is 779F and in January, the coldest
month, 350F. The tabulation below gives the average monthly values
for temperature and precipitation, from a weather-observation
station at the U. S. Marine Base at Quantico. The averages re-

present 58 years of data for temperature and 56 years for pre-
cipitation.
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AVERAGE MONTHLY TEMPERATURE (OF)

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
35.4 36.8 44.86 55.8 64.7 72.8 77.5 75.3 69.1 57.8 45.7 36.6
AVERAGE MONTHLY PRECIPITATION (INCHES)

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
3.09 2.45 3.19 3.19 3.30 3.58 4.27 4.79 3.13 2.82 2.43 2.74
The rainfall is distributed fairly evenly throughout the year,
but is highest in July and August and lowest from October through

February. However, the groundwater is recharged from December
through April since the late spring and summer precipitation is
uti]ized by vegetation and much is lost by evaporation.

Soils and Vegetation

Soils are subdivided into three zones: surface soil, subsoil,
and parent material. The parent material is composed of weathered
bedrock which retains much of its original texture and structure.
The parent material grades downward into fresh, hard bedrock.
Regolith is a term used for the weathered material and soil zone
above fresh bedrock. The thickness of the regolith is an important
factor in water-well productivity in areas underlain by crystalline
rock (e.g. the Piedmont), since the regolith is much more porous than
the bedrock. Therefore, that portion of the regolith below the
water table is a good groundwater reservoir.

The soil zone is usually a direct reflection of the underlying
bedrock on which it has developed. For instance, a soil that de-

velopes over a granite bedrock will have different characteristics

14




from one that develops over a slate bedrock. The soil does not
always reflect the bedrock, since some soils were deposited in the
flood plains of streams (alluvial soils) and some soils have re-
sulted from the slumping of material from a higher elevation
(colluvial soils) such as at the base of a mountain or embankment.

The internal drainage characteristics of a particular soil
affect the rate in which water infiltrates through the soil and, thus,
affect the rate of groundwater recharge. Soil texture largely
determines internal drainage characteristics. Water drains more
easily through coarse textured soils, such as sandy loam, than
fine textured soils, such as clay. Also, the different zones in
a particular soil often have different textures and therefore
different drainage characteristics. For instance, a soil that
has well-drained surface soil may have drainage restrictions in
the subsoil, such as sandy loam underlain by clay.

Detailed information on the soils of Prince William County
can be found in the previously mentioned works of Kaster and
Porter (undated) and Pettry et al (1970). These publications
relate specific soil types to underlying bedrock and were used
extensively in preparing this report.

Nearly half of the County is in forest, most of which is
commercial. The National Park Service holds 12,000 acres in Prince
William Forest Park and 1,061 acres in Battlefield Parks. Also,
most of the Quantico Marine Base is in forest. The predominant
forest types are oak-hickory, Virginia pine, oak-pine, and red

cedar. Forested areas impede surface runoff and thus contribute

15




to groundwater infiltration. Farmland makes up most of the re-
maining non-urbanized areas in the County. Vegetated areas in
general are more favorable to groundwater recharge than urban areas,
due to the artificial surface-drainage systems associated with

urbanization.
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CHAPTER III
HYDROGEOLOGY

Geologic Setting

The geology of Prince Willaim County is very diverse and in
some areas, complex. The greatest diversities occur among the
physiographic areas, Bull Run Mountain, the Triassic lowlands,
the Piedmont uplands, and the Coastal Plain (Plate 2). All of
the three broad groups of rocks, igneous, metamorphic, and sed-
imentary, are represented.

Bull Run Mountain is underlain by metamorphic rocks; primarily
quartzite interlayered with thin beds of phyllite, schist, and/or
slate. The Triassic lowland area is underlain by sedimentary
rocks which have been intruded in some areas by igneous rocks. The
resistant igneous rocks form ridges which run roughly northeast-
southwest. The Piedmont uplands is underlain by a complex association
of various metamorphic rocks, primarily schist and gneiss, and by
igneous rock, primarily granite. The Coastal Plain is underlain
by unconsolidated sand, silt, clay and gravel deposits.

In Precambrian time muddy and sandy sediments were laid down
on the floor of a sea which then occupied the Piedmont area.

During the Cambrian Period, near the end of this period of deposition,
volcanic activity resulted in thick lava flows and ash-fall deposits
over the sediments. Further west, water-laid sand deposits accumulated
in the area now occupied by Bull Run Mountain. During the Ordovician
Period, the volcanic activity in the eastern Piedmont subsided, and

shale was deposited over the volcanic rocks.

17




Several episodes of mountain-building activity (culminating in
the Appalachian Orogeny) took place throughout the Paleozoic Era,
and the volcanic and sedimentary rocks were subjected to extremely
high temperatures and pressures which transformed these rocks
into their metamorphic equivalents. Shale became schist or slate;
sandstone became quartzite, etc. Compressional forces squeezed
the rocks into folds during the mountain-building episodes. Molten
rock from deep within the earth was injected into the pre-existing
rocks while they were deeply buried, and this produced bodies of
granitic rocks throughout the Piedmont. Subsequent erosion of the
overlying rocks has exposed the granites.

During the Triassic Period, tensional forces tended to pull
the earth's crust apart along what is now the Atlantic Coastal
area. This created down-faulted sedimentary basins from Nova
Scotia through Georgia. After the Triassic Basin in the Northern
Virginia area filled with sediment, renewed igneous activity injected
molten rock into the Triassic deposits. During the Cretaceous
Period and later, the Coastal Plain sediments accumulated over the
ancient Piedmont rocks in the eastern part of the County. Stream
erosion has altered the surface to give the topography expressed
today.

Geologic Formations

The aeral distribution of the geologic formations in Prince
William County is illustrated on Plate 3. Table 2 lists the various
rock units in order of oldest at the bottom to youngest at the

top and their water-bearing properties. Age relationships are
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unclear for some of the ancient Piedmont rocks, although relative
ages can be determined in some cases. Groundwater characteristics
are described on the bases of lithology and physiographic province
starting on page 35.

The Wissahickon Formation is the oldest and most widespread
rock unit in the Piedmont of Prince William County. The Geologic
Map of Virginia (1963) refers to this rock unit as metamorphosed
sedimentary rocks, although U. S. Geological Survey publications
still use the formal stratigraphic name, Wissahickon' Formation
(Mixon et al, 1972). It is composed of various metamorphic rocks
including green to gray quartz-mica schist, phyllite, and dark
gray to white quartzite and gneiss. The contact between various
rocks of the Wissahickon are commonly gradational. The schist
gnd phyllite weather readily, producing a deep, yellowish-red to
brown silt or silty clay soil. The quartzite and gneiss are more
resistant to weathering and produce a thinner, more sandy soil.

An unnamed greenstone body occupies a small area northeast
of Manassas along Bull Run. It occurs along the contact of the
Wissahickon Formation and the Triassic sedimentary rocks, and

is a southerly extension of a sinuous strip of greenstone that

runs through Fairfax County. Johnston (1962) described the greenstone

as being a heterogenous assemblage of various massive to schistose,
ultra-mafic rocks.

The granitic rocks (granite and granite gneiss) in Prince

William County are widely distributed throughout the Piedmont. They

vary considerable in composition, range in color from dark gray to
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pink to almost white, and may be massive or somewhat schistose. The
granitic rocks are generally highly fractured and well-developed
joint systems may be observed behind the Lake Jackson Dam and behind
the Occoquan Dam on the Fairfax County side.

The Weverton Formation consists of fine-grained, white to light-
gray, massive to thin-bedded quartzite. It is commonly interbedded
with thin layers of micaceous phyllite or schist. The only
occurrence of the Weverton Formation in Prince William County is
on Bull Run Mountain. The Weverton is reportedly 300 to 500 feet
thick to the north in Loudoun County {(Toewe, 1966). However, this
refers to the stratigraphic thickness rather than vertical thickness
and,rsince the strata are steeply inclined to the east, the vertical
thickness would be much greater.

The Chopawamsic Formation was named by Southwick et al (1971)
for a group of rocks on the eastern margin of the Piedmont that
- are shown on the Geologic Map of Virginia (1963) as metamorphosed
volcanic and sedimentary rocks. The Chopawamsic over]ies»the
Wissahickon Formation and underlies the Quantico Slate. The terms
"overlie" and "underlie" are used here in the stratigraphic sense,
as the beds and the contacts between the formations are nearly
vertical. The Chopawamsic is made up primarily of fine-grained,
green to gray schist that was largely derived from volcanic ash
and flow deposits. Mixon et al (1972) include a small body of
greenstone near Dumfries as part of the Chopawamsic Formation. The
stratigraphic thickness of the Chopawamsic is estimated to be 6,000

to 10,000 feet in Prince William County (Southwick et al, 1971).
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The Quantico Slate is a dark-gray to black slate that contains
abundant graphite and pyrite. It occurs along the eastern margin
of the Piedmont, stratigraphically above the Chopawamsic Formation.
Most of the slate is covered by overlapping Coastal Plain sediments,
but several outcroppings are exposed in the stream valleys of
Occoquan, Neabsco, Powells, Quantico, and Chopawamsic creeks.

The Newark Group refers to the sedimentary rocks in the Triassic
Basin, and includes conglomerate, sandstone, siltstone, and shale.
A1l of the different sediments are interbedded vertically or inter-
finger laterally with each other. The conglomerate occurs pre-
dominately on the western margin of the Triassic, although some
conglomerate beds are present near the eastern boundary. The sand-
‘stone,si1tstone, and shale deposits are widespread throughout the
Triassic regfon. In recent work, Lee (1976) has redefined the
Triassic sedimentary rocks as the Manassas Sandstone, Balls Bluff
Siltstone, and the Bull Run Formation. The typical color of the
Triassic sediments is deep red or maroon, although local variations
are common. The shales are usually thin-bedded and brittle. The
beds of the other rock types are more massive in nature. The
siltstones are calcareous and the sandstones are commonly arkosic.

Several large bodies of igneous rock are present throughout
the Triassic region. These rocks were injected in the molten
state into the sedimentary rocks. The principal igneous rock is
diabase (commonly called bluestone by well drillers) but basalt
and syenite are also present. Most of the igneous rocks occur as

dikes, sills, or stocks but it is possible that lava flows and
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volcanic ash deposits are present since similar occurrences are
recognized in nearby Loudoun County (Toewe, 1966).

The injection of the molten igneous rock into the Triassic
sediments created a baked zore (contact metamorphism) along the
contacts of the dissimilar rocks. The shales have been metamorphosed
into a dense black rock called hornfels adjacent to the igneous
intrusions. The baked zone extends for some distance beyond the
immediate contact, and the typical red color of the shales has
been altered to blue-gray or purple. The zone of baked shale is
illustrated on the county soils maps (Kaster and Porter, undated),
but is not differentiated from the other Triassic sediments on the
map fqr this report.

The Coastal Plain sediments are primarily included within the
Potomac Group, which is an assemblage of Lower Cretaceous deposits.
The sediments include interfingering and interlayered sand, silt,
clay, and gravel deposits. The sand beds occur as elongate lenses
rather than sheet like 1ayers. The sands are commonly arkosic
(contain abundant feldspar) and the dominant mineral in the clay
beds is montmorillonite, a clay mineral that swe11s when wet and
shrinks when dry (Moncure and Force, 1976). The sediments thicken
to the east, from a feather edge along the Fall Line to approximately
500 to 600 feet along the Potomat River at Quantico. Several outliers
of Coastal Plain sediments occur west of the Fall Line over the
Piedmont rocks, but these are too thin to be significant in a
groundwater investigation and, therefore, are not mapped for this

report.
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Geologic Structure

The major structural features of the area trend in a northeast-
southwest direction, roughly paralleling the Appalachian Mountain
trend. These features include folds, faults, igneous intrusions,
and foliation or schistosity of the metamorphic rocks.

Bull Run Mountain is a hogback mountain, which is a ridge
produced by highly tilted strata. The rock strata of Bull Run
Mountain are inclined steeply to the east.

The eastern flank of Bull Run Mountain is bound by a large
fault, named the Bull Run Fault, which trends northeast, parallel
to the mountain. This fault forms the western boundary of the
Triassic lowlands. It extends for 90 miles in Virginia, from
southern Orange County through Prince William County and continues
into Maryland. The Bull Run Fault is a normal or gravity fault
which is downthrown to the southeast. The fault plane dips to the
southeast at an angle of 309 to 500 (Keith, 1893). The vertical
displacement (amount of downdropping) is not known, but is probably
at least 1,500 to 2,000 feet and possibly more. The Triassic Basin
to the southeast was being infilled with sediment when the fault was
active. Other normal faults are numerous throughout the Triassic
region, but they are much smaller in magnitude than the Bull Run
Fault.

The Triassic area is underlain by a sedimentary basin, named
the Culpeper Basin, that was formed by the downdropping associated
with the Bull Run Fault. It extends for approximately 90 miles in

Virginia, as does its associated border fault, and it is about 17
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miles wide in Prince William County. The basin is wedge-shaped
in nature, being thicker in the west and thinning to a feather edge
to the east. The vertical thickness is not known, but it is probably
- at least 1,500 to 2,000 feet. Some of the similar Triassic basins
along the Atlantic Coast are known to be as much as 8,000 feet thick,
but no data are available for the total depth of the Culpeper Basin.
The sedimentary rocks of the Triassic Basin are inclined to
the northwest, towards the border fault. The angle of inclination
of the strata is approximately 15 to 200, but it is generally mofe
gentle near the eastern margin of the basin, where the strata are
almost horizontal in places. The strata become more tilted to the
west, and the greatest dips are found near the Bull Run Fault.
Fractures are common along the bedding planes, and these serve
as recharge zones for groundwater. Secondary joints (fractures)
are also present ét angles to the bedding-plane fractures, but
they are of much less significance.
Intrusions of igneous rock, in the form of dikes and sills,
are present throughout the Triassic region. The igneous rock,
diabase, was idjected in the molten state after deposition of the
sediments. Joint systems are present in the diabase, but these
rocks are not sufficiently fractured to allow recharge of groundwater
in copious amounts. |
The most common structural feature in the Piedmont uplands is
the schistosity or foliation of the metamorphic rocks. The
foliation conforms to the regional northeastward trend, and the

dip or angle of inclination is near vertical.
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Several large bodies of granitic rocks, which were injected
into the metamorphic rocks, are present in the Piedmont. Also
present, are several small pegmatite dikes (quartz veins), composed
primarily of highly fractured, milky white quartz. This material
is commonly called flint rock by well drillers, and it generally
produces a water-yielding zone when encountered below the water table
in a well. The granitic rocks are shown on the accompanying geologic
map, but the pegmatite bodies are too small and numerous to be mapped
separately.

A structural feature called the Quantico syncline (Lonsdale,
1927 and Brown, 1954), is present near the Fall Line in the Pigdmont
rocks. The Quantico syncline trends northeastward, a]ignedbwith
the major structures of the Appalachian region. The outcrop
width of the syncline is approximately one and a half miles, and
the eastern flank is overlapped by the Coastal Plain sediments.
The dip on the flanks of the syncline is near vertical. These
relationships are well illustrated by Mixon et al (1972). The
total length of the Quantico syncline is thought to be 24 miles
(Brown, 1954).

The Coastal Plain deposits occur as a wedge of sediment
overlying a basement of ancient Piedmont rocks. The sediments
thin to a feather edge near the Fall Line and thicken in an eastward
direction (Plates 3 and 5). The surface of the Piedmont basement
is irregular in nature, and the maximum thickness of the overlying
sediments is approximately 500 to 600 feet near the Potomac River

at Quantico. The rate of thickening is greater in the southern
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part of the County, 120 to 155 feet per mile, than to the north
near Woodbridge, where it averages 70 to 100 feet per mile.
Groundwater |

Groundwater is an integral part of the earth's water circulation
system, which is called the hydrologic cycle (Plate 4). Groundwater .
originates from precipitation, in the form of rainfall or melting
snow. That portion of the precipitation available to groundwater
recharge is equal to the total precipitation minus evaporation,
transpiration by growing plants, runoff to streams, and the amount
held as soil moisture. Some of the water that infiltrates through
the soil zone is held by capillary forces above the water table;
the remainder moves downward by the force of gravity and replenishes
the groundwater, causing the water table to rise.

The surface of the water table is rarely flat, but has un-
dulations usually conforming to the topography. The water table
is higher under hills than under valleys. However, the relief
of the water table surface is more subdued than the topographic
relief. Therefore, the depth to the water table is greater under
a hill than under a valley.

The differences of elevation on the water table and the force
of gravity cause movement of the groundwater. This movement often
results in the natural discharge of groundwater through springs.
Springs or seeps occur where the water table intersects the land
surface, usually on the sides. of slopes and in valleys. Thus,
high topographic areas are commonly groundwater recharge zones .

and low topographic areas are commonly groundwater discharge zones.
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Groundwater does not flow in "underground streams" except in

Timestone or dolomite caverns, which do not exist in Prince William
. County. Groundwater flows through the interconnected pore spaces

in sediment and fractures in rock. The rate of movement ranges
from a few inches per year to a few feet per day.

Groundwater mdvement in crystalline rock is affected by structures
in the bedrock, particularly fractures such as faults and joints.
The direction of movement is affected by the alignment and inclination
of the fractures, the rate of movement is influenced by the number
and size of the fractures, and the depth of movement is determined
by the depth to which the fractures extend.

Groundwater movement may be artificially caused by withdrawals
by wells. The pumping of a well will cause the water level in the
vicinity of the well to drop, resulting in movement of groundwater
towards the well. The vertical distance that the watér level in
the well drops is termed the drawdown. The drained space between
the original water level (static water level) and the lowered

water level (pumping water level) is roughly cone shapped, and is

termed the cone of depression. The cone of depression spreads
outward from the well as it is pumped. The cone of depression will
eventually stabilize at some distance from the well if fhe with-
drawal rate is not excessive. If two or more wells are placed too
- close to each other, the cones of depression of each will intersect

and may result in excessive drawdowns and decreased yields.

Aquifers

An aquifer is a geologic formation that is capable of containing




and transmitting groundwater. Aquifers may be comprised of un-

consolidated sediments or of fractured, consolidated rocks. Ground-

water is contained in the pore spaces of sediment, such as sand “
or gravel, and in fractures or cracks in crystalline rock, such

as granite.or slate.

Aquifers may be of twoc types: (1) unconfined or water-table
aquifers and (2) confined or artesian aquifers. Both types are
present in Prince William County and examples are illustrated in
Plate 4.

In an unconfined aquifer, the water table is the upper surface
of the zone of saturation. The surface of the water table is at
atmospheric pressure, whereas water below this surface is at a
higher pressure, due to the weight of the overlying water. In
an unconfined aquifer, water is able to infiltrate downward through
the zone of aeration and reach the water table.

In an artesian aquifer, the groundwater is separated from the
zone of aeration by a confining layer, such as an impermeable clay
bed. Groundwater in a confined aquifer is under pressure in excess
of atmospheric pressure. When the confining layer is penetrated
by a drill bit, the groundwater quickly rises in the bore hole.

The water level in an artesian well stands above the aquifer that
it taps. If the artesian pressure is sufficiently high, the water
may flow freely at the surface. However, a well does not have to
flow freely for artesian conditions to exist.

The depth to the static water level of an aquifer can be
measured in any well that is not being pumped. If the well is in

a confined aquifer and the upper water table is cased-off, the
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measured water level is termed the artesian surface (or potentiometric
surface). In a well tapping an unconfined aquifer in which water
. from the upper zone is allowed to enter the well, the measured
water level is termed the water table. The depth to the groundwater
in either case will depend on several factors including: the geologic
formation in which the well is drilled, the confining conditions of
the aquifer, the topographic position of the well site, the time of
year the measurement is taken (water levels fluctuate seasonally),
and the proximity to pumping wells.
Groundwater sometimes flows for many miles in extended aquifers,
but frequently, especially for unconfined aquifers, it has partiy
or totally originated from surface infiltration within a radius
of a few miles of its occurrence. The recharge area for most
water-table wells is the immediate area around the well for a radius
| of several hundred feet. Recharge of an artesian aquifer may
occur from lateral migration from the outcrop area of the aquifer
or from vertical leakage through semipervious confining beds.
Piedmont. The igneous and metamorphic rocks in the Piedmont
are poor to fair aquifers depeﬁding on the local conditions where
a well is drilled. The controlling factors include: the thickness
of the regolith, the porosity and permeability of the regolith, the
topographic position of the well site, the degree of fracturing
- of the bedrock, the occurrence of pegmatite quartz veins (flint
rock), and the lithology or type of rock.
The thickness, porosity, and permeability of the rego?ith

affect the storage capacity and rate of recharge to the aquifer.
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According to Nutter and Otton (1969), the lower most portion of the
regolith adjacent to fresh bedrock is often the most permeable zone.

The topographic position of the well site is very important, -
since wells drilled in ravines, valleys, draws, and Tower slopes
have higher yields statistically than wells drilled on ridges and
hilltops. Wells at low areas tend to receive recharge from uplands.
Also, the topography in areas of crystalline rocks is an indicator
of the degree of fracturing of the bedrock, since streams tend to
align themselves along fracture zones.

The importance of fractures in the bedrock to well yield
should be self-evident, since fractures are responsible for trans-
mitting water to a well in the Piedmont. Fractures in crystalline
rocks are more numerous near the surface and decrease in occurrence
with depth. Most water-bearing fractures in Piedmont rocks occur
in the upper 150 feet and few exist below 350 feet.

The presence of quartz veins through the bedrock is advantages
because the brittle quartz is often fractured. However, the
quartz veins will rarely yield more than a few gallons per minute
and their occurrence is hard to predict.

The 1ithology or type of rock in the Piedmont is not the
most important factor governing well yields in Prince William
County, because most of the area is either schist or granite, which
do not differ materially as water producers. However, the -
greenstone and Quantico Slate should be avoided if possible, as they
are definité]y inferior aquifers.

In an inventory throughout Northern Virginia, Walp (1960)
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reported an average yield of 14 gallons per minute (gpm) for 405
wells drilled in the Wissahickon Schist and 14 gpm for 48 wells
drilled in Piedmont granitic rocks. Johnston (1962), in a study

in neighboring Fairfax County, reported an average yield of 14 gpm
for 139 wells in schist and 12 gpm for nine wells in granite. Well
yields in the Piedmont of Prince William County can be expected

to be consistent with these values, although local variability in
geologic and topographic conditions can cause considerable deviations
from average yields, either on the high side or the Tow side.

The highest reported well yield in the Piedmont of Prince
William County is 92 gpm (well #35) for a 400 foot well at Occoguan
Forest Subdivision about five miles east of Manassas. That well
is in granitic rocks that are somewhat schistose. The lowest
reported well yield is for a 250 foot dry hole in schist in Prince
William Forest Park near Joplin (well #198). A second well (#199),
also in schist, drilled approximately 1,500 feet from the dry
hole produced only 2 gpm.

The static water levels for Piedmont wells reportedly range
from 5 to 55 feet below land surface.

Bull Run Mountain. The Weverton Formation, which occurs only

on Bull Run Mountain in the County, is a very poor aquifer. The
steep slopes of the mountain are more conductive to surface runoff
than to subsurface infiltration so that groundwater recharge is
minimal. The dense, crystalline quartzite rock is not highly
fractured, and is not conducive to groundwater flow and, therefore,

will yield very little water to wells. Also, the regolith is too
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thin to form a significant groundwater reservoir. Too few wells

have been drilled on Bull Run Mountain to provide reliable data
on average yields, but more than a few gallons per minute should
not be expected, regardless of depth.

Triassic. The Triassic sedimentary rocks of the Newark Group
are undoubtedly the most productive and reliable aquifers in the
County. This is because the rocks are highly fractured along the
sedimentary bedding planes, which are inclined 1590 to 200 from the
horizontal. The fractures extend much deeper than fractures in the
Piedmont rocks, and deep drilling is more feasible in the Triassic
(diabase éxc]uded) than in any other region in the County.

The shales, sandstones, and siltstones are thought to be more
productive than the conglomerate, which tends to be more massive
and less fractured.

The topographic position of the well site is not as significant
a factor on well yields in the Newark Group as in the Piedmont.
However, Nutter (1975) observed statistically higher yields in low
areas as opposed to uplands in the Maryland Triassic.

The lowest yield reported in this study for the Newark Group
is 5 gpm (well #28) for a 152 foot well in Gainesville and the
highestvis 735 gpm (well #83) for a 912 foot well in Manassas. The
average yield for 10 wells up to 200 feet in depth is 13 gpm; for
22 wells from 200 to 400 feet, 26 gpm; for 10 wells from 400 to 600
feet, 185 gpm; and for 13 wells from 600 to 1,005 feet, 274 gpm.

It is clear that the Triassic sedimentary rocks are capable
of producing water from greater depths than the other aguifers in

the County.
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A11 of the deep and highly productive wells for which data were
available for this report are in the Manassas area. However, there
is every reason to believe that similar yields could be obtained
elsewhere in the Triassic region of the County, as long as the
areas of diabase occurrence were avoided. Also, the areas of con-
glomerate occurrence may be somewhat less productive.

The static water levels for wells in the Triassic sedimentary
rocks outside of the Manassas area range from 10 to 50 feet. Within
the Manassas area, the range is 30 to 170 feet. The greater depths
in the Manassas area are undoubtedly due to the relatively large
withdrawals that have occurred since 1905 when the city first began
using groundwater as a public supply. It is not known how large
én area is affected by the drawdowns in the Manassas area, but the
effect is probably local rather than regional. The Triassic aquifers‘
are artesian and any one well may encounter several different
artesian zones at various depths, each having its own potentiometric
surface. This fact muét be considered in any attempt to determine
the possible effect of large scale groundwater withdrawals in the
Manassas area on regional water level declines.

The Triassic diabase is certainly the poorest aquifer in the
County. Dry holes are common, especially on ridges and hilltops.
Average yields in the best of locations, ravines, draws, and valleys,
are probably no better than 5 to 10 gpm. Water-yielding zones
are not likely to be encountered deeper than 350 feet and most
probably occur within the upper 150 feet.

Coastal Plain. The unconsolidated sand beds within the Coastal
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Plain sediments are good équifers. Unfortunately, the sand beds
comprise a much smaller proportion of the sediments than the clay
beds. Also, the Coastal Plain is relatively thin in Prince William
County.

Plate 5 is a contour map that illustrates the elevation of the
base of the Coastal Plain sediments, which is the maximum depth
that a well should be drilled. Most of the water bearing sands
occur between 200 to 350 feet below sea level, and the highest
yield wells can be expected southeast of the -200 foot contour line
on Plate 5. Wells to the northwest of this line drilled deeper
than 200 feet below sea level will encounter nonproductive crystalline
rocks of the Piedmont basement.

The average yield for four wells drilled Tess than 200 feet
in the Coastal Plain is 101 gpm; for 9 wells between 200 and 400
feet, 137 gpm; and for two wells from 400 to 600 feet, 211 gpm.

The Coastal Plain contains both artesian and water table
aquifers. The static water levels for wells drilled in the Coastal
Plain sediments generally range from 4 to 45 feet, although depths
of as much as 151 feet have been reported. Cady (1938) reported
two artesian wells south of Woodbridge that flowed at the surface,
indicating static water levels above ground. Wells drilled at the top
of high sandy ridges in the Coastal Plain are likely to have static

water levels from 50 to 100 feet.
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OF
COASTAL PLAIN SEDIMENTS
IN
EASTERN PRINCE WILLIAM COUNTY

LEGEND
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0 Contour Line = Mean Sea Level
-200 Contour Line = 200 feet below
Mean Sea Level
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SOURCE: Virginia State Water Control Board — NRO PLATE 5
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CHAPTER IV
GROUNDWATER QUALITY
The quality of groundwater is a reflection of its chemical,
biological, and physical characteristics. The potability and
| ~ industrial usability of groundwater is dependant on its quality,
which is determined by natural occurring phenomena and may be
impaired as a consequence of human activities.

Constituents in Natural Groundwater

As water falls through the atmosphere and percolates through
soil and rock material, gases end mineral matter become dissolved
or suspended in the water. The solids and gases contained in
‘water influence its chemical and physical properties, such as
hardness, acidity/alkalinity, corrosiveness, taste, color, odor,
etc. Some of the dissolved constituents, such as fluoride (if
not excessive), are beneficial; others, such as iron, troublesome.
Consultation with the Virginia Department of Health is in order
for determining groundwater potability.

The most common constituents of natural groundwater include
calcium, magnesium, sodium, bicarbonate, sulfate and chloride.
Other constituents commonly present, but usually in lesser amounts,
include iron, magnanese, silica, potassium, fluoride and nitrate.

Calcium (Ca) and Magnesium (Mg). These ions are responsible

for most of the hardness and scale-forming properties of water (see
hardness). A high concentration of magnesium in water can have
a laxative effect on its user. Calcium, in high amounts, has

been reported to be harmless.
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Sodium (Na) and Potassium (K). 1In high amounts, these ions

can give a salty taste to water in combination with chloride. High
amounts of sodium in drinking water is reportedly undesirable
to persons who suffer from hypertension.

Iron (Fe) and Manganese (Mn). These constituents cause

stains in laundry, cooking utensils, and porcelain fixtures. They
also contribute to hardness and may impart an objectionable taste
and color to food and beverages. The recommended 1imit for iron
and manganese together in drinking water is 0.3 mg/1.

Bicarbonate (HC03). Bicarbonate ions are responsible for

most of the alkalinity in water and combine with calcium and
magnesium to form boiler scale.

Su]fate (504). Suifate combines with calcium to form boiler

scale and may impart a bitter taste to water when present in
excess of 500 mg/1. Water containing 1000 mg/1 may be cathartic.

The recdmmended Timit for sulfate in drinking water is 250 mg/1.

Chloride (C1). 1In excess of 100 mg/1, chloride imparts a
salty taste. The recommended Timit for chloride in drinking

water is 250 mg/1.

Fluoride (F). 1In drinking water, fluoride reportedly reduces

the incidence of decay in children's teeth. However, excessive
fluoride may cause mottling of the teeth. The recommended limit
fqr fluoride in dfinking water is 1.5 mg/1.

Nitrate (NO3). The final product of oxidation in the nitrogen
cycle is nitrate. Water containing more than 45 mg/1 of nitrate

has been reported to cause methemoglobinemia in infants. High
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nitrate content may indicate sewage pollution. The recommended
limit for drinking water is 45 mg/l, if expressed as nitrate (NO3)
or 10 mg/1 expressed as nitrate-nitrogen (NO3-N).

Total Dissolved Solids (TDS). This factor indicates the total

amount of dissolved mineral matter in water. The recommended limit
for TDS in drinking water is 500 mg/1.

Specific Conductivity. A measure of the ability of water

to conduct an electric current, specific conductivity is an
indicator of the relative amount of dissolved minerals in water.
Hardness. Water hardness causes excessive consumption of
soap and deposition of scales in pipes, water heaters, and boilers.
Water whose hardness is less than 60 mg/1 is considered soft;
61 to 120 mg/1, moderately hard; 121 to 180 mg/1, hard; and greater
than 180 mg/1, very hard.
gg: A measure of the hydrogen ion concentration, pH indicates
whether water will act as a weak acid or an alkaline solution. The
pH scale ranges from 0 to 14 with 7.0 being neutral, greater than
7.0 indicating an alkaline solution, and less than 7.0, an acidic
solution. Corrosiveness of water generally increases with a
decreasing pH, although highly alkaline water may be corrosive.
Corrosive water may attack steel casing or copper plumbing.

Water Quality in Prince William County

The quality of the groundwater in Prince William County is
highly variable. This variation is primarily due to the different
rocks in which the water occurs and the local conditions of the

well site, including the construction characteristics of the well
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and proximity to sourcés of contamination, such as septic-tank
drainfields. Table 3 1lists the maximum and minimum concentrations
and the median values for the constituents in the groundwater

of the various aquifers in the County, based on chemical analyses
available for this report. Appendix A is a summary of water quality
analyses of samples taken from individual wells throughout the
County. The hardness trends of the groundwater are illustrated

in Plate 6, based on the data from Appendix A.

Piedmont. Groundwater from the granite and schist aquifers
is of similar quality as can be seen in Table 3. The water is
soft to moderately hard and éontains low to moderate amounts of
dissolved mineral matter. It is acid to é]ight]y alkaline and may

be corrosive to steel casing and copper pipes.

‘ Iron may be present in objectionable amounts in water from
any of the Piedmont rocks. Two of the 15 samples from schist
and four of the nine samples from granite contained excessive
iron. ‘

The bicarbonate content is relatively high in Piedmont ground-
water. The fluoride content is very low and only one of 17 samples
contained any significant amount. The sodium, sulfate, chloride,
and nitrate contents are low and may indicate local pollution
if they appear high in water from a Piedmont well.

Bull Run Mountain. Groundwater from the Weverton Quartzite

-is softer and lower in dissolved minerals than that from any
other aquifer in the County. It is generally acidic and may be

corrosive. None of the five samples contained excessive iron
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although a significant amount (0.25 mg/1) was present in water
from well #181. Fluoride content is low and bicarbonate is the
only significant nonmetal ion present.

Triassic. The sedimentary rocks (Newark Group) of the
Triassic Basin produce water that is much harder and higher in
dissolved solids than that of any other aquifer in the County.

Of 40 samples, 25 (62.5 percent) were very hard, 8 (20 percent)
were hard, four (10 percent) were moderately hard, and on]y‘three
(7.5 percent)were soft. The total dissolved solids content commonly
exceeds the recommended limit of 500 mg/1.

The water is usually slightly alkaline and rarely corrosive.
Iron was excessive in only four of 42 samples. Fluoride is often
present but rarely in very high amounts. In addition to the
hardness producing calcium and magnesium jons, the sodium content
is relatively high, although not excessive. The chloride and
nitrate contents are not high unless contamination is present.

Sulfate and bicarbonate are the most abundant nonmetal con-
stituents, with bicarbonate usually predominant. However, the
sulfate content commonly exceeds the recommended 1imit (250 mg/1)
in the deep wells in the Manassas area and samples from wells
number 65 and 176 reportedly contained 640 mg/1 of sulfate. It
is possible that sulfur laden water occurs at specific zones in
a well. If so, such zones could be isolated by sampling water
at various depths in a well. It might then be possible to case-off
the high sulfur water, which would reduce the output of the well

but diminish the sulfate problem. Water samples from some of the
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TRENDS OF GROUNDWATER HARDNESS
IN PRINCE WILLIAM COUNTY

Y/ =9 LEGEND
 ;';§: / Milligrams Per

Liter (as CaCO3)

"/// Soft 0-60

Moderately 60 - 120
Hard

Hard 120 - 180

SCALE
5 0 5 miles
T —— e 4
SOURCE: Virginia State Water Control Board — NRO PLATE NO. 67
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shallow (Tess than 200 feet) domestic wells contained significant
amounts of sulfate, but none were excessive,

Water softeners are often used in domestic water systems in
the Triassic region to eliminate the problems caused by the hard
wafer. Most water softeners work on an ion-exchange principal,
whereby the hardness-producing calcium and magnesium ijons are re-
placed by sodium ions. The resulting sodium concentrations can
be quite high, which anyone on a low-sodium diet should consider.
The water-softening unit can be by-passed by one faucet for con-
sumption or bottled water can be purchased by anyone who desires
the benefits of softened water but whowants to 1imit sodium intake.

The diabase in the Triassic regidn contains groundwater which
ris similar in quality to that of the sedimentary rocks, but is
lower in sulfate content. The water is very hard, slightly alkaline,
and high in dissolved solids. None of the five samples from
diabase wells contained excessive iron, but data from neighboring/
counties indicate that objectionable amounts of iron may occur
in diabase groundwater.

Coastal Plain. Groundwater from the Coastal Plain sediments

is soft to moderately hard and contains low to moderate amounts
of dissolved mineral matter. The water is harder along the
wesfern margin of the Coastal Plain near the Fall Line and is
softer to the east. The iron content is commonly excessive and
the water is acidic to slightly alkaline. Fluoride is often
present but not in excessive amounts and bicarbonate is the

most common nonmetal ion. Sulfate, nitrate, and chloride may be
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present but not in high amounts,

Groundwater Contamination

Groundwater Contamination refers to the introduction of an
organic or inorganic material, foreign to the native groundwater,
that tends to render the groundwater unusable. If contaminants are
added to the groundwater to the extent that it becomes nonpotable
or unusable, the groundwater is said to be polluted. Groundwater
pollution is usually more serious than surface water pollution
since reversal is very difficult and costly. The se]f—c]eanéing
mechanisms available to streams, fresh-water flushing and oxygenation,
operate very slowly in groundwater if at all.

Sources of groundwater pollution are many and varied. Miller
.and Scalf (1974) presented a synopsis of the subject in a nation-
wide investigation sponsored by the U. S. Environmental Protection
Agency. In Prince William County, the more significant sources
of groundwater pollution include: septic-tank systems, sanitary
landfills, sewage lagoons, petroleum spills, leaking pipelines,
leaking gasoline storage tanks, improperly constructed water wells,
certain agricultural activities (fertilizers, pesticides, feedlot
and barnyard wastes), salt-water intrusion (from the Potomac
Estuary), highway deicing salts, infiltration of poor quality
surface water from lakes and streams, and spray-irrigation waste
disposal sites.

Septic tank drainfields, by sheer volume of waste water dis-
charged, have the greatest potential for contaminating groundwater.

A drainfield is considered failing if the sewage backs up in the
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house or floods the land surface. Therefore, a properly operating
drainfield acts as a source for groundwater recharge. Miller and
Scalf (1974) state that "Studies have shown that in many housing
developments recycling of liquid wastes is an inevitable fact
of Tife."

| Septic-tank systems are commonly believed to purify sewage.
Actually, the degree of treatment that waste water receives in
a septic system is rarely high. In suitable soils, most bacteria
are effectively removed by filtration and biological degradation.
However, many soils have a Tow capacity for the purification of
waste. Some soil profiles are‘too thin to assimilate all of the
wastes. Moreover, not all of the undesirable constituents of
domestic sewage are completely biodegradable. Referring to the
disposal of domestic wastes in septic-tank systems, Miller et al
(1974) state, "Uﬁder normal conditions of soil pH, efficient
removal of phosphates can take place, but chlorides, nitrates,
sulfates, and bicarbonates can enter and move freely within a
groundwater body."

Nitrates are the most significant constituents (other than
bacteria or viruses) of domestic sewage pertinent to groundwater
quality. The nitrate content of groundwater is of concern for
three reasons: it is an indicator of sewage contamination, it
has been identified in medical studies as a possible carcinogen,
and it has been identified as a causal agent of a disease in infants
known as methemoglobinemia (commonly called "blue babies"). The

recommended public health 1imit for nitrate in drinking water
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has been set at 45 mg/1 NO5 (10 mg/1 if reported as N03-N).

In Prince William County, the nitrate content of natural
groundwatér is quite low. High concentrations of nitrate most
likely indicate contamination. The most likely sources are septic
tank effluent and nitrogen fertilizers. In areas where infiltration
of nitrogen fertilizers is insignificant, the nitrate content
is a good tracer for septic tank contamination.

The Triassic lowlands is probably the most vulnerable area
to nitrate contamination in Prince William County. Most of the
area is unsewered énd residential development is increasing rapidly.
The soils are relatively thin and their capability for assimilating
and filtering wastes is limited. The shale and sandstone bed-
rock is highly fractured. The fractures are inclined 150 to 200
from the horizontal, providing a natural conduit to the water
table for liquid contaminants with 1ittle opportunity for filtration
and quality improvement.

Nutter (1975) investigated nitrate contamination in the
Triassic rocks in Maryland and found that in the village of
Graceham, six out of 11 wells sampled contained nitrate in excess
of 45 mg/1. Only one of the 11 wells sampled contained less than
30 mg/1. The average age of the wells and septic systems in Grace-
ham is 30 years and the lots are very small.

The age of a septic system is a significant factor in ground-
water quality since continuous nitrogen loading causes a build-up
of nitrate over a period of years. Lot size and housing density

are also very important. In a high-density area, septic tank
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effluent can constitute a large portion of the groundwater recharge
and thus cause contamination.

Pollution of groundwater by petroleum hydrocarbons is a very
serious problem that is relatively common. Most instances are
confined to local areas and involve only one or a few wells.
However, there have been cases of large scale groundwater pollution
from petroleum products, (McKee et al, 1972 and Osgood, 1974).

In Prince William County, minor cases have occurred but, as yet,
no major ones.

The principal causes of hydrocarbon contamination include:
leakage from storage tanks, leakage from buried pipelines, spills
or leaks at bulk storage areas, and transportation spills. Many
types of petroléum products are involved, but gasoline contamination
is the most commoh, usually resulting from leaks in buried storabe
tanks at service stations. Slow leaks can go unnoticed at a
service station until a well becomes polluted, neighbors smell
gasoline fumes in their houses, or customers get water in the:
gasoline thay purchase.

The human threshold for the detection of gasoline can be as
low as 0.005 mg/1, so a small amount of gasoline can render a water
well unusable. Recent studies have shown that certain bacteria
will degrade gasoline in the groundwater environment if adequate
nutrients and dissolved oxygen are available. However, there
are cases in which gasoline has remained in soil for more than
70 years (McKee et al, 1972).

The clean-up of subsurface petroleum spills is difficult,
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costly, and often ineffective. Alternate water supplies often

have to be found when a well is impaired. A publication which
offers solutions to problems involving hydrocarbon contamination

of groundwater has been prepared by the American Petroleum Institute
(1972).

It is beyond the scope of this report to provide a detailed
discussion of all of the causes and effects of groundwater
pollution. Groundwater conditions are so variable and potential
contamihants are so numerous that most cases are unique. Any
known or suspected case should be reported to the appropriate
County or State health officials and/or to the State Water

Control Board.
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CHAPTER V
GROUNDWATER DEVELOPMENT

General Setting

Groundwater is widely developed in Prince William County in
domestic and public water syétems. Water wells in the County are
of three types: drilled, bored and hand-dug. Most drilled wells
are now constructed by rotary drilling machines. Bored wells are
constructed by large diameter (24 to 48 inch) boring machines or
earth augers. Hand-dug wells, once common in the Piedmont and
Coastal Plain (Cady, 1938), are now rarely used for potable water
supplies.

Drilled wells are usually 4 to 18 inches in diameter. Steel
casing is installed from the surface through the weathered zone and
seated into the bedrock. Wells in the Coastal Plain are cased to
the bottom of the hole to keep the sediments from caving in. Water
enters such a well through perforations or screens placed strate-
gically in the casing at water-bearing zones, which are usually
sand layers. The area around the screen is often packed with fine

gravel to prevent silt and sand grains from clogging the screen.

The zone above the screen between the outside of the casing and the

well bore (annular space) is grouted with cement from some prede-
termined depth to the surface. Cement grout prevents surface con-
tainants from seeping down the well bore.

Bored wells are common in the Piedmont and Coastal Plain. In

the Piedmont, they are terminated in the weathered zone since
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boring machines cannot penetrate hard rock. Bored wells are lined
with concrete pipe instead of steel casing. Water enters a bored
well at the bottom which is open. Bored wells are not usually
grouted except at the surface and, therefore, are more susceptible
to contamination than properly constructed drilled wells. Bored
and hand-dug wells are also more vulnerable in times of prolonged
drought, since their depths are limited.

Public Supplies

The construction of public water-supply wells is regulated by
the Virginia Department of Health (1974). A well is designated a
public supply if it serves 15 connections or 25 people. Public
water-wells are required to be cased and grouted to a depth of at
least 50 feet (sometimes greater depths are required) and to pro-
vide a supply of at least 0.5 gallons per minute per connection.

Public water-supply wells are relatively numerous in Prince
William County. The highest concentration is in the Manassas area
where the wells produce from the artesian aquifers of the Triassic
sedimentary rocks. The town of Manassas has 13 wells on a stand-by
basis to augment its surface water supply from the Broad Run Reser-
voir during emergencies. The Greater Manassas Sanitary District,
which serves a residential area north of the town of Manassas; has
nine wells and, as of this writing, is preparing to drill the tenth.
The nine wells range in depth from 300 to 900 feet and produce a
total of 1.5 million gallons per day (mgd). The Yorkshire Sanitary

District has three wells ranging in depth from 343 to 790 feet.
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These wells procude a total of 0.3 mgd. The town of Manassas Park
obtains 0.5 mgd from four wells that are 807 to 1000 feet deep.

Qutside the Manassas area, several housing developments,
schools, and two State Prison camps depend on public water-supply
wells. Also, the federally-owned Prince William Forest Park has
several wells to serve picnic and campground facilities. Industri-
al development of groundwater in the County is not high.

Domestic Supplies

Domestic water supplies in rural areas of the County depend
almost exclusively on groundwater; Domestic wells may be either
drilled, bored or hand-dug. Bored wells are common in the Piedmont
and Coastal Plain while most of the wells in the Triassic region
are drilled. Springs are rarely utilized for domestic water
supplies in Prince William County. Prospective groundwater users
should consult with a hydrogeologist and/or a water well contractor
for constructing a water well, and with the Department of Health
as to the potability of the water.

Key Water Wells

Appendix B lists many of the significant water wells in Prince
William County with some of their construction characteristics,
their yields, and the aquifers from which they produce. Most of
the pUb1ic water-supply wells are listed in addition to many do-
mestic, institutional, and industrial wells. The last column in
Appendix B indicates the usage (public, domestic, government, in-

dustrial, etc.) of the well. Also, most wells from which water
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quality samples were taken are included and the Bureau of Water
Control Management well numbers correspond to the same numbers in
the chemical analysis data in Appendix A.

The locations of key water wells throughout the County are
illustrated in Plate 7. Almost half of the wells in Appendix B are
shown on the map and nearly all of the wells in Appendix A are
shown. The well numbers on the map apply to both appendices.

Wells number 22, 23, 24 and 25 are water-level observation
wells maintained by the U.S. Geological Survey. Records from these
are available in "Water Resburces Data for Virginia" which is pub-
lished annually by that agency. Well number 29 is a water-level
observation well maintained by the State Water Control Board, from
which its data may be obtained. Wells 22,23, and 29 record water-
Jevel data from Coastal Plain aquifers near the Potomac River.
Wells 24 and 25 record data for Triassic shale and sandstone
aquifers in the western portion of the County.

The Groundwater Act of 1973

The General Assembly of Virginia passed the Groundwater Act of
1973 (Chapter 3.4, Title 62.1, Code of Virginia, 1950, as amended)
" ..in order to conserve, protect and beneficially utilize the
groundwater of this State and to ensure the preservation of the
public welfare, safety and health ..." Concern for adequate ground-
water supplies in the future and protection of groundwater quality
prompted this legislation.

The Groundwater Act provides for the declaration of a Critical
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Groundwater Area (CGA) in a geographically-defined region which ex-
periences or can be expected to experience problems with interfer-
ence of wells, water level declines, overdraft of groundwater, or
quality of groundwater.

Requests for a declaration of a CGA can be made by local
government, the State Water Control Board, or the public at large.
In either case, a detailed study of the proposed CGA would be made
and public hearings would be convened to determine the necessity
and desirability of designating an area a CGA. As of this writing,
no area in Prince William County has been declared a CGA.

Industrial and commercial groundwater users in a CGA who with-
draw more than 50,000 gpd are required to file a Registration State-
ment (Form GW-4) with the State Water Control Board. Prior to the
construction of a new well in a CGA, the owner is required to sub-
mit an application and Permit to Construct a Water Well and to Use
Groundwater (Form GW-3).

In all groundwater areas, users are required to submit a Water
Well Completion Report (Form GW-2) for new wells. A1l public and
industrial users are required to submit a Groundwater Pumpage and
Use Report (Form GW-6) to the Board quarterly. When an industrial
or pubiic well is to be abandoned, the owner must submit an Appli-
cation and Report - Abandonment of Water Well (Form GW-5).

Further explanations are included in the Guide for Water Well

Contractors and Groundwater Users and in the Rules of the Board and

Standards for Water Wells, both publications by the Virginia State
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Water Control Board (1974).

Groundwater Availability

The availability of groundwater in areas of the County is
illustrated in Plate 8. This map is based on the occurrence of the
geologic formations and their general water-bearing properties.
Also, local areas which are known to be particularly favorable or
unfavorable to groundwater development are designated.

It must be realized that the map in Plate 8 is of a general
nature and all special areas that are either anomalously high or
Tow in productivity are not and cannot be shown. This is especially
true of the Piedmont, which is a very complex and insufficiently
known area. Well yields in the Piedmont may range from zero to
nearly 100 gpm and itisnot possible to accurately predict where
the areas of low yield and high yield will be. |

Piedmont. Groundwater is readily available in most of the
Piedmont region of Prince William County. However, there are limits
to the amount that can be produced within a given area. Also, as
pointed out in Chapter III, there are local areas where well yields \
are very low.

Small to moderate sized housing developments or 1light indus-
tries can depend on groundwater supplies in most areas of the
Piedmont. Most developments require more than one well for adequate
supplies and it is not uncommon for one or more wells in a well
field to be failures. |

Drilling deeper than 350 feet is rarely feasible in the Pied-

mont rocks unless deeper water-yielding zones are known to exist
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in a specific area. If sufficient supplies have not been obtained
by that depth, it is usually better to pick a new site rather than
drill deeper.

Topographic considerations are very important in picking well
sites in the Piedmont. Wells situated in valleys, draws, ravines,
or lower slopes are likely to have higher yields than wells situ-
ated on hilltops, ridges, or upper slopes. Piedmont wells may be
expected to yield an average of 10 to 15 gpm. Individual wells may
of course deviate widely from the average.

Bull Run Mountain. The availability of groundwater on Bull

Run Mountain is very low. Well yields are not Tikely to be more
than a few gallons per minute, and dry holes would not be unlikely.
Wells for anything other than domestic use should not be considered.

Triassic. The Triassic sedimentary rocks (Newark Group) con-
tain greater amounts of groundwater than any other rock unit in
Prince William County. Well yields are usually sufficiently high
so that groundwater resources may bé utilized for domestic, agri-
cultural, industrial, public, or municipal purposes.

However, the water quality may not be suitable for some indus-
triai purposes. For example, the hardness would be too high to use
the water in steam boilers, etc. The water is potable but may be
objectionable for use in some food processing industries due to the
high amount of dissolved mineral matter.

To develop high-yield wells in the Triassic region, sites

should be picked as far from diabase outcrops as possible; at least
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1000 feet and preferably further. The County soils maps, mentioned
in Chapter II, can be used to determine diabase occurrence. Sites
in shale or sandstone soil groups are more desirable than those in
baked shale or conglomerate soil groups. Sites in low topographic
settings, such as valleys, draWs, or lower slopes, are likely to
have higher yields than sites on hilltops, ridges, or upper slopes,
although topographic considerations are not as critical as in the
Piedmont. Well depths should be 600 to 1000 feet. Such wells may
be expected to yield an average of 274 gpm or possibly better. If
diabase is encountered at some depth beneath sandstone or shale,
which is possible in areas near diabase outcrops, drilling should
be terminated at that depth.

Domestié wells in the Triassic sedimentary rocks need only be
100 to 150 feet deep usually, and about six inches in diameter and
may be expected to yield 10 to 15 gpm.

Two/areas have been identified by this study for potential
development of well fields within the Triassic sedimentary rocks
(Plate 8). The economic, legal, and political constraints of devel-
»oping such as a well field cannot be evaluated in this report and,
therefore, are not considered. It is obvious that problems of this
nature would have to be dealt with and resolved before any large-
scale groundwater development could occur.

Area I in Plate 8 occupies approximately 27 square miles. Area
I is along the same geologic trend as the Manassas area and the

rocks should have similar hydrologic properties. If so, an average
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yield of 274 gpm can be assumed for wells drilled to a depth of 600
to 1000 feet. If wells were spaced one mile apart, 27 wells could
be drilled in Area I and could produce a total of 10.6 mgd, if
pumped on a 24 hour basis.

A natural recharge rate of 0.39 mgd per square mile would be
required to sustain the production. This would require that 8.2
inches or 20.5 per cent of the annual average of 40 inches of pre-
cipitation result in groundwater recharge. A water budget for the
area would have to be computed to determine if 8.2 inches of the
annual average of 40 inches of precipitation can be expected to re-
charge the groundwater. Guidelines for preparing a water budget
are given by Carter (undated).

Similar estimates could be made for groundwater potential in
Area II, but no deep wells are known to exist there. The rocks in
Area II may be somewhat different than in Area I or the Manassas
area. Area II occupies a more central to westerly portion of the
Triassic Basin and probably contains more strata of conglomerate,
which might make it less productive. It is not known what the
average yield of wells in Area II might be.

The diabase in the Triassic region has very little available
groundwater. Sufficient supplies for domestic purposes are ususally
obtainable but dry holes are by no means uncommon. High yield wells
cannot be expected and should not be attempted. Deep drilling is
futile in the diabase and wells should terminate at 350 feet. Well
sites should be picked at tobographica]]y Jow areas as explained in

the previous sections. Many wells attempted on hilltops and ridges
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in diabase are completely dry.

Coastal Plain. Groundwater availability in the Coastal Plain

sediments is generally good, although the limited areal extent and
relative thinness of the sediments in Prince William County restrict
the amount that can be developed.

Sufficient yields for domestic or light industrial use (up to
50,000 gpd) should be no problem anywhere in the Coastal Plain.

Well yields averaging 250,000 gpd can be expected in the south-
eastern portion of the Coastal Plain. This would be the area shown
on Plate 5 between the -200 foot contour 1ine and the Potomac River.
The highest water-yielding zones can be expected between 200 and

350 feet below sea level. The exact depth’can be calculated by
adding the above figures to the elevation of the well site which

can be taken from the appropriate U.S. Geological Survey topographic
map.

Construction of drilled wells in the Coasta]_P]ain should be
based on the following guidelines. The wells should be cased to
total depth to prevent the borehole from caving in. Screens have to
be strategically placed in the casing to allow water to enter the
well at the appropriate water-bearing zone. These zones should be
gravel-packed around the screen to improve the yield and to prevent
fine sand grains from clogging the screén. The annular space
between the casing and the borehole should be grouted with cement to
prevent surface contaminants from seeping down the well. The casing

should extend at least a foot above ground level to prevent surface
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water %%om flooding the well vent, and surface drainage should be
directed away from the well. Well yields are generally not

- affected by the topographic setting of the well site in the Coastal

Plain.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

It is anticipated that this report, while of a general nature,
may be used in groundwater resource planning and development for
public water-systems, and in providing guidelines for well-site
selection for private water-systems. It should be emphasized that
long-range planning efforts which depend on development of ground-
water resources to supplement present water supplies should be
accompanied by a study of the groundwater conditions of the specific
area to be developed. The cost of drilling test wells in a promising
area can be more than offset by the knowledge gained of groundwater
availability, because it is much cheaper to develop groundwater than
surface water.

In summation, it can be stated that by far the most promising
areas for successful development of groundwater are in the Triassic
sedimentary rocks. The Coastal Plain sediments are reliable for
providing good well yields, as long as the wells are located a
sufficient distance east of the Fall Line so that a substantial
thickness (over 200 feet) of sediments is present; The granite
and schist aquifers of the Piedmont are generally reliable sources of
groundwatér, but their limitations for individual well yeilds must
be realized. Also, the importance of locating wells at low topo-
graphic positions when possible in the Piedmont, should again be
emphasized. Well drilling in the Triassic diabase and on Bull
Run Mountain should be avoided if at all possible. If a well

must be drilled in the diabase, it should be located at the lowest
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topographic site available without placing the well in jeopardy
of being flooded.

The relatively poor quality of the groundwater from the
Triassic sedimentary rocks may limit industrial usage. However,
the poor quality is mostly due to hardness, high dissolved mineral
content, and high sulfate, and does not necessarily affect potability.
Also, iron appears to be less of a problem than in the other aquifers
of the County.

Protection of groundwater from cﬁntamination is of ufmost
importance. The clensing of a polluted aquifer by natural flushing
may take decades or centuries after the source of pallution is
abated. The Triassic area is especially vulnerable to nitrate
contamination from septic tanks. The practice of expanding septic
tank usage in this area should receive close scrutiny.

Two areas have been identified within the Triassic sedimentary
rocks for potential development of well fields. The larger area

possibly could yield 10.6 mgd without depleting the aquifer.
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APPENDIX A ’
SUMMARY OF GROUNDWATER QUALITY ANALYSES FOR PRINCE WILLIAM COUNTY

The computer printout on the following pages lists basic
groundwater quality data available for many of the wells Tisted
in the water well data summary (Appendix B). There are some quality
analyses listed for wells not included in Appendix B; however,
well data is available for these wells and may be obtained by
contacting the State Water Control Board's Northern Regional Office

in Alexandria or the Headquarters Office in Richmond.

A-1







POOR
QUALITY

ORIGINAL(S) FOLLOW

THIS IS THE BEST COPY
AVAILABLE ‘

VCE
DOCUMENT
CONVERSION







(LON SV JLveliln 1EONM

0T407HD 371D IvAINS - 1w0S 31VNOBYVIIE - EQOH
WNTSSVY1I0a ¥ angos  :vn WOISINOYW  OW
wnldvdy tv) ASINVONYW  INW NOMI 34

sosoanes  HILIT ¥3d SWYHOITIIW NI G3¥NSYIW 3dv MOTIIY A3LSIT SH3LIWVAVd sssssses

*3NTIYA SSINOAVH

IYL0L 3FHL NVHL #3938V 38 17IM SISATUYNY 3W0S 804 SIANTVA SSINGHVH WOISINGYW-WNIOTND 3HL

NOTLVYNIWG3L3Q NI AIN3INIAJI0 SIHL 40 ISNVI3ZE “WNISANOYW ONV WNEIDTIVD 804 SINWA U3NIwe3130

“ATIWITIWIHD WGHI NOLLVINITIVY IVOILVWIHLIVA A8 Q3ANIWY3L30 ATIVHINIG ST SSINGHYH
WNIS3NOYW-WNIDTIVD SYIYIHM NOILVHLIL TYOIW3IHD AS CINIWHIL3Q ATIVYINIO ST SSANCHVH Tvi0L 310N

*Y3IHIV 0L 4VOS 803 ST 41 1ND14410 3HOW 3HL *H3ILvM
40 SSINCHVH 3IHL ¥3HYIH 3IHL *dV0S HLIM 1IV3IY 0L SSINGHYH ONISNYD SNOI 3HL 40 AINIGN3L 3HL 40
ASNVIIB 3SNYITND 80 H3HLIVI 0L dV0S 40 ALITISY 3HL L3344V INIM H3Lvm NI SSINCUYYH 40 INNOWY 3HL

*YILIT ¥3d SHYYOLTIIW ST 3JUNSY3W 30 LINND *¥ILVA NI
SSINAYVYH I L1SOWTIV 304 IFTIBISNOISIY ATIVYINIO UV HIIHM *WNISINOVW OGNV WNIDTIVI
A8 @3SNYD SSINGUVH IWLOL 40 NOILYOd AVHL SILVIIONI = SSINCYYH WNISINOVW-WNIDIVI 1OW*VD SSINCHVH
"d311T d3d SWYYOIITIW ST 3¥NSV3W 40 LINN °STIvi3w FOoval
HIHLO OGNV ¢  ONIZ “NOHI *WNISINOVW *WNIDTIVD 40 3ONISIHd IHL A8 G3SNVDI ~ SSIANGYVK IVI0L  :VLI0L SSINCYVH

43LITY ¥3d SHYYOIIIW ST INIWIYNSYIW 30 LINN
fY3ILYM NI STIVYINIW G3AT0SSIA 30 INNOWY WL0L S31vIIONI -~ SAIN0S (G3AT0SSIC Tvior  :Q170S SiG-d

OHWOUI W ST INIWIBNSYIW 40 LINN $SIVHINIW O03AT0SSIC J0 SINNOWY ¥ILVIHND JLVIIONT S3INTVA HIHOIH
tY3LIVM NI STVHINIW G3AT0SSIO 40 INNOWY 3IATLVIIY 3HL 40 HOLVIIANI NV - ALIATLONANOD D214I23dS  tONOD J3dS

*u3LVM 3HL DIQIDV

340W 3HL *3INTVA Hd 3HL ¥37WWS 3HL 121010V 38 0L G3Y3AISNOD SI 0°L NVHL SS537 Hd V HLIM ¥3LVA

*yALVM FHL ANTIVHIY JHOW 3HL *3INTIVA Hd 3HL H39¥V IHL L3INITVNTV HO JISVE 38 0L 034301ISNOD SI
0°L NVHL ¥31VI¥O Hd V HLIM H31VM *%1 HONO¥HL 1 40 37¥IS Vv NO Q3SVE8 - NOTLVYLINIOINOD NOI N390HOAH tHd
*Q342371700 SYM ITAWYS H3ILVM HOTHM NI ¥V3IA ONV HINOW - (37dWVS 3JLvA  idWvS 3JLvo
*I73M 40 NOILVIOD HO/0NV HINMO TI3M INIYYND 30 TYNIOINO SITAIANIALI  :3DvId HO/ONV H3INNO

HIBWAN STHL 3SN I73M D14I03dS V 0L ONI¥YIAZY N3IHM tALNNOD V
NIHLIA 035N WILSAS ONITJIBHWAN IVILNINO3S Vv - YIEGWNN O04V0H TOYINGD d31VM 31VIS  1ON HIMS

suoonsanaens SHILIWVIVD JO NOILYNVIAXI snnansssesoen
CONOWHITY N1 S¥ILYVNOAYIH ADNIOV 3JHL LV SITONALS
G314 ONY 2ONVITITIANNS 40 NVIUNG 3HL YO IDT1440 TYNOIO3Y 31VvI¥40dddY IHL ONTLIIVINOD A
O3NIVLIBO 38 NVI ONV I18YTIVAVY SI SONINES ONV S1713M 3S3HL JO ANVH 504 NOTLIVWHOINT ALITVNO
YILVMUNNOYY TIYNOTLIGOV *CyY0H TOULNOD ¥ILVM JLVES VINIOHIA 3HL 40 S3D21430 3HL NI 3114
ININVRYI4 NO 38V HOTHM *SONIHdS OGNV STTI3M WOdd 0310377100 *HILVMONNOYO 40 SISATYNY WOMI
Q3NIVIH0 YAVO D15vE SIZIMVWWNS vivd ALIIVAC YILVMANNOND 40 LSIT ONIMOTII04 3HL
P R Ll N L L Y Py L Y LTy L ]
WYITTIM 3ONIHd d404 SISATVNY ALLTIWWNO HILVMAONNOHO 40 ABVWKNS
s3IltTanis gv3l 4 NV 3O03NYVY I 3IAINS 40 Nv3ynasg

dyvos 1T0d1NOD A 31vnm 11 v 1S vVINTONILA

A-3




6°%

EON

L9
£°6
A
2°81
0°L2

s 11

s*c
021

6°2

0

T X%
o-2et
v 98
0°00%
§°€6Y
0°981
(121
070
€re

0°00¢
0°0%9

07082
0°68¢

€°€
0°0€
£°8e

8°9¢€

0°st

9%

%0S

SISATVNY Ol 3343d

6°0

622

asl 6°L
61 2°1

221 6°S
SS et

€00H A

0°12
0°L2
961
0°SL
2622
[ AR 73
o.@
1
s*8

0°0¢€
§*62

€02
012

0°01
stol

0°%1
sttt

622

8°9
0rL2
0°¢E

VN

Q3¥01S 39 ION gTINOD -

692
”°5%
6°%€
S*t
$°29
oL
12
L°0
0*L

0°%¢E

‘2°me

L*%S
9°9s

S°L
89

0°91
g°21

8%

[
0°cl
11

Ok

1°8%
{09
AR A
9°06
0°1s1
0°2L
EAKAS
8°1

912

0°LEl
EAFAR

0°001
S 0L

6"y
L°SY

€Ly
9°S%

s*8el

812
o°ct
0°t

0rge

%6

)

00°0
00°0
10°0
£€0°0
00°0
e0°0
2090
20°0
00°0

S0°0
€0°0

€0°0
00°0

00°0
00°0

00°0

NW

(66°66)
010 8ee
01°0 9€€
20°0 SS2
00°0 &9¢
90°0 999
80°0 012
€10 6t
810 9
S0°0 <29
940 19
01°0 02%
20°€ YLy
20°0 80%
00°0 2v1
00°0 1
000 €81
00°0 991
%L°0 101
90°0 49
200 98
1o°0 21
S0 96
00°0 8¢

34

an¢yd Tviol

SININ Vv 103123130 10N *03SATWNY -
6€Ee 60€ %°8 €Lt
LEE 294 Lad:] €l
9g2 86¢ e €L 1
89¢ 669 €°e €t

0°8 L u
st 6Ly LT L€
Ly 60¢€ 6°2 LY A
9 7Y 4 S°9 €L 11
8L Lel 8Ll 0°8 L L
€S% 089 6L we
2% seL 8L €Lt
ane 859 '8 e
604 L29 (] €Lt
6€1 s6l 0°8 2
2nl 861 s €Lt
€L €52 1°8 we
191 e i°8 €L 1
€9 191 0ee 6°L WLl
19 001 syl ' €L L

6S1 192 v L

9€ % S°L 89 L

2st SHe S*L 89 L

88 801 5*9 89 L

0170S ONOD dnvs
SSINQYVH SI0~-1 23dS Hd 3iva

(00°00) SO¥

9

an

-4

£ )

3Z VMw--310N

asS wWols
G S W9 06
as w968

¢S w9 88

64 HNHVd SVSSYNVYW 18

€% 11

€# 11

NN Q319 2L

NN Q314 9L

SILVLISI NiW NNy NG €L

S31viS3 39014 VO 99

94
o

e
kL]

(x4
%)

»
1]

Hyvd
Ndvd

AYVd
HYvd

AYvd
Avvd

Nyvd
HYVd

SYSSYNVYW §9
SYSSYNVHW 59

SYSSYNVW %9
SVSSYNVH %9

SYSSYNYW €9
SYSSYNYW €9

SYSSYNYW 29
SYSSVNYW 29

SYSSYNVA 40 NMOL 6S

1S3¥04 NVIDOIIO SE

2L %S 90ya000oM

RSN BN BN BB RN DN AR ADE RN RO IR RO BRI NARSERBRDRLRDOABBBNDRNOLUVBURNRNBOD BB DD NNKBUANDIRINBR BRSO

Ss31aN1LS

a

WYITTTIA 3ONTYd

3y v

0

a9

ai1314

¥04 SISATYNY ALITVNO HILVMONNOHO 40 AHVWWNS

NV

108 LNOD

IIOINYINIIIAGNS J0

43 1VAM

3t1vi1isS

VINIOSAYILIA

nNv3ane

c62H

173 S80 62

Nd 153804 WM FONT¥d %1

Nd 1S3IY0J WM 3FDONIYd €1

Nd 1S3804 WM FONIYd 21

ON

3IVId HO/ONY u3INMO HOMS

A-4




SISATYNY 01 ¥343y *03201S 38 40N GIN0D - (66°66) SIANIN TIv Q3103130 LON *J3ISATYNY - (00°00) SO43Z TIV--3Li0N

6°0Q 0°s 9°6 91 €79 8°9 [ .4 020  otl 1€l oLt S*9 SL € 1YV IHYYI wWh 25T

L2 02 0°9 9°0 a Ll %81 0°YsS 00°0 vée 0g2 06t »L SL1 Y3WAHY LSINYT w91
€1 0 vl 08y 1o 02l 2%0 (A1 01°0 € 66€ 00S 2L YA ¥IIYU3IH V3 €7l
L2 0°tEl 0°901 t°o 0°%E 8y 0°cL 010 02 90% o6n 9L SL 1 NOSdWIS 9 H 291
tee 0°sl vl L°s 9 Y £°8 0*ne 0S50 %o L9t tel L9 vt 21 NOLdWVH wh 091
0°0 0% s'9 €°2 2°€ kA4 0°99 00°0 %L1 261 0L2 v L 9t 21 yNnigyvds v etl
0°0Q 06 80 0°9¢ 0°ge 0°91l 09°t  1es S*L %L 8 AWYVHI 10 T w SET
0°y 0%6 S0 58l v Ll 0°69 01°0  €%2 029 LA} YL L T088vD 9 4l
2°€s 0°s2 9°0 0r6l 0°92 0°1L 01°0 982 009 €L »L L SNOAT D £EL
22 0°S 9°0 $°91 -0°€e2 0°69 ot*o0 992 0S% S*L KO NYTITIWOW 9 2Bl
5°L6 0°2v% 21 0°91 0°LS 0°L8 01°0 5% 008 9°L wL L i113vavdvd ¢ €1
9°92 0°*11 1°0 0°61 0*%2 0°29 0t1°0 €82 0%y S*L wL L ¥ITONTVHI 4 W 0EL
€°1 0L 'y 8°8 €1 0°6€ ot°o0 201 sle 8°9 L 9 3M0 Qu04aVHE 621
0% (AR s*2 81t 0°6 01y 01°0 6t1 082 69 %L 9 3I9vAVS 0 821 w
£°6 0°8 'y €°e 2°s ot 0E"0 8% 001 2°9 %L 9 4IOHVANIIANd S 121 AW
[ Ag] 0°St 8°0 0°gl 6°1 029 00°0 291 oty 8°L YL S Juvmon 3 r 921
L2 0°1 t*st o°cl t°0t 0°2S 00°0 1.1 00€ 8°L %L S NIlyvw 3 4 s21
%0 0°9 , 06 0°8 9°1 0°6€ 0s°2 €0t sgt 8’9 wL S D141V S1VWONYHO %21
LA 0°1 0°0 0°S L°0 0°0t o1°o0 2 0s 9 %L S LL3041HS €21
S*L 0*% 10 0°0s 6°S 0°92 00°0 68 N 202 s*L %L S SWHV4 IIANIINO 221
0°L10 0°061 €0 006 0°0% 0°08l 00°0 €19 €121 €°¢L %l S NION3H YD 121
0°0 st el 0°00% 0°1 0°08 6°9t L°18 10°0 [0"0 S5t 96¢ S9¢L Mwm €L 1 w4 0 S W 9 E6
0°0 0°cl 0°00¢ 1 0°6% e°L2 ocolt 20°0 0t*0 98¢ 8e¢f LS9 0*'e 2L 6 e 0 S w926
1A % s°el 0°00€ it 87 0S8 6°vg  1°08 10°0 B1°0 €vE . 99t 659 6L €L in G S WO E6
Ontvd Wi0L QIN0S  AONOD dnvs ON
€ON 10 0S8 €OJH b VN OH vd N 34 SSINGYVYH SI10-1 23dS Hd 31va AIVId HO/GNY HINRD  HIMS

RO D AN IR RAD AR SRR IR RN A NI IO RC OB IR ANAAD RN DEARHARBINBNIBSNIRNURNIDOEEOANSNNONN B DNNGOOY
WYITIM 3ONTYd ¥04 SIASATYNY ALITWND HILVMONNOYHO 0 A¥VHWNS
S3140n1sS al131 4 NV IONY I I AYNS 40 Ny 3ang

gyvoa8 T0d8 I NOCGD ¥ 3 L vam 3Lv1sS ving9oualA




6°0

€ON

0°cs

‘0r2

0°e

L)

0°822
0°0%9
[ 74
270002
0°te
L 1
2*el
8°¢l
S°6
0°1
9°0

| 4

9°s

#0S

SISATIYNY 01 43434 *Q3¥0LS 38 1ON GINO

oo~ o~
o -
- —~

.
~

€00H b

S°S
0Lt
[

L°91

VN

0°1

2°8l
9702

2+22
»°2s
%0
0° 11
S*6
0°01
6°21
L €
96
0°2
9°0
s*e

8y

W

0*s

0°09
0°99
2°0,
5°0¢
02y
[ AN
02t
0°g

0°Le

vd

10°0
600
10°0
00°0
00°0

00°0
00°0

to°o0

20°90

00°0
01°0

00°0

N

J - (66°66) S3ININ 1V 03423130 1ON

90°0
52°0
00°0
00°0

20°0
%0°0

%0°0
20°0
00°0
00°0
00°0
00°0
S0°0
910
%00
00°0
00°0
00°0
ot°o

34

9l
Lot
s9
st
13
91
22

0t

€61
202

692

SES

sot
881
s02
622
26
kad!
0s
(43
1]

L9

9w*v) VL0l

0%
8l
e
01
ot

€02
€02

0Le

9€S

21
28
2yl

SSINQAVH

1€l 1s
852 092
L ott
€L 88
05 k)
1€ 0%
01 »S
14 ve
92 62
092 [3:1%
692 08t
949 089
16

[X:F4 00¢
Lel 062
k4°T4 0oy
692 [ 28
152 S2¢€
€81 0ze
€6l 092
LET 066
89 25%
6L 08S
(281 0El
a110s  GNOD
S10~-1 J3dS

*GISATVNY
29 sL 9
L1°9 SL 9
8°9  SL 9
8°9 SL %
1°8 €L 01
L°9 €L 01
6°9 €L 01
9°9 €L 01
s'9 €L 01
08 WL L
0°8 4L L
6°L €L U1
0'8 €L 1
8'9 &L 11
FATERE-TAR §
0°L  SL 1t
AT -VIR §
2°8 w1
1L Lt
8°L %L L
19 sr ¢
0°9 S €
€9 sL¢
$'9 sL €
dWVS

Hd  31va

S#

€4

2%

(00°00) SO¥Y3Z 1IV=--310N

NOSSINLIV T WVITIM

A3TIvVE ¥V S3IWVP

HINUVY ¥ SYHD

SWYQVY 1yvNnis

S31visS3 Iw
S31viS3 AW
$3LvViS3 W
S3LvIS3I iW
S31visS3 1KW

S$S31visS3
S31vis3

NNy Ng
NNy 1IN
NAY 1N
NNy N8
NOY NG

LEIGEN LA
RITAINVT

IN3IANOD LDIG3N38 LS

T34 YIVIONIS G S W 9

11lvynyg Q¥VHIIY

1139

SY3IM0d SIATYVHI

NNOS1H0Y YW

SYSSYNVW

SYSSYNYW

S3HIV 3VIASNIVO

A3ilva v r

NYWLUHYH 3

A3 vV L

dav) r

€61

261

181
€81

281

o8l
6L1

gLl
8L1

Ll
9Ll
LZA
€Lt
2Ll
i
oLt
991
291
151
951
SS1
%St

ON

30Vd 4O/0NV Y3INMO BOMS

.‘3.“"‘.'0‘..‘3‘.‘.-“.“““.'.ﬂ““““'““‘3“““‘0.‘.““0‘.“.“*‘0.'.““““‘30“.‘O

WYITIIIM DNTYd

S$3r1anuys

gyvos

QY3 4

Y04 SISATVNY ALITVNO HILVMONNOYD 40 AUVWWNS

OgNY

T04¥1NOD

JONYTITII3IAENS 40

43 1Vvhm

3Il1vis

vINTI

nNvi3iygne

Qd I A

A-6




SISATYNY 0L ¥343d *03401S 39 10N GWNO0J - (66°66) SIAININ 1TV £G31233130 10N *03ISATYNY - (U0°00) SO43Z 1IV--310N

%0 0°2 %€ 91 o°t 91 0*et 00°0 01°0 9¢ 0et 58 9°9 SL 8 3H3TLONAIHIVIZQ 18380Y L6l
0°0 0°e w9 i 0°8 "% 0°02 00°0 01*2 99 841 29t S*e SL 8 Ir NYW3IIH LH380Y 961 ”W
L2 0°1 L°0 S°0 i*y 0°1 0y 00°0 %1 LL sS€ L9 SL 9 INVIVL 61
9°01 0°% 8°s 80 £°9 2°t 0° 1t 00°0 0% €21 06 89 SL 9 HLIWS W QuYHITY w6l
Ow*vd W10l 4dI70S  AONOD dwvs ON
€ON 19 »0S €0JH b N oW vd NH 33 SSIANGHVH Sig-1 23dS Hd 3iva 3IVId HO/ONY 33INMO  8OMS

L L L e L Yy R T Ty I T
WYITIM 3ONTYHd H0J SASATIUNY ALIIVAD HILVMONNOUD 40 AUVWWNS
S$s3104n1sS a3l 4 aNV 329NV 1T 3IABNS 30 nNviuagnag

Uyvoas 1708 L NOD 4 3 L VM 3Lvis VINIONITA







APPENDIX B
SUMMARY OF WATER WELL DATA FOR PRINCE WILLIAM COUNTY
The computer printout on the following pages lists basic
well data for wells in Prince William County. This printout is
updated frequent1y to include information from new Water Well
Completion Reports which are constantly being submitted by water

well drillers. The information under the heading "Aquifer" may

be cross-referenced with Table 2, Chapter III.
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GLOSSARY OF TERMS
ALLUVIUM: A general term for sediments deposited during

recent geologic time by a stream or river.

ANTICLINE: An arch or fold in rock strate that is convex
y upward.
AQUICLUDE: A geologic formation which is not permeable

enough to furnish an appreciable supply of
water to a well or spring.

AQUIFER: A geologic formation, group of formations, or
part of a formation capable of supplying water
to wells and springs in usable quantities. An
aquifer is unconfined (water table) if the
surface of the water table is at atmospheric
pressure or confined (artesian) if the upper
surface of the groundwater is under pressure ‘in
excess of atmospheric pressure due to the

presence of an overlying, confining formation

(aquiclude).

BEDDING PLANE: A plane surface separating layers in stratified -
rocks.

BEDROCK: A solid rock exposed at the surface or overlain

by unconsolidated materials.
CATCHMENT: The area comprising the actual water intake area

for aquifer recharge and all areas that contribute

- surface water to the intake area.




CLASTIC:

COLLUVIUM:

DIP:

DRAWDOWN:

EVAPOTRANSPIRATION:

FAULT:

FLOOD PLAIN:

Consisting of fragments of rocks or of
organic structures that have been transported
mechanically to a place of deposition.
Sandstone and shale are the most common

clastics. “

- Loose soil material or rock fragments deposited

by the action of gravity, usually at the base
of a slope or cliff.

The angle at which a rock bed is inclined from ”
the horizontal.

The measured’difference between static level
and pumping level in a well; i.e. the drop

in the water level due to pumping.

The two processes, evaporation and trans-
piration, by which water returns to the
atmosphere;'traﬁspiration is the discharge

of water vapor by plants. |

A fracture or fracture zone along which

there has been movement of two rock masses
relative to one another parallel to the
fracture. The movement may be a few inches

or many miles, horizontal or vertical.

The strip of relatively smooth land adjacent to
a river channel and built of alluvium carried

by the river during floods. The flood plain

is covered by water when the river is in flood.
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FOLD:
FORMATION:

FRACTURE:
GPD:
GPM:

GROUNDWATER:

HYDROLOGY:

IGNEQUS:

INTRUSIVE:

JOINT:

LITHOLOGY:

METAMORPHIC:

MGD:

PERCOLATION:

A curve or bend in rock strata.

An assemblage of rock masses grouped together
into a unit that is convenient for description
or mapping.

Breaks in rocks due to intense folding or faulting.
Gallons per day.

Gaj]ons per minute.

Nater occurring in the zone of saturation
beneath the land surface.

The science that relates to the water of the
earth.

Rocks or minerals that solidified from molten
rock (magma).

Refers to igneous rocks which have penetrated into
or between older rocks while molten but have
solidified before reaching the surface.

A fracture in rock along which no appreciable
movement has occurred.

The composition and structure of rock.

Refers to any rocks derived from pre-existing
rocks in response to pronounced changes of temp-
erature, pressure and chemical environment.
Million gallons per day.

Movement of water through the interstices of
rocks or soils except movement through large

openings such as solution channels.




PERMEABILITY:

POROSITY:

POTENTIOMETRIC
SURFACE:

PUBLIC SUPPLY:

PUMPING LEVEL:

RECHARGE:

RUNOFF:

SEDIMENT:

SEDIMENTARY:

A measure of ability of a rock, sediment or

soil to transmit water.

The property of a rock, soil, or other material
of containing spaces or voids; the ratio of the
void space to the total volume in a given

sample of rock or soil, expressed as a percentage.
The level to which water will rise in a cased
well; describes the water table surface or the
artesian surface depending on the confining
conditions of the aquifer.

As defined by the Virginia Department of Health,
a water system serving 25 individuals or more
than 15 residential connections.

Depth to water in a well when the well is

being pumped.

The addition of water to an aquifer by natural
infiltration or artificial means.

That part of precipitation that appears in
streams; includes surface runoff and groundwater
flow that reaches streams. Groundwater runoff
is a measure of the change in groundwater
storage and indicates rate of groundwater
recharge.

Material borne and deposited by water, wind, or
glaciers.

Refers to rocks formed from the consolidation

of sediments.




STATIC LEVEL:

SYNCLINE:
TERRACE:

UNCONSOLIDATED:

WATER TABLE:

Depth to water in a well when the well is not
being pumped.

A fold in rock strata that is convex downward.
A level or gently inclined surface bordering

a stream which represents a former level of
the stream. Terraces are composed of alluvium
produced by renewed downcutting of the flood
plain or valley floor by the stream.

A sediment that is loosely arranged or whose
particles are not cemented together.

The upper surface of the zone of rock or soil

saturated with ground water.







BIBLIOGRAPHY

American Geological Institute, "Glossary of Geology and Related
Sciences." 2nd Edition, Washington, D. C. 1960.

Anderson, K. E., "Water Well Handbook," Missouri Water Well and Pump
Contractors Association, Inc., Rolla, Missouri, 1971.

Brown, W. R., "Structural Framework and Mineral Resources of the
Virginia Piedmont." Virginia Geol. Survey Reprint Series No.
16, 1954.

Cady, R. C., "Preliminary Report on Groundwater Resources of
Northern Virginia," Va. Geol. Survey Bulletin 41, 1933.

Cady, R. C., "Groundwater Resources of Northern Virginia," Va.
Geol. Survey Bulletin 50, 1938.

Campbell, M. D., and Lehr, J. H., "Water Well Technology." New York,
McGraw-Hi11 Book Company, 681 p., 1973.

Carter, D. B., "Basic Data and Water Budget Computation for Selected
Cities in North America." Earth Science Curriculum Project
Reference Series RS-8, Prentice-Hall, Inc., Englewood Cliffs,

N. J., 34p.

Cederstrom, D. J., "Evaluation of Yields of Wells in Consolidated
Rocks, Virginia to Maine." U. S. Geol. Survey Water-Supply
Paper 2021, 1972.

Clapp, F. G., "Underground Waters Near Manassas, Va."U. S. Geol.
Survey Water-Supply Paper 258, 1911.

Committee on Environmental Affairs, "The Migration of Petroleum
Products in Soil and Groundwater, Principals and Countermeasures."
Publ. No. 4149, Amer. Petroleum Inst., Washington, D. C., Dec. 1972.

Gibson, V. P., and Singer, R. D., "Water Well Manual," Premier
Press, Berkeley, alifornia, 1971.

Hem, J. D., "Study and Interpretation of the Chemical Characteristics
of Natural Water." U. S. Geol. Survey Water-Supply Paper 1473,
2nd Edition, 1970.

Johnson, E. D., "Groundwater and Wells," Saint Paul, Edward E.
Johnson, Inc., 440 p., 1966. ~

Johnston, P. M., "Groundwater Supplies in Shale and Sandstone in
Fairfax, Loudoun, and Prince William Counties, Virginia." U. S.
Geol. Survey Circular 424, 1960.




Johnston, P. M., "Geology and Groundwater Resources of the Fairfax
Quadrangle, Virginia." U. S. Geol. Survey Water-Supply Paper
1539-L, 1962.

Kaster, D. L. and Porter, H. C., "Soils of Prince William County-
Report No. 8," Prince William County in Cooperation with the
Agronomy Department of VPI and SCS.

Kaufman, W. J., "Chemical Pollution of Groundwaters." Journal

Pl ussIR D

American Water Works Association, Vol. 66, No. 3, March, 1974.

Keith, Arthur, "Geology of the Catoctin Belt." U. S. Geol. Survey,
14th Annaul Report, 1893.

Lee, K. Y., "Triassic Geology in the Culpeper Basin, Virginia and
Maryland (A Progress Report)." Geol. Soc. Am., Abstracts with
Programs, Vol. 8, No. 2, February, 1976.

Lehr, J. H., and Pettyjohn, W. A., "Groundwater Flow No Longer A
Mystery," Journal of Environmental Health, Vol. 38, No. 4,
January-February, 1976.

Lohman, S. W., "Grdundwater Hydraulics." U. S. Geol. Survey
Professional Paper 708, 1972. ,

Lonsdale, J. T., "Geology of the Gold-Pryite Belt of the North-
eastern Piedmont, Virginia." Virginia Geol. Survey Bull. 30,
1927.

Matis, J. R., "Petroleum Contamination of Groundwater in Maryland."
Groundwater, Vol. 9, No. 6, November-December, 1971.

McKee, J. E., Laverty, F. B., and Hertel, R. M., "Gasoline in

Groundwater." Journal Water Pollution Control Federation, Vol.
44, No. 2, February, 1972. '

Meinzer, E. 0., "Qutline of Groundwater Hydrology with Definitions.
U. S. Geological Survey Water System Paper 493, 1923.

Miller, D. W., Deluca, F. A., and Tessier, T. L., "Groundwater
Contamination in the Northeast States." U. S. Environmental
Protection Agency, Environmental Protection Technology Series
EPA-660/2-74-056, June, 1974.

Miller, D. W. and Scalf, M. R., "New Priorities for Groundwater
Quality Protection." Groundwater, Vol. 12, No. 6, November-
December, 1974.

Mixon, R. B., Southwick, D. L., and Reed, J. C., Jr., "Geologic
Map of the Quantico Quadrangle, Prince William and Stafford
Counties, Virginia and Charles County, Maryland." U. S.
Geol. Survey Geol. Quad. Map GQ-1044, 1972.




Moncure, G. K., and Force, L. M., "Potomac Group Clays." Geological
Society of America, Abstracts with Programs, Vol. 8, No. 2,
February, 1976.

Putnam, W. C., "Geology." Oxford University Press, New Y