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FOREWORD

This report is one of a series intended to inventory the groundwater
resources of each county in the Commonwealth. The purpose is to provide
all groundwater users, including private citizens, developers, investors,
well drilling contractors, government officials, professionals and con-
sultants, with an overview of the groundwater situation as it presently
exists throughout Virginia.

Prospective groundwater users and others interested in the develop~-
ment and protection of groundwater hopefully will gain insight into the
opportunities and advantages inherent in this invaluable natural resource.

The State Water Control Board remains available for information,
assistance and governmental action.
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SELECTED CONVERSION FACTORS

ENGLISH UNITS TO INTERNATIONAL SYSTEM (METRIC UNITS)

This report uses a dual measurement system based on English units
and the International System (SI) of metric units. SI is a consistent
system of units adopted in 1960 by the Eleventh General Conference of
Weights and Measures. Selected conversion factors are listed below:

Multiply English Units By To Obtain SI Units
Feet (ft) 0.3048 metres (m)
Gallons 0.003785 cubic mefres (m3)
Gallons per day (gpd) 0.003785 cubic metres per day (m3/d)
Gallons per minute
(gpm) 0.06309 litres per second (1/s)
Inches (in) 25.4 millimetres (mm)
Miles 1.609 kilometres (km)
Million gallons
per day (MGD) 3,785.0 cubic metres per day (m3/d)
Square miles (mi2) 2.590 square kilometres (km?)
X




GROUNDWATER RESOURCES OF AUGUSTA COUNTY, VIRGINIA

by

Kenneth R. Hinkle and R. McChesney Sterrett

ABSTRACT

Augusta County is located in northwestern Virginia and encompasses
an area of 986 square miles (2,554 km2). The county includes portions
of the Blue Ridge and Valley and Ridge physiographic provinces and is
contained within the Unglaciated Appalachian Groundwater Region.

Three groundwater sectors have been identified, each having dis-~
tinct groundwater availability and quality characteristics. The Central
Valley Sector is composed of Cambro-Ordovician carbonate formations and
the clastic Martinsburg Formation. This sector offers the greatest
groundwater availability, particularly where carbonate rocks are over-
lain by thick alluvial and terrace deposits along the west toe of the
Blue Ridge. Water is generally of good quality from the carbonates,
although hardness tends to be very high. The Martinsburg offers less
potential than the carbonates but is still a reliable source for most
needs. Total dissolved solids and hardness concentrations tend to be
somewhat greater in the Martinsburg Formation. The North Mountain
Sector and the Blue Ridge Sector offer less potential for groundwater
development. Iron and sulfate occasionally render mildly objectionable
qualities to groundwater in the North Mountain Sector. Groundwater in
the Blue Ridge Sector is very low in mineralization, and well yields
usually are very small.

A corridor of high groundwater potential extending from Lyndhurst to
Grottoes likely can be developed to yield 75 MGD (283,875 m 3/d) with mini-
mal well interference and moderate decline of the regional water table.

Springs are numerous throughout the county and generally offer water
of lower mineralization than can be developed from wells in corresponding
rock units. Several major springs are utilized for municipal, public and
industrial water supplies.

Approximately 98 percent of the county's population is supplied
wholly or partially by groundwater. Total daily groundwater withdrawal
is approximately 23 MGD (87,055 m3/d). Public and municipal usage is
about 8 MGD (30,280 m3/d), and industrial pumpage is in excess of 14 MGD
(52,990 m3/d).

Isolated cases of groundwater contamination have been reported in -
Augusta County, but these cases are the result of local conditions and
do not represent regional contamination of the groundwater resource.
The most common causes are septic tank failure, agricultural runoff, and
spills and leaks of petroleum products. Areas underlain by carbonate
bedrock, particularly where sinkholes and bedrock exposures are prevalent,
are very susceptible to groundwater contamination.



INTRODUCTION
Purpose and Scope of Report

This report is intended to acquaint the public with the groundwater
conditions in Augusta County and the cities of Staunton and Waynesboro.
In addition to providing general information about the area, the report
introduces new hydrogeologic data collected by the State Water Control
Board and compiles previous geologic and hydrologic investigations carried
out under the auspices of the Board and other state agencies. The report
is intended to be a planning and management reference for citizens, govern-
mental officials, professionals and those in the business sector.

Location and Background Information

Augusta County is located in the northwest portion of Virginia
(Plate 1), bounded on the northwest corner by West Virginia (Pendleton
County). Bordering counties in Virginia include Bath and Highland on
the west, Rockbridge and Nelson on the south, Albemarle on the east and
Rockingham on the north.

The second largest county in the state at 986 square miles (2,554 km2),
Augusta was formed from Orange County in 1738. The independent cities of
Staunton and Waynesboro are located within the county's boundaries.

The 1975 population was 49,100 according to data furnished by the
Tayloe Murphy Institute at the University of Virginia; Staunton's popu-
lation was recorded as 22,900, and that of Waynesboro at 16,700. . Pro-
jections by the Division of State Planning and Community Affairs for the
year 2000 place the figures at 77,800 for the county, and 24,100 and
18,700 for the cities of Staunton and Waynesboro, respectively.

Manufacturing and agriculture are the most important sources of
income and revenue. Manufactured products include synthetic fibers,
equipment controls, razors and blades, air conditioning units and clothing.
Livestock and poultry encompass the major agricultural emphasis.

Previous Investigations

A report by Hack (1965) gives detailed explanations of alluvial
deposits along the west toe of the Blue Ridge. Five recent reports
published by the Virginia Division of Mineral Resources give comprehensive
treatment to the geology of Augusta County. These include: Rader (1967);
Rader (1969); Kozak (1970); Bartholomew (1977) ; and Gathright and others
(1977).

Groundwater reports of the area include works by R. C. Cady, R. H.
DeKay and R. B. Leonard. Cady's report, Ground-Water Resources of the
Shenandoah Valley, Virginia, is quite comprehensive and is the only major
hydrologic report to incorporate virtually all of the county. In Develop-
ment of Ground-Water Supplies in Shenandoah National Park, Virginia,
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DeKay touches lightly upon some of the groundwater resources of the Blue
Ridge region. Leonard's 1962 unpublished thesis, Ground-Water Geology
Along the Northwest Foot of the Blue Ridge Between Arnold's Valley and
Elkton, Virginia, gives in-depth treatment to the groundwater resources
of the Waynesboro and Grottoes areas. Collins and others authored the
report, Springs of Virginia, in 1930. Frank Reeves discussed another
aspect of the subsurface water resource in his 1932 report, Thermal
Springs of Virginia. The Virginia Division of Water Resources report on
the Potomac-Shenandoah River Basin (Volumes I and III, 1968-69) included
the major portion of Augusta County as did Trainer and Watkins' report,
Geohydrologic Reconnaissance of the Upper Potomac River Basin, published
in 1975.

Methods of Investigation

The bulk of the background and geologic information in this report
is a summary of previous work. Most of the water well construction in-
formation and the groundwater quality data have been collected by the
State Water Control Board, although some have been supplied by the
Virginia Division of Mineral Resources and the Virginia Department of
Health, respectively. All groundwater withdrawal information has been
collected by the State Water Control Board.

Much of the previously unpublished information pertaining to individ~
ual well construction and groundwater quality has been collected as a
result of the Groundwater Act of 1973. This Act requires that a Water
Well Completion Report (Form GW-2) be submitted to the Board for all wells
drilled, and that owners of industrial and public groundwater supplies
submit quarterly reports (Form GW-6, Groundwater Pumpage and Use) to the
Board detailing groundwater withdrawal. In addition, the Board requires
that drill cuttings be collected at ten—foot (3.05-m) intervals om all
public and industrial water wells. ‘

Another source of groundwater quality information is the Pollution
Response Program (PReP), maintained by the Board for the sole purpose of
responding to citizen complaints of water pollution of any type. This
includes pollution of both groundwater and surface water by accidental
or intentional discharges of hazardous chemicals, oil, gasoline, refuse,
and industrial wastes.

All well information, well completion reports and records of ground-
water quality cited in this report are on permanent file at the State
Water Control Board Headquarters Office in Richmond and at the Valley
Regional Office in Bridgewater. These data are computerized for storage
and retrieval and were used to compile Appendixes B and C.

Water Well Numbering System
Water Well Completion Reports are assigned a unique number by which

the reported well is thereafter identified. Water quality and withdrawal
information for that particular well is also identified by that number.




Each county in Virginia is assigned a three-digit county code, the
code for Augusta County being 107. Within each county, wells are num-
bered sequentially with a few exceptions. For example, a report received
on a particular day might be numbered 107-16, while a report received the
following day would become 107-17. All wells are assigned numbers as
they are received and, therefore, appear at random throughout the summary.
The well numbers do not represent a grid system for locating specific
areas of the county. When citing specific wells in this report, the
well number will be given in parentheses without the county code. For
example, Reynolds #5 (101). Well numbers may be cross-referenced with
various plates and Appendixes B and C for additional information.

PHYSICAL SETTING
Physiography

Augusta County lies within two physiographic provinces: the Blue
Ridge and Valley and Ridge (Plate 2). The eastern and western borders
of the county are the Blue Ridge Mountains and Shenandoah Mountain,
respectively. Plate 3 is a satellite image recorded by LANDSAT-1 from
an altitude of 570 miles (917 km).

The lowest point in the county, approximately 1,060 feet (323 m)
above sea level, is at the confluence of Middle River and North River
at the Rockingham County line just west of Grottoes (Plate 4). The
highest elevation is Elliott Knob at 4,463 feet (1,360 m). Elevations
at Staunton and Waynesboro are 1,480 feet (451 m) and 1,295 feet (395 m),
respectively. ' ’

Caves and caverns, formed by the solution action of groundwater, are
abundant in the county. In addition to Grand Caverns at Grottoes, which
is possibly the oldest commercial cave now open in the United States,
Holsinger (1975) indicates that approximately 90 other caves are known
to exist (Plate 5). An abundance of sinkholes, found almost exclusively
in limestone regions, indicates the area is riddled with subsurface
solution channels and caves, a typical feature of karst terrains.

Drainage

Drainage in Augusta County is divided into two major river basins:
the Potomac-Shenandoah Basin and the James Basin. Most of the area is
within the Potomac-Shenandoah River Basin which drains northward to the
Potomac River. Stretching from the Virginia-West Virginia border in the
west to the Chesapeake Bay in the east, the basin covers 5,706 square
miles (14,779 km2) in Virginia alone and extends into West Virginia,
Maryland and Pennsylvania. The southern portion of the county is in the
James River Basin which drains southward to the James River. This basin
also stretches from the Virginia-West Virginia border to the Chesapeake
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ELEVATION MAP OF AUGUSTA COUNTY
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Bay but encompasses 10,102 square miles (26,164 km2), or just over 25
percent of the state's total land area.

Major streams in Augusta County include Middle River, North River
and South River, all in the Potomac-Shenandoah Basin. The Calfpasture
'River is the largest stream in the James Basin portion of the county.
Plate 6 shows the two basins and the major drainage systems. Table 1
lists average stream flows for the major streams in the Potomac-
Shenandoah Basin.

Climate

Warm summers and mild winters characterize'Augusta4County, Accord-
ing to Crockett (1972), the mountainous regions and the wide range in
elevation are major factors controlling the climate in addition to the
latitude and location on the North American continent.

Records from the non-recording weather station at Staunton main-
tained by the National Weather Service indicate that the average annual
temperature is approximately 540F (120C). Extremes have been recorded
as high as 1020F (39°C) in July, 1954, and as low as -100F (-230C) in
January, 1942. The average annual precipitation is approximately 35
inches (889 mm). Rainfall is the dominant form of precipitation. = Sum-
mer rainfall is provided principally by showers and thunderstorms, the
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latter occurring on an average of 40 days throughout the season. Al~-
though the average annual snowfall is around 22 inches (559 mm), measure-
ments between 1941 and 1971 varied from 7.5 inches (191 mm) to 55 inches
(1397 mm).

Table 2 lists temperature and precipitation data from the National
Weather Service non~recording weather station at Staunton.
TABLE 2

1977 WEATHER DATA
RECORDED AT STAUNTON, VIRGINIA

Month Average Temperature Total Precipitation
oF Sc Inches Millimeters
January 31.2 -0.4 3.37 94.74
February 42.0 5.5 0.75 19.05
March 46.6 8.1 1.87 47.50
April 52.3 11.3 0.93 23.62
May 58.3 14.6 3.97 100.84
June 68.5 20.3 2.47 62.74
July 70.8 21.6 2.08 52.83
August 68.7 20.4 0.57 14.48
September 62.2 16.8 4.03 102.36
October 48.3 9.1 9.65 245.11
November 37.7 3.2 0.83 21.08
December 31.1 -0.5 _1.53 38.86
Annual 51.46 10.83 32.41 823.21

Source: National Oceanic and Atmospheric Administration

Soils and Vegetation

Soil types in the county can be grouped broadly into three major
categories: mountainous soils, valley soils, and terrace and alluvial
deposits. As evidenced by Plate 7, approximately two-thirds of the
county is covered by valley soils. Valley soil overlying limestone
uplands tends to be deep and well drained, whereas soil overlying the
shale uplands tends to be somewhat more shallow and well to excessively
drained.

Mountainous soils are underlain for the most part by shale, sandstone
and quartzite. These soils tend to range from shallow to deep and are
generally well to excessively drained. Elevation, degree of slope, and
vegetative cover are some factors which can determine soil depth.

The terrace and alluvial deposits are the most important soils from

a hydrogeologic standpoint. Significant deposits can be found along the
South River, Middle River, Calfpasture River, North River, and Jennings

12
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Branch. All of these deposits are deep and well drained and are extremely
important in the storage and transmission of groundwater.

Vegetation is mainly of two types: forest lands and agricultural
grasses. The central valley area is mostly pasture and cropland. The
northwestern and southeastern portions of the county (55 percent of the land
area) are forested, mostly by the oak~hickory type of woods. The George
Washington National Forest (192,128 acres or 77,754 hectares) and Shenan-
doah National Park (11,302 acres or 4,574 hectares) account for the major-
ity of the forested lands. Such major forest areas provide large water-
sheds to replenish and maintain both the groundwater and surface water
resources.

HYDROGEOLOGY
The county is underlain by igneous, sedimentary and metamorphic

rocks ranging in age from older than 600 million years to about 345
million years old. Surficial deposits from the last two million years

13



are also present. Structural features include two major thrust faults
and several significant folds. Such diverse geology gives rise to varied
groundwater conditions throughout the county.

Geologic History

The geologic history of Augusta County is closely related to that
of the entire Appalachian Valley extending roughly from Newfoundland,
Canada, southwestward to Alabama. During Precambrian time (older than
600 million years) this area was an extensive lowland caused by eons of
erosion. This lowland began to undergo burial, deformation, and meta-
morphism. Approximately 600 million years ago, there was concurrent
deposition of sedimentary rocks and volcanic activity, followed by a
period of uplift and subsequent erosion.

Following the erosional period, a very large trough began to form
along the entire length of the present-day Appalachian Valley. Thousands
of feet of sediments were deposited in the trough by invading seas and
by rivers and streams flowing from the surrounding uplands. Occasionally
the trough filled with sediment, causing the seas to retreat for a period
of time. The trough continued to subside, however, so that eventually
the seas again invaded the area and, along with the streams and rivers,
once more carried sediments to the trough.

This deposition occurred for about 300 million years, at which time
extreme horizontal deformation with resultant uplift began. From that
time until the present, a period of about 300 million years, the dominant
forces have been those of weathering and erosion. During the last two
million years, surficial deposits of sand, gravel and boulders have been
deposited throughout the entire Appalachian Valley, with significant de-
posits being present in Augusta County.

Geologic Formations and Their Water-Bearing Properties

The following discussion of the groundwater potential of the various
geologic formations present in Augusta County is based on a broad group-
ing of related rock types. Four major rock groups have been identified,
each having their own lithologic and hydrologic properties (Table 3).

In addition, discussions of unconsolidated sediments and igneous rocks
have been included. Plate 8 is a generalized geologic map of the county
and Plate 9 shows several cross sections referred to on Plate 8.

Cambrian and Precambrian (?) Formations

Minor exposures of the Catoctin Greenstone, an altered basaltic lava
flow of igneous origin, are present near the crest of the Blue Ridge.
The Catoctin is quite resistant to weathering and caps much of the Blue
Ridge. Cady (1936) indicates that this type of ancient lava rock proba-
bly possessed excellent water-bearing potential shortly after it was
formed. Over the years, however, weathering, pressure and other factors
have obliterated the openings which would have contributed to the high
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TABLE 3
FORMATION GROUPS AND THEIR WATER-YIELDING PROPERTIES IN AUGUSTA COUNTY
Estimated Years
Age Since Present Formation Group Litholog: Individyal Formation: [Formation Symboll Thickness (ft and m) Water-Yielding Properties Groundwater Sector
E To jered alone, these se ents are
) 10 Quaternary Alluvial Clayey sand and silt, sand, | Alluvium 0 - 500 ft relatively poor aquifers. Main func-|Blue Ridge
E to and gravel, cobble, boulders and| Talus deposits Qat (0 - 152 m) tion is to capture recharge water for |Central Valley
g 1 million Terrace Deposits angular blocks Alluvial fan deposits underlying bedrock. May significant-|North Mouatain
S Terrace deposits 1y increase yield of underlying
strata. N
2 135 million
E to No well records available, but
g 181 million : probably véry poor aquifers.
5 Dikes, sills and plugs of Generally have low porosity and Blue Ridge
Mesozoic Igneous Rocks | syenite, hormfels, olivine Not applicable Not applicable | Not applicable permeability. Central Valley
PP
o diabase North Mountain
g 181 million
3 230 million
&
]
& 310 million
a to Pocono Mpo
2 345 million Poor to fair water producers,
a generally sultable only for small
= domestie needs. Good yields
Shale, sandstone, some Tanpehire e thickness in possible locally. Some wells
5 Mississippian, Devonian| limestone, conglomerate, Chemung Deh excess of 11,000 ft (3353 m) | flow naturally at completion. North Mountain
i 345 million and Silurian Formations| mudrock Brallier Db Groundwater stored and trans-
= g to Millboro and Needmore Do mitted along bedding planes and
wv E 405 million Ridgely (Oriskany) Dri joints. Water is moderately hard
b i e Creck meaimg Sorassl — - ] and may be high in iron, sulfur
Coeymans, Keyser DS and manganese.
E e Toga oway
405 million B
E to —K—ee—f.e—r—%—_._— ske -~ e ]
= 425 million Cacapon Sea
Tuscarora Stu
*Jupiat o Ojos
Siate. minor mants of ate and OsveRo Fair to good yislds possible from
limestone and sandstone; joints, bedding planes, cleavage
Martinsburg Formation |often classified as shale | Martinsburg Oub 1,500-2,600 fr (457-792 m)  lpartings. Water very hard, high
vith sandstone, some lime- in total dissolved solids. Irom,
] 425 million stone, conglomerate, mudrock sulfur and nanganese may be high.
o to
5
E 500 milll Oe 900-1,200 ft (274-366 m)
g2 on 53‘“"‘;‘%1 4 New Hark oln 0-400 £t (0-122 m) Good ylelds from solution channels
E Be:ﬁ;ﬂ:iw;e and New Market ob 1,700-3,000+ fr (518~914+ m) |in most areas, excellent yields
Linestone, dolonite, Chepultepec och 175-400 £t (53-122 m) posaible where overlain by uncon- Céntral Valley
solidated sediments in proximity
Cambro-Ordovician shale, sandstone, o [
Carbonate Formations | chert, dolomite to major streams. Excremely hig
Ceo potential along west toe of Blue
Conococheague Co 1,600-2,500 £t (488-762 m) Ridge from Lyndhurst to Grottoes.
500 million Elbrook Cub 1,000-3,000 £t (305-914 m) |Water very hard and high in total
g o Waynesboro (Rome) b 1,000+ fr (305+ m) dissolved solids.
g 600 willfon Shady (Tomstown) ?
Ca 600+ fr (183+ m) Poor groundwater producers; low
° ﬁ:?:::m (Bretn) ch 1,500-3,500+ ft (457-1,067 m) yields from joints, fractures,
Cambrian and Altered basaltic lava P o 350-500+ ft (107-152+ m) faults and shear zones at fairly Blue Ridge
PRE Pre~Cambrian (?) flows, quartzite, conglom— shallow depths (usually less than
Tanlolder than Formations erate, sandstone, shale cpee 1,500-3,000 fr (457-914 m) | 300 fc or 9L m). Soft; high-quality
CM«(%R)IAN 600 million (?); Catoctin . P water, low in total dissolved solids.
*Upper Ordovician units included here in order to simplify map units
Source: Geology compiled from various publications of the Virginia Division of Mineral Resources, gechydrology from Virginia State Water Control Board - VRO
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potential. The greenstone in its present condition is a very poor water
producer, and the chances of obtaining water below a few hundred feet
are minimal. Joints, shear zones and faults provide the only openings
for water storage and movement. Leonard (1962) suggests the formation's
poor reputation as a groundwater producer may be attributable as much to
its high topographic position as to its lithology.

The Chilhowee Group consists of the Antietam (Brwin) Formationm,
a quartzite, and the Harpers and Weverton Formations, the latter two
composed mostly of conglomerate, sandstone, shale and quartzite. These
formations occupy the western flank of the Blue Ridge and extend to the
foot of the mountain. The metamorphic quartzites and the sedimentary
conglomerates and sandstones make poor aquifers due to the high degree
of cementation. As in the Catoctin, water is to be found only in joints,
faults and shear zones.

Cambro~Ordovician Carbonate Formations

This group of formations comprises the major portion of the valley
floor and consists mainly of limestone and dolomite with minor amounts
of shale, sandstone, and chert. Included are the Shady (Tomstown),
Waynesboro (Rome),Elbrook,‘Conococheague, Chepultepec, Beekmantown, New
Market, Lincolnshire and Edinburg formationms.

The Shady (Tomstown) Formation is not exposed at the surface (Gath-
right and others, 1977) but remains an important aquifer in Augusta
County. The unit is basically dolomite which is less soluble than lime-
stone, but Cady (1936) indicates it appears to be highly susceptible to
solution activity, not unlike limestone beds in the area. Review of
drill logs available for several industrial wells developed in the Shady
Formation confirms a high incidence of solution activity. The size and
number of solution channels intersected by carbonate wells directly in-
fluence water production. '

The Waynesboro (Rome) Formation occupies a major continuous belt
along the west toe of the Blue Ridge and a minor area bordering the North
Mountain Fault west of Greenville. The unit is principally shale, silt-
stone, sandstone, dolomite and limestone. Cady (1936) notes that bedding
planes and shaly partings, both of which act as conduits for groundwater
movement, are numerous. Leonard (1962) has determined that the shaly
portions of the formation are poor aquifers. However, he notes that the
carbonate sections are often prolific aquifers, and deep wells penetrating
the beds are highly productive.

The Elbrook, Conococheague, Chepultepec, Beekmantown, New Market,
Lincolnshire and Edinburg formations occupy the central area of the
valley floor, extending westward from outcrop areas of the Waynesboro
(Rome) Formation along the western foot of the Blue Ridge to Little
North Mountain. A portion of their exposure is contained in the Massa-
nutten Synclinorium, a major trough structure extending between Rockbridge
County to the southwest and West Virginia to the northeast, and bounded
in Augusta County by the Blue Ridge and the Staunton Fault. These
carbonate formations have undergone extensive solution activity as evi-
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denced by the numerous caves which have been catalogued. Holsinger
(1975) states that three of the largest caves are developed in the
Conococheague, one of which is Grand Caverns at Grottoes. Rader (1967)
has identified much intraformational folding and faulting in the Edin-
burg Formation, with calcite and dolomite mineralization in associated
fractures. ‘

Groundwater movement and storage in the carbonates is restricted
to solution channels. Solution channels are formed as water percolating
downward enters joints, fractures and bedding planes and slowly dissolves
the rock. Though larger and more numerous near the ground surface and
in the vicinity of the water table, some water-bearing channels have
been encountered at great depths. Cady (1936) theorizes this may be
associated with artesian circulation through synclines.

Martinsburg Formation

The Martinsburg Formation is a hydrogeologically significant unit
due to its lithology, thickness and areal extent. The unit has been
variously described as shale, sandstone and limestone, but Gathright
and others (1977) indicate it is basically slate with minor amounts of
limestone and sandstone.

The Martinsburg is a fairly reliable, though not overly productive,
water source in Augusta County. The presence of some water in the
Martinsburg Formation may be due in part to solution channels in the
thin limestone beds present in the unit. Butts (1940), Rader (1967),
Kozak (1970) and Gathright and others (1977) attest to the thin-bedded
nature of the Martinsburg, and Cady (1936) notes joints and slaty cleav- -
age. Solution activity within the formation is increased by these
features, although the numerous water-bearing openings generally are
not large.

Mississippian, Devonian and Silurian Formations

This grouping of formations is comprised of a series of sandstone
and shale units, along with a few insignificant occurrences of limestone,
with a combined total thickness in excess of 11,000 feet (3,353 m).
Formations in this grouping are considered minor aquifers.,  All occur~
rences are west of the North Mountain Fault and begin at or near the
eastern base of Little North Mountain. In the interest of simplifying
map units, the Ordovician-aged Oswego and Juniata sandstones have been
included in this grouping. '

Units displaying a thickness of 300 feet (91 m) or less include the
Oswego (sandstone), Juniata (sandstone/shale), Tuscarora (sandstone/
quartzite), Cacapon (sandstone/shale), Keefer (sandstone), Bloomsburg
(sandstone/shale), Tonoloway (limestone), Keyser (limestone), Coeymans
(limestone), Healing Springs (sandstone), Licking Creek (limestome),
Oriskany (sandstone) and Needmore (shale). Thickness of some individual
formations is less than 5 feet (1.5 m), although most are 100 to 200 feet
(30 to 61 m) thick. The four limestone units range from less than 10
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feet (3 m) to 230 feet (70 m). Bedding ranges from thin to thick and
massive, with the majority of the formations exhibiting medium to mass-
ive beds.

The remaining five formations represent nearly 10,000 feet (3,048 m)
of the combined total thickness of all units included in this group.
All are predominantly sandstone or shale with lesser amounts of conglom~
erate and mudrock. These units include the Millboro (shale), Brallier
(shale), Chemung (sandstone), Hampshire (sandstone/shale), and Pocono
(sandstone). The Pocono is the only formation in Augusta County of
Mississippian age. Bedding in these five units is generally thick, >
except for the Brallier Formation which is characterized by beds ranging
from only a few inches to several feet in thickness (Kozak, 1970).

Although a lack of meaningful data is apparent, records for wells .
drilled in the Mississippian, Silurian and Devonian sandstones and
shales of Augusta County indicate the formations to be only fair water-
producers, at best. Two important reasons are readily apparent: cemen-
tation and texture. Silica and calcite apparently are the most common
cementing materials, both of which tend to reduce porosity. The
Tuscarora, noted by Butts (1940) as being cemented with silica so that
individual quartz grains are partly rebuilt into crystals, is probably
the most weather-resistant formation in the county. The fine- to
medium-grained texture of the majority of the formations tends to greatly
reduce the overall capacity for water transmission, since fine-grained
rocks typically have high porosity but very low permeability.

Groundwater occurrence in these units generally is limited to
bedding planes and joints. Since the majority of the formations exhibit
thick or massive bedding, the number of bedding planes is severely re-
duced. Price (1966) cited research which concluded the frequency of
jointing is inversely related to the thickness of rock beds. The thicker
the bed, the more widely-spaced, and therefore less frequent, are joints.
The thick-bedded nature of rock units in this grouping would, therefore,
result in a reduced number of joints available for transmitting ground-
water.

Mesozoic Igneous Rocks w

Intrusive igneous rocks in Augusta County are of Jurassic or Tri-~
assic age and occur as dikes, sills and plugs. Although numerous
occurrences, mostly dikes, have been noted by Rader (1967 and 1969) and
Johnson and others (1971), exposures are usually only a few feet thick
and less than a mile long. No records are available of wells having
been drilled in these rocks, but they probably are poor aquifers. Davis
and DeWiest (1966) noted that dikes have low permeability and low poros-
ity and often act as barriers to groundwater movement.

Quaternary Alluvial and Terrace Deposits

Considered alone, alluvial and terrace deposits are relatively poor
aquifers. Cady (1936) states that these deposits are poorly-sorted,
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fine-grained, and in many places lacking in groundwater, "and even where
it is saturated it is likely to have low permeability.'" The main function
of these deposits is to capture recharge water for underlying bedrock,
particularly in areas where the bedrock consists of carbonate formatioms.
Leonard (1962) states that the basic alluvial unit (residuum or fine—
grained collivium) is an aquiclude. It prevents downward percolation of
surface water to the underlying strata, can store up to 40 percent of

its volume, and maintains groundwater in the underlying bedrock at a mild
artesian head.

Several areas of the county are covered by appreciable expanses of
alluvial and terrace deposits. A terrace is a step-like arrangement of
alluvial material which represents former flood plains. Hack (1965) re-
ports that terraces occur only along streams whose bedrock is less resist-
ant than the coarse fragments of the alluvial material, and are therefore
more common and better formed where streams cross the Martinsburg shale
than they are in carbonate rock areas. This theory would account for the
extensive terrace and alluvial-fan deposits identified by Bartholomew
(1977) and Gathright and others (1977) as overlying carbonate rocks along
the west toe of the Blue Ridge. Resistant sandstone, quartzite and
greenstone derived from the mountains make up these deposits. Hack (1965)
theorizes that terraces along the Middle River might have been caused by
severe flooding (Plate 10).

TERRACE FORMATION BY SEVERE FLOODING

BEDROCK ALLUVIUM CHANNEL MAINTAINED BY
SEASONAL FLOODS

.FLOOD PLAIN AND CHANNEL BEFORE FLOOD.

CHANNEL ENLARGED BY
UNUSUAL FLOOD

FLOOD PLAIN AND ENLARGED CHANNEL IMMEDIATELY AFTER UNUSUAL FLOOD

TERRACE FLOOD CHANNEL MAINTAINED BY.
PLAIN  SEASONAL FLOODS

NEW FLOOD PLAIN FORMED IN THE ENLARGED CHANNEL;
OLD FLOOD PLAIN NOW A TERRACE

Source: Hack (1965) ' PLATE NO. 10
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Gathright and others (1977) divide the deposits along the west toe
of the Blue Ridge into five units: high-level terraces and alluvial-
fan deposits; talus deposits; upland alluvium; lowland alluvium; and
residual soils. Terrace and alluvial-fan deposits are the most signifi-
cant unconsolidated sediments relative to groundwater availability due
to their areal extent and thickness. These same researchers have re-
ported alluvial-fan thicknesses of up to 500 feet (152 m) in the Dooms
area northeast of Waynesboro. Rader (1969) notes the presence of ex-
tensive gravel deposits south of Stuarts Draft with a thickness in excess
of 165 feet (50 m). Lesser deposits, though still notable, may be found
along the Calfpasture River where it passes through the Deerfield Valley
(Kozak, 1970), along North River east of North River Gap (Rader, 1969)
and along Middle River (Hack, 1965).

Geologic Structure

The geologic structure of Augusta County is characterized by paral-
lel anticlines and synclines and two major fault systems. The Staunton
Fault and the North Mountain Fault slice through the county in a general
northeasterly trend and extend far beyond its northern and southern
boundaries. These features probably exert effective control upon ground-
water,

. The Staunton Fault roughly divides the county in half, passing
approximately 3 miles west of Spottswood, northeastward through Gypsy Hill
Park in Staunton and on to Quick's Mill. At this point it loops to
the southwest toward Huckleberry Hill and loops again northeast to
Burketown. In this county the fault is developed only in the carbonate
formations, thrusting older rocks from the southeast over younger rocks
in the northwest. Rader (1967) identifies a major breccia zone along
the fault trace.

The North Mountain Fault lies to the northwest of the Staunton Fault,
following a path through Newport and north through Swoope, where it makes
a westward loop to Buffalo Gap. From there it extends northward through
Jennings Gap and Stokesville. This fault brings older carbonate rocks
over younger carbonate formations for most of its length, except from
Stokesville north to the Rockingham County line where older carbonates
are thrust over younger shales.

‘The controlling fold feature east of the Staunton Fault is the
Massanutten Synclinorium. The Martinsburg Formation occupies the
synclinorium axis in Augusta County. West of the fault the Long Glade
Syncline is the prominent fold structure. The axis of this fold is in the
Martinsburg in the northeast and in carbonate formations in the southwest.
West of the North Mountain Fault folding is less intense and poorly
developed. A major synclinal feature is the Elliott Knob Syncline,
whose axis is occupied by Devonian and Mississippian shale and sandstone
formations.
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AVATLABILITY AND QUALITY OF GRQUNDWATER

Augusta County has vast groundwater reserves which have been develop-
ed to a very limited extent. Groundwater availability and quality are
dependent on a host of factors including rock type, geologic structure,
soil depth, topography and climate. Geologic setting is the critical
factor to consider when searching for groundwater in Augusta County,
since well production and groundwater quality vary significantly in the
three major groundwater sectors identified below. Topography is espe-
cially important when considering groundwater availability. Augusta
County is located within the Unglaciated Appalachian Groundwater Region
(Plate 11), characterized by mountains and hilly uplands separated by
broad valleys. Mountains and upland areas channel surface runoff to
lower elevations where the water can infiltrate to recharge the ground-
water systenmn.

Depth to bedrock in Augusta County is highly variable. Some areas
have bedrock exposed at the surface, particularly in the carbonate areas.
However, depth to bedrock in the Lyndhurst-Grottoes corridor indicates
thickness of the unconsolidated sediments to be as great as 365 feet
(111 m) (wells 124 and 132). The depth to bedrock in most cases is
directly related to the amount of casing needed in constructing a water
well, since soil zones and unconsolidated sediments must be cased off to
prevent caving in the bore hole. Plate 12 depicts depth to bedrock based
on well drillers' logs.

UNGLACIATED APPALACHIAN
GROUNDWATER REGION

KENTUCKY

AUGUSTA
COUNTY
TENNESSE it NORTH CARC
SCALE
"Ei%’%zm MILES
0 150 300 KILOMETERS
Source: Modified after Johnson (1972) - , PLATE NO. 11
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Static water levels have been reported as deep as 379 feet (116 m)
(well 478). Several flowing wells have been drilled in scattered parts
of the county, though flowing artesian conditions are probably local
phenomena., Most static water levels, however, are less than 100 feet
(30 m) below land surface. Levels less than 50 feet (15 m) are extremely
common. Plate 13 is a very generalized map showing depth to water based
on static water level records. These depths probably represent local
water table conditions in many areas, and periods of wet weather or
drought may significantly affect these conditions.

Wells throughout the county consistently yield less than 50 gpm
(3 1/s) except for the Lyndhurst-Grottoes alluvial corridor and a few
other isolated areas (Plate 14). TFactors such as casing diameter, length
of well bore open to an aquifer, depth to water, and pump size all affect
the actual yield of a well. It often is possible to develop greater
yields, since Plate 14 is based on yields reported by well drillers and
well owners. In most cases drilling is terminated after a satisfactory
yield has been developed for the intended use. Additional drilling and
development frequently will result in increased water production.

Groundwater quality in Augusta County is very good. The concentration
of total dissolved solids (an indication of the degree to which water is
mineralized) rarely exceeds 500 milligrams per liter (mg/l), as is evi-
denced by Plate 15. Most sampling points averaged between 150 and 500
mg/l. Groundwater in the western and eastern sections of the county
typically is low in total dissolved solids; most wells were recorded at
less than 150 mg/1.

Hardness trends are very similar to total dissolved solids trends.
Degrees of hardness are defined as: soft - 0-60 mg/1l; moderately hard -
61-120 mg/1; hard - 121-180 mg/l; and very hard - above 180 mg/l. Lower
hardness is to be expected in the North Mountain and Blue Ridge areas,
while extremely hard water is common in the valley (Plate 16). Only a
few isolated areas, usually associated with alluvial overburden, yield
"soft" water in Augusta County.

Iron concentrations are very acceptable for the majority of wells
sampled. Concentrations above 0.3 mg/1 (the limit recommended by the
Virginia Department of Health) are rare (Plate 17). Isolated cases have
been noted in all areas except for the Blue Ridge. Manganese, on the
other hand, tends to run above the 0.05 mg/l limit established by the
Virginia Department of Health in all areas of the county.

Groundwater Availability and'Quality by Sector

The three sectors depicted in Plate 18 represent broad divisions
which delineate general groundwater conditions by area. Although con-~
ditions generally are consistent within each sector, local variations
are to be expected and do occur. The sectors are discussed below as
they occur fromeast to west. Table 4 gives yield versus depth for the
different groundwater sectors, and Table 5 lists groundwater quality
variations by sector.
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GROUNDWATER AVAILABILITY IN AUGUSTA COUNTY
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CONCENTRATION OF TOTAL DISSOLVED SOLIDS
IN GROUNDWATER IN AUGUSTA COUNTY
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DEPTH TO BEDROCK IN AUGUSTA COUNTY
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GROUNDWATER HARDNESS TRENDS IN AUGUSTA COUNTY
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CONCENTRATION OF IRON IN GROUNDWATER IN AUGUSTA COUNTY

®
Rivgs
gy,

NOrzy

Calfpasture

.w\@ﬂu (L9 " = = A .
! . ; 16

AREAS OF
INSUFFICIENT DATA

0-0.3 MG/L

é 0.31-0.99 MG/L
m 1.00 - 4.99 MG/L

5.00 + MG/L

SCALE
S 10
1

0

E ] miLes

EH KILOMETERS
5 10

35 PLATE NO. 17







GROUNDWATER HARDNESS TRENDS IN AUGUSTA COUNTY

Rivgd

Calfpasture

AREAS OF
INSUFFICIENT DATA

‘ 0-60 MG/L SOFT

61-120 MG/L MODERATELY HARD

121-180 MG/L HARD
‘ ' ABOVE 180 MG/L VERY HARD

SCALE
5 10

° ]
i ] miLES
EHM KILOMETERS

0 5 10

PLATE NO. 16







AUGUSTA GO

R E—— -,

CONCENTRATION OF IRON IN GROUNDWATER IN AUGUSTA COUNTY

Rivén

Caifpasture

AREAS OF
INSUFFICIENT DATA

0-0.3 MG/L

é 0.31-0.99 MG/L
m 1.00 - 4.99 MG/L

5.00 + MG/L

&

<
o

SCALE
0 S 10

‘ ==
\ 3 n]NﬂHH—x.rozmqmmm

5 10

MILES

35 ’ PLATE NO. 17







GROUNDWATER SECTORS IN AUGUSTA COUNTY
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PLATE NO. 18

Blue Ridge Sector

The Blue Ridge Sector includes the area from the crest of the Blue
Ridge to the contact with Cambro-Ordovician carbonate rocks just east of
Waynesboro. Igneous, sedimentary and metamorphic rocks of the Blue Ridge
are represented by the Catoctin greenstone and the Chilhowee Group. The
sector generally is considered to be a very poor groundwater producer,
but records on file indicate reliable wells have been developed there.
However, a significant number of unsuccessful wells have been reported
by well drillers. Plate 19 shows water well development in the Blue
Ridge Sector.

Virtually all wells drilled in this sector are domestic wells. The
mountainous terrain discourages development, and only one known public
groundwater supply has been developed in the sector (Skyline Swannanoa,
Inc.). Well yields are developed solely from fractures which store and
transmit water. The steep slopes and resultant shallow soil cover afford
little chance for recharge in the mountain elevations.

Reported well depths in the Blue Ridge Sector range from 122
to 1001 feet (37 to 305 m), while reported yields range from 1 gpm to
100 gpm (0.06 to 6.3 1/s). Table 6 gives the number of wells producing
at specific rates. The most prolific well (112) was drilled at Rockfish
Gap near the mountain crest. Probably the best well in the area, it
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- TABLE 5

GROUNDWATER QUALITY COMPARISONS FOR
THE GROUNDWATER SECTORS OF AUGUSTA COUNTY*

L : Sector
Blue Central Valley North
Parameter Ridge Carbonates Martinsburg Mountain
Caléium 3 (126) (26) (19)
Maximum 25,40 137.00 450.00 48.00
Minimum 2.00 1.00 1.00 2.00
Average 13.93 56.18 111.25 21.90
Hardness . (Ca-Mg) 3) am (26) Qa7)
Maximum 92.00 520.00 1320.00 149.00
Minimum 8.00 2.00 3.00 36.00
Average 48.00 225.76 346.00 -85.00
Iron ’ 3) (105) 1) (16)
Maximum 0.23 22.16 4.10 10.00
Minimum 0.10 0.00 0.00 0.00
Average 0.14 0.37 0.58 2.58
Magnesium . (2) (123) (26) 19)
Maximum 7.10 67.00 53,00 14.70
Minimum 0.80 0.00 0.20 0.00
Average 5.50 20.48 16.75 6.99
Manganese . (3) 82) (23) (16)
Maximum 0.26 5.70 1.63 3.70
Minimum 0.01 0.00 0.00 0.00
Average 0.09 0.14 0.18 0.51
Nitrate (as NO3) (3) (61) (13) 3)
Maximum 8.00 155.10 5.30 5.30
Minimum 0.00 0.00 0.00 0.20
Average 2.67 15.64 0.78 3.43
pH 3) {131) . 27) [¢33)
Maximum 8.2 8.6 8.0 8.0
Minimum 6.2 5.5 6.5 6.2
Average 7.4 7.6 7.3 7.2
~
Solids (Total
Dissolved) (2) (107) 2n {19)
Maximum . 121.00 628.00 872.00 270.00
Minimum 53.00 78.00 133.00 99.00
¥ Average 87.00 305.94 475.26 150.37
Sulfate ) (108) (19) 21
Maximum 10.60 295.70 113.20 37.20
Minimum 6.60 0.30 0.00 1.70
Average : 8.60 14.49 46.26 9.79

#A11 values in milligrams per liter (mg/l) except pH; parentheses ( ) enclose number of
analyses used in making calculations
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WATER WELL DEVELOPMENT IN THE
BLUE RIDGE GROUNDWATER SECTOR
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produced 100 gpm (6.3 1/s) with a 220-foot (67-m) drawdown after a 48-hour
pump test. Static water levels and depth to bedrock are highly variable
thoughout the sector, sometimes varying by as much as 100 feet (30 m)
within a Very short distance. k

TABLE 6

WELL PRODUCTION RATES IN THE BLUE RIDGE SECTOR

Yield Number of Wells

0-9 gpm 3
(0-0.57 1/s)

10-19 gpm 4
(0.63-1.20 1/s)

20-29 gpm 2
(1.26-1.83 1/s)

30-39 gpm 3
(1.90-2.46 1/s)

40-49 gpm 1
(2.52-3.09 1/s)

50+ gpm 1
(3.15+ 1/s)

One well (119) owned by Skyline Swannanoa, Inc., has penetrated to
a depth of 1001 feet (305 m). Its yield, however, is only 12 gpm
(0.76 1/s) and no water was encountered below a depth of 385 feet (117 m).
This is the deepest water zone encountered in any well for which data
are available in this sector.

Groundwater in the Blue Ridge Sector is very low in mineralizationm.
Hardness, as a rule, falls in the "soft'' category, and iron and manganese
concentrations generally are lower here than in any other area of the
county. Quality data are very scarce for this sector, but the few water
analyses available tend tosupport the findings of DeKay (1972) in the
Rockfish Gap area of Augusta County in the Shenandoah National Park.

Central Valley Sector
The Central Valley Sector extends roughly from the northwest foot

of the Blue Ridge to Little North Mountain and encompasses three geologic
settings in which the geohydrologic characteristics vary accordingly.
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The greater portion of the sector is underlain by Cambro-Qrdovician car-
bonate formations. Along the northwest toe of the Blue Ridge, a major
deposit of unconsolidated alluvial and terrace material overlies these
carbonate formations. The remainder of the sector is underlain by the
Martinsburg Formation in three areas. The largestof these, where the
Martinsburg occupies the axis of the Massanutten Synclinorium, extends
from a point northwest of Stuarts Draft northeastward into Rockingham
County. ’

The carbonate formations which are overlain by alluvium and terraces
of fer exceptionally-high potential yields. All carbonate units in
Augusta County generally can be developed to an acceptable yield for
most purposes, whereas the Martinsburg Formation occasionally proves
unsuitable for industrial and public development. Well development in
the Central Valley Sector is presented in Plate 20. ~

Two major industrial well fields have been developed in the alluvial~
covered carbonates along the northwest foot of the Blue Ridge. Reynolds
Metals Company, Inc., at Grottoes has developed its field in the Conoco-
cheague limestone where the unconsolidated mantle ranges in thickness
from 152 to 230 feet (46 to 70 m). Depths of the Reynolds wells have
ranged from 150 to 342 feet (46 to 104 m), and yields have ranged from
50 to 1800 gpm (3.2 to 113.6 1/s). The E. I. DuPont de Nemours Company,
Inc., in Waynesboro has developed an extensive well field in the Shady
(Tomstown) dolomite. DuPont wells have been drilled from 163 to 784
feet (50 to 239 m) deep and yield 500 to 3500 gpm (31.5 to 220.8 1/s).
Alluvial cover in the DuPont field is as thick as 270 feet (25 m).

Wells deriving water from carbonate rock units overlain by uncon=-
solidated sediments are, on the average, far more productive than wells
drilled in the same formations lacking the alluvial overburden. Wells
producing in excess of 100 gpm (6.3 1/s) from the alluvial-covered
formations are not at all uncommon. Thirty-three percent (31 wells) of
the wells on file in this category produce 100 gpm (6.3 1/s) or more,
compared to less than four percent (4 wells) of those developed in
carbonate areas where alluvial cover is absent. A comparison of carbonate
wells penetrating alluvium in the central part of the county with those
penetrating alluvium along the foot of the Blue Ridge shows that those
near the Blue Ridge average 371 gpm (23.4 1/s) compared to 34 gpm (2.1 1/s)
for the other alluvial areas. -

Martinsburg wells, however, do not seem to exhibit increased pro-
duction due to overlying alluvial sediments. This may be explained in .
part by the hydrologic differences between clastic rocks and limestone/
dolomite, but also may be explained by the topographic location and the
physical boundaries of the unconsolidated sediments. All Martinsburg
wells penetrating alluvium are located in the central portions of the
county. Adjacent mountainous areas, which would provide increased
recharge, are absent, and the alluvial deposits themselves are not as
extensive nor as thick over the Martinsburg as are the unconsolidated
sediments along the west toe of the Blue Ridge. Depth and yield ranges
and yield-versus-depth for wells in this sector are given in Tables 7
and 8, respectively.
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WATER WELL DEVELOPMENT IN THE
CENTRAL VALLEY GROUNDWATER SECTOR
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TABLE 7 -

WELL DEPTH AND YIELD RANGES
IN THE CENTRAL VALLEY SECTOR

Hydrologic Unit Depth Yield
ft m gpm

-4
_
£

" Camb ro-Ordovician
Carbonate Formations : , ,
Maximum 831 253 3500 221

Minimum 25 8 1 0.06
Average 290 - 88 158 10 .

No. Wells ‘ (197) (175)

Carbonate Formations Without
Alluvial Cover

Maximum ‘ 831 253 1016 64
Minimum 25 8 1 0.06
Average 275 84 37 2.30
No. Wells (103) (92)

Carbonate Formations With
Alluvial Cover

Maximum 784 239 3500 221
Minimum 70 21 2 0.13
Average 299 91 294 19
No. Wells (94) (83)

Martinsburg Formation

Maximum , 504 154 50 3.20
Minimum . 65 20 1 0.06
Average " 253 77 14 0.88
No. Wells 36) (33)

Martinsburg Formation Without
Alluvial Cover

Maximum 460 140 50 3.20 ’
Minimum 65 20 1 0.06
Average 240 73 13 0.82

No. Wells 21 (18)

Martinsburg Formation With
Alluvial Cover '
Maximum 504 154 50 3.20

Minimum 74 23 2 0.13
Average ‘ 272 83 15 0.95
No. Wells (15) (15)
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Groundwater production from the high-~potential corridor extending
from Lyndhurst to Grottoes has been a subject of speculation. Cederstrom
(1971) postulated a 2-mile (3.2-km) wide zone extending 13 miles (20.9 km)
upstream from Waynesboro would safely yield 240 MGD (908,400 m3/d) of
groundwater for low flow augmentation of the South Fork of the Shenandoah
River. This figure is based on 100~foot (30-m) drawdown over the entire
area, assuming a storage factor of 4 percent. While it is entirely
possible to develop a regional yield of this magnitude, it is the opinion
of the writers that such a high rate of withdrawal undoubtedly would result
in interference among wells within fields and most likely between well
fields themselves. Considering the whole corridor from Lyndhurst to
Grottoes, however, it is conceivable that several well fields could be ex-
pected to produce around 75 MGD (283,875 m3/d) with minimal interference
and a less drastic decline of the regional water table.

The deepest carbonate well on record (584) was developed in the
Beekmantown Formation at the site of the former Staunton Military Academy.
The 1400-foot (427-m) well reportedly produced 40 gpm (0.16 1/s), and al-
most all water was encountered at depths below 600 feet (183 m).

An abandoned well (127) just south of Staunton owned by the Augusta
County Service Authority is maintained by the State Water Control Board
as an observation well. Static water levels from a continuous water level
recorder are compared with precipitation data in Plate 21.

Groundwater in the Central Valley is generally of good quality. The
average concentration of total dissolved solids is much greater in the
Martinsburg Formation than in the carbonate formations. This is similar
to the trend recognized in Rockingham County (Hinkle and Sterrett, 1976),
although the difference is far more pronounced in Augusta County. Ninety-
two percent of the wells with total dissolved solids in excess of 500 mg/l
are located in the Martinsburg.

Groundwater hardness in the Central Valley Sector tends to be very
high. Although nearly the entire sector is characterized by groundwater
classified as "very hard," Martinsburg wells tend to produce much harder
water than wells developed in the carbonate formations, which is somewhat
unusual. Hinkle and Sterrett (1976) found that groundwater from Martins-
burg rocks in neighboring Rockingham County was an average of 35 mg/l
softer than groundwater from carbonate formatioms in that county. The -
same researchers (1977) found groundwater from the Martinsburg in Shenan-—
doah County to average approximately 55 mg/l softer than groundwater from
the carbonate formations in that county.

Carbonate wells with hardness content in excess of 400 mg/l include
two wells (381 and 384) in the Mt. Sidney area, one in Churchville (113),
one near Stuarts Draft (367) and one south of Parnassus (415). A Martins-
burg well near Barren Ridge (115) exhibited the highest hardness content
on record for Augusta County: 1320 mg/1. ,

Average values for iron, sulfate and manganese are all greater in
groundwater from the Martinsburg. Iron content tends to run higher than
normal in the Barren Ridge-New Hope area. Two wells (225 and 330) in
this vicinity have the highest iron values recorded in the Central Valley
Sector.
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Source: National Oceanic and Atmospheric Administration (precipitation data);
Virginia State Water Control Board — VRO (groundwater levels)
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Nitrate content is highly variable and is dependent on local con-
ditions. Many wells developed in carbonate aquifers show high nitrate
values due to the nature of groundwater movement through solution
channels in limestone and dolomite. "Nitrates from local septic tank
failure and animal waste and fertilizer runoff are more likely to con-
taminate groundwater in carbonate rocks than in the Martinsburg Formation.

North Mountain Sector

The North Mountain Sector offers fair groundwater potential and has
been developed to a limited extent. Well development is shown in Plate
22, Shale and sandstone formations predominate here, and, while normally
considered to be only fair aquifers at best, local conditions frequently
are very favorable. Several wells in the Jennings Gap-West Augusta area
along Route 250 are reported to have flowed when drilled. At least three
wells in this same vicinity (388, 403, 423) reportedly produced from 100
to 150 gpm (6.3 to (9.5 1/s) at completion. A well at the Todd Lake
Recreation Area in George Washington National Forest (184) produced 131
gpm (8.3 1/s) at completion.

Domestic development accounts for the majority of the wells and
springs developed in the North Mountain Sector; public and industrial
development has been very sparse. Most wells are less than 100 feet
(30 m) deep, and many are bored or dug rather than drilled. However,
the deepest well on file for Augusta County is at Fordwick. This 1438~
foot (438-m) well (585), drilled for the Lehigh Portland Cement Company
and now abandoned, was reported by Cady (1936) to be the water source
for the Town of Fordwick. According to driller records, the main water
source was encountered below 1200 feet (366 m), and at completion the
well flowed naturally at 25 gpm (1.6 1/s). Several large springs have
been developed for water supplies, including Black Run Spring for the
Town of Craigsville and the Stillwater Worsted Mill Spring for the com-
munity of Augusta Springs.

Water quality generally is acceptable throughout the sector, although
iron and sulfate concentrations occasionally render the water mildly ob-
jectionable. Iron values between West Augusta and Jennings Gap were
noted as being unusually low for the area, below the 0.3 mg/l limit
established by the Virginia Department of Health. However, most wells
extending from Jennings Gap east to the sector boundary have iron concen~
trations in the range of 1.0 to 5.0 mg/l. Iron values above 5.0 mg/l are
common just east of Craigsville.

Total dissolved solids concentrations are normally below 150 mg/1l
throughout the sector. Most data are from the Deerfield Valley and the
Jennings Gap-West Augusta corridor. Hardness in the same areas tends to
be moderately high, while east of Craigsville hardness has been found to
be less than 60 mg/l (soft). Manganese levels throughout the sector
average about ten times above the 0.05 mg/l limit establlshed by the
Virginia Department of Health.

48




WATER WELL DEVELOPMENT IN THE
NORTH MOUNTAIN GROUNDWATER SECTOR

0-9 GPM
(0-0.57 1/S)
10-49 GPM
(0.63-3.09 1/S)
50-99 GPM
(3.15-6.25 1/S)
100-199 GPM
(6.31-12.55 1/S)
200 + GPM
(12.62 + 1/8)

SCALE

Ve TYLIN G 5
sl w MILES
W KILOMETERS

5 10

- PLATE NO. 22

49




Springs

Springs are numerous throughout Augusta County, but by far the high-
est density is in the Central Valley Sector. Literally thousands of
springs issue from the limestones and dolomites of the valley floor.
Plate 23 gives locations of some of the more prolific springs, and Table
9 tabulates their flow measurements.

Major springs along the west toe of the Blue Ridge include Baker
Spring (453), owned by DuPont. One of the largest springs in the county,
Baker Spring issues from the Waynesboro (Rome) Formation and supplies
process water to DuPont and Crompton. Coiner Spring (169) and District 4
Home Spring (170), both in the Elbrook Formation, are part of the Waynes-
boro city water system. Dodge Spring (79) supplies water to the lake
at Shenandoah Acres Resort. -

The spring supplying water to the community of Augusta Springs (19)
is the only spring shown on Plate 23 which is not located in the Central
Valley Sector. With a flow measured at less than 1,000 gpm (63.1 1/s),
it ranks as one of the smallest major springs in the county.

Of the remaining 12 springs, 9 are in the Conococheague limestone
unit. This includes the largest known spring in Augusta County, Joseph's
Spring, which was measured in April 1978 at 6,640 gpm (418.9 1/s), or
9,561,600 gpd (36,191 m3/d). While no other seasonal flow measurements
are available, it is reported to have a consistently strong discharge
throughout the summer and early fall. At least two Conococheague springs
are used for municipal water supplies: Berry Farm (Quick's) Spring (67)
for the Verona Sanitary District; and Dice's Spring (66) for the Weyers
Cave Sanitary District. Gardner Spring (85), which is part of the
Staunton city water system, issues from the Beekmantown Formation along
Middle River.

Spring water is generally much lower in mineralization than well
water from corresponding rock units. Table 10 compares water quality
from springs and wells in the carbonate formations of the Central Valley
Sector. Total dissolved solids in the spring water averages much less
than in well water samples. Hardness seems to run slightly higher in
spring waters, which is unusual. This is attributable to the higher
magnesium concentrations found in the spring water. Parameters such
as iron, calcium, manganese and sulfate are all lower in spring water
as compared to well water.

GROUNDWATER UTILIZATION

Groundwater is the major source of water for public, industrial and
domestic supply in Augusta County. Three industrial well fields account
for the bulk of daily industrial groundwater withdrawal. The City of
Waynesboro derives all its water from two springs, and a spring supplies
approximately half the daily water needs of the City of Staunton. Of the
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MAJOR SPRINGS IN AUGUSTA COUNTY

(REFER TO TABLE 9 FOR FLOW MEASUREMENTS)
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TABLE 10

GROUNDWATER QUALITY COMPARISONS BETWEEN SPRINGS AND WELLS
IN CAMBRO-ORDOVICIAN CARBONATE FORMATIONS IN AUGUSTA COUNTY -

Parameter Springs Wells
mg/1 mg/1
Calcium (17)* (126)
Maximum 82.00 137.00
Minimum 1.00 1.00
. Average 51.55 : 56.18
Hardness (Ca~Mg) (15) (113)
> Maximum 344.00 520.00
Minimum 87.00 2.00
Average 339.47 225.76
Iron (13) (105)
Maximum 0.28 22.16
Minimum . 0.00 0.00
Average 0.06 0.37
Magnesium (15) (123)
Maximum 40.00 67.00
Minimum 3.10 0.00 -
Average 23.83 20.48
Manganese (7 (82)
Maximum 0.05 5.70
. Minimum 0.00 0.00
Average 0.02 0.14
pH#* (15) (131)
Maximum 8.20 8.60
- Minimum 7.20 5.50
Average 7.77 7.63

Solids (Total * ,
Dissolved) (10) ‘ ‘ (107)

Maximum ‘ 374.00 : 628.00
Minimum 113.00 ‘ 78.00
Average 263.70 305.94

*Parentheses () enclose number of analyses used in making calculations
**pH values measured in units instead of milligrams per liter
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seven water systems operated by the Augusta County Service Authority,
six utilize groundwater as the sole source, and the other uses ground-
water as an auxiliary source. Domestic water needs are met almost
exclusively by wells and springs,

Approximately 98 percent of the county's population is supplied
wholly or partially by groundwater; 61 percent is supplied exclusively
by groundwater. Total groundwater withdrawal is about 23 MGD (87,055
m3/d). Self-supplied domestic use is approximately 1 MGD (3,785 m3/d).
Public and municipal use is approximately 8 MGD (30,280 m3/d), and in-
dustrial withdrawal accounts for over 14 MGD (52,990 m3/d).

Public Systems

Public water systems are classified by the Virginia Department of
Health (1977) as either community or non-community systems. A community
system serves at least 15 connections used by year-round residents or
regularly serves at least 25 year-round residents. A non—community system
operates at least 60 days out of the year. Public groundwater systems for
which pumpage information is available are listed in Table 11. Brief
discussions of several community systems follow.

Augusta Springs

The water supply for the community is a spring (19) located in Devo-
nian shale, just south of State Route 42 (Plate 24). The system sup-
plies water to approximately 30 connections at the rate of approximately
100,000 gpd (379 m3/d). Operated by the Augusta County Service Authority,
the spring has a reported flow of approximately 800 gpm (50.5 1/s).

Craigsville

Black Run Spring (20) supplies water for the Town of Craigsville.
Located on the west slope of Little North Mountain (Plate 25), the spring
issues from the Keefer Sandstone at an elevation of approximately 2250
feet (686 m). No discharge measurements are available; however, the town
reports daily usage of approximately 200,000 gallons (757 m3) to 360 con-
nections. A 627-foot (191-m) well (49), located in Devonian shale down~-
slope from the spring, is a stand~by source for emergency use. The well re-
portedly flows at 7 gpm (0.44 1/s) with a 3-foot (1-m) head and has been
pumped at 110 gpm (6.9 1/s) with a 240-foot (73-m) drawdown after 48 hours.

Jollivue

This well system is operated by the Augusta County Service Authority
and serves approximately 285 connections in the Jollivue-Brookwood area,
including the Staunton Plaza (Plate 26), Wells 2 (76) and 4 (77) are
production wells located in the Chepultepec and Conococheague formatioms,
respectively. Well 2 is 500 feet (152 m) deep and was pump tested at 220 gpm
(13.9 1/s). The 355~foot (108-m) well 4 had a test yield of 1900 gpm
(119.9 1/s). Average daily pumpage is about 185,000 gpd (700 m3/d).
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LOCATION MAP OF SPRING AT AUGUSTA SPRINGS
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LOCATION MAP OF JOLLIVUE WELLS
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Well 1 (557) supplies water to the system's wastewater treatment
plant. Two other wells are abandoned. One of the abandoned wells (127)
presently is operated by the State Water Control Board as an observation
well and is equipped with a continuous water level recorder.

Middlebrook

One production well (22) owned by the Augusta County Service Author-
ity serves approximately 30 connections in this area (Plate 27). Drilled
in the Conococheague Formation, the 240-foot (73-m) well has a reported
yield of 150 gpm (9.5 1/s). A pump test at 115 gpm (7.3 1/s) for 8 hours
resulted in only a 9-foot (3-m) drawdown. However, two springs in the
area used for livestock watering reportedly ceased to flow while the test
was being conducted. Average pumpage from the well is approximately
24,000 gpd (91 m3/d). A 400-foot (122-m) abandoned well (92) had a yield
of only 10 gpm (0.64 1/s). : ‘

South River Sanitary District

The main source of water for this system serving the communities of
Stuarts Draft, Lyndhurst, Ladd and Fishersville (approximately 3500
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connections), is Coles Run Reservoir in the George Washington National
Forest. The system is operated by the Augusta County Service Authority.
Two wells (Plate 28) act as auxiliary sources and are used only on an
as-needed basis. The Stuarts Draft well (2), 363 feet (111 m) deep,

has been pump-tested at 457 gpm (28.8 1/s) over a 48-hour period with
only a 4 1/2-foot drawdown. The Lyndhurst well (48) is 449 feet (137 m)
deep and was pumped for 24 hours at 1557 gpm (474.6 1/s). Both wells
are developed in the Waynesboro (Rome) Formation. The Stuarts Draft
well is used occasionally during the summer months. The Lyndhurst well
was pumped for a total of 7 days during the extended drought of the sum-—
mer of 1977. Prior to this it had not been used since it was placed in
operation in 1972 (oral communication, W. Clarke, Augusta County Service
Authority).

Staunton

The main water supply for the city is North River Dam northwest of
Staunton in the George Washington National Forest. Gardner Spring (85),
located west of Staunton (Plate 29), furnishes about 2 MGD (7,570 m3/d)
of the approximately 5 MGD (18,925 m3/d) used by the city. Flow measure-
ments cannot be made due to its close proximity to Middle River. The
spring issues from the Beekmantown Formation.
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Verona Sanitary District

This district encompasses the communities of Verona, Fort Defiance
and Mount Sidney. The system is operated by the Augusta County Service
Authority and consists of Berry Farm Spring (67), also known as Quick's
Mill Spring, and a well (Plate 30). The spring is the main source of
water and is reported to have a flow of approximately 1,300 gpm (82 1/s).
The well is 363 feet (111 m) deep and was pump-tested for 24 hours at
1016 gpm (64.1 1/s) with 62 feet (19 m) of drawdown. The well is an
auxiliary source and is used only on an as—needed basis. Approximately
450,000 gpd (1,703 m3/d) are withdrawn from the spring and distributed
to about 1100 connections. An abandoned well (43) 370 feet (113 m) deep
had a reported yield of 150 gpm (45.7 1/s). Both wells and the spring
are in the Conococheague Formation.

Waynesboro

The City of Waynesboro presently receives water from two springs
and in the near future will have two wells as an auxiliary source
(Plate 31). Daily usage from Coiner Spring (169) is well over 2 MGD
(7,570 m3/d), and pumpage from District Home Spring (170) is usually
somewhat less than 1 MGD (3,785 m3/d). Flow measurements on Coiner
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Spring have varied from 400 to 2,500 gpm (25.2 to 157.7 1/s). District
Home Spring has been measured in excess of 2,500 gpm (157.7 1/s). Well
1 (4) drilled in the Elbrook Dolomite and known as the "Industrial Park
Well," is 404 feet (123 m) deep and was pumped at 575 gpm (36.3 1/s)
for 48 hours with a 210-foot (64-m) drawdown. The 432-foot (132-m) well
3 (449), developed in limestone of the Waynesboro (Rome) Formation, was
initially pump-tested at 703 gpm (44.4 1/s) with 16 feet (5 m) of draw-
down after 48 hours. It reportedly was tested at 975 gpm (61.5 1/s) for
a short period of time with very little increase in drawdown noted. The
system serves approximately 5,635 connections.

Weyers: Cave Sanitary District

This system is operated by the Augusta County Service Authority and
serves the community of Weyers Cave, including Blue Ridge Community Col-~
lege. The water source is Dice's Spring (Plate 32) which has a natural
discharge of approximately 1,500 to 2,000 gpm (94.6 to 126.2 1/s).
Approximately 120,000 gpd (454 m3/d) are distributed to about 190 con-
nections. .
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Industrial Systems

Only a few self-supplied industrial groundwater systems have been
developed in Augusta County, and most of them withdraw minor amounts of
groundwater. Three industries, however, do have significant daily
groundwater withdrawals which total nearly 14 MGD (52,990 m3/d).

Crompton

The Crompton Company in Waynesboro receives production water from
Baker Spring (Plate 33) which is owned by E. I. duPont de Nemours and
Co., Inc. Crompton's daily use during 1977 averaged slightly over 1 MGD
(3,875 m3/d). The average daily withdrawal for the period 1971 through

1977 was 1.34 MGD (5,072 m3/d).

E. I. du Pont de Nemours

The DuPont well field in Waynesboro is the largest in Augusta County
and is developed in the Shady (Tomstown) dolomite formation. Groundwater
withdrawals in 1977 averaged approximately 6.4 MGD (24,224 m3/d), although
the average daily withdrawal in March 1977 was 9.4 MGD (35,579 mﬁld). The
highest average daily withdrawal recorded in the past five years was
10.9 MGD (41,257 m3/d) in May 1974.
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The DuPont well field consists of two active wells, three stand-by
wells, two abandoned wells, and one spring. Well 5 (130), 752 feet
(229 m) deep, is now the main well and has a reported maximum production
of 3,500 gpm (220.8 1/s). Pumpage from this well for the period 1971
through 1977 averaged 3.3 MGD (12,604 m3/d). Well 2 (408), 732 feet
(223 m) deep, is an auxiliary well and is pumped on an as-needed basis.
It was tested at 500 gpm (31.5 1/s) at completion, although the present
yield is reported to have increased.

Baker Spring is the main water source with pumpage for the period
1971 through 1977 averaging 3.44 MGD (13,020 m3/d). Combined with
Crompton's average withdrawal for the period of 1.34 MGD (5,072 m3/d),
this could make the average daily withdrawal approach 5 MGD (18,925 m3/4d),
or 3,472 gpm (219 1/s). The spring's natural discharge has been reported
as 5,300 gpm (334.4 1/s) in February 1928 (Collins and others, 1930).
Discharge rates recorded by DuPont during the period October 1965 to
July 1967 range from 2,700 to 4,270 gpm (170.3 to 269.4 1/s) (oral com-
munication, 0. Bilkins, DuPont). The most recent flow data supplied by
DuPont indicates that total Baker Spring discharge tends to fall within
the 2,500 to 3,500 gpm (157.7 to 220.8 1/s) range depending on seasonal
fluctuations (oral communication, T. W. Mullen, DuPont).

A 784-foot (239-m) well, initially referred to as well 6, was
drilled 140 feet (43 m) northwest of Baker Spring in March, 1949. It
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was pump-tested at 1,500 gpm (94.6 1/s) for three minutes but had a draw-
down of 196 feet (60 m), The stabilized production rate was only 15 gpm
(0.9 1/s). 1In April, 1949, another well, initially called 6A, was drilled
50 feet (15 m) closer to the spring to a depth of 163 feet (50 m). This
second well, now referred to by DuPont as 6 (33), yielded 650 gpm (41 1/s)
- with 14 feet (4 m) of drawdown after a 24-hour test. The major water zone
is variously reported as 32 to 50 feet (10 to 15 m) and as 50 to 68 feet
(15 to 21 m). Regardless, the water encountered by well 6 is at far
shallower depths than zones for the other wells, which range from 124 to
734 feet (38 to 224 m) deep. Well 6 (33) is now on stand-by.

Interference among the wells and with Baker Spring is known to occur.
Leonard (1962) reports that Baker Spring is unaffected by withdrawals from
well 6 (33) but is affected by pumping of wells 1 (305) and 5 (130). He
further notes that Loth Spring, located between well 5 (130) and Baker
Spring, ceases to flow when all wells are pumped simultaneously. In 1966
all wells were pumped simultaneously at a rate of approximately 6,600 gpm
(416.4 1/s) in an effort to meet water demands. Decreased water levels
were noticed in all wells; the level in one was pulled down to the pump
intake. Baker Spring flow recorded on July 29, 1966, was 2,700 gpm
(170.3 1/s). The company's water requirements have since decreased so
that one well and Baker Spring generally meet demands (oral communication,
0. Bilkins, DuPont).

Well 1 (305), formerly used as a stand~by for emergency use, was re-
moved from service in 1970. In addition to well 6 (33), wells 3 (409)
and 4 (451) are both on stand-by. Well 3 is 676 feet (206 m) deep and
has a reported maximum yield of 2,000 gpm (126.2 1/s). Well 4 is 674 feet
(205 m) deep with a reported maximum yield of 1,800 gpm (113.6 1/s).

A well (452) drilled about 1929, shortly after the plant opened, is
referred to as the "0ld Flowing Well". As the name suggests, it reportedly
flowed at the time of completion. Cady (1936) reports that it was pump-~
tested at 680 gpm (42.9 1/s), and the static water level dropped to 15
feet (5 m) below land surface when well 2 (408) was pumped at 350 gpm
(22.1 1/s). The well supposedly was drilled for the purpose of monitoring
water levels in the well field and apparently has never been used as a
water source. The lowest level recorded since October 1971 was 72 feet
(22 m) in October 1973. However, DuPont records indicate a static water
level of 88 feet (27 m) on July 26, 1967, and of 130 feet (40 m) on
July 29, 1966 (oral communication, O. Bilkins, DuPont). It is likely that
the 130-foot (40-m) drawdown was recorded during the period of heavy with-
drawal in 1966 referred to above. Levels appear to normally remain around
40 to 50 feet (12 to 15 m) below land surface. Plate 34 is a hydrograph
of static water levels in the 0ld Flowing Well.

Several other wells in the field are reported to have flowed when
drilled (Leonard, 1962). This is attributed to the fact that the northern
portion of the well field had been a swamp before the wells were developed.
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Reynolds Metals

The Reynolds Metals Company, Flexible Plastics Division, at Grottoes
presently withdraws nearly 3 MGD (11,355 m3/d) from a well field develop-
ed in the Conococheague Formation (Plate 35). In 1956 Reynolds moved
into the plant formerly occupied by the Duplan Silk Company. Three wells
already on the property are now referred to as 1, 2 and 3 (97, 98, 99).
Reynolds has since drilled three additional wells.

The Reynolds field consists of five operating wells and one abandoned
hole. Well 4 (100), 315 feet (96 m) deep, is the main production well and
was pump-tested at 1800 gpm (113.6 1/s) with 103 feet (31 m) of drawdown
after 168 hours. Wells 3 (99) and 5 (101) are the other production wells
and were drilled to depths of 260 feet (79 m) and 342 feet (104 m), re-
spectively. Well 3 (99) reportedly produced 1200 gpm (76 1/s) at comple-
tion with a 10-foot (3-m) drawdown after 48 hours. However, maximum
steady production from well 3 increased to 2000 gpm (126 1/s) (Leonard,
1962). The 342-foot (104-m) well 5 was tested at 1254 gpm (79 1/s) with
70 feet (21 m) of drawdown after 72 hours. Well 2 (98), 226 feet (69 m)
deep, is a stand-by production well pump-tested at 250 gpm (16 1/s) for
24 hours with a 40-foot (12-m) drawdown. The recently-completed well 6
(587) was tested at 50 gpm (3 1/s) with 14.5 feet (4.4 m) of drawdown
after 48 hours. This well is used for potable water at the rate of
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approximately 450001gpd"{;4 m3/d) (oral communication, J. W. Moore,
"Reynolds). o ' ‘ ~

Well 1 (97) has never been put into service, either by Duplan or
‘Reynolds. The reason for this is unknown, but it is assumed that the
yield, 100 gpm (6 1/s) at completion, was not satisfactory. According
to hearsay over the years, the well is reported to have been dynamited
in an attempt to increase the yield, but supposedly was never tested
after having been shot (oral communication, J. W. Moore, Reynolds). In
1975 the State Water Control Board placed a continuous water level re-
corder on this well. A hydrograph for the period of record compared to
groundwater withdrawals from the Reynolds field and precipitation records
from the Waynesboro sewage treatment plant (Plate 36) fails to reveal
any significant relationship between the observation well and the Reynolds
well field. Static water levels in the observation well seem to reflect
the normal seasonal water-table fluctuation. In addition, the precipi-
tation graph relates directly to the observation well hydrograph with a
63 percent frequency over the period of record, whereas the groundwater
withdrawal graph correlates with the hydrograph only 44 percent of the
time. = Groundwater withdrawal at Reynolds varies so little from one
quarter to the next that the large fluctuation in water levels noted in
the observation well cannot be attributed solely to the well field.
While pumpage from the field undoubtéedly has some effect on the levels,
it apparently is minor.

Interference between wells 2 (98) and 4 (100) has been reported by
Leonard (1962). This interference has been substantiated in 1978 (oral
communication J. W. Moore, Reynolds). ~

Water zones in wells 2 through 6 were encountered at depths ranging
from 181 to 342 feet (55 to 104 m) and are in carbonate bedrock under-
lying alluvial deposits. Numerous mud seams were encountered in well 6
(587) between 10 and 180 feet (3 and 55 m). Leonard (1962) reports that
mud-filled cavities were encountered in wells 2 (98), 3 (99) and 4 (100).
No information of this type is available for wells 1 (97) and 5 (101).

PROTECTION AND CONSERVATION OF GROUNDWATER
Water Quality Protection

Protecting the quality of the groundwater resources of an area is
of prime importance. Groundwater contamination exists when foreign matter
of any nature enters the groundwater system and alters the natural quality.
‘Water percolating downward through soil can be purged of harmful constit-
uents before it reaches the groundwater reservoir. However, if contami~
nants and pollutants do enter the groundwater reservoir, the chances of
the aquifer system cleansing itself are very slight.

The degree of natural purification of water as it moves through soil
depends on the soil type, size and shape of the individual soil particles,
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STATIC WATER LEVELS, PRECIPITATION AND
GROUNDWATER PUMPAGE AT GROTTOES, VIRGINIA
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thickness of the soil material, rate of percolation, and type and degree
of contamination. Pollutants may be removed by mechanical straining and
settling out between individual soil particles. Chemical changes in the
soil may also account for significant pollutant removal. The rate of
percolation determines the contact time water has with the soil. A soil
whose percolation rate is rapid may not allow sufficient contact time for
the mechanical and chemical processes to act effectively in contaminant
removal. Further, if a soil zone is too thin to purify the water perco-
lating through it, contaminated water may enter the aquifer.

Methods of Contamination

The most common groundwater contamination mechanism in Augusta
County involves the introduction of contaminants into solution channels
via sinkholes and into bedrock exposed at the surface. For this reason
the areas underlain by carbonate bedrock are highly susceptible to con-
tamlnation. «

Sinkholes are a major threat to- groundwater quality because people
tend to use these depressions in the land surface for the disposal of
dead animals, trash and other wastes. Additionally, sinkholes are
collection areas for surface runoff which may carry other pollutants.
The absence of an adequate soil cover at the bottom of the sinkhole means
that water passing through the overlying rubble will not be filtered of
harmful constituents before it enters solution channels. beneath the
depression. Once the pollutants have entered the groundwater regime,
they may spread in unpredictable patterns to areas being tapped as water
sources by unsuspecting well owners (Plate 37). The distribution of
sinkholes in Augusta County is illustrated in Plate 38.

Exposures of carbonate bedrock on the land surface, and areas in
which only a very thin soil cover overlies carbonate bedrock, afford
excellent opportunities for groundwater contamination. As with sinkholes,
the key factor is the lack of adequate soil cover to filter wastes from
surface runoff.

Sources of Contamination

Although there have been no major areas of groundwater pollution
identified in Augusta County, local contamination occurs occasionally.
The most significant potential sources of groundwater contamination are
septic tank drainfields, spillage and leakage of petroleum and hazardous
chemicals, leakage from sanitary landfills and waste treatment facilities,
and agricultural runoff from croplands, barnyards and feedlots.

Septic tank systems are a common form of domestic sewage treatment
in this county. If an inadequate soil cover houses the septic tank
drainfield, pollutants will not be filtered out before they enter the
groundwater, Nitrates and coliform bacteria are the most common con-
taminants from septic systems.

Rainfall runoff from agricultural lands may be a source of nitrate
contamination derived from fertilizers. Herbicides and pesticides may
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DISTRIBUTION OF SINKHOLES IN AUGUSTA COUNTY
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be present in runoff from croplands. Barnyards and feedlots are a common
source of bacterial contamination.

Hydrocarbon contamination caused by spillage and leakage of petro-
leum products has been reported in several areas of the county. Minute
amounts of petroleum in groundwater may cause foul tastes and offensive
odors.  Occasionally the water returns to a normal state in a reasonable
time if the source can be identified and eliminated. In many cases,
however, it is impossible to determine the source of the contamination
because petroleum products undergo changes once they come in contact
with rocks and soil. Ewen where a source can be identified and removed,
objectionable residual effects may be noticeable for decades. Clean-up
operations usually are inadequate and can be prohibitively expensive.

Many- incidents of petroleum contamination have recently been reported
in Augusta County. Most have involved leakage from underground gasoline
storage tanks which have resulted in the contamination of a few domestic
wells. The effects of these underground spills potentially may spread to
other areas and adversely affect groundwater quality over a large area.

Sanitary landfills and waste treatment facilities are potential
sources of groundwater contamination. Industrial wastes often contain
heavy metals which can be highly toxic in sufficient quantities. Landfills
produce leachate, a 'grossly polluted liquid characterized by high con-
centrations of dissolved chemicals, chemical and biological demand, and
hardness" (Zaporozec, 1974). The key to preventing pollution from these
sources is responsible site selection, design, operation and management
of waste disposal facilities. Groundwater monitoring is an effective
method of identifying the presence, nature and extent of contamination.
Augusta County has exhibited no known groundwater pollution from any waste
disposal sites, although most facilities have been in operation for many
years. -

Groundwater Conservation

Responsible management of groundwater withdrawals is the key to con~-
servation and effective utilization of the resource. Overdrafting can
cause a decline in local and regional water levels which, in turn, can
create both temporary and permanent adverse affects.

A significant lowering of the water table can cause interference
between wells and within well fields. Heavy pumpage from one or several
wells may cause such a decline that water levels in nearby wells may be
pulled below pump intakes. This necessitates lowering pump intakes and
often requires drilling the well deeper or abandoning it altogether.
Lowering the pumping level in a well causes a reduction in the efficiency
of the system.

Lowered water levels can reduce the storage capacity of an aquifer,
depending on whether or not the aquifer is unconsolidated or consolidated.
Removing water from unconsolidated materials, such as those which recharge
the aquifer system along the west toe of the Blue Ridge, may cause the
individual particles to assume a greater degree of compaction. At some
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later time, when groundwater recharge is increased or withdrawal is re-
duced, the aquifer may not store as much water as it did prior to being
dewatered. In carbonate rock terranes, however, lowered water levels
generally will not result in a decrease in storage capacity since the
rock is consolidated.

CONCLUSIONS AND RECOMMENDATIONS
Conclusions

Augusta County has abundant groundwater resources of good quality.
Carbonate rocks overlain by alluvial and terrace deposits between Lyndhurst
and Grottoes offer the highest potential for good well yields, whereas
carbonate rocks throughout the rest of the Central Valley Sector offer less
potential. Groundwater in this sector is generally of good quality but
exhibits high hardness and occasional high iron and manganese concentra-
tions. Water in the North Mountain Sector is available to fulfill most
needs with the exception of large industrial demand. While hardness is
moderate, iron and manganese tend to run much higher than in other areas
of the county:. The Blue Ridge Sector offers limited groundwater of very
high quality.

Approximately 98 percent of the county's population is served wholly
or partially by groundwater. All but two municipal and community systems
are supplied exclusively by groundwater, and two major industrial well
fields have been developed at Waynesboro and Grottoes. Total daily
groundwater withdrawal is around 23 MGD (87,055 m3/d).

No major groundwater contamination problems are known to exist. The.
potential for contamination is greatly increased in the carbonate rocks of
the Central Valley Sector due to the presence of sinkholes and exposed bed-
rock.

Recommendations

(1) Carbonate rocks overlain by alluvial and terrace deposits along
the west toe of the Blue Ridge extending from Lyndhurst to Grottoes offer
the highest groundwater potential. It is estimated that the corridor could
yield up to 75 MGD (283,875 m3/d) with minimal adverse effects.

(2) In the Central Valley Sector, carbomate formations have greater
groundwater production potential than the clastic rocks of the Martinsburg
Formation.

(3) Hardness should be a factor when considering groundwater supplies
anywhere in the Central Valley Sector.
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(4) The North Mountain Sector can be developed to yield supplies
gufficient for most uses excepting large industrial demands. Iron and
manganese concentrations must be taken into account when groundwater is
being considered as a water supply.

(5) The Blue Ridge Sector is suitable for development of small
domestic and commercial water supplies. Water quality is very good.:

(6) When the need to develop groundwater arises:

(a) consulting hydrogeologists, well drillers and representatives
of the State Water Control Board are available for information and advice;

(b) - the Virginia Department of Health must be contacted pur-
suant to developing a public supply well and should be contacted when
developing a domestic drinking water supply;

(c) Water Well Completion Reports, Groundwater Pumpage and Use
Reports, and drill cutting samples required by the Groundwater Act of 1973
must be submitted to the State Water Control Board.
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APPENDIX A ’

Groundwater Development in Augusta County

The accompanying map of Augusta County (Plate 39) is a composite of
well and spring locations from Plates 19, 20, and 22 and may be cross-
referenced with water well conmstruction and groundwater quality data in
Appendixes B and C.
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APPENDIX B

Summary of Water Well Data for Augusta County

The computer printout on the following pages lists basic data for
more than 600 wells and springs in Augusta County. This printout is
updated periodically to include information from new Water Well Com—
pletion Reports which are continually being submitted by water well
contractors and well owners. Most well and spring numbers in this
printout are keyed to Appendixes A and C.
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APPENDIX C

Summary of Groundwater Quality Analyses for Augusta County
The computer printout on the following pages lists basic ground-
water quality data for approximately 170 of the wells and springs in-

cluded in the water well data summary (Appendix B). The information
contained in this printout is keyed to Appendixes A and B.
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APPENDIX D

TABLE 12

MAJOR CHEMICAL CONSTITUENTS IN GROUNDWATER

Maximum Recommended
(mg/1)*

Calcium

Chioride

Fluoride

Hardness
(as CaCO3)

Magnesium

Manganese

Nitrate

13

Potassium

Sodium

Solids
(Total Dissoived)

Specific
Conductivity

Sulfate

200

#**250 (Aesthetics)

**1.4 (Health)

0-60 Soft
61-120 Mod. Hard
121-180 Hard
181+ Very Hard

*%0.3 (Aesthetics)

150

#%0.05 (Aesthegics)

**10 as N,
45 as NO3
(Health)

5.5-8.0

1000~2000

100

500

1000

#%250 (Aesthetics)

Remarks

Seldom a health concern; may be a disadvantage in washing, laundry,
bathing; encrustations on utensils

Taste 15 a major criterion; gemerally not harmful umless in very high
concentrations, but may be injurious to sufferers of heart and kidney
diseases; sea water is 19,000 mg/l

Presence of about 1.0 mg/l may be more beneficial than decrimental;
below 0.8 mg/L may cause mottling of teeth; extreme doses (4 grams)
may cause death

Hard waters have had no demonstrable harmful effects upon the health
of ; major 1 effect is 1 above
100 mg/1 become increasimgly inconvenient; wastes soap and causes
utensil encrustation

Essential to nutrition amd not detrimental to health unless in con-
centracions of seversl milligrams; main problems are bad taste,
staining and discoloration of laundry and porcelain fixtures

Not a health hazard because taste becomes extremely unpleasant before
toxic concentrations reached; may have laxative effect on uew users

Essential to nutrition but may be toxic in high concentrations; taste
becomes problem before toxic concentrations reached; undesirable be-
cause it causes bad taste, deposits on cooked food, stains and dis-
colars laundry and plumbing fixtures

May be extremely poisonous in high concentrations; may cause disease
in infants ("blue baby"); irritates bladder and gastrointestinal
tract, may cause diarrhea

Indicates whether solution will act as an acid or base; water acquires
'sour” taste below 4; high values favor corrosion control; efficiency
of chlorination severely reduced when pH above 7

May act as a laxative in excessive quantities

May be harmful to sufferers of cardisc, circulatory, or kidney disease;
concentrations as low as 200 mg/1 may be injurious

Not a health hazard above 500 mg/l, but may fmpart disagreeable taste,
corrode pipes; gemeral indicator of how highly water is mineralized

An indicator of the amount of dissolved solids in water; high concen—
trations can cause corrosion of iron and steel

Above 250 mg/1 may act as laxative on new users; may impart foul taste
and odor

*Recommended concentrations based on current literature; pH measured in units, Conductivity in micromhos

**Actual limits established by the Virginia Department of Health; parentheses {) indicate basis for limit

Source: McKee and Wolf (1963), Virginia Department of ealth (1974)
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APPENDIX E
Groundwater Quality Standards and Criteria

Amendment to Water Quality Standards
Virginia State Water Control Board

Effegtive:‘ August 1, 1977

Pursuant to Section 62.1«44.15(3) of the State Water Control Law (Chapter
3.1 of Title 62.1, Code of Virginia, 1950, as amended)

5.00 GroundwateryCriteria and Standards

Groundwater quality standards will apply statewide, and will apply
to all groundwater occurring at and below the uppermost seasonal
limits of the water table. In order to prevent the entry of pol-
lutants into groundwater occurring in any aquifer, a soil zone or
alternate protective measure or device sufficient to preserve and
protect present and anticipated uses of groundwater shall be main=-
tained at all times. Zones for mixing wastes with groundwater may

be allowed upon request, shall be determined on a case-by-case basis,
and shall be kept as small as possible.

It is recognized that natural groundwater quality varies statewide.
Four physiographic provinces have been determined for application
of standards, namely the Coastal Plain, Piedmont and Blue Ridge,
Valley and Ridge, and Cumberland Plateau. (See Plate 40)

If the concentration of any constituent in groundwater is less

than the limit set forth by groundwater standards, the natural
quality for that constituent shall be maintained; natural quality
shall also be maintained for all comstituents, including temperature,
not set forth in any groundwater standards. If the concentration of
any constituent in groundwater exceeds the standard for that con-
stituent, no addition of that constituent to the naturally occurring
concentration shall be made. Variance to this policy will not be
made unless it has been affirmatively demonstrated that a change is
justifiable to provide necessary economic or social development,
that the necessary degree of waste treatment cannot be economically
or socially justified, and that the present and anticipated uses of
such water will be preserved and protected.
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TABLE 14

GROUNDWATER QUALITY STANDARDS
(See Plate 40)

Statewide Standards

Constituent Concentration
Arsenic...... ceeeiene crevacas et seeteenens Cereseas teasees0.05 mg/l
Barium..cuvecetreenetnaocnetanrsecnaessrsessnsrsaseaseasanssal.0 mg/l
Cadmitm. s oo vuvrsoeesonensnonnnssoeneraansnanas Ceereteceenas .04 ug/l
ChTOMiUM. ¢ vt vevnnceennncaneconsnonsasnees seteccsssneasnncenss .0.05 mg/l
0703 ¢ - teesenaesl. 0 mg/l
Cyanide. s e e reneeeneessesennsnncens . 4 ¢ R -9 §
Foaming Agents as Methylene Blue

Active Substances....... aa seesseas trecescansa tecereaans 0.05 mg/l
lead.eeeneenennean . N ceseee S reeareccenanaennn . ees.0.05 mg/l
Mercury..c.eeeee. N Cteecrsesenesanensens cesesesaesss0.05 ug/l
Petroleum HydrocarbonS....oeseeeseees Ceceereerererneseecanans 1.0 mg/l
Phenols...... PR « IR0 [0 S B -9 |
Selenium........ Ceeereeneens ceeenn ceeseensanaan ceeecesnean 0.01 mg/l
B - secrseernee sesssana ceeseaccnans 0.00
Zinc..... chereesacenesecensenens cecivesenas siseeassrsarsvenas 0.05 mg/l
Chlorinated Hydrocarbon Insect1c1des

Aldrin/Dieldrin..eeeceeeeeeseossecosnnconcsonns et esaes .0.003 ug/1

Chlordane......eceve.. et ereesaeiiaeneaneons Ceeseciencons ..0.01 wug/1

DD . e s cseversrencnconcssoancnnse sesesecsnsses besaseseanane +.0.001 ug/1

Endrineeeesecescnnas cereseans teeceitesecseasrnsons cesesess.0.004 ug/l

Heptachlor....... Ceesean cedseanas teeeesaees ceeaean P 0.001 ug/1

Heptachlor Epoxide.......c.... Ceeeen Ceereereeraaene Ceeeeen .0.001 ug/1

Kepone....ooeeeesnannns treescans D 0.00

Lindan€....coeeave e eetaenanaenn ereaees ceeees s eeoan 0.01 wug/l

Methoxychlor.uoeeeeeeeonnensn ceseenea eeiaceseseseaaes ceeeans 0.03 wug/1

MirexX...oeeeeeanns secesroscsnn Geessccenccsesasseaenassanenesn 0.00

Toxaphene..ceeesseeess T cesrseacs s eenesnas 0.00
Chlorophenoxy Herblcides

2,b4-Ditteeenencnteacnenns tresseeevsnenanens ceessesarsnensss0.1 mg/l

2,4,5—TP.................. Ceseseennn D N S R 17
Radiocactivity

GrOS8 Bel@.cieeseeonsoocsnecononsonoanns Ceceencteeneenan 1000.0 pe/l

Radium 226....... eeseiseanes eseeecneecane Ceeeeeeveessenen 3.0 pc/l

Strontium 90.....00eennn. Ceeenecnnenonesancnnaena ceresses10.0 pc/l

Concentration in the
Coastal Piedmont & Valley & Cumberland

Constituent Plain Blue Ridge , Ridge Plateau
Ammonia Nitrogen 0.025 0.025 0.025 0.025 mg/1
Nitrate Nitrogen 5.0 5.0 5.0 0.5 mg/l
Nitrite Nitrogen. 0.025 0.025 0.025 0.025 mg/1
pH 6.5-9.0 5.5-8.5 6.0-9.0 5.0-8.5
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ALLUVIAL FAN:

ALLUVIUM:

ANTICLINE:

AQUICLUDE:

AQUIFER:

BEDDING PLANE:

BEDROCK:

CALCAREQUS:

CARBONATE ROCK:

CATCHMENT:

CHERT:

CLASTIC:

GLOSSARY OF TERMS

Fan-shaped deposit of alluvium made by a stream
where it runs out into a level plain or meets
another stream. :

A general term for sediments deposited during
recent geologic time by a stream or other body
of water.

An upward fold in rock strata.

A geologic formation, group of formations or
part of a formation which is capable of ab-
sorbing water but cannot transmit it rapidly
enough to supply a well or spring.

A geologic formation, group of formatioms or
part of a formation capable of supplying water
to wells and springs in usable quantities. An
aquifer is unconfined (water table) or confined
(artesian) depending on whether the groundwater
level is at atmospheric pressure or greater
than atmospheric pressure due to the presence
of an overlying, confining geologic formation
(aquiclude).

The diversion plane in sedimentary or stratified
rocks which separates the individual layers,
beds, or strata.

Any solid rock exposed at the surface or over-
lain by unconsolidated materials.

Containing calcium carbonate.

A rock consisting chiefly of carbonate minerals
such as limestone and dolomite.

The area comprising the actual water intake
area for aquifer recharge and all areas that
contribute surface water to the intake area.

A hard, extremely dense or compact sedimentary
rock which usually occurs as nodules in lime-
stone or dolomite.

Consisting of fragments of rocks or of organic

structures that have been transported mechani-

cally to a place of deposition. Sandstone and
shale are the most common clastics.

109




COLLUVIUM;

CONGLOMERATE:

DIP:

DOLOMITE:

DRAWDOWN:

EVAPOTRANSPIRATION:

FAULT:

FLOOD PLAIN:

FOLD:

FORMATION:

FRACTURE:

GROUNDWATER:

HYDROGEOLOGY :

HYDROLOGY :

IGNEOUS:

Loose soil material or rock fragments deposited
by the action of gravity, usually at the base
of a slope or cliff,

A clastic rock composed of rounded pebbles ce-
mented together by another mineral.

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

A carbonate sedimentary rock composed chiefly
of the mineral dolomite (CaMg(CO03)j3).

The measured difference between static level and
pumping level in a well; the drop in the water
level due to pumping.

A term embracing that portion of the precipitation
returned to the air through direct evaporation or
by transpiration of vegetation, no attempt being
made to distinguish between the two.

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.

A curve or bend in rock strata.
A unit of geologic mapping consisting of a recog-
nizable stratum or set of strata useful for

mapping or description.

Any break in a rock due to mechanical failure by
stress.

Water below the water table; water in the zone of
saturation.

The science which deals with subsurface waters and
related geological aspects of surface waters.

The science that relates to the waters of the
earth.

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

INTRUSIVE:

JOINT:

KARST TOPOGRAPHY:

LIMESTONE:

LITHOLOGY:

METAMORPHIC:

PERCOLATION:

PERMEABILITY:

POROSITY:

PUBLIC SUPPLY:

PUMPING LEVEL:

QUARTZITE:

RECHARGE:

RIVER BASIN:

RUNOFF:

Having a texture which does not allow perceptible
movement of water through rock.

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

A fracture in rock along which no appreciable
movement has occurred. Joints are generally per-
pendicular to bedding planes.

Topography characterized by sinking streams,
sinkholes, caves and similar features indicative
of underground drainage developed through the
solution of bedrock.

A bedded sedimentary rock consisting chiefly of
calcium carbonate (CaC03).

The composition and structure of rock.

Refers to any rocks derived from pre-existing
rocks in response to promounced changes of
temperature, pressure and chemical environment.
Movement of water through the interstices of
rocks or soils, except movement through large

openings such as solution channels.

The ability of a rock, sediment or soil to trans-
mit: water. '

The property of a rock, soil, or other material
of containing spaces or voids.

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

Depth to water in a well when the well is being
pumped.

A metamorphic rock consisting principally of
quartz.

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

The area drained by a river and its tributaries.

That part of precipitation that flows in surface
streams.
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SANDSTONE:

SEDIMENT:

SEDIMENTARY ROCK:

SHALE:

SINKHOLE:

SLATE:

SOLUTION CHANNEL:

STATIC LEVEL:

SYNCLINE:

SYNCLINORIUM:

TERRACE:

UNCONSOLIDATED SEDIMENT:

WATER TABLE:

A sedimentary rock composed chiefly of quartz
grains.

Material transported and desposited by water.

Rock formed from the consolidation of layered
sediments that have accumulated in water.

A fine-grained sedimentary rock formed from the
consolidation of clay, silt or mud.

A funnel-shaped depression in the land surface,
usually in limestone regions, developed by the
dissolving action of water and connected with
solution channels underlying the depression.

A fine-grained metamorphic rock, usually formed
from shale or volcanic ash.

Joints or fractures in carbonate rocks which have
been enlarged by the dissolving action of water
and which are capable of transmitting large quan~
tities of water.

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

A downward fold in rock strata.

A broad regional synclinal structure which con-
tains minor folds.

A level or gently inclined surface bordering a
stream which represents a former level of the
stream. Terraces are composed of alluvium pro-
duced by renewed downcutting of the flood plain
or valley floor by the stream.

A sediment that is loosely arranged or unstrati-
fied, or whose particles are not cemented together.

The upper surface of the zone of saturation; the

upper surface of groundwater which is at atmos-—
pheric pressure.
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