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A GUIDE TO PROTECTING VIRGINIA'S VALUABLE 

RESOURCE: GROUND WATER 

Water, water everywhere,
 
And all the boards did shrink;
 

Water, water everywhere
 
Nor any drop to drink.
 

- Samuel Taylor Coleridge 

Introduction 

While most Virginians are not faced with the 
dilemma of Coleridge's Ancient Mariner, there are 
areas in the state where sufficient quantities of 
safe, reliable drinking water are not available, 
particularly the coal mining counties in southwest 
Virginia. The 1990 Census estimated that 45,000 
year-round dwellings were without safe drinking 
water and wastewater disposal treatment 
systems. It is estimated that approximately 
36,000 individuals in some of the coalfield 
counties do not have access to a safe supply of 
drinking water. Also, the coastal areas of Virginia 
are facing water shortages and are exploring new 
avenuesto bring water to their counties to sustain 
increased industrial and residential growth. 
Although Virginia has an abundant supply of 
water available, it may not be in the right place 
and in sufficient and safe quantities 

so every citizen can turn on the faucet and have 
water readily available for cooking, drinking, and 
other everyday activities as well as for business, 
ind us try, and agriculture. 

Much of the 5.6 million gallons of water per day 
used by Virginians comes from rivers, streams, 
and lakes. However, a significant portion of it 
comes from ground water. In Virginia, it is 
estimated that 3,000 public water systems rely 
on ground water sources to supply 50 percent or 
more of their drinking water. The 1990 Census of 
Housing estimated that 1.4 million Virginians 
depended on ground water as the sole supply 
source for their domestic water (Figure 1). Across 
the United States, ground water is the source of 
drinking water for about half the population. 

% of County Households 
Using Private Wells 

(1990 Census of Housing) 

~

• 75.1 - 100.0 

0 50.1 - 75 .0 

~ 25 .1 - 50.0 

mIl 0- 25 .0 

Figure 1. Number of households using private wells. 
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Ground water provides Virginians with more than Because of the vastness of its supply, ground 
drinking water. Agriculture, an important part of 
Virginia's economy, maintains its high pro
ductivity with the help of this hidden resource. 
Much of the irrigation used on Virginia's crops is 
derived from ground water. Nationwide, irrigation 
accounts for 70 percent of total annual ground 
water use. 

Virginia industries and businesses also use ground 
water. In 1996, some the largest ground water 
users included Burlington Industries, Coors 
Brewing Company, E.!. DuPont De Nemours, 
Holly Farms, Perdue Farms, Chesapeake. 
Corporation, Union Camp, and Virginia Power. In 
Rockingham County, the Coors Plant used an 
average of 950,000 gallons of ground water daily 
to produce 4 million gallons of beer per year. The 
DuPont Plant in Waynesboro estimated its 
ground water use at 4 million gallons per day. An 
on-site well and a spring supplied most of 
DuPont's water requirements. Burlington 
Industries in Glasgow used 2.3 million gallons of 
ground water per day to operate its facilities. 
Currently, the Chesapeake Corporation located in 
West Point withdraws more than 24 million 
gallons of ground water per day, while Union 
Camp uses more than 32 million gallons of ground 
water per day during their manufacturing 
processes. 

In many cases, the development of ground water 
resources is far less costly than the development 
of surface water, where the cost of transporting 
water over great distances can be high. Surface 
water facilities with dams, reservoirs, and pipe
lines must be planned to take into account future 
needs for additional capacity and must be built 
as a unit, but manufacturing facilities relying on 
ground water can dig new wells as the demand 
for water increases. 

water has been regarded as a limitless resource. 
And, because it is hidden beneath layers of soil 
and rocks, ground water has been thought to be 
protected from human activities. Unfortunately, 
ground water is vulnerable to Widespread 
contamination by pesticides, synthetic chemicals, 
heavy metals, and other contaminants. Once 
contaminated, ground water is very expensive to 
clean up. Pinpointing the source of contamination 
is often difficult, as is removing contaminants 
from water. Preventing ground water con
tamination from occurring - is the best way to 
protect this valuable resource. 

Industries relying on ground water for their 
manufacturing processes can dig new wells as 
the demand for water supplies increase. 

•
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Hydrogeology and the Hydrologic Cycle 

In order to understand the possible sources of 
contamination to Virginia's ground water, a 
discussion of basic hydrogeology and the 
hydrologic cycle is necessary. Because ground 
water is hidden beneath the earth's surface, many 
people find it difficult to understand the source 
and flow of ground water. The science of 
hydrology deals with the study of the occurrence, 
origin, and movement of ground water. However, 
the study of ground water is a complex science, 
and providing a complete description of that 
science in this publication is not possible. The 
following is a general introduction to ground 
water to help citizens understand some of the 
factors influencing ground water contamination. 
We have listed a number of reference books at the 
end of this publication for those individuals who 
want more information. 

Hydrologic Cycle 

The constant movement of water between the 
atmosphere, ocean, and land surface is known as 
the hydrologic cycle. Although the hydrologic 
cycle has neither a beginning nor an end, the 
components of the cycle include evaporation from 
vegetation, and exposed moist land surfaces 
including the streams, lakes, ponds, and the 
ocean. The moisture from these components form 
clouds. These clouds return moisture to the earth 
through precipitation, in the form of snow, ice or 
rain (Figure 2). In Virginia, the average rate of 
precipitation is about 43 inches per year, with the 
range being from 35-55 inches per year according 
to estimates by the u.s. Geological Survey. The 
heaviest precipitation occurs in the mountainous 
regions of the western part of the state. 
Measurable precipitation occurs about one in 
every five days in Virginia, with the exception of 
the areas of Blacksburg in Montgomery County 
and Pennington Gap in Lee County. These areas 
have more than the average precipitation events. 

While much of the atmospheric moisture 
evaporates before it reaches the earth, the amount 
that reaches the earth's surface can moisten the 
soil. In 1985, according to the USGS National 
Water Supply Summary, 1987 - Water Supply Use 
in Virginia, approximately 79,800 million 

gallons per day of precipitation (rain, snow, and 
ice) fell on Virginia. Of that amount, it is 
estimated that 66 percent returned to the 
atmosphere as evaporation and transpiration. 
When the remainder of the precipitation falls to 
the earth and moistens the soil, water may begin 
to infiltrate, or penetrate, to deeper subsurface 
zones. The rate at which water moves laterally 
and downward through soil layers depends on 
soil type, land use, amount and duration of 
precipitation, and extent of vegetation. When the 
rate of precipitation exceeds the rate of 
infiltration, water flows over the surface of the 
land as runoff. Precipitation and surface runoff 
supply some of the water that feeds surface 
bodies of water such as streams, lakes, rivers, 
and oceans. 

These surface bodies of water are also fed by 
water from underground. The water that seeps 
down through the soil's surface layer to the 
underlying soil and rocks is known as subsurface 
water, or ground water. This ground water 
reappears aboveground as springs and seeps and 
is an important source of supply to surface 
waters. According to the u.S. Geological Survey, 
30 percent of the annual average flow of streams 
in Virginia is derived from ground water. 

It Gmund 'WdeI
,. 

Figure 2. The Hydrologic Cycle. 
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A Cycle Without Beginning or End zones. The uppermost zone is called the unsat

Scientists call the constant movement of water 
from the atmosphere to earth to river to ocean the 
hydrologic cycle. How long it takes water that 
falls from the clouds to return to the atmosphere 
varies tremendously. After a short summer 
shower, it may be only a matter of minutes before 
most of the rainfall has evaporated into the 
atmosphere. A drop of rain falling on the ocean 
may take as long as 37,000 years before it returns 
to the atmosphere, and some water has been in 
the ground for millions of years. 

Most moisture entering the soil is returned to the 
atmosphere through simple evaporation or 
through a more complex process known as 
transpiration. Evaporation and transpiration 
have an important role in the hydrologic cycle. 
The rate of evaporation varies, but as much as 50 
to 70 percent of the total annual precipitation can 
be returned to the atmosphere by evaporation and 
transpiration from plants. Transpiration occurs 
when plant roots in the soil take up water and the 
water moves through the plant to the leaves. The 
water is passed as vapor through openings in the 
surface of the leaves. A small portion of this 
water is used to produce plant tissues, but most 
of the moisture is transpired to the atmosphere. 
The term used by hydrologists for the combined 
process of evaporation from the water and soil 
and transpiration of water from plants is 
evapotranspiration. The evapotranspiration of 
water from the earth and its return to the 
atmosphere where it reforms clouds completes the 
hydrologic cycle. 

Basic Hydrology 

With the exception of caves and mines, most of us 
view the earth as a solid mass. We fail to see the 
many openings between the grains of sand, clay 
particles, or granite fractures. Under most land 
surfaces, there are subsurface openings large 
enough to provide sufficient amounts of ground 
water to adequately supply wells and springs. A 
majority of the soil and rock formations within a 
half-mile of the earth's surface consist of solid 
rocks and minerals and the empty spaces between 
and within them. The empty spaces are called 
voids or pores. These voids can hold gases or 
fluids, including the ground water that supplies 
wells and springs. A deep vertical cut down 
through the earth's soil and underlying rock layers 
would show that ground water occurs in two 

urated zone and contains both air and water in 
the voids. Below this region is the saturated zone, 
where all interconnections, voids, and cracks are 
filled with water. Water in the saturated zone is 
properly called ground water. Ground water 
occupies the voids between soil and rock particles 
much as water fills the pores of a sponge. The 
formation in which ground water occurs is 
referred to as an aquifer. 

Aquifers: Confined and Unconfined 

Most formations beneath the unsaturated zone 
are classified as an aquifer (a water-bearing 
consolidated or unconsolidated geologic forma
tion), or an aquitard (a rock or soil formation that 
restricts the movement of ground water into or out 
of adjacent aquifers). Aquifers can be confined or 
unconfined. 

An aquifer completely filled with water and 
surrounded on all sides by confining beds is called 
a confined aquifer. Also known as an artesian 
aquifer, a confined aquifer contains water that is 
under pressure. A well tapping an artesian aquifer 
is an artesian well. The potentiometric surface is 
the level to which water would rise in a well cased 
to the aquifer. If the potentiometric surface is 
above the land surface, a flowing artesian well 
may occur. 

An unconfined aquifer is not bound by confining 
beds. Water may only partly fill the aquifer, 
allowing the upper surface of the saturated zone 
to rise and fall as the amount of water in the 
aquifer fluctuates. Unconfined aquifers are also 
called water-table aquifers and a well drilled into 
such an aquifer is called a water table well 
because the level of water in the well reflects the 
depth of the water table in the surrounding 
aquifer. In some areas, relatively small quantities 
of water may occur above the water table when a 
layer of low-permeability material (such as clay) 
forms above the main water table. This is known 
as a perched aquifer and the water that is 
collected on top of an unsaturated soil or rock 
layer above the main body of ground water, is 
called perched water. Perched aquifers are 
usually not very large and are common in glacial 
outwash and volcanic terrains. In general, the 
water table is not level but more often reflects the 
surface topography above it and has "hills" and 
"valleys" just as the land surface does. 

•
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The depth of the water table beneath the land 
surface influences land use and the development 
of water supplies. When the water table is close 
to the surface, land is marshy or "waterlogged" 
during wet weather and unsuitable for residential 
and other uses. Alternately, the cost of 
constructing wells and pumping water may be 
prohibitively expensive when the water table is 
far beneath the surface. 

• Cones of Depression 

Wells tapping both confined and unconfined 
aquifers can cause the formation of cones of 
depression in the aquifer. When water is 
withdrawn from the well, the water level declines 
and water moves from the aquifer into the well. 
As water is withdrawn from the aquifer into a 
well, it forms a cone of depression. This decline 
in water level in the vicinity of a well may extend 

Recharge area fQr 
artesian aql,l i lef" 

Waler ,pressure Jevel 
4p04enhom8Ittt: s,.ufal;e) 
of ar1iE!$1,iJ 11 aqUifer 

Water' table well 

rFlowing 
, artesran wett 

Figure 2. Aquifers can be confined or unconfined. 

In Virginia, ground water availability varies 
widely across the state. For example, the Coastal 
Plain has one unconfined and nine confined 
aquifers, reaching in total thickness (includes the 
aquifer and its confining beds)) to 3,000 feet along 
the shore. The Water Atlas of Virginia reported 
that more than 600 trillion gallons of ground 
water are stored beneath the earth's surface. 
Approximately 30 trillion gallons are available for 
use. 

for just a few feet or hundreds of feet around a 
well in an unconfined aquifer. In a confined 
aquifer a cone of depression may be miles in 
diameter. Wells that are close together may have 
overlapping cones of depression. Because the 
"drawdown" effect is additive, water level decline 
in an aquifer is greater where overlapping cones of 
depression occur than where there is a single cone. 
Cones of depression influence ground water 
movement and direction of flow, and their 
existence must be taken into account when ground 
water contamination is being investigated. 

•
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Figure 3. A cone of depression around a well 
may influence ground water movement. 

Storage Capacity of an Aquifer 

An aquifer's capacity to store and transmit water 
depends on the porosity of the rock or soil in the 
geologic deposit. Porosity is the ratio of voids or 
pores to the total volume of soil or rock, and indi
cates the maximum amount of water an aquifer 
can contain when it is saturated. The range of 
particle sizes and their shapes affects porosity. 
Clay, composed of tiny particles and voids of 
uniform shape and size, has a porosity of about 
50 percent, whereas gravel, composed of rock 
particles of less uniform shape and size, has a 
porosity of 20 percent. 

For water in an aquifer to be useful to people, it 
must be pumpable to the surface at a reasonable 
rate of flow and cost. Although an aquifer may 
have a high storage capacity, or porosity, its 
water may not be easily available. The term 
specific yield refers to the amount of water 
available from an aquifer for use by people. 
Specific retention refers to the amount of water 
unavailable for use because it is tightly bound to 
the rock unit by physical forces. Measurements of 
specific yield and specific retention for a 
particular aquifer equal its total storage capacity. 
For example, a clay's porosity of 50 percent 
indicates that it has a high storage capacity. 
However, clay yields little water (specific yield of 
2 percent) because physical forces bind the water 
to the clay particles (specific retention of 48 
percent) making the water it holds mostly 
unavailable. 

Materials with high specific retention have low 
hydraulic conductivity and are commonly termed 
impermeable. Materials have a low hydraulic 

•
 because the pores and voids in the material are 
not interconnected. Interconnections of openings 
in limestone and granite allow these geologic 
deposits to yield much of their available water. 

An ideal aquifer for a water supply would have a 
high storage capacity, high specific yield, high 
hydraulic conductivity, and good water quality. 
Unconsolidated sand and gravel aquifers 
generally are highly productive because they have 
both high permeability and porosity. In fact, sand 
and gravel aquifers are the main source of water 
for most wells in the United States. 
Unfortunately, their high permeability (high 
hydraulic conductivity) also makes them more 
vulnerable to contamination. 

Recharge and Discharge 

Aquifers can be thought of as porous conduits 
filled with sand and other materials that transmit 
water from recharge to discharge areas. Any 
addition to the ground water supply is recharge 
and any removal from this supply is discharge. 
Discharge may be in the form of pumping wells, 
springs, seeps, streams, or marshes. 

In Virginia, the annual recharge rate from 
precipitation to ground water varies. The values 
for annual precipitation and recharge in Virginia 
can be used to estimate the impact of human use 
on the state's ground water. Assuming a 
conservative value of about 10 percent of 
Virginia's total annual precipitation (30 trillion 
gallons) is available as recharge to ground water, 
this would equal an annual statewide recharge of 
3 trillion gallons. In 1992, total annual ground 
water use was about 195 million gallons per day 
according to the U.S. Geological Survey. Based on 
these estimates, the total ground water supplied 
to all users (agriculture, commercial, manufac
turing, mining, fossil fuel power, nuclear power, 
and public water supplies) was only 3 percent of 
the annual average recharge. However, large 
withdrawals of ground water in specific locations 
in Virginia have caused the water table to drop 
locally, forming extensive cones of depression 
around the withdrawal points. The use of ground 
water which results in discharge exceeding 
recharge is referred to as overpumping or mining. 
The map on the next page (Figure 4) shows the 
extensive area affected by overlapping cones of 
depression caused by large withdrawals of 
ground water in southeastern Virginia in 1981. 

conductivity or a low ability to transmit water 

•
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Many people greatly overestimate the rate of 
ground water's movement from regions of recharge 
to discharge because they mistakenly think. ground 
water flows at rates similar to those of streams 
and rivers. The average rate of water movement 
through an aquifer composed of coarse sand is 0.3 
meters per day (360 feet per year), whereas the 
average rate through a clay confining bed is 
0.00002 meters per day (less than half an inch per 
year). Only in limestone caverns, open lava tubes, 
or large rock fractures can the rates of ground 
water movement resemble those of streams and 
rivers on the surface. The movement of contami
nants through such formations is likewise very 
rapid. 

----......
'F!.:,,;jl!.j,k,: 
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• Because the movement of water from recharge to 
discharge areas is generally so slow, ground water 
at anyone place may be very old. According to 
the U.S. Geological Survey, ground water within 
800 meters (half a mile) of the land surface has 
been underground for an average of 200 years. For 
aquifers deeper than 800 meters, that average is 
10,000 years. This slow movement means ground 
water contamination can have long-term effects. 
Toxic chemicals spilled into surface streams often 
are quickly "flushed" from the area and diluted by 
large quantities of water moving rapidly over the 
streambed. The same chemicals spilled into an 
aquifer could remain in place for hundreds or 
thousands of years. 

.-p a.; ...1..... :-':c"/.',,";""I!","t. .1 ,. ..... • •• 0:1.. .. 
t~"· • ". • ... :I·' 

l',tJ." ~.' • 11"" ~"I" 
.. •• .I ....... ~' ... ~
 

.e. .. •• .." 
.. • ..~ at;"-.,1 

,. t" .". 
.. • 1:"" 

.l'J
•.j

. .
 

Figure 4. Large withdrawals of ground water have caused two giant cones of 
depression to form in an extensive confined aquifer in Virginia and North Carolina. 
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Geologists Find Virginia A Fascinating
 
Place
 

To a geologist, Virginia is a fascinating place because 
of its geologic diversity. The Commonwealth has five 
distinct areas called physiographic provinces. Each 
province is of similar geologic structure and climate, 
and the geology of each province affects the quantity 
and quality of ground water in it. The descriptions 
below are based on information from the Virginia 
Department of Environmental Quality (VDEQ). 

Cumberland Plateau: The Cumberland Plateau is 
underlain bysandstone, shale, and coal. Ground water 
is of varying quality, tending to be sulfurous and iron
rich. Naturally saline waters occur at depths greater 
than 300feet. In coal mining areas, some ground water 
has become acidic and is unsuitable for most uses. 
Wells generally yield from 10 to 50 gallons a minute. 
The potential for ground water pollution is moderate. 

Valley and Ridge: Limestone, dolomite, shale, and 
sandstone are the common rock types in this province. 
Where limestone dominates, ground water yields may 
be as high as 3,000 gallons a minute. Ridges and 
upland areas are often underlain by sandstone and 
shale, which yield only enough water for domestic 
use. The relationship between ground water and 
surface water is easily recognized here. In limestone 
areas, sizable surface streams disappear into 
underground channels and, conversely, some large 
springs emerge to become the headwaters for rivers. 
The pollution potential is very high because sink 
holes and solution channels transport water rapidly 
through karst terrain without extensive filtration. 
Streams and surface runoff entering sinkholes contrib
ute to the recharge of these aquifers, providing direct 
conduits for contaminants. Ground water quality is 
affected by the chemical composition of rock 
formations. For example, limestone contributes to the 
"hardness" of the water in this province. 

Blue Ridge: The Blue Ridge province is a relatively 
arrow zone of mountains with the highest elevations 
in the state. The rocks underlying the area are 
granite, gneiss, and marble. Steep terrain and a thin 
soil covering result in rapid surface runoff and low 
ground water recharge. Ground water use is primarily 
limited to domestic wells Yielding less than 20 
gallons a minute. Water quality is generally good, but 
the iron content is high in some locations. Ground 
water pollution potential is low. 

Piedmont: The Piedmont extends from the fall line (an 
imaginary line passing through Emporia, Petersburg, 
Richmond, Fredericksburg, and Fairfax) to the Blue 
Ridge Mountains. The subsurface geology is diverse, 
resulting in wide variations in ground water quality 
and well yields. In areas dominated by hard, crystal
line rocks, most ground water is found in faults and 
fractures within a few hundred feet of the surface. 
Well yields commonly range from 3 to 20 gallons a 
minute. Ground water is generally of good quality 
with the exception of a few areas where high iron 
concentrations and acidity can cause problems. 
Pollution potential is rated as moderate to low. 

Coastal Plain: Extending from the fall line to the 
coast, the Coastal Plain is composed primarily of 
sand, gravel, clay, shell rock, and other uncon
solidated geologic deposits. This province stores more 
ground water than any other in the state. About half 
the state's ground water use occurs in the Coastal 
Plain. In many areas, the shallow water table aquifer 
provides water for hundreds of domestic wells wi th 
yields of 10 to 50 gallons a minute. The deeper system 
of artesian aquifers is the primary source of water for 
municipal and industrial use. Some large production 
wells yield 2,000 to 3,000 gallons a minute. Water 
quality is good, except in a few areas where high 
chloride levels, iron, and hydrogen sulfide occur. The 
highly permeable soils and the high population 
density result in a high pollution potential, 
especially for the shallow aquifers. 

•
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Possible Sources ofGround Water Contamination 

The vastness of our nation's ground water 
reserves and the complexity of sampling for all 
possible contaminants make the task of protecting 
ground water quality enormous. Ground water 
contamination, the introduction of substances and 
pathogens that make the water unfit for present 
and future uses, is hard to detect. 

Indicators of surface water contamination, such 
as dead fish, smell, and discoloration do not 
serve as warning signals for ground water. Except 
for gasoline and certain other petroleum products 
that humans can smell at infinitesimally low 
concentrations (less than 0.005 parts per million), 
most common contaminants are odorless, 
colorless, and occur in low concentrations. As 
long as the water remains in the ground and is not 
brought to the surface by springs or wells, con
tamination usually is undetected. Consequently, 
measurable effects of contamination generally are 
not noticed until long after the actual con
taminating event has occurred. This lag between 
occurrence and detection can allow the con
taminant to spread and endanger large quantities 
of ground water. 

It is well recognized that human activities can 
have a negative and long-term influence on ground 
water, but measuring the effects of those activities 
is hard. The extent of contamination from any 
source depends on the contaminant type and the 
geology of an area, and that further complicates 
the assessment of ground water contamination. 
Contaminants may be found in one water-bearing 
rock formation, but not in another only a short 
distance away if the two areas are separated by 
tightly packed shale or some other impermeable 
rock. In an area underlain by limestone, on the 
other hand, contamination can spread over a 
much wider area. Incomplete understanding of 
local geology often limits human ability to predict 
the direction and extent of ground water 
contaminant movement. 

Much of the information about ground water 
contamination in Virginia comes from citizen 
complaints. For rural dwellers, a change in the 
taste or smell of well water signals a problem. For 
an urban dweller, the odor of gasoline in the 
basement may mean a storage tank. or line at a 
nearby service station is leaking. The domestic 

well and basement, though not designed for that 
purpose, can serve as monitoring wells. 

Ground Water Protection Strategy 

In 1984, the Environmental Protection Agency 
issued A Ground Water Protection Strategy Report. 
This report stated that ground water 
contamination could not yet be adequately 
measured because data collection on certain 
chemicals believed to be harmful to human health 
had just begun. As an outcome of this report, 
states were encouraged to develop legislation and 
programs to protect ground water. As a result, in 
1985, the Ground Water Protection Steering 
Committee was formed for Virginia. Under the 
committee's direction, sources of potential 
contamination were identified according to their 
perceived significance of the threat to ground 
water and the assessment of the adequacy of the 
existing programs to manage and regulate their 
activities. In May 1987, a document entitled 
Ground Water Protection Strategy for Virginia 
describing Virginia's ground water protection 
strategy was sent to the Governor, cabinet secre
taries, and state agency heads. This document 
was the result of a year's work and study by the 
state's Ground Water Protection Steering Com
mittee. Chaired by a staff member of the Virginia 
Water Control Board (now VDEQ), the committee 
included members of nine state agencies whose 
programs affect ground water quality, including 
the Department of Health and the former 
Department of Waste"Management (nowVDEQ). 

The Strategy identified major threats to Virginia's 
ground water as well as problems that affected 
specific regions of the state. We have organized 
this book in a similar fashion. The sections which 
follow describe the major threats identified by the 
Steering Committee: onsite waste disposal 
systems, nitrates, pesticides, underground storage 
tanks, and waste disposal. In each section, we 
describe the threat, its possible source, and what 
individuals can do to help protect ground water. 
We also provide information on other potential 
sources of ground water contamination: mining, 
sal twater intrusion, stockpiles and bulk storage, 
spills, underground injection, abandoned wells, 
and natural substances found in ground water. 

•
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Onsite Waste Disposal Systems 

Many rural homeowners depend on onsite waste 
disposal systems because public sewage 
treatment plants are not accessible. Nationally, 
the 1990 U.S. Census estimates that 24.7 million 
households use some type of onsite waste 
disposal system. In Virginia, there are one million 
septic systems for disposal of wastes generated 
by citizens and industries. Over two million 
citizens rely on septic systems for waste disposal 
(usually a conventional septic system), while 
30,000 Virginia households lack any kind of 
plumbing and use other methods for household 
waste disposal. Each year, as many as 40,000 
permits are issued in Virginia for onsite disposal 
of wastes; about 20,000 of these systems are 
actually installed. According to a study 
conducted by the U.S. EPA, over one trillion 
gallons of waste is disposed of through septic 
systems on a yearly basis. In some areas, septic 
systems are considered to be a major source of 
ground water contamination because most of the 
septic system waste is directed to the soil 
subsurface, which could affect ground water 
quality. Contamination can be attributed to older 
systems that were improperly designed, installed 
or maintained, or an inadequate site evaluation 
was made before installation. 

A conventional septic system generally consists of 
a septic tank and a drainfield. The septic tank 
(usually a 1,000 gallon capacity), is placed in the 
ground along with a number of gravel filled 
trenches (drainfield). Household wastes from the 
kitchen, bathrooms, and laundry area flow into 
the septic tank. In the tank, the solids separate 
from the liquid. When wastes enter the tank, an 
equal amount of water is forced out of the tank. 
The liquid (effluent) flows out into the drainfield 
and may still contain disease organisms and small 
amounts of solid matter. In the drainfield, the 
effluent trickles into the soil, and is further 
digested by bacteria, and nutrients are absorbed 
by the soil particles. The solids (sludge) fall to the 
tank bottom, while scum (made up of the lighter 
weight solids such as soap and detergent residues 
and grease) floats on top of the tank wastes. 
Between the sludge and scum layers is a clear 
layer that contains liquid with suspended solids 
and bacteria. It is important that the septic tank 
have a deep liquid layer. If the scum and sludge 
layers become too thick, the speed at which liquid 
flows through the tank increases and carries out 
some of the solids. These solids will begin to plug 

the pores in the soil which could lead to septic 
system failures. Scum and sludge are broken 
down by anaerobic bacteria (does not require 
oxygen to live) that grows in the tank. This is a 
continuous decomposition process. Approx
imately 50 percent of the scum and sludge are 
processed into liquids and methane and hydrogen 
sulfide gas. The remainder falls to the bottom of 
the tank and must be cleaned out when the 
volume becomes too great. 
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Figure 5. Household wastes flow into the septic 
tank. 

Septic systems are designed to dispose of wastes 
and to prevent wastewater from ponding on the 
surface. Their ability to prevent ground water 
contamination depends on appropriate location 
and maintenance. As the leading contributor to 
the total volume of waste discharged directly into 
the ground, septic systems have a high potential 
to pollute ground water with contaminants, 
including nitrates, pathogens, viruses, and a 
variety of organic and inorganic chemicals from 
household products. Failure rates for septic 
systems are estimated to be between 1 and 5 
percent per year. 

Some reasons septic systems fail include 
inadequate absorption areas, improperly 
performed percolation tests, inadequate design, 
flooding and high water tables, improper 
construction, installation and maintenance, 
inadequate soil permeability, and use of cleaners 
and additives. The potential for ground water 
contamination is directly influenced by the 
amount of time wastewater stays in the soil, the 
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kinds of waste in the effluent, and the type of soil 
through which it moves. When many septic tank 
systems are in use in an area, the soil's capacity to 
filter impurities from the effluents may be 
exceeded. The design life of septic systems 
averages 10 to 15 years. Many septic systems 
installed in the 1960s and 70s, though still in use, 
have exceeded their design life and may no longer 
be functioning properly. 

An appropriate soil for a septic tank field should 
absorb all effluent generated, provide a high level 
of treatment before the effluent reaches ground 
water, and have a long, useful life. Even properly 
functioning septic systems produce nitrates as an 
end product of sewage treatment. Areas with 
highly permeable soils or a high density of septic 
systems may require special methods of nitrate 
removal to prevent contamination of the 
underlying ground water by nitrates. Sand lets 
wastewater run through it too quickly, and heavy 
clays impede wastewater movement, allowing it 
to pool or pond on the surface instead of moving 
through the soil. In some areas of Virginia, 
fractured rock or interconnected solution channels 
in limestone allow concentrated wastewater to 
rapidly travel long distances underground, 
eventually contaminating ground water. To 
prevent siting in soils that will allow ponding of 
raw sewage, the Virginia Department of Health 
requires "perk tests," measurements of the rate at 
which clean water percolates through saturated 
soil, to be done before onsite waste disposal 
system permits are issued. 

Problems are frequently magnified because people 
who use subsurface onsite waste disposal 
systems often rely on wells for drinking water. Im
proper siting and system failures allow 
wastewater to collect near the surface and be 
transported to inadequately sealed wells or to 
lakes and streams. Wells may be contaminated 
when wastewater enters an aquifer contaminating 
the ground water that supplies water to the well. 

Contaminants 

Improper disposal of waste liquids to onsite 
sewage disposal systems can introduce 
contaminants to ground water. Septic systems 
are not designed to treat solvents, insecticides, 
paint thinners, or other household chemicals. 
Proper disposal is essential to protect ground 
water and ensure that your septic system 
continues to function properly. 
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Do not discard solvents, insecticides, paint 
thinners, or other household chemicals into the 
septic system. 

Contamination of drinking water supplies by 
malfunctioning septic systems can cause 
outbreaks of water-borne contagious diseases, 
such as infectious hepatitis. System overflows can 
transmit other pathogens and diseases such as 
typhoid, cholera, streptococci, salmonella, 
protozoans, tape-worms, roundworms, and 
viruses. Some of these pathogenic organisms can 
travel long distances and live for a long time in the 
soil outside a host animal, especially in moist soil. 
Intestinal bacteria have been reported to survive 
for 100 days, and viruses may remain capable of 
reproducing in a host after 170 days in soil. 

The presence of fecal coliform bacteria in a well 
indicates that the water has been polluted with the 
feces of humans or other warm-blooded animals. 
Wells often are not properly sealed or grouted, and 
surface runoff carrying these bacteria from cattle 
feed-lots, septic systems, or other sources can enter 
a well. Fecal coliform also may be transported 
through soil to ground water supplies in effluent 
from faulty septic systems. Water contaminated by 
coliform bacteria is an indicator of a faulty system 
and/or poor well construction. 

Septic System Regulation 

The Division of Sewage and Water Services under 
the Virginia Department of Health regulates 
onsite waste disposal systems. Landowners are 
required to have a sewage system permit to build 
a home unless public sewers are available. A 
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well-designed, properly installed, and carefully quickly. A dripping faucet can waste up to 20 
maintained septic system can provide effective 
treatment for domestic wastewater, and protect 
the quality of ground water. 

What You Can Do 

If you are building a new home, be sure your 
septic system is properly planned, sited, and 
installed. Ground water typically moves from 
areas of high water tables to low water tables. 
The direction ground water moves cannot always 
be predicted from surface topography, but it is 
generally recommended that septic tanks and 
drain fields be located downhill from wells or 
springs and at least 100 feet away. If you're 
moving to another residence, test the well water 
and examine the septic system before you agree to 
buy or rent. The Virginia Water Resources 
Research Center's A Homeowner s Guide to Septic 
Systems provides information on installing and 
maintaining septic systems. Routine maintenance 
is necessary to prevent failure of the septic 
system. Sludge and scum build up over time and 
will eventually clog the drainfield. Having your 
septic tank pumped out every three to five years, 
or more often if needed, will help reduce the 
potential for ground water contamination. The 
amount of waste that is generated, the number of 
people using the system, and the size and design 
of the system are factors to consider when 
determining how often to have the tank pumped. 

Because excessive amounts of water entering the 
drainfield reduce the soil's capacity to absorb 
wastewater, water conservation in your home can 
extend the life of your septic system. The typical 
family uses about 50 gallons of water per day for 
each person in the household. Wash only full 
loads of laundry and spread the washing out 
during the week to avoid overloading the septic 
system. Use phosphate-free detergent to decrease 
scum buildup. Install flow restrictors in faucets 
and showers to reduce the water use. Look for 

gallons per day while a leaking toilet can use up 
to 200 gallons of water a day. Use bio
degradable toilet paper that breaks apart easily 
when wet. Never put wet-strength paper towels, 
disposable diapers, facial tissues, cigarette butts, 
or similar materials into the toilet because they do 
not easily decompose. Do not dispose of anything 
in the septic system than can be put in the trash. 

Household hazardous wastes such as paints, 
varnishes, thinners, waste oils, photographic 
solutions, and pesticides should not be poured 
down the drain and into the septic system. Once 
in the soil, these chemicals have the potential to 
contaminate ground water and may destroy the 
bacteria needed by the septic system to keep it 
working properly. 

In small towns and rural areas where soil 
conditions prevent the use of septic systems and 
connecting to or constructing a community sewer 
system is prohibitively expensive, other methods 
of wastewater disposal may have to be 
employed. Information about such methods can 
be obtained from your local health department. 

Direct surface water runoff away from the 
drainage field. Discharges from gutters or 
higher elevations could flood the drainfield 
causing septic system failure. 

water leaks around the home and repair them 
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Nitrate 

In 1995, the us. Geological Survey (USGS) 
released a report that indicated there has been a 
2.4 percent increase in the amount of nitrate in the 
nation's ground water supply. Nine percent of the 
wells tested had nitrate concentrations exceeding 
the U.S. EPA maximum contaminant level of 10 
ppm. According to a USGS report on ground 
water in the Delmarva Peninsula of Delaware, 
Maryland, and Virginia, "nitrate concentrations 
exceed the maximum contaminant level (MeL) 
for drinking water established by the U.S. EPA in 
about 15 percent of the nearly 300 ground water 
samples collected from the water-table aquifers 
from 1980 to 1990." 

Nitrate may enter ground water from natural 
sources such as decomposing organic material, 
precipitation, or geologic deposits containing 
organic materials. Of the potential sources of 
nitrates, commercial fertilizers are most likely to 
have the greatest impact on ground water because 
of their high concentrations of nitrogen and high 
application rates over vast tracts of land. 

Thomas w. Simpson 

The application of fertilizers increases crop 
yields but has the potential to contaminate 
ground water. 

Higher crop yields can be achieved through the 
use of fertilizers containing nitrogen. However, 
nitrate is water soluble and highly mobile. On the 
average, only about half of the nitrogen applied as 
fertilizer is harvested with the crops. The average 
may vary depending on the crop, soil type, and 
amount of seasonal precipitation. Studies have 
shown that 0.8 pounds of nitrogen is recovered 
with each bushel of com for grain. For example, if 

150 pounds of nitrogen is applied per acre and 
100 bushels are harvested, then the recovery rate 
is 53 percent. On the other hand, if only 50 
bushels of com are harvested, the recovery rate is 
only 27 percent of the applied nitrogen. 
Approximately 70 to 80 percent of the nitrogen is 
recovered from flue-cured tobacco grown during a 
season with an average rainfall. Nitrogen that is 
not recovered may be leached out and is a 
potential source of ground water contamination. 

Large amounts of fertilizers are also used in 
residential areas, parks, and golf courses. 
Chemical fertilizers are not the only source of 
nitrate. Septic tanks located in sandy, permeable 
soils or in areas where fractures or solution 
channels come in direct contact with shallow 
aquifers also can release nitrates to ground water. 
Even properly functioning septic systems produce 
nitrates as an end product of sewage treatment. 
Areas with highly permeable soils or a high 
density of septic systems may require special 
methods of nitrate removal to prevent 
contamination of the underlying ground water by 
nitrates. 

Animal wastes from feedlots or improperly 
constructed or leaking manure storage tanks and 
pits can contaminate ground water with nitrates 
and bacteria. Hog, chicken, and turkey production 
may be associated with ground water 
contamination by nitrates. Although these animals 
often are raised indoors, their wastes are often 
stored in piles outdoors or spread on fields as 
fertilizer. Today's agricultural community is 
committed to protecting water resources and 
support implementation of Best Management 
Practices to prevent ground water contamination. 
Virginia Cooperative Extension continues to assist 
the agricultural community through outreach, 
education, and technical assistance. 

What Makes Nitrate a Problem? 

Nitrate is a form of nitrogen and a normal body 
ingredient. We take in an average of 22.5 
milligrams (mg) of nitrate a day. About 95 percent 
of this amount is derived from such vegetables as 
spinach, lettuce, beets, and carrots, each of which 
contain high concentrations of nitrate. However, 
consuming too much nitrate can have fatal results. 
The federal drinking water standards for public 
water systems, expressed as maximum 
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containment levels (MCL), set the level for nitrate Appropriate Technology Transfer for Rural Areas, 
at 10 parts per million (ppm). For infants during 
their first six months and particularly for infants 
with diarrhea, ingesting excessive nitrate can 
produce methemoglobinemia or "blue-baby 
syndrome." This occurs when nitrate is reduced to 
nitrite and is absorbed into the circulatory system. 
Death from asphyxiation can occur when nitrite 
reacts with hemoglobin to produce a compound 
that does not carry oxygen. 

Methemoglobinemia was more common in the 
United States 30 to 40 years ago than it is today, 
and the decline in the number of cases is primarily 
due to water system improvements. For more 
information on the national drinking water 
standards and your private water system, contact 
the Virginia Water Resources Research Center for 
the publication, Guide to the National Drinking Water 
Standards. 

High levels of nitrates in water also may be 
dangerous to animals other than humans. 
Ruminants, especially cattle and sheep, can be 
poisoned by nitrate. Their first stage of digestion 
is bacterial fermentation in the rumen where 
conversion of nitrate to nitrite can occur in this 
organ. Infant monogastrics such as baby pigs and 
baby chickens are also at risk. Cattle and other 
livestock can drink water containing 100 ppm of 
nitrate-nitrogen with no ill effects to themselves or 
their offspring, but higher levels may cause 
problems. 

What You Can Do 

Reducing the amount of nitrogen fertilizer being 
applied is the most effective way to reduce nitrate 
contamination in ground water. Although large 
amounts of fertilizers are used in agriculture, the 
over-fertilization of residential and park lawns and 
gardens also plays a significant role in ground 
water contamination. Some approved practices for 
reducing levels of unused nitrates are using slow
release fertilizers, applying nitrogen fertilizer in 
small amounts during the growing season as it is 
needed, and rotating crops with legumes. Using 
soil tests to determine the need for fertilizers in 
different soil types and for various crops can save 
farmers and homeowners money in addition to 
reducing the risk of ground water contamination. 
Call the Soil Testing and Plant Analysis Laboratory 
at Virginia Tech (540)231-6893 for information 
about testing your soil, or contact your local 
cooperative extension agent. 

provides advice about crop rotation, decreased 
fertilizer use, and alternative farming practices. Its 
toll-free information hotline number is (800)346
9140 . 

Septic system failure and improper siting and 
construction of wells can result in nitrate 
contamination of well water. Proper maintenance 
of your septic system will help to reduce the 
potential for ground water contamination. 

Carolyn). Kroehler 

Excessive fertilizing of lawns can lead to 
nitrate contamination of ground water in 
many areas of the state. 

•
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Pesticides 

Modem agriculture relies on insecticides, 
herbicides, and fungicides to maintain its 
phenomenally high levels of production. 
Nationally, pesticide use has grown from 540 
million pounds in 1964 to 1.2 billion pounds in 
1995. Agricultural activities accounted for about 
75 percent of the pesticides used during this time 
period. In Virginia during 1990, an estimated 11 
million pounds of pesticides were applied to 
agricultural crops. This figure does not include 
pesticide applications to livestock, poultry, 
forestry, lawn care, turf, nursery crops, or lawns 
and golf courses. A large portion of the pesticides 
was used in the eastern and southeastern regions 
of the state on corn, soybeans, tobacco, peanuts, 
wheat, and barley, with com receiving the highest 
applications. Pesticides applied in the largest 
amounts were alachIor (Lasso) on com, peanuts, 
and tobacco, followed by atrazine (Aatrex) on 
com, and methyl bromide (a fumigant) used on 
tobacco and tomatoes. The potential for 
contamination of aquifers by agricultural 
pesticides occurs not necessarily because these 
chemicals are misapplied but because certain 
chemicals which are soluble are applied 
repeatedly to vast tracts of land. Contamination 
of ground water from these sources can occur as 
water percolates through the soil. 

u.s. Geological Survey 

Repeated applications of pesticides to large 
tracts of land increase the potential for ground 
water contamination. 

Soil type and geological structure also affect the 
potential for ground water contamination by 
pesticides. Soils rich in organic matter may absorb 
and firmly bind pesticides, preventing their 
downward transport. Clayey soils have a high 
capacity to retain water, and this slows the 

movement of water and its associated 
contaminants. Highly permeable soils, such as 
sand and gravel, have large interconnected pore 
spaces between the particles, facilitating the 
rapid, downward movement of surface water. 
Rapid and deep movement of pesticides can 
occur along cracks, animal burrows, root channels, 
and passageways in limestone. Caves, sinkholes, 
and underground streams in limestone areas allow 
contaminants to enter ground water rapidly and 
travel long distances with little dilution. 

Surface runoff can carry pesticides with soil 
into surface waters feeding underground water 
supplies. 

Soil erosion can compound the problem. Surface 
runoff can carry pesticides with soil into surface 
waters which feed underground supplies. In areas 
where there are high levels of rainfall and 
landscape disturbances (i.e., plowed fields or 
construction sites), the potential for erosion is 
significant. Erosion .occurs when driving rain 
beats against bare soil and frees soil particles. 
These soil particles may contain contaminants. 
The mountainous region of the western portion of 
the state sustains the highest erosion losses. Loss 
of topsoil in 1987 was estimated to be around 42 
million tons. Unfortunately, practices to reduce 
erosion, such as no-till farming, may increase the 
need for pesticide applications. However, 
reducing surface runoff and retaining water on the 
land may increase the likelihood that these 
surface-applied or subsurface-injected pesticides 
will enter ground water. 
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Ground water contamination can also occur from least toxic chemicals, when necessary, to protect 
the improper disposal of pesticide containers. 
Annually, nearly 250 million pesticide containers 
- usually containing varying amounts of 
pesticide - are buried, thrown in open dumps, or 
sent to landfills. As the containers break down, 
the pesticide is released to the soil and from there 
can make its way to the ground water. Disposing 
of unused pesticides and their containers can be 
expensive to the consumer. In 1990, the Pesticide 
Control Board (PCB) and the Virginia 
Department of Agriculture and Consumers 
Services (VDACS) started a pilot program to 
collect banned, canceled or unwanted pesticides. 
Since 1990, 591,699 pounds of pesticides have 
been gathered and disposed of properly. In 1993, 
the VDACS and the PCB took over the plastic 
pesticide container recycling program started by 
the Virginia Farm Bureau. The program has grown 
from six localities and two pesticide dealers in 
1993 to seventeen localities and seven dealers in 
1996. For more information about these pro
grams, contact the Virginia Department of 
Agriculture and Consumer Services, (804)371
0152 . 

What You Can Do 

Read the label. If you must use pesticides, always 
follow label directions when applying, storing, 
handling, and discarding them. Do not mix 
pesticides around a well. Mix only the amount 
that you need and use it for the purpose indicated 
on the label. Over application or improper 
disposal can contaminate ground water. Dispose 
of empty pesticide containers in such a manner 
that they pose no threat to humans, pets, valuable 
plants, livestock, or wildlife. Triple rinse empty 
containers and add the rinsate to the spray tank 
and spray on the sites listed on the label. Be sure 
to check local ordinances before you dispose of 
pesticides in a landfill or trash receptacle. If you 
suspect your drinking water may be contaminated 
with pesticides, contact the regional office of 
VDEQ closest to you or your local Virginia 
Cooperative Extension agent. 

Integrated Pest Management, an alternative to 
relying solely on pesticides, includes use of 
biological control (natural pest predators), 
cultural practices (patterns of planting), and 
genetic manipulation (developing pest-resistant 
crop varieties), combined with applications of the 

crops. Crop rotation, pest monitoring, and soil 
analysis and conditioning can help promote 
healthy crops. Reducing runoff while maximizing 
the water-holding capacity of the soil will reduce 
leaching. Planting crops in narrow rows provides 
a dense canopy that shades the soil and retards 
weed growth which means less herbicides are 
needed. The Virginia Integrated Pest Management 
Guide, published by the Virginia Cooperative 
Extension Service, outlines the latest 
recommendations for control of insects, diseases, 
and weeds on economically important crops, 
ornamentals, livestock, and pets. Information on 
alternatives to pesticide use also is available from 
a u.s. Department of Agriculture program, 
Appropriate Technology Transfer for Rural Areas, 
which has a toll-free hotline: (800)346-9140. 

When using pesticides, read the label and mix 
only the amount that you need and use it for 
the purpose indicated on the label. 
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Underground Storage Tanks (USTs) and Leaking Underground Storage Tanks (LUSTs) 

The Virginia Department of Environmental 
Quality (VDEQ) operates the Underground 
Storage Tank (UST)/Leaking Underground 
Storage Tank (LUST) program. Reports of leaking 
underground storage tanks, mainly petroleum 
storage tanks, are received at the rate of almost 
1,000 per year. At release sites, a VDEQ case 
investigator determines if there are any receptors 
at risk and what corrective actions are needed to 
eliminate those risks. The UST Program is the 
largest environmental program in the nation. It 
was created and signed into law on November 8, 
1984 in an effort to reduce the number of UST 
releases on a national level. 

In Virginia, there are approximately 74,000 
registered USTs at 25,000 facilities regulated by 
the state and federal UST programs. The 13,000 
owners/ operators of these tanks must install, 
operate, maintain, clean up, and close the tanks 
according to state and federal regulations in effect 
on December 22, 1988. 

Of the 74,000 USTs in Virginia, over 39,000 are 
now in use; the remaining 35,000 are considered 
closed or temporarily closed. The 39,000 active 
USTs were required to begin monthly release 
detection upon installation if they were installed 
after December 22, 1988. For all older tanks 
installed prior to December 22, 1988, monthly 
release detection was required to begin based on 
the age of the tank starting from 1989 to 1993. 

Release detection options include inventory 
control and tank tightness testing, manual tank 
gauging, automatic tank gauging, ground water 
monitoring, vapor monitoring, interstitial 
monitoring of secondarily contained systems, and 
statistical inventory reconciliation. Due to a long 
history of releases, by December 22, 1990, 
automatic line leak detectors for piping release 
detection were required for pressurized delivery 
piping nationwide. 

In addition to monthly release detection, the 
regulations require spill buckets on the fill pipe, 
overfill protection devices / alarms, and corrosion 
protection on the tanks and piping upon 
installation on and after December 22, 1988, and 
by December 22, 1998 for all tanks installed prior 
to December 22, 1988. This 10-year upgrading 

program was provided to allow enough time for 
businesses to review their options and plan for 
the nationwide 1998 deadline. 

During the summer of 1997, the VDEQ initiated a 
large scale UST Summer Inspection Program to 
visit at least 5,000 UST sites per year to inform 
owners and operators of the 1998 deadline and 
proper tank management. Over 5,000 facilities 
were visited. Four more years of inspections are 
planned to visit every registered facility to ensure 
a smooth transition to new tank standards. 

Federal grant funds have assisted the state with 
program implementation for the past 12 years. 
The grant funds enable the processing and 
maintenance of the 25,000 UST notifications, 
database management, technical assistance, and 
overall program implementation. Such funding is 
currently anticipated through the year 2005. 

There are almost 1,000 reports of leaking 
storage tanks per year. 

Leaking Underground Storage Tanks (LUSTs) 

Most LUST sites are cleaned up by the 
owner / operator (responsible person) of the 
leaking tank, and that person is obligated to pay 
up to an assigned level of financial responsibility. 
Any dollars spent over that amount may be 
eligible for reimbursement from the Virginia 
Petroleum Storage Tank Fund (VPSTF). Currently, 
the VDEQ has approximately 450 claims going 
through the reimbursement process. To date, over 
50 million dollars in reimbursement claims have 
been paid out. 
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At sites where there is no identified responsible been made, there is little chance that a 
person, the VDEQ uses VPSTF monies to pay for 
the clean up of the contaminated site. When 
drinking water supplies have been impacted, the 
responsible person may be required to provide an 
alternate water supply to the affected parties. 
Because a responsible person is not always easily 
identified or capable of acting immediately, the 
VDEQ will often implement some form of 
alternative water system (AWS) to allow 
homeowners to continue to use their water 
supply. Many petroleum contaminated drinking 
water well sites are provided with carbon 
filtration units (CFUs) to remove the 
contaminants. Operation and maintenance of 
these CFUs is usually handled by the VDEQ and 
the costs involved are counted against the 
responsible person's limit of financial 
responsibility for corrective action. 

Many leaking tanks are associated with gasoline 
service stations and petroleum storage facilities. 
However, residential home heating oil tanks, 
abandoned oil and gasoline tanks, and old farm 
tanks all contribute to the problem. If you detect 
a petroleum taste in your well water or observe an 
oily sheen in surface waters, it may be coming 
from an underground tank. You should call the 
appropriate regional office of the VDEQ and 
report a suspected leak from an underground 
tanks. 

If you have a home heating oil tank, make sure the 
tank is in good condition and not leaking. The life 
expectancy of an underground storage tank is 
between 10 and 15 years. Excessive fuel use or 
difficulty in keeping the furnace burner lit may 
indicate a leak problem with your underground 
home heating oil tank. 

Remember, it takes very little heating oil or 
gasoline to pollute millions of gallons of ground 
water. While progress in cleaning up sites has 

contaminated drinking water supply can ever be 
returned to a potable condition. Also, having 
USTs on a site, especially out of service tanks, 
may make selling property more difficult as both 
lending institutions and buyers are becoming more 
sensitive to contamination problems associated 
with LUSTs. 

What You Can Do 

If you can smell or taste a petroleum product in 
your water, the water should not be used for 
drinking or cooking until it has been tested. If you 
suspect that your drinking water is contaminated 
by a petroleum product, contact the regional 
office of the VDEQ. If you're building a house, 
consider locating the new tank above ground in a 
basement or garage. Leaks in aboveground tanks 
are easier to detect and fix, and ground water is 
less likely to be threatened. Check for an 
unexplained loss of oil if your oil tank is used 
only for heating your home by checking the gauge 
in late spring and in early fall before you use your 
furnace again. Less oil in the tank means that 
there is a leak. Leaks can be due to a defective 
tank, either from damage during installation or 
improper installation, corrosive soils, or a pipe 
defect. Inspect to see if there is water in your 
tank which indicates a leak. Water in the tank can 
combine with the sulfur in the fuel causing the 
tank to rust internally. A leaking tank should be 
pumped dry and removed from the ground. All 
releases should be reported to VDEQ immediately 
to insure access to the VPSTF should you need it. 
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Waste Disposal• 
According to the EPA, from 1991 to 1995, the 
number of landfills declined by 49 percent. 
Because of new environmental regulations, many 
states are closing their landfills. Meanwhile the 
volume of municipal solid waste continues to 
grow. In 1960, the u.s. generated 88 million tons 
of waste. By 1990, this figure has grown to 196 
million tons, a 67 percent growth in thirty years. 
Of this amount, 55 million tons were discarded to 
municipal solid waste landfills in 1960 versus 130 
million tons in 1990. The EPA estimated that an 
average citizen in 1960 discarded about 2.7 
pounds of trash, but by 1990 citizens were 
discarding an average of 4.3 pounds of trash per 
day per person. By the year 2000, it is estimated 
that the u.s. will generate more than 222 million 
tons of waste annually. 

The average citizen throws away almost 4.3 
pounds of trash per day. 

In 1992, there were about 6,000 public landfills in 
the Ll.S. and its territories. Only 350 of these 
landfills were owned by large public waste 
disposal companies. The remainder are private 
and municipal landfills. More than 15 million 
pounds of trash are transported across state lines 
to get to these landfills. 

In january 1997, there were 619 total solid waste 
management facilities in Virginia. Of these 
facilities, 254 were considered active and 
included 81 sanitary landfills, 47 industrial 
landfills, and 22 construction, demolition, and 
debris landfills. 

Sanitary Landfills 

Preventing ground water contamination from 
landfills is an important consideration when 
regulations are written. Location restrictions, 
operating and design criteria, and specific 
requirements for landfill closure and post-closure 
requirements are part of these regulations. There 
are six location restrictions that apply to 
municipal solid waste landfills (sanitary 
landfills). They include: airports, floodplains, 
wetlands, fault areas, seismic impact zones, and 
unstable areas (sites that can have increased 
settling or failure from sudden or non-sudden 
events). 

Sanitary landfills are typically soil excavations 
filled with "solid" wastes, defined by federal 
waste regulations as being solid, semi-solid, 
liquid, or containerized gas. Materials such as 
household garbage, trash, and waste from houses, 
apartments, hotels, motels, campgrounds, and 
picnic grounds, commercial solid waste, 
nonhazardous sludge, small quantity generator 
waste, and industrial solid waste are examples of 
items that may be sent to a sanitary landfill. 
Today's regulations require all landfills to 
eliminate or control ground water contamination. 
Because wet organic material deposited in the 
larger landfills produce a methane gas, additional 
regulations and monitoring are imposed to protect 
air emissions. The rules require that monitoring 
wells be installed to check for ground water 
contamination. Ground water samples have to be 
analyzed twice a year if the landfill is active or 
closed. Ground water that becomes polluted from 
a landfill must be cleaned up to health based 
levels. 

An important requirement of a sanitary landfill is 
the use of special clay and plastic liners to 
prevent leaks. In addition to the monitoring wells 
and a ground water plan, the newer sanitary 
landfills have a leachate collection and treatment 
system, a cap system, a gas recovery system, 
landscaping, security, and a 30-year postclosure 
plan for monitoring and care. If a landfill is 
properly designed and monitored, it can protect 
human health and the environment. 

Unfortunately, the older landfills were not 
regulated as stringently as today's sanitary 
landfills. In 1984, fewer than ten states were 

19
•



•requiring ground water monitoring near landfills. Waste Water Surface Impoundments 
Landfills were sited without regard to geology 
and hydrology. They were typically located on 
what was considered low-quality land, such as 
marsh lands, abandoned sand and gravel pits, 
old strip mines, and limestone sinkholes. 
However, many of those "low quality" sites were 
ground water recharge areas. To further 
compound the problem, operators at many of 
these sites accepted unknown types and 
quantities of wastes. Today, these sites with their 
concentrated, unknown pollutants pose a great 
threat to ground water. Water can dissolve 
various materials to form leachate, and liquids in 
the waste can add to the leachate. In unlined 
landfills, substances in the leachate can percolate 
through the soil and contaminate aquifers below 
the landfill. 

Open dumps, where household trash, 
construction materials, automobile tires and 
batteries, old appliances, and numerous other 
waste items are discarded, are illegal in Virginia. 
Portions of Virginia are particularly sensitive to 
ground water pollution because of the underlying 
limestone with associated sinkholes, solution 
channels, and open cracks that provide a direct 
conduit to ground water. 

-,I. 

___ _ _ ._ fJ 

Open dumps are illegal in Virginia. In Virginia, 
the VDEQ regulates landfills. Additional 
information on regulations and waste management 
can be obtained by calling the VDEQ central office 
(804)698-4000. Knowledge of open dumps should 
be reported to the local VDEQ regional office. 

The liquid wastes produced by rendering plants, 
coal-fired power plants, fertilizer production 
operations, and a wide variety of other 
commercial activities are often disposed of in 
surface impoundments. These impoundments 
vary in depth and size. Surface impoundments 
are permitted by the VDEQ through the Virginia 
Pollutant Discharge Elimination System (VPDES) 
or Virginia Pollution Abatement (VPA). These 
impoundments may discharge to surface water or 
be non-discharging. Impacts to ground water are 
determined through the permit application and 
review process; impoundment liners mayor may 
not be required. The need for a liner is determined 
on a case-by-case basis. For more information on 
VPDES or VPA, contact the VDEQ central office 
(804)698-4000. For information relating to a 
specific surface impoundment, contact your local 
VDEQ regional office. 

Monitoring test well at an industrial waste 
lagoon. 
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Hazardous Waste 214 million metric tons of hazardous waste were 

What makes hazardous waste hazardous? In 
order to be classified as a hazardous waste the 
material must possess one or more of the 
following characteristics: 1) ignitability (poses a 
fire hazard during routine management), 2) 
corrosivity (wastes that can be extremely acid or 
basic or are highly corrosive for steel), 3) 
reactivity (may react spontaneously or vigorously 
in combination with air and water, or may be 
unstable to heat and shock), and 4) toxicity 
(when improperly managed, contains heavy 
metals or organics which when released in 
sufficient concentrations may endanger human 
health or the environment). Wastes are also 
considered hazardous wastes if they are 
generated from specific or nonspecific sources 
that have been determined to be hazardous or 
discarded, off-specification, residues, or spills of 
certain chemical products. These are known as 
"listed wastes." Proper management of 
hazardous waste is essential to environmental 
protection. 

An industrial waste lagoon. 

Both landfills and lagoons were once used to 
dispose and treat hazardous waste without 
regulation, but since 1976 the federal Resource 
Conservation and Recovery Act (RCRA) has 
required "cradle-to-grave" management of 
hazardous wastes. RCRA required persons 
generating 2,200 or more pounds of hazardous 
waste per month to follow a set of specific 
guidelines in waste disposal. Amendments to 
RCRA in 1984 prohibited generators of 2,200 or 
more pounds of hazardous waste per month from 
disposing of it in landfills and required the EPA 
to provide states with guidelines for permitting 
waste landfills. In 1995, the EPA estimated that 

generated nationwide, or one ton per US. citizen. 
About 71 percent of these wastes come from 
chemical and petroleum industries. The RCRA 
regulations specify that generators of waste must 
determine themselves if the waste is hazardous 
and they are responsible for the treatment and/ or 
disposable of the generated waste. The EPA 
estimates that 96 percent of the hazardous waste 
produced is treated or disposed on-site. A RCRA 
permit, issued by VDEQ, is required when 
hazardous waste is treated or disposed on-site. 

Approximately 700 landfills at 136 facilities and 
3,200 hazardous waste treatment, storage, or 
disposal impoundments at 400 facilities accept 
the hazardous waste generated in the United 
States. While there are no off-site hazardous 
waste disposal sites in Virginia, the Virginia 
VDEQ issues permits for treatment, storage, 
transportation, and post-closure care of on-site 
disposal of hazardous waste. EPA reports that 
in 1995 Virginia had 371 hazardous waste 
generators that produced 98,678 tons of 
hazardous waste. 

The Hazardous Waste Facilities Siting Act 
governs the siting of Virginia's hazardous waste 
facilities. It prohibits such facilities in wetlands, 
100-year floodplains, dam failure flood zones, 
areas with limestone and sinkholes, and areas 
designated as natural landmarks or in the public 
trust. Public hearings are held to allow comment 
before a firm is granted a final permit. Under the 
Virginia Hazardous Waste Facilities Siting Act, 
the state can overrule local objections if the 
proposed operation is consistent with local 
zoning and permitted uses and meets local, state, 
and federal requirements. 

Superfund 

Contamination cleanup problems are complicated 
by the difficulty in assigning responsibility to a 
single person or business. Sometimes the exact 
source of contamination cannot be detected. 
When it can be, it's often impossible to determine 
when the waste causing the pollution was 
discarded or by whom. The Federal Com
prehensive Emergency Response, Compensation, 
and Liability Act of 1980 (CERCLA), commonly 
called Superfund, was designed to assist in just 
such cases. Administered by EPA, it covers the 
identification and remediation of waste disposal 
sites, emergency cleanup of chemical spills and 
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releases, financing of cleanup operations, and currently has 18 private sites and 7 federal 
assumption of liability for disposal sites. 

Any hazardous substance, pollutant, or 
contaminant presenting an immediate and 
substantial threat to public health or the 
environment is covered by Superfund (petroleum 
products, and natural and synthetic gas products 
are not covered). Cleanup costs are shared by 
responsible parties, and the Superfund 
Amendments and Reauthorization Act of 1986 
(SARA) reauthorized the "hazardous substances 
superfund" to pay costs not assumed by these 
parties. 

The "right-to-know" provision under SARA 
requires states to organize emergency response 
commissions. These commissions are responsible 
for making information available to the public 
about hazardous substances present in 
communities and for designing emergency 
response plans based on those specific hazardous 
materials. 

Because the number of sites to be cleaned up 
exceeds the Superfund budget, identification of 
the worst sites is an important part of the 
program. Inactive waste management sites are 
reported both to the EPA and the states for 
possible inclusion in the National Priorities List. 
This cleanup list uses the actual or potential 
threat posed by the site to human health and the 
environment for ranking sites nationwide. Sites 
designated by individual states as their single 
most serious uncontrolled waste sites are 
automatically included' in the first 100 sites 
selected for the National Priorities List. 

Leachate from improperly sited and maintained 
landfills can contaminate ground water. 

As of September 1997, EPA has 1,204 landfills, 
impoundments, and other waste sites on the 
National Priorities List. There are an additional 
11,000 potential sites that could be added. The 
agency estimates that the list will grow to more 
than 2,500 sites and that cleanup costs could 
range from $35 million to $50 million. Virginia 

facilities on the National Priorities List. Many of 
the sites have contaminated ground water. 

Virginia's Voluntary Remediation Program 

Virginia's Voluntary Remediation Program (VRP) 
provides a streamlined mechanism for eligible 
participants to voluntarily enter into a 
relationship with the VDEQ to clean up 
properties not clearly mandated for remediation 
under existing environmental laws. The VRP is 
intended to encourage clean up of brownfield 
sites, (those sites that have economic potential 
but which currently lie idle because of 
environmentalliabili ty concerns.) 

There are five basic elements that bring a site from 
entry to completion in the program: 

1.	 The VDEQ determines the site's eligibility 
based on an evaluation of the information 
submitted by an applicant. 

2.	 A registration fee of 1 percent of the cost of 
remediation, not to exceed the lesser of $5,000 
is submitted by the participant. 

3.	 The participant submits a Voluntary 
Remediation Report which characterizes site 
conditions along with an assessment of 
appropriate remedial actions. 

4.	 VDEQ must concur with the Voluntary 
Remediation Report. 

5.	 When the participant completes the remedial 
action, a Certification of Satisfactory 
Completion of Remediation is issued. This 
certificate provides immunity from future 
enforcement actions by the VDEQ. 

For more detailed information on the Virginia 
Voluntary Remediation Program, contact the 
VDEQ central office at (804)698-4000. 

Virginia's Brownfields Program 

Brownfields are abandoned, idle, or under-used 
industrial and commercial properties where 
expansion, redevelopment, or use is limited 
because of environmental contamination. On 
January 25, 1995, the Environmental Protection 
Agency (EPA) developed the Brownfields 
Economics Redevelopment Initiative. This initia

•
22 



•
tive is designed to empower states, communities, repository. Most high-level radioactive waste 
and other agents of economic development to 
work together in a timely manner to assess, and 
safely clean and reuse sites designated as 
brownfields. 

In an effort to enhance this effort, the VDEQ 
provides technical and administrative services to 
support the EPA's brownfields initiative by 
providing a site screening and investigation 
component to this program. The Brownfields Site 
Screening (BSS) researches the history of the site 
and assesses, through sampling, the environ
mental condition of the site. These screenings are 
at no cost to communities, property owners, or 
prospective buyers. To qualify, the ''brownfields'' 
must be in a designated commercial or industrial 
area and be abandoned or underutilized. For a 
list of eligibility criteria for sites to be nominated 
to the Virginia Brownfields Program, contact the 
VDEQ central office at (804)698-4000. 

Radioactive Waste 

Virginia businesses and medical facilities produce 
two of the three classes of radioactive waste. 
Except for a small amount of naturally occurring 
radioactive material, the possession and 
management of radioactive materials, including 
radioactive waste, are controlled by the U. S. 
Nuclear Regulatory Commission. The Virginia 
Department of Health regulates some naturally 
occurring radioactive materials and the use of 
radiation devices, such as x-ray machines. The 
VDEQ also regulates wastes that are both 
radioactive and a hazardous waste because of 
their chemical nature; these are called "mixed 
wastes." 

High-level radioactive wastes are produced by 
nuclear power stations, primarily as reactor fuel 
rods and demolition materials from decom
missioning a reactor. There is aU. S. Department 
of Energy program to locate and build interim 
storage facilities (by 2000) and a repository for 
the disposal of these material (by 2010). 
However, there is not a facility at this time in 
Virginia or any state. In anticipation of a 
repository becoming available, high-level waste 
produced in Virginia's reactors are stored on-site 
in pools of water and in special protective casks 
above ground. As the federal system develops, 
these materials will be moved from these short 
term storage facilities to centralized longer term 
storage facilities in another state or to the national 

generated in medicine have short half-lives and 
are placed in secured storage where they decay to 
levels that are not considered a risk to health. 

Low-level radioactive wastes are primarily 
clothing and ancillary equipment contaminated in 
the medical usage of radioactive materials, in the 
nuclear power industry, and as a result of 
construction of nuclear propulsion naval craft. 
There is also production of sludges from the 
processing of nuclear materials. Virginia's low
level radioactive materials have been sent for 
treatment and landfill disposal in several sites 
outside Virginia. The Southeast Compact was 
formed by Alabama, Florida, Georgia, 
Mississippi, North Carolina, South Carolina, 
Tennessee, and Virginia in 1985, as a result of the 
Low-level Radioactive Waste Policy Amendments 
Act of that year. It has funded studies and 
projects for creation of a joint low-level 
radioactive waste management facility. The first 
facility is planned with North Carolina as the 
host state; however, the development of the site 
has become stalled. South Carolina's Barnwell 
facility is currently receiving the waste from all the 
member states except North Carolina. Smaller 
amounts of low-level radioactive waste are being 
sent for treatment, incineration, or disposal in 
Idaho and other facilities. Typically, Virginia 
produces approximately 50,000 cubic feet of low
level radioactive waste per year, but the amount 
fluctuates from year to year. 

Radioactive materials are not known to have been 
disposed of in Virginia or to have contaminated 
ground or surface waters. Virginia has deposits 
of uranium and other radioactive minerals, and it 
has been considered as a possible site for mining 
of those materials. 

Special Wastes 

Wastes that require special handling, treatment, 
and disposal because they have hazardous 
properties should not be sent to a solid waste 
landfill unless the landfill is designed to receive 
and dispose of that specific type of waste. 
Asbestos-containing waste materials, wastes 
containing PCBs, liquids, tires, drums containing 
chemicals and/ or residues, white goods, soils 
contaminated with petroleum products, lead and 
acid batteries, fluorescent light bulbs, and nicad 
or other rechargeable batteries are examples of 
special wastes. 
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Drums containing chemicals and/or residues 
should only be disposed of at landfills 
specifically designed to accept that specific 
type of waste. 

Special waste disposal requires VDEQ approval 
in many cases, and certain types of wastes may 
only go to an approved specialty landfill. There 
may also be limitations on the amount of special 
waste that can be managed at a landfill. 

Household Hazardous Wastes 

More than 61,000 chemicals are marketed in the 
U.S., and several hundred new chemicals are 
added each year. Many are found in products 
used in homes and fit EPA's definition of 
"hazardous." These ordinary household products 
can be harmful to humans and the environment if 
improperly stored and discarded and, in many 
cases, are dangerous to consume, inhale, or touch. 
These products include cleaning agents, drain 
openers, polishes, wood stains and varnishes, 
paints and thinners, solvents, gasoline, motor oil, 
photography chemicals, glues and adhesives, yard 
and garden chemical products such as insect and 
weed killers or fertilizers, batteries, swimming 
pool chemicals, and even beauty products such as 
nail polish and polish remover. 

The VDEQ administers the management of 
hazardous and solid waste in Virginia. However, 
in contrast to hazardous waste produced by 
businesses and government, waste household 
products which are hazardous are not specifically 
regulated. By definition, in the federal 
regulations, household hazardous waste is 
specifically excluded from the hazardous waste 
management regulations and, therefore, is not 
recognized as a hazardous waste. Disposal of 

•
 household wastes in municipal landfills and 
through the sanitary sewer system to a 
wastewater treatment facility is a legal practice. 
However, increased public awareness of 
environmental matters has raised citizens' concern 
over the proper management and disposal of 
hazardous products used around the home, and 
people have started to seek better disposal 
methods. 

Few people are aware that their homes contain 
hazardous chemicals or wastes. Here are some 
simple ways to identify such products: First, read 
the label. If products are labeled with warnings 
such as "Flammable," "Corrosive," "Poisonous," 
"Use in well-ventilated area," or "Wear gloves 
while using," the product will provide as much 
hazard when discarded as it does while it is being 
used. Use common sense. Ask yourself these 
questions: Would you eat or drink it? Would you 
light a match around it? Would you mix it with 
other materials? If the answer to any of these 
questions is no, chances are good that you should 
take extra care in disposing of the material. 

What You Can Do 

RECYCLE. Recycling instead of discarding can 
significantly reduce the volume of trash taken to 
landfills. Anywhere from 30 to 75 percent of the 
materials discarded at municipal landfills can be 
recovered and recycled for use in industry or agri
culture. Industry is increasingly employing 
recycled materials because of the savings in energy 
and transportation. For example, estimates 
suggest that the amount of aluminum waste 
annually disposed of in landfills could fill one 
quarter of the yearly demand for aluminum. 
Landfill "trash" consists primarily of cardboard, 
paper, plastics, textiles, rubber, leather, wood, 
glass, metals, food wastes, dirt, ashes, and brick. 
A large percentage of this material can be reused 
or recycled. 

Recycling the maximum amount of waste possible 
has several benefits: it helps to solve the waste 
disposal problem, it offers an alternative to the 
use of new resources, and it conserves energy. In 
1989, the General Assembly set recycling goals for 
communities. By 1991, communities should have 
attained a recycling rate of 10 percent, a 15 
percent rate by 1993, and a 25 percent rate by 
1995. By 1993, most of the communities had 
achieved a 15 percent or higher recycling rate. 
About 2.9 million tons of materials were recycled. 
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Commercial businesses were the largest using pesticides, buy only the amount you need 
contributor at 46 percent, while industries 
recycled at 32 percent, and Virginia households 
contributed 22 percent of the recycled materials. 
There are 608 collection centers operated by 146 
local governments gathering recyclables. For more 
information on recycling, contact the Virginia 
Recycling Association (703)549-9263 or the 
Central Virginia Waste Management Authority 
(800)732-3493. 

Improperly discarded oil can cause serious 
problems for ground water. A single quart of oil 
can contaminate up to 2 million gallons of 
drinking water. And research shows that over 4.4 
million gallons of used oil are improperly dis
posed of by do-it-yourself oil changers in Virginia 
each year. Used oil may be recycled through 
participants in the Used Oil Recycling Program 
(contact your local Recycling Coordinator), and 
used lead/acid car batteries, which are collected 
for recycling by large chain auto service 
organizations or other auto maintenance/battery 
replacement businesses. Used oil filters which 
have been hot drained may be discarded with 
normal trash. The EPA has recently determined 
that filters managed by this method would not be 
considered a hazardous waste. Used antifreeze is 
not normally regulated as a hazardous waste even 
among regulated businesses. It is usually managed 
through the sanitary sewer system, with copious 
dilution, and treated in the local municipal 
wastewater treatment facility to yield harmless 
products (the danger in antifreeze that we are all 
aware of comes from its concentrated form, which 
is toxic when ingested by animals or people). 
Recently, some businesses have started collecting 
antifreeze for recycling, but this practice is not yet 
widespread. For more information on locations 
that accept hazardous household materials such 
as used oil and filters, antifreeze, and diesel fuel, 
call the CVWMA at (800)732-3493. 

Discarded oil based paints, which may contain 
organic solvents or heavy metal pigments, may be 
solidified by air drying or by the addition of kitty 
litter or sawdust before disposal with normal 
household trash. This minimizes fire or explosion 
dangers from the solvents and may help to 
immobilize pigments. It is also recommended that 
latex paints be allowed to harden before disposal. 
Before disposal of waste paint, seek out 
potential recyclers / reusers, such as neighbors, 
community improvement groups, or theater 
groups who may be able to use the paint. When 

and use it up completely. If this is not possible, 
give it to someone who can use it responsibly and 
safely. As a last resort, solidify the material, 
wrap the container in newspapers or other 
absorbent material, and place it into some type of 
closed container for disposal with household 
trash. This minimizes the potential contact with 
sanitation workers and possibly slows its 
migration into the environment. Household 
cleaning products may also be disposed of in this 
manner. 

Old fuels (gasoline, kerosene) are difficult to 
manage safely due to fire and explosion risks. The 
best method for disposal is to find someone who 
can use it, or blend small amounts with new fuels 
for use. As a last resort, the fuel can be 
evaporated, but only if it can be done safely 
without danger of fire or exposure to children and 
animals. 

Certain wastes, such as strong acids or poisons 
are best handled by trained professional. 
However, a fee is usually involved. In general, 
disposal of household hazardous waste requires 
some effort on the part of the homeowner to seek 
alternatives to disposal in a sanitary landfill. 

An increasingly popular alternative to disposal of 
industrial wastes is waste exchange, the direct 
shipment of wastes to other companies which can 
use the waste material. The Appalachian Regional 
Recycling Consortium is a recycling service for 
small business development and industrial 
technical assistance. The Southwest Virginia 
Commodities Trader is a newsletter listing the 
commodities that are available in a waste 
exchange system. For more information, call 
(540)639-9314. 

In Virginia, resource recovery facilities (trash-to
energy incinerators) are being built to decrease 
the amount of trash sent to landfills and to supply 
energy in the form of steam or electricity for local 
use. Local governments and groups in Virginia are 
considering incineration as a possible option for 
saving land and reducing garbage disposal costs. 
The VDEQ regulates incineration facilities across 
the state. Although incineration can reduce the 
refuse sent to landfills by about 80 percent, it can 
create other problems. Harmful materials such as 
heavy metals may be concentrated in the ash and 
may require special handling for disposal. 
Poisonous gases given off may add to air 
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pollution problems. Dioxin, a known carcinogen, 
is a by-product of the combustion process. 
Integrated programs of waste management - the 
use of incineration, waste reduction, energy and 
waste recovery, and recycling in addition to 
traditional landfilling -are becoming more 
popular nationwide. Environmental laws on air 
and water pollution, cost and difficulty in 
obtaining appropriate sites for sanitary landfills 
and incineration facilities, and new technologies 
for cost-effective recovery and recycling continue 
to stimulate new solutions to the long-term 
disposal of waste. 

• The VDEQ has a number of publications available 
which discuss options for disposal of waste 
household hazardous products. They also have a 
list of recycling centers accepting materials such 
as newspapers, glass, plastics, and aluminum for 
recycling. Contact the VDEQ at (804)698-4000 if 
you would like any of these materials. Also, 
check with your local extension agent, regional 
VDEQ office, local government organizations, 
public interest groups, or private firms to find out 
if there is a household hazardous waste collection 
program in your area, or contact the Virginia 
Recycling Association (703)549-9263. 

WHERE DOES OUR TRASH COME FROM AND WHERE DOES IT GO?
 

Trash Disposal
 

Incinerated 
14% 

Recycled 
13 % 

Landfill 
73% 

Generated Waste 

Other 
12% 

Food Wastes 
7% 

Paper 
39% 

Glass 
7% 

Plastics 
8% 

Metals 
9% 

Yard Trinunings 
18 % 

• 1992 National EPA statistics . 
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Mining 

Coal Mining 

In 1995, coal production in the u.s. totaled 
1,032,974 million short tons. The United States 
now has over 2,100 active coal mines. While 
Wyoming is the leading coal producer, 
approximately 40 percent of the nation's coal is 
produced in five eastern states: West Virginia, 
Virginia, Kentucky, Pennsylvania, and Ohio. 
Estimates made by the Energy Information 
Administration in 1995 indicated that the u.s. 
has enough coal to last another 250 years. 

Coal consumption for 1995 was 941 million short 
tons, a 1 percent increase over 1994. The electric 
utility sector consumed 88 percent of the total 
coal produced. Coal is the primary U.S. energy 
export, while imported coal declined to 7 million 
short tons in 1995, 5 percent less than in 1994. 
Between one-third and one-half of the world's 
total reserves of coal are located in the United 
States. 

Virginia's coal mining activities are centered in 
seven southwest Virginia counties: Buchanan, 
Dickenson, Lee, Russell, Scott, Tazewell, and 
Wise. Virginia's 1995 coal production totaled to 
over 34 million short tons. Coal is mined by both 
underground (deep) and surface methods. The 
first commercial underground coal mining in the 
United States began in the Richmond coal basin in 

18ththe century. Surface mining, historically 
referred to as strip mining, began in Virginia in the 
mid-1940's, and nearly 100,000 acres were 
surface mined during the next 40 years. 

Underground mining methods include partial and 
high extraction. In partial extraction (room and 
pillar), pillars of coal are used to support the 
roof. Only about 50-65 percent of the coal is 
mined. There are two types of high-extraction 
mining. In the pillar-retreat method, after the coal 
has been removed by mining, the pillars are cut or 
removed as the coal operation retreats, removing 
greater than 70 percent of the coal. Longwall 
mining removes coal in large areas (panels) using 
temporary supports in the mine area. Most mining 
in Virginia is conducted using high-extraction 
methods. 

Environmental problems can be associated with 
coal mining. Mining can affect water quality, 
lower the water table, alter the movement and 

recharge of ground water, and cause land 
subsidence. 

The disposal of mining wastes also can cause 
environmental problems. As much as eight tons of 
rock may be removed for every ton of coal 
produced. This waste rock, called spoil, often is 
placed in above ground fills. 

Coal mining can affect ground water in two ways. 
First, interruption of the aquifer by excavations or 
subsidence can cause loss of water in nearby 
wells. Subsidence can allow the introduction of 
surface materials into aquifers. Second, 
contamination of ground water can occur from 
acid mine drainage and from the runoff of 
materials from mines and mine wastes. Pyrites 
and other sulfides are often found with coal. 
Exposure of these minerals to oxygen, and 
reintroducing the minerals to water, may result in 
acidic ground water with high levels of iron and 
sulfates. 

Coal Mining Laws and Reclamation 

The federal Surface Mining Control and 
Reclamation Act of 1977 regulates surface coal 
mining and reclamation and requires applying 
techniques to minimize the draining of ground 
water and to prevent acid mine drainage. The 
Virginia Coal Surface Mining Control Reclamation 
Act of 1979 (Chapter 19 of Title 45.1 of the Code 
of Virginia) is the state law that regulates surface 
mining. The federal Energy Policy Act of 1992 
required the replacement of certain water supplies 
impacted by underground mining. Virginia 
followed the federal mandate, and in 1993, the 
General Assembly amended Chapter 19 of the 
Code of Virginia, making the eligibility for water 
replacement contingent on several criteria. The 
water supply must be used for drinking, domestic, 
or residential use; be from a well or spring, and 
have been in existence prior to the date the coal 
operator applied for the permit to mine the area. 
Additionally, the associated mining must have 
taken place on or after October 24, 1992. 

The Department of Mines, Minerals, and Energy's 
Abandoned Mine Lands (AML) group, in the 
Division of Mined Land Reclamation, reclaims 
Virginia's abandoned coal mine lands. The federal 
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Surface Mining Control and Reclamation Act state. Nonfuel minerals and mineral products 
established a fund financed wi th fees assessed on 
coal production (35 cents per ton on surface coal, 
and 15 cents per ton on underground coal) to 
reclaim and rehabilitate previously mined sites. 
Virginia receives about 70 percent of the 
abandoned mine land taxes collected in the state. 
The amount varies from year to year depending 
on the amount of fees collected, the number of 
emergencies that occur for any given year, and the 
number and cost of other critical non-water 
projects. The AML program primarily funds the 
highest priori ty sites (priori ty 1 and 2) because 
these present either an extreme danger to or 
adversely affect public health, general welfare, 
property, or safety. The AML program also funds 
replacement of water supplies affected by past 
mining, and remediation of acid mine drainage. 

Virginia has an estimated 69,000 acres of 
abandoned or disturbed land, including surface 
mined lands, refuse piles, and sites for loading 
and preparation. DMME has estimated that at 
current funding rates, it will take the state over 50 
years to reclaim just the priority 1 and 2 AML 
sites in southwest Virginia. To date, 3,000 acres 
have been reclaimed, and eight water projects 
have been fully or partially funded. 

Surface Mine in Russell County. 

Mineral Mining 

Virginia's nonfuel mineral production was valued 
at $517 million in 1995, a 3 percent increase over 
1994, and was ranked 24 th among the 50 states in 
total nonfuel mineral production. Crushed stone 
made up 66 percent of Virginia's nonfuel mineral 
production. From 1990-95, more than 300 million 
metric tons of crushed stone were mined in the 

having the highest dollar values were crushed 
stone, lime, construction sand, and gravel. 

Like coal mines, non-fuel mineral mining sites 
generate mine wastes called spoil or tailings 
(finely ground rock created in the ore extraction 
and cleaning process) which are stored above 
ground. Precipitation on uncovered spoil piles 
and tailings can allow the release of lead, zinc, 
copper, arsenic, other heavy metals, and sulfuric 
acid. Use of sediment control is necessary on 
mineral mines to control runoff into surface 
waters. 

Additional impacts to ground water can result 
when mineral mines intersect aquifers. In these 
cases, large amounts of water must be pumped to 
the surface. This dewatering of mines can lower 
the water table below the intake of producing 
wells, and reduce the amount of water supplied 
to area well users. In areas with underlying salt 
water or areas near the ocean, this withdrawal of 
water can result in saltwater intrusion. 

Virginia legislation was enacted in 1978 to 
establish a noncoal orphaned land reclamation 
program managed by the Department of Mines, 
Minerals, and Energy's Division of Mineral 
Mining. Funds for reclamation of these mines are 
received from interest earned on a state-managed 
industry program. Payments are made by 
participating owners to the Minerals Reclamation 
Fund based on acreage disturbed by the 
operations. This fund assures the reclamation of 
active mines and is a requirement of Virginia's 
Minerals Other Than Coal Surface Mining Law. 

What You Can Do 

Ground water damage can be minimized by 
employing best management techniques and the 
best technology. Federal and state permits are 
required for mining activities and disposal of mine 
wastes. Threats to ground water quality can be 
reduced by neutralizing acid mine drainage and 
sealing areas affected by mining activities. The 
publication, Reclamation Guidelines for Surface 
Mined Land in Southwestern Virginia, Virginia 
Cooperative Extension Publication 460-120, 
provides information on the results of the research 
and education program supported by the Powell 
River Project since 1990 on the reclamation of 
mined lands. 
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If you are aware of an orphaned noncoal mine site 
in your area or want additional information on 
Virginia's Orphan Land Program, contact the 
Virginia Department of Mines, Minerals, and 
Energy, Division of Mineral Mining, telephone 
(804) 961-5000. To report locations of abandoned 
coal mining sites or problems associated with 
their abandonment, contact the Department of 
Mines, Minerals, and Energy's Abandoned Mine 
Lands Group at the Division of Mined Land 
Reclamation, P.O. Drawer 900, Big Stone Gap, 
Virginia 24219, telephone (540) 523-8206. 
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Saltwater Intrusion 

There are areas in Virginia that have aquifers with 
potentially high chloride levels. High chloride 
levels in ground water may occur naturally. Wells 
and pumping can cause its intrusion into fresh
water aquifers. Modifications of land surfaces, 
estuaries, and shorelines can cause saltwater 
intrusion from the ocean. Surface salting, such as 
on roads in winter, can cause artificial 
contamination. 

In the southwestern Cumberland Plateau of 
Virginia, water with high chloride levels may be 
found in deposits within 150 feet of valley 
bottoms. Beds of shale generally prevent deeper 
salty water from entering freshwater aquifers. 
However, abandoned and improperly plugged gas 
wells and coal exploration wells can serve as 
vertical conduits for the upward movement of 
waters. 

The Valley and Ridge Province has some of the 
most productive aquifers in the state, but even 
they can be contaminated with high chlorides. 

Wells are generally less than 300 feet deep and 
usually do not encounter high chloride at this 
depth, but shallow aquifers in limestone areas 
with solution channels and sinkholes can become 
contaminated by surface applications of salt. 

In the coastal area of Virginia, high chloride levels 
can be found in aquifers underlying Virginia 
Beach, Norfolk, and parts of Chesapeake and 
Portsmouth extending westerly in a wedge to the 
eastern parts of Isle of Wight and Southampton 
counties. According to the federal drinking water 
standards for public water systems, 
concentrations of 250 milligrams per liter (mg/l) 
of chloride, the limit for safe drinking water, can 
be found at 100 feet below sea level in extreme 
southeastern Virginia to 1,400 feet below sea level 
in the Northern Neck. The entire Eastern Shore 
area of Virginia has increased chlorides at depths 
of 300 feet or more. Before extensive development 
on land, high chlorides were probably flushed out 
of the system by the natural seaward movement 
of fresh water from the fall line. Increased 
pumping of ground water has allowed salt water 
to move inland. 

A study released in 1992 by the U.S. Geological 
Survey warned that saltwater was replacing 

freshwater in some Eastern Shore wells. The 
areas around Chincoteague, Exmore, and Cape 
Charles have the greatest potential for saltwater 
intrusion. Under the Chesapeake Bay off Cape 
Charles, there is an ancient riverbed that has cut a 
gap in the clay layer that protects the areas' 
freshwater. Increased pumping, over a period of 
time, could pull water from the bay into the fresh 
water aquifer. Already, there are indications that 
saltwater is rising up through these ancient river 
channels beneath the peninsula. Ancient river 
beds that cross beneath the peninsula near 
Exmore and Cheriton have also carved through 
the clay layer that protects the aquifer. The 
material in this area is more porous and allows 
the underlaying saltwater to rise higher. Water 
with excessive levels of chloride is coming up into 
the deeper parts of the drinking water aquifers 
near Exmore, Occohannock Neck, Nassawadox 
Creek, Cape Charles, and Cheriton. The U.S. 
Geological Survey recommends that pumping be 
concentrated along the spine in the center of the 
peninsula rather than near the shoreline. 

Ground Water Management Act of 1992 

The 1992 session of the Virginia General 
Assembly passed the Ground Water Management 
Act of 1992, significantly changing the act 
originally adopted in 1973. Ground water 
withdrawal rights established by the new act were 
based on need as opposed to the 1973 Act, which 
established withdrawal rights based on maximum 
daily withdrawal. The new act required that the 
Virginia Water Control Board (VWCB) adopt 
ground water withdrawal regulations and issue 
ground water withdrawal permits within ground 
water management areas in accordance with these 
regulations. 

The Ground Water Withdrawal Regulation (VAC
25-610-10 et seq) provided the mechanism to 
establish ground water management areas and 
required that all users of more than 300,000 
gallons of ground water per month apply for and 
receive a ground water withdrawal permit. The 
regulation established requirements for 
information that an applicant had to supply in a 
ground water withdrawal application and the 
criteria that the staff of the VDEQ would use 
when evaluating such applications. 
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Ground Water Management Areas in
 
Virginia 

• Northampton County 
• Prince George County 
• Southampton County 
• Surry County 
• Sussex County 
• Charles City County 
• James City County 
• King William County 
• New Kent County 
• York County 
• Chesterfield County* 
• Hanover County* 
• Henrico County* 
• City of Chesapeake 
• City of Franklin 
• City of Hopewell 
• City of Norfolk 

• City of Portsmouth 

• City of Suffolk 

• City of Virginia Beach 

• City of Hampton 

• City of Newport News 

• City of Poquoson 

• City of Williamsburg 

* Only those portions east of 1-95 are included. 

• What You Can Do 

CONSERVE. If you live where saltwater intrusion 
is a potential or already existing problem, water 
conservation is probably the best contribution you 
can make to solving the problem. Limiting "luxury" 
water use and adopting conservation measures, 
such as turning off faucets while brushing teeth, 
shampooing, shaving, or washing can help. If 
lawns and gardens must be watered, don't use 
spray irrigation. Much of that water evaporates 
before reaching the plants that need it. Drip 
irrigation, a method which delivers small amounts 
of water throughout the day to meet the plant's 
water requirements, minimizes the loss of water 
through evaporation. 

Higher fees for water may encourage residents 
and industries to significantly reduce the amount 
of water they use, lessening the effects of major 
withdrawals and allowing aquifers more time to 
recharge. Once an area has lost its ground water 
to saltwater intrusion, developing new water 
supplies can be very expensive. 
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/' Stockpilers and Bulk Storage 

Storing large quantities of materials at convenient 
locations allows the materials to be efficiently 
transported and used. Coal, sand, gravel, potash, 
gypsum, copper ore, iron ore, and uranium 
commonly are stored in stockpiles. Across the 
country, approximately 700 million tons of 
materials are stockpiled each year. 

Unfortunately, even a product seemingly as 
harmless as common salt (sodium chloride) can 
contaminate aquifers if it is improperly stored, 
rendering the water unfit for humans and 
livestock to drink. Salt used in winter to melt ice 
on roads in rural and municipal areas poses a 
threat when it is washed into surface waters or 
percolates through soil into aquifers. Other 
chemicals added to road salt to reduce caking 
(sodium ferrocyanide) and corrosiveness 
(chromate and phosphate) can find their way into 
ground water with the sodium chloride. Sodium 
ferrocyanide is soluble in the rain and melted 
snow that infiltrate unprotected stockpiles. 
Solutions of this compound can enter ground 
water and result in concentrations of cyanide 
above safe levels. Officials with the Virginia 
Department of Highways and Transportation are 
aware of the dangers of storing road sal t 
improperly and have taken steps to improve 
storage practices that protect ground water 
resources. 

Stockpiling of used tires can be a problem in 
Virginia. Over 17 million used tires are stockpiled 
in the state and 4 million are added yearly. In 
1993, VDEQ's Waste Tire Program found that 
there were more than 700 piles of tires wi th more 
than 100 tires each located across the state. Not 
only are these piles unsightly, but they create 
hazardous wastes if they catch fire. 

What You Can Do 

Waste tires can be recycled for other uses. In 
1990, Virginia began taxing new tire purchases. 
The Waste Tire Fund receives 50 cents per new 
tire sold and this money is used to help regions 
deal with the flow of waste tires . New 
regulations in 1994 allowed VDEQ to use up to 
75 percent of the monies collected to fund 
reimbursements to businesses making useful 
products from waste tires. 
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Underground Injection 

The Environmental Protection Agency is required 
to prescribe an Underground Injection Control 
program for each state that does not have its 
own, and has done so for Virginia. There are five 
classification categories of injection wells 
recognized by the Environmental Protection 
Agency, termed Class I through V. Class I wells 
inject large volumes of hazardous and non
hazardous wastes into deep, isolated rock 
formations that are separated from the lowermost 
underground source of drinking water by many 
layers of impermeable clay and rock. Class IT 
wells inject fluids associated with oil and natural 
gas production. Most of the injected fluid is brine 
that is produced when oil and gas are extracted 
from the earth (about 10 barrels for every barrel of 
oil). Fifty percent of the salt and 80 percent of 
the uranium extraction in the u.s. use Class ill 
wells. Super hot steam or water is injected into 
mineral formations, which is then pumped to the 
surface and extracted. Class IV wells have been 
banned because they were used to inject 
hazardous or radioactive wastes into or above 
underground sources of drinking water. Wells 
that do not fall into the other classes are called 
Class V wells. Class V injection wells are 
generally shallow waste disposal wells, 
stormwater and agricultural drainage systems, or 
other devices that are used to release fluids above 
or into underground sources of drinking water. 
The EPA estimates that there are more than one 
million Class V wells in existent in the u.s. 

Nearly all of Virginia's injection wells are Class V. 
More than 32 types of injection wells fit into this 
category. Examples of these are cesspools, cooling 
water return flow wells, heat pump exchange 
wells, drainage wells, sand backfill wells, septic 
system wells, subsidence control wells, spent 
brine return wells, and solution mining wells. 

Under the Underground Injection Control program 
for Virginia, owners or operators of Class V wells 
must report the existence of the wells to the 

Environmental Protection Agency to provide the 
federal agency with information for its inventory 
of Virginia underground injection wells. Although 
permits are not required for Class V wells, 
immediate action will be taken by the 
Environmental Protection Agency or the state on 
any Class V well that poses a risk to human 
health. 

Responses may include closing wells, civil or 
criminal penalties, or requirements to apply for a 
permit. The EPA, in 1995, announced regulatory 
amendments to Class V injection wells to clarify 
the nature and classification of Class V injection 
wells, and to define the responsible party. This 
was an effort to make it easier to close Class V 
wells which may endangers ground water. 

Although no permitting regulations exist for Class 
V wells in Virginia, such underground injection 
wells can have a variety of negative effects on 
ground water. Storm water runoff drainage wells 
collect deicing salts; lead, grease, and road oil; 
animal wastes, fertilizers, and pesticides; and 
other substances that can migrate to ground 
water. Waste disposal wells may introduce 
contaminants directly to ground water. Cesspools 
that are excessively deep or excavated in an area 
with a high water table provide a direct conduit 
for contaminants to reach ground water. Injection 
wells used as return wells for heat pumps or air 
conditioning systems can cause ground water 
problems with "thermal breakthrough;' which 
occurs when the water discharged from the return 
well does not have time to return to the 
temperature of the aquifer before being drawn into 
the supply well. 

What Can You Do 

If you have questions about underground injection 
wells, contact the EPA Region ill Underground 
Injection Control Branch, at (215)566-5461. 
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Spills and Leaks 

Media reports of toxic spills and leaks have 
become an every day occurrence for the average 
citizens. Prospects of hazardous materials 
emergencies are great in Virginia, where an 
estimated 18 percent of the trucks on highways 
carry hazardous materials. Nationwide, in 1988, 
approximately four billion tons of hazardous 
waste was transported to treatment, storage, or 
disposal facilities, and 10,000 to 16,000 spills of 
14 -million tons of hazardous waste were 
reported. 

The Virginia Water Control Board (now VDEQ) 
responded to over 2,400 pollution complaints in 
1993. Spills and leaks of petroleum products are 
the most common. The u.s. Coast Guard, which 
regulates oil spills in navigable waters, reports 
that tankers and barges are involved in about 90 
percent of the commercial shipping accidents 
reported on the Chesapeake Bay and its 
tributaries annually. The most common cargo is 
petroleum No.6 oil which is used to fuel steam 
boilers in ships and large power plants. Trains 
carrying hazardous materials were involved in 
accidents around the country on a daily basis. 

Transportation spills occur frequently and are 
widely reported in the media. 

Although spills that occur during transportation 
may be more widely publicized, spills at fixed 
facilities are probably much more common. In 
1980, a spill in Orange County, Virginia was 
ranked the 16th largest (at the time it occurred) in 
the nation in terms of gallons spilled. Much of the 

212,000 gallons of kerosene made its way into the 
Rapidan and Rappahannock rivers. Over 400,000 
gallons of oil was released when an oil pipeline 
ruptured at Colonial Pipeline in Fairfax County, 
Virginia in March 1993. EPA lists this spill along 
with the Exxon Valdez, 1989; Ashland Oil, 
Pennsylvania, 1988; Tampa Bay Barge Collision, 
Tampa Bay, Florida, 1993 as one of the most 
significant oil spills taking place in the decade. 
Aboveground storage tanks, according to VDEQ 
records are also responsible for ground water 
contamination either from over filling, tank 
leakage, or maintenance and equipment failure. 

As a response to the Exxon Valdez accident that 
occurred when the ship ran aground in Alaska's 
Prince William Sound in 1989, Congress passed 
the Oil Pollution Act of 1990. This act made the 
owner or operator of a facility from which oil is 
discharged liable for the costs associated with the 
containment or cleanup of the spill and any 
damages that are a result of the spill. On July 1, 
1994, EPA and the U.S. Coast Guard revised the 
Oil Pollution regulations to include requirements 
that owners or operators of a 
"substantial/significant harm facili ty" 
prepare/ submit plans for responding to a worst
case scenario of an oil discharge. 

What You Can Do 

Report spills, chemical releases, or radiological 
incidents by calling the Virginia Department of 
Emergency Services. They can be reached 24 hours 
a day, seven days a week at 1-800-468-8892 or 
(804)674-2400. 
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Abandoned Wells 

Improperly constructed and abandoned wells are 
considered by health officials to be a threat to 
public safety and a potential source of ground 
water contamination in Virginia. Improperly 
abandoned wells can provide a direct conduit for 
surface runoff carrying contaminants. Wells that 
are no longer usable or are abandoned must be 
properly sealed. Procedures for sealing an 
abandoned well are outlined in Virginia's Private 
Well Regulations, VR 355-34-100, Section 3.11 
Well Abandonment and require that abandoned 
wells be totally or partially filled with bentonite 
and or cement. Wells that are recommended for 
abandonment under the regulations are generally 
those found during a lot survey for a septic 
system permit or when a homeowner applies for a 
permit to install a new well. 

Make sure wells no longer in use have been 
properly abandoned .by following the Well 
Abandonment regulations. 

What You Can Do 

If you use well water, be sure your own well is 
properly located, built, and sealed. If you change 
to a different water system, be sure that you 
abandon your well properly. The Virginia Wa~er 
Resources Research Center's publication A GUIde 
to Private Wells provides information about well 
location, drilling, construction, maintenance, and 
abandonment. If you know of any abandoned 
wells, report them to your local health official. 
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Natural Constituents 

Ground water exists with naturally occurring 
contaminants. These contaminants reflect the soil 
and rock types through which it seeps or flows. 
Throughout Virginia, aquifers exist naturally with 
levels of sodium and chloride high enough to 
cause the water to taste salty. The state's anti
degradation policy provided by the Water 
Control Law reflects differences in the levels of 
sodium and chloride occurring in ground water 
across Virginia. To provide guidance in preventing 
ground water pollution, the Virginia Water 
Control Board has set recommended limits for 
sodium of 100 milligrams per liter (mg/l) in the 
Coastal Plain and 25 mg/l elsewhere in the state. 
Similarly, the state has recommended criteria of 
50 mg/l of chloride in the Coastal Plain and 25 
mg/l for the remainder of the state. The limits are 
not enforceable standards but serve as guidelines 
to prevent the degradation of ground water 
through use by industry and agriculture. 

High levels of iron (above the recommended level 
of 0.3 mg/l) and manganese (above the 
recommended level of 0.05 mg/l) can be found in 
ground water across the state. High 
concentrations of these metals are not dangerous, 
merely unpleasant. They stain laundry 
appliances, plumbing fixtures and clothes and 
give food and beverages a metallic taste. Sulfate, 
another unpleasant natural constituent, is found 
associated with various rock types, particularly 
those with pyrite or gypsum. The recommended 
level of sulfates is 250 mg/l (set by the federal 
drinking water standards for public water 
supplies); higher concentrations have a laxative 
effect and can give water an "off" flavor. Water 
samples in the Piedmont have contained sulfates 
in excess of 2,500 mg/I. 

High levels of fluoride are found in Coastal Plain 
ground water, and barium, zinc, lead, and copper 
in local deposits throughout the state can result in 
concentrations in water exceeding recommended 
levels. Fluoride provides a good example of the 
way that different concentrations of a substance 
can cause different human health effects. At a low 
concentration in drinking water, fluoride is 
thought to help prevent tooth decay. At higher 
concentrations, however, it can weaken and 
damage teeth and bones and cause mottling of the 
teeth. 

Radon, an invisible, odorless, radioactive gas 
produced from the decay of uranium and radium, 
occurs in fractured bedrock and soils throughout 
the Appalachian-Piedmont region. Sufficient 
doses of radon and its products can result in lung 
cancer. Radon easily escapes from water into the 
air, and the danger of radon-contaminated water 
is not from drinking the water but from breathing 
in the radon that escapes. The EPA recommends 
that homeowners take corrective action when 
indoor radon levels exceed 4 picocuries per liter of 
air (4 pci II). Simple techniques such as aeration 
or filtration through activated charcoal filters can 
remove radon from water. Because the filters 
concentrate the radioactivity, care must be taken 
in disposing of them. Radon's parent elements, 
radium and uranium, have been linked to bone 
cancer. Federal and state regulations allow 5 pci/J 
of radium in drinking water. 

Two types of naturally occurring bacteria may 
cause problems in drinking water systems. Iron 
bacteria combine mineral iron or manganese in the 
water with oxygen to produce rust-colored 
deposits. A brown slime building up on well 
screens, pipes, and plumbing fixtures indicates 
that high levels of these bacteria are 
contaminating the water. Although they don't 
cause health problems, they can cause odors, 
reduce well yields by clogging screens and pipes, 
and corrode plumbing. Sulfur bacteria, which also 
occur in soil and geological formations and can 
easily get into ground water, use sulfur to produce 
some of the same effects caused by iron bacteria. 
One type of sulfur bacteria converts sulfur com
pounds into hydrogen sulfide, the gas best known 
for its "rotten egg" smell. It also can corrode metal, 
concrete, and other materials. Another type 
converts sulfide into sulfur, and the result is a 
slime that can clog wells, plumbing, and irrigation 
systems. 

What You Can Do 

Have your drinking water tested. Virginia's public 
water systems are required to do bacteriological 
analyses at least monthly and a chemical analysis 
at least once every three years. Virginians who 
rely on private wells for drinking water are not 
protected by these requirements. If you're 
installing a new well, the Virginia Department of
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Water samples that have been 
improperly make it difficult to 
determine contamination. 

Health requires a bacterial test. Contact your local • cause the same problems as drinking them in your 
extension or health department office to obtain water. Another option is to purchase "point-of
the names of water testing laboratories closest to use" or home water treatment systems. Many 
you, and for instructions on the proper way to techniques are being developed to remove 
collect and transport water samples for testing. contaminants from water. 

For more information on the national drinking 
water standards, and private wells, contact the 
Virginia Water Resources Research Center for 
these publications: A Guide to the National 
Drinking Water Standards and Private Water 
Systems and A Guide to Private Wells. 

collected 
accurately 

Chemical tests may also necessary. Water that is 
free of coliform bacteria might still contain nitrate 
and chloride at concentrations that exceed the 
federal drinking water standards for public water 
systems. You should have a test for corrosivity 
and inorganic chemicals done at least once, 
preferably before you even begin using your water. 
An ideal time to have well water tested is before 
you move into a new residence. Corrosive or 
"aggressive" water will eat away at pipes, 
releasing copper, lead, zinc, or even chromium 
into your drinking water. Tests for naturally 
occurring minerals, such as manganese and iron, 
can be performed by water softener dealers. In 
addition to the yearly bacteriological analysis and 
an initial test for pH, corrosivity, and a few 
metals, your well water should be tested if you 
notice any change in its smell or taste. 

If you discover that your drinking water is 
contaminated, you will need to have an 
alternative source. One alternative to using 
contaminated water is to buy bottled water. 
However, just changing the water you drink may 
not solve the problem. New evidence on volatile 
organic compounds suggests that certain of these 
chemicals may be inhaled or absorbed through the 
skin while showering or bathing. Breathing the 
vapors may endanger human health, and absorp
tion of organic contaminants through the skin may 
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Protecting Your Water Supply 

People everywhere want clean and safe drinking water for themselves and their families. Throughout this 
book, we've presented information that Virginians can use to help protect the state's ground water. Despite 
efforts by government at all levels, ground water contamination problems won't be solved immediately. 
Take an active role in ensuring the safety of your own drinking water by acting responsibly and educating 
yourself about water contaminants. For more information, contact your local health department or 
extension agent. The Virginia Water Resources Research Center has publications on private wells, the 
federal drinking water standards, and ground water protection available upon request. 

u.s. Geological Survey 
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Valley 

Northern 
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South Central 

Virginia Department of Environmental Quality (VDEQ) Regions and Regional Offices 

VDEQ Central Office 
629 E. Main Street 
P.O. Box 10009 
Richmond, VA 23240 
(804)698-4000 
FAX: (804)6984500 

Southwest Regional Office 
355Deadmore St. 
P.O. Box 1688 
Abingdon, VA 24212 
(540)676-4800 
FAX: (540)676-4899 

West Central Regional Office 
3019 Peters Creek Rd. 
Roanoke, VA 24019 
(540)562-6700 
FAX: (540)562-6725 

Northern Regional Office 
13901 Crown Court 
Woodbridge, VA 22193 
(703)583-3800 
FAX: (703)583-3801 

Piedmont Regional Office 
4949 A. Cox Road 
Glen Allen, VA 23060 
(804)527-5020 
FAX: (804)527-5160 

Tidewater Regional Office 
5636 Southern Blvd. 
Virginia Beach, VA 23462 
(757)518-2000 
FAX: (757)518-2103 

Valley Regional Office 
4411 Early Rd. 
P.O. Box 1129 
Harrisonburg, VA 22801 
(540)574-7800 
FAX: (540)574-7878 

South Central Regional Office 
7705 Timberlake Road 
Lynchburg, VA 24502 
(804)582-5120 
FAC<:(804)582-5125 
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