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Introduction

ver three million rural residents of

Pennsylvania rely on a private water system

(individual well, spring, or cistern) for their
home water supply. These water supplies generally
provide adequate and safe drinking water for rural
homes that lie outside the area served by public water
supplies. In addition, surveys of homeowners with
private water systems have found that more than 80
percent are satisfied with their water supply.

Despite this general satisfaction, rural
homeowners often face challenges in managing their
water supply. That’s because, unlike public water
supplies, managing private water systems is entirely
the homeowner’s responsibility. Some homeowners
who grew up in rural areas are accustomed to
private water systems, but the increased migration
of city dwellers into rural areas has meant that
many homeowners are unfamiliar with the basic

management of these water supplies.

Homeowners may be unaware of the
proper design, construction, testing, and treatment
that are often necessary to ensure safe drinking water
from these supplies. As a result, many problems
go unnoticed. One recent study of 700 private well
owners found that fewer than 20 percent were aware
of the water-quality problems that existed in their
drinking water.

This manual is intended as a guide for
private water system owners in Pennsylvania. From
proper location and construction to recommended
testing and treatment strategies, it will help you
make educated decisions about your water supply.
Before following any of the suggestions made in
this publication, check with your local, county, and
state government to make certain that any existing

regulations are met.







Chapter 1—Groundwater

THE HYDROLOGIC CYCLE

Any discussion of groundwater must start with an un-
derstanding of the hydrologic cycle, the movement of
water in the environment. As the word “cycle” implies,
there is no beginning or end to the hydrologic cycle; it
is merely the continuous movement of water between
places.

Let’s start with precipitation. Rain is the dominant
form of precipitation across Pennsylvania, accounting
for more than 75 percent of the total annual precipita-
tion on average. Snow is the other major form, which
generally accounts for less than 10 percent of the annu-
al precipitation in southern Pennsylvania and up to 25
percent of the annual precipitation in some northern
counties. The amount of precipitation is surprisingly
variable across the state, ranging from just 32 inches in
Tioga County to more than 48 inches along the Allegh-
eny Front and the Poconos. On average, the state re-
ceives approximately 40 inches of annual precipitation
(rain and melted snow) as a whole.

Where does all this precipitation come from? All
precipitation originates from water evaporated some-
where on the Earth’s surface. Some of the rainfall in
Pennsylvania comes from water that evaporated from
tropical parts of the oceans. Near the equator, the
sun provides enough energy throughout the year to
evaporate huge quantities of water that fall as precipita-
tion all over the world. However, precipitation during
isolated thunderstorms or lake-effect snow squalls may
originate from evaporation much closer to home.

The sun powers the hydrologic cycle, evaporat-
ing water from all over the Earth’s surface, including
water in oceans, lakes, fields, lawns, rooftops, and
driveways (Figure 1.1). Plants also use the sun’s energy
to evaporate water by taking it from the soil, using it
to grow, and releasing it into the atmosphere through
their leaves in a process called transpiration. Evapora-
tion and transpiration are commonly combined and
referred to as evapotranspiration (ET). Nearly all the
precipitation that falls during the growing season in
Pennsylvania is returned to the atmosphere through
ET. During the winter months, however, very little ET
occurs because plants do not use much water and the
sun is too low in the sky to cause much evaporation.
Over the entire year, about 50 percent of the precipita-
tion that falls across the Commonwealth returns to the
atmosphere through ET.

Figure 1.1. The hydrologic cycle for an average year in
Pennsylvania.
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What happens to precipitation that reaches the
earth and is not evaporated or transpired by plants?
About 7 inches of Pennsylvania’s annual precipitation
enters streams directly as runoff, either as overland
flow, which travels over the land surface, or as inter-
flow, which moves toward streams through soil. The
remainder of the precipitation, about 13 inches, is in
the form of recharge—precipitation that infiltrates
the soil surface, trickles downward by gravity, and
becomes the groundwater that feeds the springs,
streams, and wells of Pennsylvania. Most of this re-
charge occurs from rain and melting snow during
early spring and late fall when the soil is not frozen
and plants are not actively growing. Adequate precipi-
tation and snowmelt during these short time periods
is critical for supplying groundwater. All groundwater
was once surface water, and it will be again because
groundwater is an integral part of the hydrologic
cycle. This is nature’s way of recycling water.




GROUNDWATER BASICS

Precipitation that does not quickly run off into
streams, is not evaporated by the sun, or does not
get taken up by plant roots slowly infiltrates through
layers of soil and rock to become groundwater. This
infiltrating water eventually reaches a saturated layer
of sand, gravel, or rock called an aquifer. Aquifers may
occur a few feet below the land surface, but they are
more commonly found at depths greater than 100
feet in Pennsylvania. Some groundwater occurs in the
pore spaces of solid rock, but most occurs in cracks
and fractures in rock layers or between sand and grav-
el particles. Therefore, groundwater normally occurs
in small spaces within the different aquifer materials
and not as underground lakes or rivers (Figure 1.2).
Geologic formations called aquitards may also lie
within the saturated zone. These formations are usu-
ally made of clay or dense solid rock that inhibits in-
filtrating groundwater from moving through it. Aqui-
tards restrict groundwater movement to and between
aquifers. Aquitards located above and below an aqui-
fer form a confined aquifer. If this aquifer is tapped
with a well, artesian pressure forces the trapped water
to rise in the well to an elevation higher than the top
of the aquifer unit. If the pressure is great enough,
the water may rise to the land surface, creating a flow-
ing artesian well. An aquifer with no aquitard above it
is an unconfined aquifer. In wells penetrating this type
of aquifer, the water level within the well and the aqui-
fer are the same. At any given location, several distinct
aquifers may exist below the ground surface at differ-
ent depths separated by aquitards.

The top of the uppermost unconfined aquifer is
called the water table. During rainfall, the water table
rises toward the ground surface as percolating rain-
fall is added to the groundwater aquifer. During dry
periods, the water table will fall deeper underground
as groundwater is discharged from the aquifer into
springs, streams, and wells.

Directly above the water table lies the unsaturated
zone, where the spaces between soil and rock particles
contain both air and water—air in the larger open-
ings, water in the smaller ones. Moisture conditions in
the unsaturated zone vary greatly depending on the
weather. Immediately after a heavy rain, even the large
pores of the unsaturated zone may hold water. Dur-
ing a drought, most pores are filled with air, and the
little remaining water exists in thin films around soil
particles.

Groundwater does not simply remain stagnant un-
der the ground. Rather, it moves underground from
upland to lowland areas. Groundwater flows down-
hill—the direction of groundwater flow underground
can often be approximated by visualizing how water
would flow on the ground surface. Flowing groundwa-
ter eventually reaches a discharge point where the wa-
ter table meets the land surface. Springs are a classic
discharge point where groundwater bubbling to the
surface can be seen. Low-lying wetlands are another
example of a discharge point where groundwater is at
the soil surface.

Streams and lakes are the normal points of dis-
charge for groundwater. Every stream has a watershed,
which encompasses the land area that drains surface
and groundwater into the stream. Very small streams

Figure 1.2. How groundwater occurs below the Earth’s surface.
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may have a watershed of only a few acres, while ma-
jor rivers have watersheds that encompass millions

of acres. No matter where you stand, you are located
within one small watershed that is part of many other
larger watersheds. The largest rivers forming the ma-
jor watersheds of Pennsylvania all flow toward one of
the oceans.

The average Pennsylvania stream gets about
two-thirds of its flow from groundwater. Except for a
short time during and after rainstorms and snowmelt,
streams carry water provided only by groundwater that
seeps through stream banks and streambeds into the
channel (this is called baseflow). The groundwater
that forms a stream’s baseflow during dry weather
often takes a year or more to make the journey under-
ground to the streambed. In some groundwater flow

paths, it may take thousands of years for an individual
water molecule to travel to the stream after it reaches
the land surface as precipitation.

The situation is sometimes reversed—streams may
lose some of their flow to groundwater. This happens
when the water table lies below a stream and does
not intersect it. In some cases, different sections of
streams behave differently, with some portions gain-
ing groundwater and other losing it. In general, as
streams become larger as they near the ocean, they
contain increasing amounts of groundwater.

Groundwater aquifers vary in size and composi-
tion, and the amount and quality of groundwater
yielded is also different from aquifer to aquifer. There
are four major types of groundwater aquifers in Penn-
sylvania (Figure 1.3).

Figure 1.3.The four major types of groundwater aquifers in Pennsylvania.
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Depth (ft) Yield (gal/min)

Common May Common May
Aquifer type and description range exceed range exceed Typical water quality
Unconsolidated sand and gravel Soft water with less than 200 mg/| dissolved solids;
aquifers: sand, gravel, clay, and silt 20-200 250 100-1,000 2,300 some high iron concentrations
Sandstone and shale aquifers: fractured Sandstone layers have soft water with less than
sandstone and shale 80-200 400 5-60 600 200 mg/I dissolved solids; shale layers have hard

water and 200-250 mg/| dissolved solids

Carbonate rock aquifers: fractured Very hard water with more than 250 mg/I dissolved
limestone and dolomite 100-250 500 5-500 3,000  solids
Crystalline rock aquifers: fractured Soft water containing less than 200 mg/| dissolved
schist and gneiss 75-150 — 5-25 220 solids; some moderately hard water with high iron

concentrations

Note: ft = feet; mg/l = milligrams per liter; gal/min = gallons per minute

From Pennsylvania Geological Survey, 1999




An Important Resource

Groundwater in Pennsylvania is a vast resource and

is estimated to be more than twice as abundant as

the amount of water that flows annually in the state’s
streams. Pennsylvanians have tapped into this impor-
tant resource. Each day more than one billion gallons
of groundwater are pumped from aquifers through-
out the state for various uses. More than half of this
groundwater is used for domestic drinking-water sup-
plies, which demand high-quality, uncontaminated
water. Although smaller amounts of groundwater are
used for agricultural and mining purposes, groundwa-
ter still accounts for the majority of all the water used
for these activities (Figure 1.4).

Groundwater is especially vital to rural areas of
the state. Second only to Michigan for the largest
number of private water wells, Pennsylvania has more
than one million private water wells, supplying water
to more than three million rural residents (Figure
1.5). An additional 20,000 new private wells are drilled
each year around the state.

Although more groundwater wells are drilled
each year, the total groundwater usage across the
state has remained relatively stable over the past few
decades. Water conservation measures and education
have played an important role in keeping groundwa-
ter use constant. From 1985 to 1995, Pennsylvania’s
population increased by nearly 300,000, but average
water use fell from 66 to 62 gallons per person per
day. Water conservation measures, such as low-flush
toilets, front-loading washing machines, low-flow
showerheads, and outdoor rain barrels, can reduce
household water use by 30 percent. Reduced outdoor
water use is especially important because it saves water
that largely evaporates (consumptive water use) as op-
posed to water that is simply used and put back into
the ground (nonconsumptive water use).

In addition to water savings, water conservation
can also reduce yearly home energy costs by several
hundred dollars in every home. Thus, conserving
water means conserving energy. More information on
water conservation can be found in Chapter 6.

THREATS TO GROUNDWATER

People from many parts of Pennsylvania are con-
cerned about the future availability of adequate
groundwater for meeting home and business needs.
In some cases, these concerns are due to increasing
local use of groundwater that exceeds the amount of
recharge supplying the aquifer. More often, ground-
water supplies are threatened by expanding impervi-
ous coverage of the land surface. Each year, more land
area is being covered by roofs, sidewalks, driveways,
parking lots, and other surfaces that do not allow
rainwater to recharge the underlying groundwater

Figure 1.4. Groundwater use in Pennsylvania.
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aquifers. Every acre of land that is covered with an
impervious surface generates 27,000 gallons of sur-
face runoff instead of groundwater recharge during

a one-inch rainstorm. Without recharge water feed-
ing the aquifer, groundwater mining—water being
removed from the aquifer more quickly than it can be
recharged—may occur.

Groundwater mining has been documented in
parts of southeastern Pennsylvania, where impervious
cover has increased rapidly and groundwater with-
drawals have also increased. Water-resource planning
efforts initiated in Pennsylvania in 2003 aim to docu-
ment areas where groundwater resources are current-
ly overused or may be overused in the future. With
this information, local government planning officials
can more adequately guide future development based
on existing water resources.

Figure 1.5. Private water wells reportedly drilled
between 1963 and 1994 to serve individual homes in
Pennsylvania. Each dot represents one drilled well.
Data from the Pennsylvania Groundwater Information System
compiled by the Pennsylvania Geological Survey.




