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“Pennsylvania’s public natural resources are the common
property of all the people, including generations yet to come.
As trustee of these resources, the commonwealth shall
conserve and maintain them for the benefit of all the people.”
The Constitution of the Commonwealth of Pennsylvania,
Article I, Section 27
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Islands on Susquehanna River, Harrisburg.

Introduction

T

he Pennsylvania Water Resources Planning Act (Act 220 of 2002) requires
the Department of Environmental Protection (DEP) to produce and
regularly update a current State Water Plan that includes information on

Pennsylvania’s Water
Resources—Past, Present, Future

plan, as it lays out the landscape of Pennsylvania’s water and land resources and

Pennsylvania has a rich history that is marked
by natural, cultural and economic events,
s, and
milestones of enormous importance
mportance to the citizens
of the
e state and the n
nation. Many of the
e diverse
natural resourcess that fueled Pen
Pennsylvania’s
sylvania’s
nia’s early
e
economy still are key
y to the state’s
state’
s
current and future
prosperity. Most recognized among those assets are
timber, oil, natural gas and coal. But, of even greater
importance to our past, present and future is the
state’s abundant water resources:
 about 86,000 miles of streams

how they are managed. The atlas is intended to help people understand the basics

 nearly 4000 lakes, reservoirs and ponds

of water— what it is, where it comes from and how it is affected by natural events

 about 80 trillion gallons of groundwater

and human activities. Understanding these basics is the first and vital step toward

 over 404,000 acres of wetlands

water planning.

 56 miles of coast along the Delaware Estuary

the quality of the state’s water resources and quantifies the amount of water that is:
(1) available in Pennsylvania; (2) used by various sectors; and (3) needed to meet
current and projected demands. An up-to-date State Water Plan is an essential
tool for water resource managers, helping them to make informed decisions, avoid
conflicts and employ effective management practices to protect water resources.
DEP is updating the State Water Plan in several phases, including the compilation
of this State Water Atlas. The atlas represents a fundamental component of the

and 64 miles along Lake Erie (all the Great Lakes
The State Water Atlas also includes information on the many state, federal and

combined constitute 95 percent of the country’s

local agencies involved in protecting and restoring the state’s water resources, and

fresh surface water and 20 percent worldwide)

highlights successful case studies to inspire others when working toward solutions
for water resource problems.
One of the significant elements of this atlas, as well as the ongoing State Water
Plan updating process, is the collaboration that has taken place between DEP and
a host of statewide and regional interests. Hard-working, dedicated members of
a statewide committee and six regional committees—appointed following the
passage of the state Water Resources Planning Act—provide invaluable assistance
to DEP, exchange information and lend their expertise. This State Water Atlas,
which reflects that collaborative process, is divided into seven sections, starting
with the statewide section, followed by one for each of the state’s six major

Confluence of Allegheny and Monogahela
Rivers at Point State Park, Pittsburgh.

Despite the state’s overall abundance of water,
it is a finite resource and not always sufficiently
available in areas where it may be needed. Through
wise planning and proper management, however,
water resources can be a renewable resource.
Water conservation and sound water management
strategies are essential to ensure that adequate
water supplies will be available to protect public
health, sustain economic development and protect
the agricultural and natural resources of the
commonwealth.

watershed regions: Delaware Region, Upper/Middle Susquehanna Region, Lower
Susquehanna Region, Potomac Region, Ohio Region and Great Lakes Region. DEP and its many partners hope you find the atlas
informative and that it inspires you to become engaged in water resource activities taking place in your watershed.
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Water Planning for Pennsylvania’s Future

W

ater is essential to every aspect of our lives. We rely on water supplies for drinking, cooking, bathing, electric
generation, farming, food production and recreational activities such as fishing and boating. Water resources
cannot be taken for granted. Competing demands for water have stressed the quantity and quality of water

supplies in some areas of the commonwealth. Without proper planning, costly and disruptive conflicts over water could
become more frequent.

Registered Water Use
An important provision of the Water Resources Planning Act of 2002 called on DEP to establish a registration and
reporting program for water withdrawals of 10,000 gallons per day (gpd) or more of surface water or groundwater. This
registration program records withdrawals, including consumptive and non-consumptive water uses. It is important to
note the distinction between consumptive and non-consumptive water uses. Consumptive water uses are not returned
to the source from which the water was withdrawn—water is “lost” to evaporation, incorporation into products and
consumption by humans and livestock. Non-consumptive water uses return the water to the source after use. Those water
users meeting the withdrawal threshold must register and periodically report their data to DEP. DEP began implementing
this program in 2004 with no fees imposed on the registrants.

Using reported registration data, DEP is able to determine the amount of water being withdrawn by various water use
sectors and their percentage of the statewide total being used.

Pennsylvania Water Use
Thermoelectric 71%
Commercial 1%
Development along Lake Erie.

Agriculture 1%
Industry 9%
Mining 2%
Public Water Supply 16%

Source: PADEP, 2003
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Trout Run in Rye Township, Perry County.
Photo courtesy of Joe Greene.
As illustrated in the pie chart on page 4, the withdrawals, in millions of

water sources play an important role, especially

gallons per day, are as follows:

in Pennsylvania’s larger metropolitan areas. Some

 6,422 mgd, 71% - thermal electric generation
 1,406 mgd, 16% - public water supply
 784 mgd, 9% - industrial
 188 mgd, 2% - mining
 97 mgd, 1% - commercial
 57 mgd, 1% - agriculture
Although the registration data do not capture all water withdrawals, they
do allow DEP to illustrate areas of higher or lower water demand (see Daily
Water Use map on page 7).
The following categories (or sectors) of water withdrawals are common
in Pennsylvania:

Thermoelectric Generation
Electric generation represents the single largest use of water in
Pennsylvania, as well as the United States, and the demand is increasing
steadily. With three of the state’s top electric generating plants running on
nuclear power, Pennsylvania ranks second in the nation in nuclear power
generating capacity. Pennsylvania is part of an energy grid that spans all or
parts of 13 other states and the District of Columbia. In addition to serving
all of its own energy needs, the commonwealth exports approximately $3.8
billion in electricity each year.

Public Water Supply
While many Pennsylvanians get their drinking water from on-site private
wells, the majority of consumers rely on public water supply systems. More
than 2,100 community water supply systems in the state service more than
10.5 million people. Additionally, nearly 1,200 non-community systems
serve nearly a half million people, usually in schools or factories. A majority
of these non-community systems draw on groundwater sources. Surface

surface water sources draw from upland reservoirs
located in undeveloped watersheds. Other surface
sources withdraw water directly from large streams
or rivers where the water may have been used and
returned to the source several times before reaching
downstream drinking water intakes. When properly
planned and operated, wastewater collection and
treatment systems protect the quality of water in the
commonwealth. Adoption of state-of-the-art water
treatment technologies is providing new opportunities
for wastewater reuse.

Industry
Industries in Pennsylvania withdraw over one billion
gallons per day from surface water and groundwater. Pennsylvania was the
nation’s first manufacturing center. Today, manufacturers employ more
than 640,000 Pennsylvanians. Most manufacturing processes require water
for creating steam, cooling, cleaning and use in the product itself.

Mining
Over the past 200 years, the commonwealth produced more than 25
percent of our nation’s coal. Mining operations and their associated
activities are major consumers of groundwater in Pennsylvania. At the same
time, however, coal and mineral extraction operations led to the formation
of reservoirs and other water storage sources that can be potential and
readily available water supplies for future use. A primary example is the
huge network of underground coal mines in the anthracite and bituminous
coal fields that hold voluminous and easily accessible water resources. In
most cases, the water must be treated before use in industrial, agricultural
or commercial purposes. Another example involves the large volumes of
underground water pumped from active coal mines and quarries. Some

of the water from active mines is used for coal processing, but the rest is
treated as needed and discharged into local streams.
Quarries pump water levels down to provide access for mineral extraction.
The water is used for associated purposes like mineral processing, dust
suppression and production of cement for concrete. After mining ceases,
reclaimed quarry pits flood and create deep reservoirs of water. In cases
where the water is clean, it can be considered for water supplies or as a
recreation resource where safe access can be assured.

Agriculture
Pennsylvania contains some of the most productive farmland in the
United States that provides the foundation for agriculture’s status as the
commonwealth’s largest industry. Next to soil, water is the most important
ingredient necessary to grow crops and maintain livestock. Pennsylvania
farmers withdraw about 10 million gallons of water per day to support all
forms of agricultural activities. Water conservation technologies such as
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Water Planning for Pennsylvania’s Future, continued
drip irrigation methods make it possible to more efficiently manage water use

to support recreation and tourism opportunities calls for a careful balance

of the State Water Plan, water resources committees were formed to represent

on farms. Pennsylvania leads the nation in the production of chocolate, baked

between these uses and the needs of the water resources by the other water-

both the entire commonwealth on the statewide committee and the following

goods, poultry, processed meats, soups, dairy products, snack foods, beverages

use sectors. Through proper planning and conservation, those needs can be

six watershed regions on regional committees:

and many other products. Preserving these key pillars of the economy also

balanced and met.

protects Pennsylvania’s tradition of agricultural excellence.

The State Water Plan

 Potomac—Potomac River Basin
 Great Lakes—Lake Erie and Genesee River Basins

Commercial Enterprises

The Water Resources Planning Act requires DEP to produce an up-to-date

Commercial port activities on the Delaware Estuary, Lake Erie and on the

State Water Plan that includes information on the quality and quantity of

Allegheny, Monongahela and Ohio Rivers are vital to the economy of those

the state’s water resources. A current plan allows water resource managers

regions and provide significant economic benefit to the commonwealth. The

to answer basic questions such as how much water is in Pennsylvania, how

 Lower Susquehanna—Juniata River, Lower Susquehanna River, Gunpowder,
Northeast and Elk Creek Basins

port in Pittsburgh alone moves more than 44 million tons of waterborne cargo

much water do we use and how much is needed to meet current and projected

 Delaware—Delaware River Basin

each year. Supporting the movement of goods by water also creates jobs.

demands. DEP will update this plan every five years.

According to one study, the maritime industry accounts for about 260,000
direct, indirect and induced jobs. A significant amount of water is also used for

 Upper/Middle Susquehanna—West Branch, Upper and Middle Susquehanna
River and Chemung River Basins

Because Pennsylvania is geographically diverse, these six regional water

Critical Water Planning Areas

air conditioning and cooling of offices, stores and other commercial buildings.

resources committees provide valuable and local information about specific
water resources and priorities for those areas. Members of the statewide

The Water Resources Planning Act calls for the designation of Critical Water

committee assist in focusing on policy issues and assuring a balanced

Recreation and Tourism

Planning Areas (CWPAs) throughout the commonwealth where the demand

approach to water planning. Members on the regional committees are from

Recreation and water are strongly linked. Streams and rivers support fishing,

for water exceeds, or is projected to exceed, available supplies. CWPAs will be

a broad range of business and industry, agriculture, local governments and

kayaking and other boating activities. Lakes and reservoirs are popular for

identified on a multi-municipal watershed basis and once established, they will

environmental interests. Working together, the committees create a planning

swimming and boating. Also, most water bodies make multi-use trails (hiking,

serve as the planning boundary for the creation of a more detailed Critical Area

body that represents both the entire commonwealth as well as the regions.

biking, etc.) and

Resource Plan for that area.

bird-watching
and other animal

The Role of Statewide and Regional Committees

viewing activities

The Water Resources Planning Act recognizes the need to plan and manage

possible. The

water on a watershed basis, without regard for artificial political boundaries

ability of these

and with the understanding that water management programs should be based

water resources

upon an accurate and current State Water Plan. To help guide the development

Raystown Lake, Huntington County.
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 Ohio—Ohio River Basin
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Clean, unpolluted water is absolutely essential if Pennsylvania
is to attract new manufacturing industries and to develop
Pennsylvania’s full share of the tourist industry.
–Pennsylvania Clean Streams Law

Did you know?
Until now,
now Pennsylvania has
h never had a water resources
planning program that involves all stakeholders engaged in an
effort to answer basic questions such as how much water we
have, how much water we use and how much water we need.
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Daily Water Use
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Water Resources in Pennsylvania
The water cycle and average hydrologic
budget in Pennsylvania.

I

f Pennsylvania is considered a waterabundant state, then why should people
be concerned about managing the

resource? As previously noted, the state’s water
resources are finite and not always strategically
abundant in areas where they may be needed.
Balancing and encouraging the multiple use
of water for reasonable and beneficial uses
will improve water availability to meet future
needs. The first step to understanding the
importance of water and why we need to
be stewards of the resource is to enhance
our understanding of the resource itself and
its continuous cycle. This section explains
Pennsylvania’s hydrology, including where
water comes from, how it flows from its
source to the point of its use and how
groundwater and surface water are
interconnected with wetlands serving
as a vital interface.

Page 8
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Hydrology
Hydrology is the scientific study of the distribution of surface
water and groundwater through the underlying geology
and soils and in the atmosphere. The hydrologic cycle and
Pennsylvania’s average annual hydrologic budge—how much
water is received and distributed and how much is returned—
are shown in the diagram to the left.
Precipitation occurs in liquid, semi-frozen and frozen states
through rain, sleet, hail and snow. Once received, some
precipitation will infiltrate into the soil, becoming groundwater
through a process known as groundwater recharge. Some
will also run off the land surface into surface water bodies
including streams, rivers and lakes. As shown in the hydrologic
cycle diagram, a little more than half of the precipitation
received returns to the start of the cycle again through
evaporation from surface water bodies or through transpiration
from plants in the form of water vapor.

Statewide
Overview
Pores filled
with water

Surface Water
Surface water, as the name implies, is all water stored and flowing above the surface
of the ground, including rivers, streams, lakes, reservoirs and ponds. The distribution
of Pennsylvania’s surface waters includes approximately 86,000 miles of streams and
rivers, 120 miles of shoreline along the Lake Erie and Delaware Estuary coastal areas
and nearly 4000 lakes, ponds and reservoirs. (See Surface Water map on page 11.)

Pores filled with
water and air

Groundwater
Groundwater is a hidden but essential part of the hydrologic cycle. In fact, in
Pennsylvania, groundwater is about 30 times more abundant than all surface water
combined. As precipitation falls, some water seeps through pores and cracks in the
soil into the unsaturated zone – an area where pores are filled with a mix of air and

Water Seepage

water. If enough infiltrates, water descends to the saturated zone where pores (open
spaces) are filled with only water. This infiltration process is known as groundwater
recharge and the water in the saturated zone is groundwater. The greatest
groundwater recharge takes place from November to May. During these months, less

Unsaturated Zone
Water Table

evaporation and transpiration occur when it rains and the winter’s snow pack melts.
While recharge can vary significantly from year to year, depending on precipitation
amounts, March is typically the month when the greatest recharge takes place—
accounting for about 15 to 20 percent of the entire annual recharge.

Saturated Zone

Overview
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Water Resources in Pennsylvania, continued
The top of the saturated zone is called the water

for nearly all of the base flow, although the water

table, which rises and falls according to the amount

table will continue to decline without recharge.

of recharge and discharge of groundwater. In

Groundwater is withdrawn for many important uses,

the saturated zone, groundwater continues to

including drinking water and industrial, mining and

move under the influence of gravity and hydraulic

agricultural uses. Nearly half of all groundwater

pressure, though typically at much slower rates than

withdrawn is used for drinking water supplies.

surface water. Layers of rock and soil within the

Aquifers are used as sources of water for private

saturated zone

and public wells. These wells

that are capable

Did you know?

of transmitting

Pennsylvania
l
has the second largest number
of domestic water wells in the nation.

water in

supply about 37 percent of
the population or 4.5 million
people with potable water.

accessible

Groundwater accounts for

amounts are

a major portion of water

called aquifers. They can be any geologic material

Emergent Wetland.

consumption in rural and even suburban areas.

that transmits usable quantities of water. Most of
Pennsylvania’s aquifers are composed of fractured

Groundwater is an enormously valuable natural

bedrock, although portions of the state have

resource for the commonwealth and a major,

significant sand and gravel aquifers. Karst aquifers,

though often under-recognized, part of the

composed of limestone or dolomite rock, are

hydrologic cycle. Promoting activities that conserve

another special type of aquifer in Pennsylvania.

groundwater and enhance recharge are vital.

Throughout Pennsylvania, most groundwater flow is

Wetlands

local. The water table typically mimics the surface

Wetlands are transitional zones between terrestrial

topography, with groundwater moving from higher

and aquatic systems, where the land is covered

points towards the lower points at nearby streams

by shallow water or the water table is at or near

and rivers. When groundwater reaches these lower

the surface of the ground. Land in these areas is

points, it once again becomes surface water as it

seasonally wet, contains water-tolerant soils and

discharges as sustaining base flow to streams and

supports a variety of water-tolerant and water-

rivers. On average, base flow contributes about

loving plant species. Wetlands can be meadows,

65 percent of stream flow in Pennsylvania. Under

swamps, bogs or peatlands, and are important

drought conditions, groundwater recharge accounts

interfaces between surface water and groundwater.
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“…Th
The importance
t
off our watterways, aquif
ifers,
water infrastructure and management systems to
the sustaining of Pennsylvania’s economic and
environmental future cannot be overestimated.”
R.Timothy Weston, Esq., speaker at the Common
Ground Conference on Water Resources for
Pennsylvania’s Future, 1995

Forested Wetlands.

Statewide
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Surface Water
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Pennsylvania's Geology and Soils
Geology

wetland areas. The variety of geologic formations also creates varied drainage patterns of surface water. Areas
in the northwest are characterized with a dendritic drainage pattern (like branching tree roots) whereas the

Geology is the science and study of the solid matter of the Earth, its composition, structure, physical properties,

Deep Valleys Section has a rectangular drainage pattern that follows the folds and dips in the bedrock. In this

history and processes that have shaped it since the planet’s formation. Pennsylvania’s geologic landscape has

rugged and hilly landscape, a large portion of the groundwater travels to the nearest stream valley instead of

six main provinces or physiographic regions that define the state, and also have important implications for water

moving deeper into the groundwater system. However, even in gentler landscapes most groundwater discharges

drainage patterns and groundwater movement. The location and coverage of the provinces of Pennsylvania are

locally. Like all regions, the concentration of cracks and fractures in the bedrock increases infiltration rates and

depicted in the map at the right. These six
provinces are described as follows:

The Ridge and Valley Province north of the Piedmont and New England provinces is the second largest province

The Central Lowlands Province is a small region

in Pennsylvania. This province spans from the Maryland border through much of the central and eastern parts

located entirely in Erie County bordering Lake

of the state. The Ridge and Valley Province contains conspicuous long narrow ridges, accented by deep and/or

Erie. Low ridges and northwest sloping land

broad valleys and expanses of relatively flat uplands. This physiographic region is composed of folded layers of

consist of sand and gravel of glacial origin on

sandstone, siltstone, elongated basins of anthracite coal, ridges of quartzite and thick layers of limestone in the

top of shale and siltstone. The properties of

Great Valley Section. The prominent structural features and economic history of this area of Pennsylvania make it

sand and gravel, particularly the significant

attractive to tourists and geology students. Characteristic of the hilly landscape is shallow groundwater quickly

permeability and porosity of the materials,

discharging into local streams and rivers. This discharge can occur within weeks or even days after infiltration.

allow aquifers to be easily recharged in

Karst terraces are also common in the carbonate valley areas of the province, and is a defining characteristic for

this region.

the Great Valley Section. More information on karst can be found in the regional watershed sections of this atlas.

Appalachian Plateaus

New England

The Appalachian Plateaus Province is the

The Reading Prong Section of the New England Province is located north of the Piedmont Province. The majority

largest of Pennsylvania’s six provinces and

of the New England Province can be found in Berks, Lehigh and Northampton counties, with some isolated

encompasses most of the western and northern

sections found in Lebanon and Lancaster counties. This physiographic region is made up of rolling hills of

parts of the state. The physiographic region is

granitic gneiss, granodiorite and quartzite rocks. These formations are very resistant to erosion, resulting in short

defined by an array of geological features such

and steep streams. Groundwater recharge is hampered by the solid and limited fracturing of the bedrock.

glacial deposits and rounded hills. The bedrock
of the province is mostly shale, sandstone

Page 12
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Ridge and Valley

Central Lowlands

as wide ridges, flat uplands, valleys filled with

The area of five gaps along the Susquehanna River from
Harrisburg north to Liverpool is a National Natural
Landmark. As an outstanding example of river-ridge
interaction, it prompts the question: Which existed first,
the river or the ridges?

contributes to groundwater recharge.

and siltstone, with widespread coal deposits.
Northwestern and northeastern sections of
the Appalachian Plateaus were scoured by
glaciers, which created low-lying bogs and

Piedmont
The Piedmont Province spans several counties including Adams, Chester, Lancaster, Montgomery and York.
This region is defined by rolling hills that are mostly composed of red shale, sandstone, limestone, dolomite,
schist and quartzite, with localized intrusions of diabase, a very hard igneous rock. The Piedmont typically has
a dendritic surface drainage pattern. In the lowlands, which has a well-developed subsurface karst drainage
system, no surface drainage patterns exist. The Piedmont Province typically has greater groundwater well yields
in carbonate bedrock and very low yield in uplands and in diabase.

Statewide
Overview

Physiographic Provinces of Pennsylvania
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Pennsylvania's Geology and Soils, continued
Atlantic Coastal Plain
The Atlantic Coastal Plain is a small strip of land within Bucks, Delaware and
Philadelphia counties, located in the southeastern corner of the state. The surface
is sand and gravel underlain by igneous and metamorphic rock. The unconsolidated
aquifers of this low-lying region are quickly recharged. However, over-pumping of
groundwater from wells can result in infiltration of salty brine water into the fresh
groundwater supplies.

Soils
Pennsylvania’s diverse geological formations have allowed for the development of
a variety of soils. Soils are defined as accumulated mineral or organic matter that
acts as a medium for land plant growth. Soil scientists, also known as pedologists,
recognize five factors that are involved in the formation of soils: parent material
(i.e. bedrock, organic matter), climate, organisms, topography and time. The
characteristics of soil, such as color, texture, permeability, drainage class and acidity
have been studied in great detail. These characteristics, along with the factors
influencing formation of the soil, are the basis for naming, classifying and mapping
different soil series.

Detailed Soil Information: Soil Surveys
Detailed information about soils in a particular soil series (i.e. Hagerstown, Atkins) help
land and water resource planners predict the suitability of soils for a variety of uses.
The source of this information is county soil surveys compiled by the U.S. Department
of Agriculture with assistance from several other professional organizations. Soils
information for every county in the commonwealth can be accessed via the Natural
Resources Conservation Service (NRCS) website. The NRCS offers an online soil
mapping tool, the Web Soil Survey that allows the public to choose an area of interest
specific to their needs and examine the soils and their many characteristics. The Web
Example of soils information available
on the NRCS website.

Soil Survey can be accessed at www.websoilsurvey.nrcs.usda.gov.
The following groups of soils are particularly important to water resource planning:
Prime Farm Lands, Hydric Soils, Highly Erodible Land, soils from Karst parent material
and other soils with building restrictions. Several important soil characteristics

Page 14
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Prime farmland contain soils with the highest standards of physical and

contains very productive agricultural soils. The productivity of these soil is in

chemical properties for agricultural and livestock practices. Criteria for

part owing to the fact that these soils are composed of silty clays or silty clay

Each soil series fall into particular drainage classes—well drained, moderately

prime farmland are soil quality, growing season and water supply that can

loams, which have a high water holding capacity. However, because these

well drained, somewhat poorly drained or poorly drained. This classification

sustain high production of crops in an economically efficient manner if proper

soils also have significant structure, they tend not to hold too much water.

is based primarily on the depth to the seasonal water table. It is used to

farming practices are followed. Prime farmland has a reliable water supply

The Great Valley drains to the Susquehanna, the Potomac and the Delaware

determine crop planting schemes. Prime farm lands, for example, typically have

from regular precipitation or irrigation, satisfactory levels of alkalinity or

basins in Pennsylvania.

a high percentage of well drained and moderately well drained soils that are

acidity, competent levels of sodium, minimal rock in soil and advantageous

free of stones. Most poorly drained soils are hydric soils. These soils usually

temperatures for the growing season. Other determining factors for prime

The very southeast portion of the commonwealth is underlain by ancient

have the capacity to sustain wetlands.

farmland are low erosion potential, low saturation potential and infrequent

unconsolidated marine sediments where the bedrock is very deep. This is the

flooding during the growing season.

Coastal Plain physiographic province. These soils have major water bearing

determine where in these groups and others, soils will occur.

aquifers, normally suitable for water withdrawals. These soils drain primarily to

Drainage class and soil permeability can be used together to determine the

the Delaware basin.

soil’s ability to absorb water from various sources, i.e., sewage and stormwater.

Prime forested soils are well-managed natural forested areas that provide

Soils are grouped into hydologic groups, A-D, with A soils having the greatest

higher quality drinking water than water from other sources according to a

capacity to absorb water. Permeability is a function of two characteristics—

study performed by the World Bank: WWF Alliance for Forest Conservation

There are many soils in the Allegheny Plateau and higher elevations of

texture and structure. A soil’s texture (loam, sandy loam, etc.) is determined by

and Sustainable Use. To identify soils that are most suitable for forest

Pennsylvania’s northern tier that have fragipans from 1-2 feet in depth, which

the proportion of sand, silt and clay. Soils with a high percentage of sand tend

resources, the Pennsylvania Department of Conservation and Natural

limit deep drainage. A large portion of these soils are forested. The fragipans

to have higher permeability rates.

Resources (DCNR) has compiled lists of prime forested soils that correlate to

are composed of silt loams and loams. However, because they are dense,

the county soil surveys.

water permeability is limited. These soils drain to the Ohio, Susquehanna and
Delaware basins.

Road construction and building are affected by various soil characteristics
including structure, texture, cohesiveness (clay type and content) acidity and

Soils and Major Basins

others. Soil structure is determined by the extent and type of aggregation
of soil particles. A soil with good planting tilth will also have good structure.

There are large expanses of hydric soils and wetlands in the Northwest region

Compacted soils have poor structure, but may be suitable for road and

of the commonwealth that drain to the Ohio basin and Lake Erie. There are

impoundment construction. Many Pennsylvania soils have underlying

many hydric soils affiliated with natural ponds in the Northeast region. These

fragipans, which are dense layers having naturally poor structure. These soils

drain primarily to the Delaware basin.

frequently restrict deep drainage.
A large portion of the South Central Pennsylvania is underlain by karst
Highly erodible soils located on steeper slopes and tend to have a higher

(limestone) geology in the Piedmont physiographic province. The Great Valley,

percentage of silt.

which extends through Pennsylvania into other states is largely karst and

“Nowhere in this country, from sea to sea, does nature comfort
us with such assurance of plenty, such rich and tranquil beauty
as in those unsung, unpainted hills of Pennsylvania.”
--Rebecca Harding Davis, 19th century author
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Pennsylvania’s Habitat and Aquatic Natural Resources

A

habitat is the environment where a particular plant or animal lives

has a diet of insects and plants and lives on both land and in the water. The

providing a home to bottom-dwelling clams, snails and burrowing insects.

and grows. Throughout the diverse landscape of Pennsylvania,

eggs of a salamander are laid in water and eggs require a healthy aquatic

The warmer water with a lower oxygen level is preferred by minnows, bass,

there is a great variety of habitats and species. Aquatic habitats

environment to exist and grow. The nature of water dependency varies

sunfish and catfish.

themselves are quite varied, with each habitat type supporting a unique

from species that must be completely in water at all times (such as fish and

community of plants, animals and other organisms. Examples of the many

mollusks), to species where at least one life stage is water dependent (such

Habitat Conservation

water-based habitats in Pennsylvania include river, stream, lake, pond,

as salamanders and many aquatic insects), to species that depend on clean

Major changes in water flow or quality can negatively affect the survival and

marsh, bog, fen, shrub swamp, vernal pool, wet meadow, wooded riparian

water to drink or for a source of food (such as mammals and birds).

existence of all species and the continued cycle of life. Therefore, habitat
conservation is vital for the reproduction and survival of all species. The

and estuary.
Within every watershed, even within a single stream or lake, many types of

fragile link between habitat health and species survival are exemplified by

Although historically the primary habitat in Pennsylvania was forest land, all

habitat exist. Factors that influence the habitat and the species that live in

the river otter and brook trout—two species whose livelihood was once

species depend on water for survival. For example, the spotted salamander

that habitat include water temperature, oxygen level, water depth, speed

threatened by human impact to the land, but are now success stories as a

or water flow, bottom sediments, nutrient levels and shade. In a stream,

result of habitat protection efforts.

The Most Productive Aquatic Habitat
W tl d are teeming
Wetlands
t
with
th life
l f and
d serve as a signifi
ficantt source
of biodiversity. High plant productivity feeds the microorganisms
that feed the insects and invertebrates that form the base of
the food pyramid for the fishes, reptiles, amphibians, birds and
mammals that we value. Wetlands often serve as spawning and
nursery grounds for fish and most freshwater fish feed in or upon
food produced in wetlands. Some animals rely almost entirely on
wetland habitats, while others only use them during a critical point
in their life cycle such as nesting or breeding. The United States
Fish and Wildlife Service estimates that up to 43% of the federally
threatened and endangered species rely directly or indirectly on
wetlands for their survival.
These unique and productive habitats also attract humans in search
of recreational opportunities such as bird watching, hunting, fishing
and photography. These popular recreational pursuits generate
considerable economic activity. We also extract useful products
from various wetland habitats, including blueberries, cranberries,
finfish, shellfish and timber.

for example, the headwater
tributaries are usually cold
and moving fast down a steep
slope. In a healthy forest
these small tributaries are
heavily shaded with splashing,
tumbling water that is high in
dissolved oxygen. This is an
ideal habitat for brook trout
and for the types of aquatic
insects that trout eat. Farther
down the watershed, the
stream is wider, shaded only
on the sides and is flowing
slower with bends, pools
and gravel bars. The quiet
pools are warmer and allow
fine sediment to settle out
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Presque Isle State Park, Erie County.
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Brook Trout, Ned Smith, 1981, "Sting of the Hook."
Courtesy of Ned Smith Center for Nature and Art.

River Otter

having proper habitat as they prefer healthy, remote areas free from

The reintroduction of the river otter in Pennsylvania’s waterways ranks

human pressures.

as one of the most important and significant wildlife developments of
the century. It has been compared to the recovery of the white-tailed

Environmentally-based laws and regulations have helped

deer herd, the comeback of the wild elk herd and the revitalization of

Pennsylvania’s habitats and ecosystems to begin returning to their

Pennsylvania’s birds of prey.

healthy, natural states. The enforcement of clean water laws, the
reclamation of abandoned mines, the protection of state-maintained

The degradation of habitat and water quality in the early 20th century

public lands, the efforts of volunteer and conservation groups and

had a devastating impact directly on otters, but also decimated their

overall public support has compounded to support the river

primary diet of small fish and crayfish. Combined with over-trapping,

otter’s return.

the river otter was reduced to an estimated population of a few
hundred individuals in the late 1970s—located only in the Pocono

In 1982, Dr. Tom Serfass, then professor at East Stroudsburg

Mountain region. However, even though it was the effects of humans

University, along with many other organizations, began Pennsylvania’s

that reduced populations, it is the acts of concerned citizens that have

river otter reintroduction program with the release of four otters in

given river otters a second chance. The river otter eventually gained

Potter County’s Kettle Creek. Since that time, more than 150 wild

full protection from the state in 1952, the first step in saving the truly

otters have been released throughout the commonwealth. River otter

wild creature. Once it was protected, the river otter’s next hurdle was

sightings have recently been documented in the Schuylkill River by the

Examples of Water-Based Habitats

Philadelphia Water Department.

Wetland An area of land that is seasonally wet, has more than
50% of water tolerant and water loving plant species and water
tolerant soils. A wetland can be a meadow, swamp, bog
or peatland.

With the combined conservation efforts of commissions and

Riparian habitat The vegetated area directly adjacent to a
stream, creek or river.

Trapper’s Association, the river otter’s wild population will continue to

Vernal pool A small depressional area that is filled with water for
short periods of time during winter and spring. Vernal pools are
often used as habitat for frogs and salamanders.
Estuaries Areas where a river meets the ocean and the
freshwater from the river mixes with the saltwater from the
ocean. A variety of plants and animals, such as grasses, flowers,
birds, oysters and crabs need estuarine habitats to survive.

organizations such as the Pennsylvania Department of Conservation
and Natural Resources, Pennsylvania Game Commission, Pennsylvania
Department of Environmental Protection and the Pennsylvania
prosper and grow once again in Penn’s Woods.

Brook Trout
The shimmering oranges, reds and greens that color Pennsylvania’s
only native trout are a vivid image nearly all anglers admire when they
land a Pennsylvania wild brook trout. Designated as Pennsylvania’s
state fish by the General Assembly in 1970, the brook trout, like the
river otter, has experienced difficulties throughout its history in the
commonwealth’s waterways.
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Streams with Naturally-Reproducing Trout
Naturally Reproducing
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Pennsylvania’s Habitat and Aquatic Natural Resources, continued
The brook trout, like nearly all aquatic organisms, is dependent

to support trout populations. The combined

on healthy water quality in order to survive. “Brookies,” as they

efforts of many private organizations, government

are commonly called, require the coldest and cleanest water

agencies and individual citizens continue to

normally found in the heavily forested regions of the state.

improve the state’s natural habitats and aquatic

Throughout Pennsylvania’s history, large timbering efforts

ecosystems. These labors of preservation ultimately

required to support industries such as shipbuilding in the 1700s

safeguard our native, natural wildlife inhabitants

and a booming iron industry in the 1800s devastated wild brook

and ensure their continued existence.

trout populations. The vast clearings resulted in warmer water
degraded food supplies, breeding grounds and overall ecosystem

Threatened and Endangered
Species

health. These problems, combined with over-fishing in the early

Species that are threatened or endangered often

1900s, limited the wild trout population.

occupy unique habitats which require specific

stream temperatures and silt pollution from erosion that severely

water flow needs. According to the Federal
Fortunately, managing our state’s fisheries became a priority and

Endangered Species Act of 1973, an endangered

the brook trout’s native habitats began to recover. The important

species is defined as any species that is in danger

connection between our forested land and wild trout waters

of extinction throughout all or a large portion of its

provided the basis for timbering laws and regulations to better

range. A threatened species is any species that is

protect watersheds. The importance of riparian buffers, the zone

likely to become endangered within the foreseeable

of trees and vegetation between water and the surrounding area,

future throughout all or a large portion of its range.

has prompted the protection of such areas. Riparian buffers
provide shade for the waterway, stabilize banks, prevent erosion

In Pennsylvania, three agencies regulate threatened

and intercept surface water runoff. Studies have shown that

and endangered species: the Department of

streams lined with buffers are nearly 10 degrees cooler than

Conservation and Natural Resources, (DCNR),

streams without buffers. Overall, the buffers provide the basis for

Pennsylvania Game Commission (PGC) and

a healthy wild trout habitat.

Pennsylvania Fish and Boat Commission (PFBC).
DCNR regulates threatened and endangered plants,

The brook trout is once again able to flourish in Pennsylvania’s

PGC regulates threatened and endangered wild birds

waterways that flow through forested regions. Nearly 60 percent

and mammals and the PFBC regulates threatened

of the commonwealth is covered with hardwood forests, and

and endangered fish, amphibians, reptiles and

approximately 13,000 miles of streams are clear and cold enough

aquatic organisms.

River Otter.
Photo by Hal Korber, PGC.

For more information on habitat and species of concern
Pennsylvania DCNR Wild Resource Conservation Program – endangered and threatened species of PA (www.
dcnr.state.pa.us/wrcf/contents.aspx)
Pennsylvania Natural Heritage Program – county natural heritage inventories, species database, species fact
sheets, and PNDI Project Planning Environmental Review (www.naturalheritage.state.pa.us)
Pennsylvania Game Commission – habitat information and management, mammals and birds, species of
concern, Pennsylvania Wildlife Action Plan (www.pgc.state.pa.us)
Pennsylvania Fish and Boat Commission – amphibians and reptiles, species of concern, fishes of Pennsylvania
(www.fish.state.pa.us)
U.S. Fish & Wildlife Service – federally endangered and threatened species (http://ecos.fws.gov/tess_public/)
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Recreational and Managed Lands

S

everal federal and state agencies manage programs that preserve historical and recreational areas for every citizen to
learn from and enjoy. Water resources are either incorporated or connected to most of these lands—forests, parks, game
lands and wildlife refuges, heritage areas and greenways—which means protection of managed lands translates into

protection of water resources and vice versa.

National and State Parks
The National Park Service (NPS) manages 400 natural, cultural and recreational sites across the nation, with the goal of preserving
and enhancing local heritage and recreational resources. NPS provides grants and assistance in registering and saving historic
places, creating community parks and local recreation facilities, conserving rivers and streams and developing trails and greenways.
Within Pennsylvania, 29 sites or areas are managed by NPS, including 3 scenic trails, 6 heritage areas, 11 historic sites, 3
battlefields and wild and scenic river stretches.
DCNR’s Bureau of State Parks manages one of the country’s largest state park systems with 116 areas covering more than 283,000
acres. The Bureau of State Parks strives to provide outdoor recreation and environmental education opportunities while conserving
the natural, scenic, aesthetic and historical values of parks. With a state park within 25 miles of every commonwealth citizen, these
resources provide a gamut of recreation outlets—including 7,000 campsites, 56 major recreational lakes, 10 marinas, 61 beaches,
17 swimming pools and more than 1,000 miles of trails—and year-round learning at 4 environmental education centers.

National and State Forests
When the U.S. Department of Agriculture’s Forest Service was created in 1905, it was charged with the responsibility of managing
public lands for water quality and timber. Over the next 100 years, as the amount of land the Forest Service managed increased,
so did the agency’s management goals. Today, 193 million acres spread between 155 forests and 20 grasslands are used as
renewable sources of wood, wildlife habitat, clean water and recreation. The Allegheny National Forest is the only national forest in
Pennsylvania. The 513,000+ acres of forestland include almost 90 Wild and Scenic river miles, 2 nationally designated wilderness
areas, 7,000 oil and gas wells, 4 district forest types and habitat for 5 federally threatened or endangered species.
DCNR’s Bureau of Forestry protects 2.1 million acres of state forestland among 20 districts for clean water, wildlife habitat,
timber harvest and recreational activities. In addition to managing the forests for continual wood supply, 77 natural and wild
areas have been established to protect special plant and animal species from disturbance. More than 2,500 miles of trails
throughout the forests are used for hiking, skiing, biking, horseback riding and snowmobiling. These managed lands are also
open to hunting and fishing.

Ricketts Glen State Park, Luzerne and Sullivan
Counties. Photo courtesy of Tim Devine.
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Recreational and Managed Lands, continued
State Game Lands
For more than 100 years, the Pennsylvania Game Commission
has been tasked with managing the commonwealth’s wildlife
resources by conducting population surveys, establishing and
enforcing regulations, setting hunting and trapping limits and
providing public education. Since 1920, the Game Commission
has incorporated 1.4 million acres of land into state game lands
that provide habitat for wildlife and a variety of recreational
opportunities. These areas are utilized by anyone—from hunters to
anglers to hikers— who want to appreciate wildlife.

National Wildlife Refuges
The U.S. Fish and Wildlife Service’s National Wildlife Refuge (NWR)
system has established a network of 547 wildlife refuges and
3,000 waterfowl breeding and nesting areas across the country.
These are refuges in every state, within a 1-hour drive of every
major American city. These habitats protect a total of 700 species
of birds, 220 species of mammals, 250 species of reptiles and
amphibians and 200 species of fish.
Two such refuges exist in Pennsylvania: John Heinz NWR at Tinicum
and Erie NWR. The John Heinz NWR was created to protect the
largest remaining freshwater tidal marsh in the commonwealth.
The refuge consists of 1,200 acres of freshwater tidal marsh,
impounded water, woods, meadow and field habitats. Among the
various wildlife found in the refuge, there are state threatened
and endangered species such as the red-bellied turtle and coastal
leopard frog.
Two land units, totaling 8,800 acres, make up the Erie NWR. This
refuge contains 2,500 acres of wetlands used by migratory birds
and waterfowl. The Erie NWR is designated as an Important Bird
Area (IBA) and a Globally Significant Watershed. The refuge
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Ohiopyle State Park, Fayette County .

Statewide
Overview
Enjoying the quiet wildness of the Appalachian
National Scenic Trail at "The Pinnacle" and the
rural beauty below of northern Berks County.

contains 22 Natural Heritage Areas,
19 Special Plant and Animal Species

For more information

Habitats, 4 Natural Communities of

Pennsylva
nnsylvania
nia
ia DCNR
DCN Bureau of State
Parks
arks
rks
www.dcnr.state.pa.us/stateparks
717-787-6640

Biological Significance and Research
Natural Areas.

Greenways
A greenway is a corridor network of open
space that connects natural, scenic,
cultural, historic and recreational sites
with urban and rural communities. In
2001, a statewide greenways action
plan launched the directive for DCNR to
establish a network of greenways across
the commonwealth, with the goal of a
greenway in every community by 2020.
Although the plan is still in progress, the
network of greenways are envisioned
as a “hub and spoke” system where the
“hubs” will be parks, forests, game lands,
lakes and towns connected by greenway
“spokes.” The open space infrastructure
is considered imperative to the health of

Pennsylvania DCNR Bureau of Forestry
www.dcnr.state.pa.us/forestry
717-787-2703
Pennsylvania Greenways
www.dcnr.state.pa.us/brc/greenways
717-783-2658
Pennsylvania State Game Lands
www.pgc.state.pa.us
717-787-4250

Did you know?
Th Appalachian
The
A
l hi N
National
ti
Scenic
Trail is a public footpath that
follows more than 2,100 miles of
Appalachian Mountain ridgelines
through 14 states between Maine and
Georgia. It takes 5,000,000 adult
footsteps to hike the entire trail.
Within Pennsylvania, the trail enters
the state at the Delaware Water Gap
and follows the Kittatinny Ridge
along the eastern edge of the Ridge
and Valley region before crossing
the Cumberland Valley on its way to
Maryland.

Pennsylvania Fish and Boat Commission
www.fish.state.pa.us
717-705-7800
USDA Forest Service
www.fs.fed.us
202-205-8333
National Wildlife Refuges
www.fws.
ww
s go
gov//re
efu
uge
gess

ecosystems and the public.

Pennsylvania Heritage Areas
Heritage
H
it
Areas
A
are groups off historically
hi t i ll signifi
i ificant sites, preserved by DCNR to educate people about
a period of Pennsylvania history. These areas may demonstrate the life of early Native Americans and
European settlers, different industrial livelihoods of the state, the evolution of transportation in America,
or the rise of modern agriculture.
g
There are 12 Heritage Areas in Pennsylvania.

For additional information

Did you know?
Fi hi and
Fishing
db
boating
ti activities
ti
contribute more than $2.5 billion
annually to Pennsylvania’s economy. These activities are
dependent on healthy water resources.
–Pennsylvania Fish and Boat Commission

DCNR Heritage Areas Program: www.dcnr.state.pa.us/brcheritageparks, 717-783-5877
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Pennsylvania Regulations, Laws and Public Policy

T

he idea of protecting and managing the commonwealth’s water

 Sewage Facilities Act of 1966 (Act 537) – Required municipalities to

six regional committees; requires public water suppliers and hydropower

resources dates back to the founding of Pennsylvania, when

develop and periodically update public sewage disposal management plans

facilities, as well as all users of at least 10,000 gallons of water per day,

William Penn urged residents to set aside every fifth acre of land

for their jurisdiction and sets standards for the permitting and installation

to register and report their usage to DEP; allows for the identification for

of on-lot sewage systems.

critical water planning areas and outlines a procedure for creating specific

for preservation. For the most part, allocation of surface and groundwater in
the commonwealth is governed by common law, composed of the doctrines
and precedents established by courts through cases decided since the

critical area resource plans.
 Dam Safety and Encroachment Act of 1978 – Regulates activities in waters

founding of the state. One of the first significant statutes concerning water

of the commonwealth including construction of dams and reservoirs, water

Federal and State Agencies

dates back to 1905 with the Purity of Waters Act, which addressed the

obstructions and encroachments and protects wetlands.

The commonwealth’s waters are not regulated only by Pennsylvania
laws. The responsibility of water resource management lies with every

need for clean drinking water. Since then, almost one-quarter of the major
environmental laws and regulations passed in Pennsylvania directly address

 Storm Water Management Act of 1978 (Act 167) – Requires counties

level of government—from the United States Army Corps of Engineers to

water issues with numerous additional regulations indirectly affecting water

to develop and regularly update (every five years) watershed-based

Pennsylvania Department of Environmental Protection to counties and

use: from conservation to supply, from waste waters to drinking waters. Any

stormwater management plans addressing surface water and groundwater

municipalities. Furthermore, regulatory authority at each government level

laws affecting water have been passed in response to a specific problem

issues. The Act requires planning to protect, maintain and conserve both

may be shared between multiple agencies. The following are major federal

and therefore may not consider the interrelationship of water phases in the

surface waters and groundwater, as well as

hydrologic cycle. The following list summarizes some of the major state

groundwater recharge areas.

statutes affecting water of the past 100 years.
 Flood Plain Management Act of 1978 –
 Purity of Waters Act of 1905 – The statute for preventing and eliminating

Calls for communities to adopt floodplain

pollution in Pennsylvania; it created the Department of Health and gave it

ordinances and participate in the federal

jurisdiction over public water supplies and pollution caused by

floodplain insurance program.

and state agencies that oversee some aspect
agencies not listed may also have minor

The purpose of the Pennsylvania Clean Streams
Law is, “…not only to prevent further pollution
of the waters of the commonwealth, but also
to reclaim and restore to a clean, unpolluted
condition every stream in Pennsylvania.”

domestic sewage.

responsibilities in managing water resources.
The Rivers and Harbors Acts of 1890 and 1899
established the United States Army Corps of
Engineers (USACOE) authority to regulate

 Safe Drinking Water Act of 1984 –
 Clean Streams Law of 1937 – Regulates pollution of groundwater and

of water resource management. Additional

Did you know?

the construction, excavation or deposition

Authorizes DEP to implement the federal safe drinking water program and

of materials in, over or under any navigable water of the United States. In

surface waters of Pennsylvania; establishes the discharge permitting

requires a permit for construction, major modification and operation of

addition, the Federal Water Pollution control Act of 1972 grants the USACOE

program and provides for criminal and civil penalties for violations.

public water systems.

authority to issue permits for the discharge of dredged or fill material or other
pollutants into waters of the United States, including wetlands.

 Pennsylvania Water Rights Act of 1939 – Establishes the requirement for

 Water Resources Planning Act of 2002 (Act 220) – Requires DEP to update

public water supply agencies to obtain a water allocation permit for surface

the State Water Plan in five years with subsequent updates every five

The United States Environmental Protection Agency’s (EPA) mission is to

water sources.

years, in consultation with a statewide Water Resources Committee and

protect human health and the environment by developing and enforcing

Overview
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Pennsylvania Regulations, Laws and Public Policy
regulations, performing environmental research, educating the public

The Pennsylvania Department of Conservation and Natural Resources

encompass land across multiple states. Each state within a watershed

about environmental issues and sponsoring voluntary partnerships and

(DCNR) maintains and preserves 116 state parks, manages 2.1 million acres

has a vested interest in the management and use of the vital resource.

programs aimed at reducing pollution and conserving energy. EPA’s

of state forest land, provides information on the state’s ecological and

Management of a particular watershed can be complicated when numerous

Office of Water Management is responsible for the agency’s water quality

geologic resources and establishes community conservation partnerships to

federal, state and local agencies from multiple states become involved.

activities including development of national programs, technical policies

benefit rivers, trails, greenways, local parks and recreation, regional heritage

Compact commissions for the Potomac, Ohio, Delaware and Susquehanna

and regulations relating to drinking water, water quality groundwater

parks, open space and natural areas.

river basins were created by the states to provide forums to discuss water
resource issues in each basin without regard to political boundaries. These

pollution source standards and the protection of wetlands, marine and
estuarine areas.
The United States Fish and Wildlife Service’s (USFWS) mission is to conserve,
protect and enhance fish, wildlife and plant populations and habitats for
the continuing benefit of the American people. USFWS works to manage
ecosystems, save endangered species conserve
migratory birds, preserve wildlife habitat,
restore fisheries and combat invasive species.
The management and conservation of water
resources are important for flora and fauna
species that rely on aquatic ecosystems.

The Pennsylvania Fish and Boat Commission (PFBC) provides fishing and

commissions oversee the conservation and development of water resources

boating opportunities through the protection and management of aquatic

in the watersheds. Each commission is composed of representatives from

resources. Their responsibilities include maintaining fisheries that raise

each participating state. The Delaware and Susquehanna river basin

and stock trout, coldwater and warm/coolwater fish, determining stocking

commissions are regulatory agencies that meet periodically to vote on

allocations and surveying and classifying streams.

applications for projects using water, proposed regulations and planning

For more information
Interstate Commission on the Potomac
River Basin
301-984-1908
www.potomacriver.org

and management activities affecting the basin’s water resources.
The Pennsylvania Department of Agriculture
(PDA) encourages, protects and promotes
agriculture and related industries throughout

Basin (ICPRB) in 1940 marked one of the first organizations with a

the commonwealth. Protecting water supply and

congressional mandate to consider water resource management on a

water quality is imperative to PDA in order to
The
Pennsylvania
Department
of
provide irrigation for crops, water for livestock
Ohio River Valley Water Sanitation Commission
Environmental
Protection
(DEP)
is
and habitat for aquaculture.
513-231-7719
responsible for administering Pennsylvania’s
www.orsanco.org
environmental laws and regulations. The
Compact Commissions
Office of Water Management within DEP
Delaware River Basin Commission
specifically coordinates policies, procedures
Watersheds are rarely contained within a
609-883-9500
and regulations regarding public water supply
www.drbc.net
political boundary, but rather may cross town,
withdrawals, water quality, sewage facilities
county or even state lines. The larger the water
Susquehanna River Basin Commission
planning, municipal and industrial discharges
resource, the more likely it is to cross multiple
717-238-0423
of pollutants, encroachments upon waterways
www.srbc.net
political boundaries. This is the case for the
and wetlands, dam safety, earth disturbance
watersheds of Pennsylvania’s five major basins
activities and control of stormwater and
non-point source pollution. DEP also coordinates the planning, design and —Delaware, Potomac, (Upper Middle and Lower) Susquehanna and Ohio
Rivers and the Great Lakes basin (Lake Erie and Genessee River)—which
construction of flood protection and stream improvement projects.
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 The creation of the Interstate Commission on the Potomac River

watershed basis, rather than by political boundaries. ICPRB consists of
commissioners from Pennsylvania, Maryland, Virginia, West Virginia,
the District of Columbia and the federal government. ICPRB focuses on
surface water and groundwater planning, water quality studies, improving
aquatic habitat and species populations and education and outreach in
the community.
 The Ohio River Valley Water Sanitation Commission (ORSANCO) was
created in 1948 and consists of commissioners representing Pennsylvania,
New York, Ohio, Illinois, Indiana, Kentucky, Virginia, West Virginia and
the federal government. ORSANCO programs concentrate on improving
water quality, including setting waste water discharge standards,
performing biological assessments, monitoring waterway chemical and

Statewide
Overview

Pennsylvania Scenic Rivers Program
In 1972, the commonwealth adopted the Pennsylvania Scenic Rivers Act to protect rivers

Pennsylvania Scenic Rivers Program

or portions of rivers and adjacent lands that provide aesthetic and recreational values and

State and Federally Designated Rivers.

benefits to the state’s citizens. Some waterways already fall under the National Wild and
Erie

Scenic Rivers Act, but the state’s Scenic Rivers Act expanded the number of rivers that are
protected by conservation policies and practices. Under the Scenic Rivers Acts, there are six

Susquehanna
Warren

McKean

federally-protected and 13 state-protected waterways or sections within Pennsylvania. Entire

3

Potter

13

Crawford

rivers or river sections are classified depending on the amount of development along the

Bradford

Tioga

shore, access to the river, and diversion of flow:

Wyoming
Forest

Lackawanna
Elk

Sullivan

Cameron

Venango

Pike

 Wild Rivers are not impounded and usually not accessible except by trail. Their

Mercer

3

Lycoming

4

watersheds and shorelines are essentially primitive and the waters unpolluted. The waters

5

1

Clinton
Jefferson

Clarion

Luzerne

should support native fish and wildlife populations.
 The shorelines or watersheds of Scenic Rivers are largely primitive and undeveloped

2

Wayne

3

3

Columbia

Monroe

Montour

Lawrence

Clearfield
Butler

Union

Centre

Carbon

but they are accessible in places by roads. The waters are not impounded and should be
 Pastoral Rivers are those that are not impounded except for historic or restored mill

Northumberland

Armstrong

capable of supporting water-based recreation, fish and aquatic life.

Schuylkill
Beaver

dams. There may be diversions or withdrawals to support agricultural activities, for

Cambria

Juniata

Allegheny

example agricultural ponds. Their shorelines or watersheds may support a variety of

1

2

Blair
Perry

farm or farm-related activities, but these activities may not interfere with the pastoral

Berks

12
Dauphin
Lebanon

Westmoreland
Huntingdon

Bucks

7

Montgomery

Washington

4

Cumberland

 Recreational Rivers are easily accessible, may have some development along their

11

Bedford

shorelines, and may have been impounded or diverted in the past. The waters should be

Lancaster

10

Fayette

8

Delaware

Franklin

Fulton

Philadelphia

Chester

Somerset

able to sustain water-based recreation fish and aquatic life.

6

Lehigh

Mifflin

Indiana

nature of the landscape.

Northampton

Snyder

York

Greene

Adams

9
6

 The flow of Modified Recreational Rivers may be regulated by upstream control devices.

5

Low dams are permitted as long as they do not increase the river beyond bankfull width.
These rivers are designated for human activities which do not interfere with public use
of the streams or enjoyment of their surroundings. The waters should be able to sustain
water-based recreation fish and aquatic life.
For more information contact:
Department of Conservation and Natural Resources —

1
2
3
4
5
6
7

Pennsylvania Scenic Rivers
Name
Date Designated
Name
Schuylkill River
November 26, 1978
8 Bear Run
Stony Creek
March 24, 1980
9 Tucquan Creek
Lehigh River
April 5, 1982
10 Lower Brandywine
French Creek
April 29, 1982
11 Yellow Breeches Creek
Lick Run
December 17, 1982
12 Tulpehocken Creek
Octoraro Creek
October 21, 1983
13 Pine Creek
Le Tort Spring Run
March 30, 1988

0

Bureau of Recreation and Conservation

10

Date Designated
December 19, 1988
December 19, 1988
June 16, 1989
December 4, 1992
December 4, 1992
December 4, 1992

1
2
3
4
5
6

Federal Scenic Rivers
Name
Date Designated
Middle Delaware River September 1, 1965
Upper Delaware River November 10, 1978
Allegheny River
April 20, 1992
Clarion River
October 19,1996
White Clay Creek
October 19,1996
Lower Delaware River
November 1, 2000

LEGEND
ScenicRivers

Type
Federal Scenic River
Pennsylvania Scenic River
Counties

20

40

60

80
Miles

717-787-7672
www.dcnr.state.pa.us/brc/rivers/scenicrivers/

Source: Pennsylvania Department of Conservation and Natural Resources
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Pennsylvania Regulations, Laws and Public Policy, continued
Susquehanna River at Harrisburg.

physical properties and coordinating emergency response to spills and
discharges to the river.
 The Delaware River Basin Commission (DRBC) was created in 1961
and consists of commissioners representing Pennsylvania, New York,
New Jersey, Delaware and the federal government. DRBC created water
resource management programs that include water quality standards
and protection, water conservation initiatives, watershed planning,
drought management and flood control. DRBC conducts regulatory
review of water withdrawals and wastewater discharge projects.
 The Susquehanna River Basin Commission (SRBC) was created
in 1970 and consists of commissioners representing Pennsylvania,
New York, Maryland and the federal government. SRBC goals include
floodplain management and protection, sustainable use of surface
water and groundwater, protection and restoration of wetlands and
aquatic habitats, improving water quality and ensuring future available
flow to the Chesapeake Bay. SRBC reviews water withdrawal and
consumptive use proposals.

Other Water Resource Plans and Programs
In addition to statutes and compact commissions, Pennsylvania has
adopted plans and programs that help to protect water resources.
Some of these programs, like the Scenic Rivers Program, are mandated
by law while others, like the State Forest Resource Management Plan,
provide guidance to state agencies and still others, like the Source
Water Assessment and Protection Program and DCNR’s Rivers
Conservation Program, encourage voluntary conservation measures at
a local level.

Page 28
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Source Water Assessment and Protection Program (SWAP)
Under the 1996 Safe Drinking Water Act reauthorization, Pennsylvania
has developed the voluntary, community-based Source Water Assessment

State Forest Resource Management Plan
Grand Canyon of Pennsylvania as seen from
Leonard Harrison State Park, Tioga County.

Water resources found in the 2.1 million acres of state forests are
used as sources for drinking water, aquatic habitat, sediment and

and Protection Program (SWAP) to assess the 14,000 groundwater and

pollutant traps or diluters and recreation. Understanding the important

surface water sources that serve public water systems. This program aims to

relationship between forests and clean water dates back to 1897

delineate source water boundaries for all public water systems and determine

when Pennsylvania passed legislation calling for forest reservations

a water system’s susceptibility to pollution by identifying contaminant

to be established in the headwaters of each of the state’s main rivers.

sources. By assessing potential contaminant sources, municipalities can

Historically, DCNR Bureau of Forestry’s management plans focused on

develop restoration plans and local protection programs that will lead to

water resource management as a means for providing clean drinking

improved water quality and perhaps lower treatment costs for the public

water; however, within the last decade, the Bureau of Forestry expanded

water system. In addition, assessments of these source waters may result

their management goals to account for all water resources, uses, values

in emergency response plans and improved land use planning decisions

and functions within the forest ecosystem.

within a watershed. Spill detection and emergency response networks for
public water systems have been established for the Allegheny, Monongahela,

Since 1955, the Bureau of Forestry has outlined their management

Susquehanna, Schuylkill and Delaware Rivers within the commonwealth.

strategies in the State Forest Resource Management Plan. The water

Online detectors alert public water system operators when the water quality

resource goals of the management plan include protection and

of these rivers changes.

enhancement of groundwater and surface water quality, protection and
establishment of riparian and aquatic ecosystems and management of
water resources for values and functions such as recreation, aesthetic
enjoyment and aquatic habitat. These goals are met by minimizing
impacts, restoring degraded water resources and forming partnerships
with other agencies. The Waters section of the management
plan requires guidelines that consider management zoning, best
management practices and activity restrictions within state-owned
forestland in order to protect state forest water resources.

Overview
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Pennsylvania Regulations, Laws and Public Policy, continued
Grassroots Watershed Organizations
Grassroots organizations are formed when a group of
people who have an interest in an issue work together to
find a solution. There are grassroots organizations of all
sizes and all scales across the United States focusing on a
variety of environmental, social and cultural causes. Within
Pennsylvania, numerous groups consisting of volunteers see
to educate communities on issues concerning a particular
watershed and participate in activities that advance their
efforts to preserve, conserve or restore the water resource.
With assistance from government grants, local watershed
organizations have:
 Planted more than 188 miles of streamside buffers
 Restored 4,200 acres of wetlands
 Reclaimed more than 2,000 acres of abandoned mines
 Supported the assessment of 153 watersheds

Did you know?
Philadelphia’s water department, established in
1801, was the first in America to supply an entire
city with drinking water. Fairmount Park, one of the
nation’s largest urban parks, was established to
protect Philadelphia’s drinking water supply.

Fairmount Waterworks, Philadelphia.
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Water, Land and People—Everything is Connected

N

early three-fourths of the Earth’s surface

in Pennsylvania. However, certain regions

harmful to the environment. Runoff from agricultural areas

is covered by water. However, 97% of the

may experience water shortages during

(fertilizers and manure) and developed areas (failing septic

resource is saltwater in the oceans and 2%

times of drought.

ecosystems and excessive lawn fertilization) containing
high levels of these nutrients lead to impaired waters

is locked in glaciers, ice caps and mountain snow.
This leaves only 1% of the earth’s water available as

Not only do Pennsylvanians depend on

with low dissolved oxygen levels, decreased water clarity

freshwater for use in agriculture, electricity generation,

our water resources, but people in many

and algal blooms that can be fatal to fish populations.

drinking water, manufacturing and mining operations.

other states do as well. Water from the

Excessive nutrients can also lead to unpleasant tastes and

Water continuously moves throughout the hydrologic

Susquehanna, Potomac, Delaware and

odors in drinking water.

cycle—recharging groundwater reserves, discharging

Ohio rivers that flow through and from

to surface waters, or being drawn up through the soil

Pennsylvania are used by millions of people

profile for plant update. Although the total quantity

downstream. Pennsylvanians are connected

of water on the planet stays the same, its availability

through our rivers to the Delaware Estuary,

may vary over time within particular watersheds and

Chesapeake Bay, Great Lakes, Gulf of Mexico

I d d l actions
Individual
t
play
l an important
t t role
l when
h itt
comes to protecting drinking water supplies. Here
are a few things you can do to reduce water pollution:

aquifers due to climatic conditions or changes in

and every state in between. Considering the

 Minimize use of fertilizers and chemicals in your

human use of local water resources.

ever-increasing demands for water in every

yard and do not apply them right before it rains.

basin, the management of Pennsylvania’s

Use natural fertilizers like manure, mulch

water resources is a top priority.

or compost.

Small watersheds serve as sources of clean drinking

Source Water Protection Tips

 Plant trees or grass next to streams in your

water, filter and purify groundwater, provide industrial
process and irrigation water and offer natural flood

Chemical pollutants

watershed. They will help keep the soil in place

control and protection. These natural processes can

Factories, wastewater treatment plants,

and out of the stream. Plants also help catch

only take place if we conserve riparian areas, wetlands,

cars, boats, lawns, mining operations and

chemicals that can get washed into streams.

water recharge zones, forested slopes and other “green

crop fields may release chemicals into

 Always pick up after your pet.

infrastructure” in our watersheds. Land use planning

the environment. Insecticides, acid mine

 Do not dispose of used motor oil, antifreeze,

and practices have a direct and immediate impact on

drainage, petroleum products and mercury,

solvents, hazardous chemicals or waste in storm

water flow and resources, as well as wildlife habitat for

to name a few, can compromise drinking

or home drains

all aquatic and terrestrial species.

water systems, water quality and aquatic
species health.

 Make sure your septic tank is properly sited,
designed, constructed and maintained.
 Don’t allow heavy metals, batteries, solvents,

Adding humans to the landscape complicates the
natural water cycle. As populations increase or

Nutrients

spread out and land development continues, demand

Although nitrogen and phosphorus are fund

 Make sure that wells are properly constructed.

for freshwater also increases. Normal precipitation

naturally in healthy aquatic ecosystems,

 Refrain from dumping trash in areas other than

amounts should be enough to meet current demands

excessive amounts of these nutrients can be
Sherman Creek, Perry County.

pesticides or petroleum products to go to landfills.

those indicated safe.
 Rather than salting, shovel small amounts of snow
to keep it from turning to ice

Overview
Page 7

Page 31

Water, Land and People—Everything is Connected, continued
Sediments
Activities such as timber harvesting, mining, agriculture and construction require

Stormwater

removing vegetation and disturbing the soil, which increase the potential for wind or

Stormw
Stormwater
rmwater
ter run
runoff is ca
caused by precipitation and snow melt that does not infiltrate into the ground. Improperly managed
stormwater
t
runoff can cause recurrent flooding, water quality degradation, stream channel erosion, reduced groundwater recharge
and loss of aquatic species. Integrated stormwater and floodplain management programs are essential to reversing the trend
toward intensified stream degradation and more frequent flooding.

water to carry loosened sediments to nearby waterbodies. Sedimentation affects water
clarity, alters habitats, impairs fish spawning success and increases drinking water
treatment costs.

Pathogens
Pathogens are microorganisms such as bacteria and viruses that cause disease.
People may be exposed to pathogens through consumption of contaminated drinking
water, fish and shellfish or contact with recreational surface waters. These sources
may become contaminated with bacteria from sewage treatment plant discharges,
stormwater outflows, boat discharges, malfunctioning septic systems and runoff from

Enhanced stormwater management planning demands expanded data collection and modeling techniques, and employs natural
land features to restore and sustain surface and ground waters. Once in place, assurance of continued operation and maintenance
of stormwater control facilities and best management practices becomes critical to continued success.
Many historic problems can be remedied and future problems minimized through a combination of sound planning, properly
constructed and maintained infrastructure, innovation and sustainable development practices. By recognizing stormwater
runoff as a valuable and reusable resource rather than as a disposable nuisance, a host of opportunities are opened to promote
environmental protection and enhancement while saving money and complementing new development.

agricultural operations. Illnesses such as gastroenteritis, hepatitis and cholera are
associated with exposure to water-borne pathogens.

DEP's Southeast Regional Headquarters
roof, Montgomery County.

Thermal modification
Extreme or permanent temperature changes to a water system may be caused by warm
water discharges from industrial sites or power plants, reduced shade cover from the
loss of aquatic and stream bank vegetation, dam releases or runoff from parking lots.
Increased or fluctuating temperatures may affect fish and other aquatic organisms
whose life cycles and breeding success are dependent on natural water temperatures.

Land development
Natural lands soak up large rainfall amounts without increasing stream levels.
Impervious surfaces associated with land development decrease groundwater recharge
and increases surface runoff, which increases soil erosion and sediment transport to
waterbodies and also results in a spike in stream levels, possibly causing or worsening
floods. Less infiltration results in lower stream baseflows (no stream recharging) and
may prevent aquifers from recharging, which can affect residents who get drinking
water from wells in the watershed.
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Severe Weather Events
Flooding

the past century that disrupted and frequently took lives. As recently as June

stand ready to provide both immediate services and enduring remedies to

Preventing loss of life and reducing property damage due to flooding are

2006, ten Pennsylvanians lost their lives in flooding that plagued the Delaware

affected communities.

among Pennsylvania’s chief priorities. Topography and precipitation patterns

and Susquehanna River basins. Modifying the landscape can potentially

combine to make Pennsylvania one of the most flood prone states in the nation.

increase the frequency and severity of these catastrophic events. Flood

Drought

The Commonwealth was the target of several devastating floods throughout

mitigation efforts can be enhanced by establishing floodplain management

Droughts are caused by deficient precipitation. Pennsylvania is subject to

programs on a

periodic droughts that may trigger agricultural, aquatic resource, recreational

watershed basis that

or domestic water supply shortages. Pennsylvania relies on a sophisticated

integrate stormwater

system to assess drought status that tracks precipitation, stream flows, ground

management planning

water levels, soil moisture and reservoir levels. As droughts develop, the

and water quality

Commonwealth advises water suppliers, industries and the public by issuing

protection. Integrated

a drought watch, warning or emergency. During a drought watch, public water

stormwater and

supplies are asked to follow their drought contingency plans and citizens are

floodplain management

asked to reduce water use by 5%. If conditions deteriorate, a drought warning

techniques that draw

is issued and a voluntary 10-15% reduction in water use is requested. If the

on a broad spectrum of

drought becomes extreme, the Governor will proclaim a drought emergency

management practices,

and institute nonessential water use restrictions. If those restrictions are not

legal requirements

sufficient to protect a public water supplier from depleting its sources, the

and structural options

Governor may approve water rationing within that system. The Susquehanna

will accelerate the

River Basin Commission and the Delaware River Basin Commission also help

restoration of natural

manage droughts by coordinating activities among member states.

floodplains and
their flood carrying
capabilities. Even
the best flood control
arsenal, however,
will sometimes be
overwhelmed. When it

Periiodi
dic drought
d
hts are inevit
itabl
ble, butt if potenti
t tiall probl
blems are
recognized and planned for accordingly, the impact of drought
on people, businesses and the state’s economy can be reduced.
–Penn State College of Agricultural Science

is, emergency response
and recovery programs
Flooding in Yardley, Bucks County. Photo courtesy of DRBC.
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Pennsylvania's Approach to Water Resource Management—
Then and Now
Loyalsock Creek, Forksville, Sullivan County.
In an effort to restore the state’s impaired resources and protect public

“bottom-up” citizen-based structure where the federal and state governments'

health, Pennsylvania passed a network of laws aimed at restricting water

role is primarily supportive, and local partnerships are the driving force behind

and air pollution, protecting wildlife and regulating natural resource

the watershed activities.

extraction. However, these laws were often passed in response to an existing
problem and did not necessarily consider the interconnection of water, land

The Pennsylvania State Water Plan, which includes this State Water Atlas, is

and people. Regulations concerning water have historically considered

based on the watershed approach to resource management. The goals of the

groundwater and surface water as separate resources and management of

State Water Plan are to compare an inventory of existing water resources in the

the resources has been divided among separate agencies at the federal,

state with predicted future water needs for the six major regional watersheds, in

state and local levels, depending on the issue and location (i.e., private or

order to identify potential conflicts and shortages while considering stormwater

public lands). Each agency has a different mission, authority and mode

problems, navigation needs and other significant water resource topics. The

of operation. Since property and political boundaries are often unrelated

State Water Plan is intended to be guidance for the commonwealth’s private

to watershed boundaries, coordinating water management efforts among

sector and government as these groups identify critical water areas, develop

different governing agencies can be difficult.

water budgets for these areas and promote water conservation and water use
efficiency programs for watersheds.

In 1998, Pennsylvania’s 21st Century Environment Commission concluded,
“…the most effective way to solve environmental problems is in
cooperation and partnership with local officials, environmental
and conservation organizations and businesses using watershed
approaches.” Pennsylvania has been dedicated to managing

F

rom the time of its settlement through to the Industrial Revolution,
Pennsylvania’s resources were used to the fullest: abundant shad and
trout populations were overfished, vast expanses of forests were cleared

for timber and to make room for prosperous farmland and the countryside was
stripped in pursuit of precious minerals. Waterways were viewed as an extension
of the commonwealth’s waste disposal system and citizen complaints about
illnesses resulting from pollution exposure were dismissed—considered “a mere
personal inconvenience” compared to the rights of industries to dump their
wastes in the name of economic progress. By the 1950s, more than five million
acres of farmland had been lost to erosion, pollution choked most of the state’s
streams and rivers, making them unusable, and land lay bare from mining and
timber harvesting. Communities suffered from shortages of groundwater and
sediment build-up in waterways caused flooding.

water resources on a watershed scale ever since. A “watershed
approach” uses hydrologically defined areas, or watersheds, to
coordinate the management of water resources. This method of
resource management integrates biology, chemistry, economics and
social considerations into decision-making while recognizing that the
needs for water supply and quality, flood control, navigation, power
generation, fisheries, habitat diversity and recreation often compete.
Pennsylvanians have shown that locally planned watershed
management projects consistently achieve significant and lasting
results. Watershed management addresses large scale, broad and
complex problems and issues that paradoxically can be solved by
local interests and the smallest units of Pennsylvania government.
Pennsylvania’s watershed approach has been directed toward a
Gunter Valley Reservoir, Franklin County.
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DCNR Rivers Conservation Program
DCNR’s Pennsylvania Rivers Conservation Program encourages river conservation on a local
scale by providing technical and financial assistance to municipalities and river support groups
interested in developing conservation and enhancement plans. The program provides six types
of assistance to these groups:

DCNR Rivers Conservation Program
Rivers Conservation Plans and Implementation, Development, and Acquisition Projects
Funded in part by grants from the Keystone Recreation, Park, and Conservation Fund
A component of the Community Conservation Partnerships Program

 Planning Grants may be awarded to groups for developing a rivers conservation plan
identifying significant resources, concerns or threats, and conservation and restoration

85

methods for a specific river.

ERIE

118

SUSQUEHANNA

 Communities or organizations may request Technical Assistance and Resource Information

57

79

1

113

ELK
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66
56
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67
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110
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 Construction of river conservation and enhancement projects such as trails, river access

93

PIKE
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84

and greenway studies.

44
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27

MIFFLIN

29
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43
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32
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33
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39
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30
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18
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Between 1995 and 2007, the Pennsylvania Rivers Conservation Program has assisted with and/

NORTHAMPTON

SCHUYLKILL

109

49

NORTHUMBERLAND

45

76

WESTMOR ELAND

in the Rivers Conservation Program. The accompanying map depicts the locations of all 238

WYOMING

SULLIVAN
CAM ERON

MERC ER

quality monitoring, river use and access, riparian buffer status, water trail feasibility studies,

acquisition grants. Municipalities in 65% of the state’s watersheds have or are participating

WAYNE

28

FOREST

 Implementation Grants may be granted for conducting resource studies including water

or funded 121 river conservation plans and awarded 117 implementation, development, and

16

80

municipal support.

recreational purposes.

103

TIOGA

103

river segments in communities that have an approved river conservation plan and local

 Acquisition Grants may assist in the purchase of land to be used for conservation or

POTTER

CRAWFORD

 DCNR maintains the Rivers Registry which provides information on recognized rivers or

Development Grants.

120

59

to aid in conducting a study on a particular river resource.

points, playgrounds and parks, and stream bank fencing may be supported by

57

BRADFORD
MCKEAN

WARREN

114

111

37
DELAWAR E

projects supported by DCNR’s Rivers Conservation Program as of November 2008.
For more information contact:
Department of Conservation and Natural Resources
Division of Conservation Partnerships
717-787-7672
www.dcnr.state.pa.us/brc/rivers/riversconservation/

Commonwealth of Pennsylvania
Department of Conservation and Natural Resources
Bureau of Recreation and Conservation
Revised: November 2007

Development Projects

COUNTIES

Acquisition Projects

River Basin Divide

Implementation Projects

River Conservation Plans
P:\GIS(R&C)\Arc_Maps\2007RiverConservation.mxd
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Watershed Management on a Larger Scale

T

he creation of compact commissions acknowledges that Pennsylvania

residents along with industry and commercial businesses rely on the waters

that direct efforts toward restoring the Chesapeake Bay. Representatives

and its neighbors are connected by rivers, and therefore must work

connected to the estuary for everything from drinking water to commercial

from Pennsylvania, New York, Delaware, Maryland, Virginia, West Virginia,

together to manage the water resources and their watersheds for the

transportation to recreation. The Partnership for the Delaware Estuary is one

the District of Columbia and the U.S. Environmental Protection Agency work

benefit of all users. But we also know rivers empty into lakes, other rivers and

example of a group working to protect the estuary. It is a joint effort between

together to adopt policies on restoring and protecting the bay. States focus on

bays before eventually reaching the oceans. Therefore, the water quality and

Pennsylvania, New Jersey and Delaware to achieve the goals of:

reducing the amount of nutrients—specifically nitrogen and phosphorus—that

supply of a particular watershed do not just affect immediate users, but also
influence all water use downstream. For this reason, policies and management
plans must consider how a watershed fits into the larger landscape of the

enters the bay by developing nutrient and sediment cleanup plans for specific
 Restoring living resources of the Delaware Estuary through
habitat protection
 Reducing point and nonpoint source pollution to attain water quality

country’s and world’s water resources.

rivers upstream. Restoration efforts concentrate on restoring water quality,
restoring habitat, managing fisheries and monitoring physical and biological
parameters as an indication of the bay’s health.

conditions needed to support aquatic living resources populations

The Delaware Estuary

Buffalo

and diversity

The Delaware River and its tributaries flow into the Delaware Estuary before

 Managing water allocations to ensure abundant public water supply

reaching the Atlantic Ocean. This estuary stretches from Trenton, N.J. and

 Managing economic growth while protecting living resources within

Morrisville, Pa., south to Cape May, N.J. and Cape Henlopen, Del. More than
nine million people live in the Delaware River-Estuary Watershed. These

Cooperstown

New
Y rk
Yo

the estuary
 Promoting community awareness and participation in restoring and
protecting the Estuary

The Chesapeake Bay
At 4,480 square miles, the Chesapeake Bay and its tidal tributaries is the
New
York

Pennsylvania
Pitttsburgh

largest of all 130 estuaries in the United States – stretching 200 miles from

Harris
sburg

T renton

Havre de Grace, Maryland, to Norfolk, Virginia and ranging in width from 3.4

Phila
adelp
p h ia

miles near Aberdeen, Maryland, to 35 miles near the mouth of the Potomac
River. Pennsylvania’s portion of the Chesapeake Bay Watershed accounts for
22,612 square miles of the total 64,328 square miles within the bay watershed.
Pennsylvania

The major tributaries draining into the bay include the Susquehanna and
New
Jersey

Alle
e ntow n

Maryland
West
Virginia

Dov er

Balttim
more
Annapolis
s
Washington

Potomac Rivers. The Susquehanna, the bay’s largest tributary, provides roughly

New York

half of the total freshwater flow to the bay. The Susquehanna River Basin
Commission regulates large water withdrawals and consumptive uses with the

Harrisbu rg

Tre nton

Susquehanna watershed to, among other purposes, ensure adequate flows to
the Chesapeake Bay.

Phila
ade lp
ph ia
a

Ric
chmond

The Chesapeake Bay Program is a partnership of federal and state agencies,
Baltimo re

Ann apo lis
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local watershed organizations, academic institutions and environmental groups

Atlantic
Ocean

The Delaware Estuary Drainage Basin.

New
Jersey
y

The Chesapeake Bay Drainage Basin.
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The Great Lakes

further exacerbate the problem, outflows from the lakes are small compared to

Mississippi

The Great Lakes—Superior, Michigan, Huron, Erie and Ontario—make up

the total volume of water, causing pollutants to be retained and concentrated

River. The

the largest freshwater system in the world, covering more than 94,000

in the ecosystem.

Mississippi

square miles. The 30 million people who live in the watershed, both in the

River stretches

A typical
ypical
pical Ohio R
River tow of 15 barges can move the same
amount of cargo as 225 rail cars or 900 semi-trucks—
reducing highway congestion and saving money.

U.S. and Canada, rely on this water for consumption, transportation, power

The Great Lakes Commission was established in 1955 by the Great Lakes

3,750 miles

and recreation. With so many users, it is not surprising that the Great Lakes

Basin Compact to promote the sustainable development and resource

from Lake

are subject to degradation from pollution and invasive species. Toxins and

conservation of the Great Lakes and St. Lawrence River. The eight member

Itasca in

excessive nutrients are carried into the lakes by way of soil erosion, agricultural

states—Pennsylvania, New York, Ohio, Wisconsin, Minnesota, Michigan, Illinois

Minnesota to the Gulf of Mexico. The watershed includes 31 states and two

runoff, leachates from waste disposal sites and industrial discharges. To

and Indiana—and the Canadian provinces of Ontario and Quebec join efforts

Canadian provinces, covering drainage for 41 percent of the continental

–ASCE 2006 Navigable Waterways

preventing the spread of aquatic invasive species,
in p

United States. Its primary uses include providing potable water to people

controlling upstream soil erosion and sediment and
con

and livestock, irrigation for agriculture, and transportation of goods (e.g.,

managing environmental monitoring studies on the Lakes.
ma

petroleum products, iron and steel, grain, coffee, coal, paper and chemicals).

The commission collects data, conducts research and

These uses contribute to the high sediment, nutrient and pesticide loads that

makes recommendations on basin water resources.
ma

are carried from tributaries to the Gulf of Mexico. Although a Mississippi River
Commission was formed to improve water quality, support navigation, promote

The Great Lakes.

The Council of Great Lakes Governors is a non-partisan

commerce and minimize flood impacts, the commission does not include

partnership of the governors of the eight Great Lake
par

individual state representatives. Organizations like the Ohio River Valley

States. In 1983, the region’s governors decided to join
Sta

Sanitation Commission foster upstream management strategies at the local

forces to create the Council and tackle the environmental
for

watershed level for the Mississippi River.

and economic challenges then facing the citizens of
their states. In recent years, the Canadian
the
premiers of Ontario and Quebec have joined
pre
with the Council Governors in advancing the
wit
high performance economy of the Great Lakes
hig
region. The Great Lakes Governors share a
reg
dual stewardship for both the world’s single
dua
largest source of fresh water and the industrial
larg
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Pennsylvania's Watershed Regions
Lakes

Ohio

Page 6
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Introduction

The following goals have been identified by the Ohio Regional Water Resources
Committee due to specific concerns regarding water quality and quantity in the
region. These issues should be factored into any decisions that are made that
may impact water resources, as we plan for the protection and restoration of
water resources in the region.
 Reclaim water resources impaired by abandoned mines
 Identify water resources needed to promote and facilitate economic
development, and provide job opportunities, while maintaining watershed
integrity and recreational benefits
 Reduce and avoid impacts that may lead to contamination of groundwater
and surface water sources available for residential water use
 Control stormwater runoff and promote groundwater infiltration
 Resolve problems associated with aging infrastructure and malfunctioning
sewage systems that may lead to water pollution
 Develop plans for water resources during periods of drought or other water
shortage emergencies
 Protect and restore water resources such as critical groundwater recharge
areas, ecologically sensitive watersheds, aquifers, wellheads, lakes, wetlands
and floodplains
 Develop and encourage the use of appropriate, applied technology to ensure
clean and healthy water resources and encourage water conservation
practices
 Identify water resources needed for economic development that address
needs to maintain and enhance job base and maintain watershed integrity
 Distinguish the Ohio River Basin as a region that is different from other
basins in the state while conducting public education and outreach on the
importance of our water sources

The regional committee members will continue to work with DEP and other
partners to make recommendations for attaining these goals.

The Ohio Region at a Glance
The 981 miles of the Ohio River drain 203,940 square miles in 15 states.
Despite its large watershed, less than five percent of the land drains directly
into the main stem; instead, most of the Ohio River is fed by numerous
tributaries including the Allegheny, Monongahela, Kanawha, Wabash, Green,
Cumberland and Tennessee rivers. The Ohio River starts at the confluence
of the Allegheny and Monongahela rivers at Pittsburgh, Penna. and borders
or travels through six states—Pennsylvania, Ohio, West Virginia, Kentucky,
Indiana and Illinois—before emptying into the Mississippi River at Cairo, Ill.
The Ohio River is the largest tributary by volume of the Mississippi River.
The Ohio Region is the second largest basin in Pennsylvania, covering 15,614
square miles, but the commonwealth only accounts for one-tenth of the entire
basin. Approximately 25 million people (10 percent of the U.S. population) live
in the Ohio River Basin, including 3.5 million Pennsylvanians, who rely on the
river for transportation, water supply, and electricity generation.

Ohio River Facts
Called “La Belle Riviere” (The Beautiful River) by early French explorers
Basin Area:
Total – 203,940 square miles
Pennsylvania – 15,614 square miles
Headwaters: Allegheny River, Raymond, Penna. and Monongahela River,
Fairmont, W. Va.
Mouth: Mississippi River, Cairo, Ill.
Ohio River Length:
Total – 981 miles
Pennsylvania – 50 miles

Major Tributaries (in Pennsylvania)
Allegheny River
Conemaugh River
Youghiogheny River

Beaver River
French Creek

Clarion River
Monongahela River

Watersheds in the Ohio Region
“Watershed” is a generic term used to identify an area of land that drains to
a particular waterbody. Watersheds can vary in size, from the acreage that
drains to a brook to a major river. For purposes of this atlas, watersheds are
classified by a nested hierarchy based on landscape scale. A watershed is the
land area that drains into a stream or river (or in some cases, two streams) and
is the smallest in size in the classification hierarchy. Pennsylvania’s original
State Water Plan divided the commonwealth into 104 watersheds, ranging
in size from approximately 100 to 1,000 square miles, named for the major
streams of the watershed. A subbasin includes all of the watersheds that drain
into a particular reach of a larger watercourse. A basin encompasses all of
the subbasins that drain into a major waterway. In Pennsylvania, there are six
basins—Lake Erie, Genesee, Ohio, Susquehanna, Potomac and Delaware—
each with a different outlet. The Lake Erie Basin empties into Lake Erie, the
Genesee Basin contributes to Lake Ontario, the Ohio Basin drains into the
Mississippi River, the Susquehanna Basin and Potomac Basin empty into the
Chesapeake Bay, and the Delaware Basin drains into the Delaware Bay.

Kayaking on theYoughiogheny River, Ohiopyle State Park.
Photo courtesy of Ryan Hale.

Ohio
Page 7

Ohio

E

ach of Pennsylvania’s major drainage basins has an array of individual
characteristics that distinguish it from other regions of the state. These
include diverse geographic and geologic features as well as major
differences in historical settlement, economic and land use patterns. To reflect
these variations, six regional water resources committees were created by the
Water Resources Planning Act to ensure that individual regional priorities were
developed and highlighted in the plan. The priorities and actions of the Ohio
Regional Water Resources Committee are significant and influence not only
local streams and rivers, but also the Mississippi River.
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Introduction, continued

Wetlands in Somerset County.

Pittsburgh’s history is marked by many American
firsts: movie theater, baseball stadium, gas
station and commercial radio broadcast.

A particular tract of
land can belong in
multiple watersheds,
depending on the scale of the landscape.
land
ndscape For example,
example in Venango County,
County
Sandy Creek is a tributary to the Allegheny River, which is a tributary to the
Ohio River. The land that encompasses the Sandy Creek Watershed is part of
the Upper Allegheny Subbasin, which, in turn is part of the Ohio Basin. The
Water Planning Area map on the previous page depicts the 32 watersheds
found in the five subbasins of the Ohio Basin.
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63%
14%
. 9%
. 3%
. 4%
<1%
. 5%
. 1%
<1%

Scenic Rivers
Total: 142.6 miles
Bear Run, 4.3 miles
Allegheny River, 86.6 miles
Recreational – 86.6 miles
Clarion River, 51.7 miles
Scenic – 17.1 miles
Recreational – 34.6 miles

Points of Interest in the Region
 Route 6, the longest U.S. transcontinental highway – Erie, Warren, McKean
and Potter counties
 Erie National Wildlife Refuge – Guys Mills, Crawford County
 Drake Well Museum at the world’s first oil well – Titusville,
Crawford County

 The Avenue of Flags – Hermitage, Mercer County
 McConnells Mill State Park – McConnells Mill,
Lawrence County
 Frankfort Mineral Springs – Hookstown, Beaver County
 Meadowcroft Rockshelter and Museum of Rural Life –
Avella, Washington County
 July 29th Rainy Day Festival – Waynesburg,
Greene County
 Allegheny National Forest – Elk, McKean, Forest and
Warren counties
 Hearts Content Scenic Area – Allegheny National Forest,
Warren County
 Kinzua Bridge Viaduct, National Engineering Landmark –
Mount Jewett, McKean County
 Coudersport Ice Mine – Coudersport, Potter County
 Oil Creek and Titusville Railroad – Oil City,
Venango County
 Cook Forest State Park – Forest, Clarion and
Jefferson counties
 Lake Arthur and Moraine State Park –
Regional Climate
Did
you
know?
Portersville, Butler County
Tionesta Creek is best known for its scout camp where
 Elk State Park – Johnsonburg,
The Ohio Region has a temperate climate
thousands
of
western
Pennsylvania
boy
scouts
have
gone
for
Elk County
pattern. Mean minimum temperature ranges
weekends and weeklong summer camping sessions.
 Groundhog Day with Punxsutawney Phil
from 9 degrees Fahrenheit in the north to 19
– Punxsutawney, Jefferson County
degrees Fahrenheit in the south. The mean
 Christmas Tree Capital of the World –
maximum temperature ranges from 75 degrees
Indiana County
Fahrenheit in the east to 84 degrees Fahrenheit in the west. Average annual
 Rachel Carson Homestead – Springdale, Allegheny County
precipitation for the region ranges from 34 to 53 inches per year. In general,
 Point State Park, Three Rivers Area – Pittsburgh, Allegheny County
the northern and eastern areas of the region receive less precipitation
compared to the western and southwestern area. Precipitation in the Ohio
 Idlewild Park and Storybook Forest – Ligonier, Westmoreland County
 Johnstown Flood Memorial – Southfork, Cambria County
Region is varied from month to month. The northern part of the region receives
 Johnstown Inclined Plain – Johnstown, Cambria County
the greatest amount of precipitation in June while the southern part receives
 Fallingwater at Bear Run Nature Reserve – Mill Run, Fayette County
the most precipitation during July. The least monthly precipitation usually
 Mt. Davis, the highest point in Pennsylvania – Somerset County
occurs in November.
 Quecreek Miner Rescue Memorial – Somerset, Somerset County
The maps on the next two pages show Annual Precipitation, Average Minimum
 Flight 93 Memorial – Shanksville, Somerset County
 Heinz Park and PNC Park – Pittsburgh, Allegheny County
Temperature and Average Maximum Temperature, averaged from 1971 to 2000,
 Raccoon Creek State Park - Frankfort Springs, Beaver County
for the Ohio Region.
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Introduction, continued
Fallingwater
Fallingwater, considered Frank Lloyd Wright’s most
acclaimed work, was designed at the request of the
Edgarr J. Kaufmann fami
Edg
family in 1935.. Or
Originally
ginally designed
to honor the family’s love of a waterfall on Bear Run,
Run
Fallingwater has become a national symbol of man’s
ability to live harmoniously with nature. Three years
of construction started in 1936 resulted in a house
constructed of a series of cantilevered “trays” rising
30 feet over the falls and consisting of as much floor
space taken up by outdoor terraces as indoor rooms.
The Kaufmann family used Fallingwater as a weekend
and vacation home
until 1963 when it
was entrusted to the
Western Pennsylvania
Conservancy. Today,
Fallingwater is the
only great Wright
house open to the
public with its original
Frank Lloyd Wright’s
art work and WrightFallingwater over Bear
designed furnishings
Run, Fayette County.
still in place.

Did you know?
A t Jimmy
Actor
Ji
Stewart
St
t was born and raised in
the town of Indiana. Each year at Christmas the
downtown area is decorated in the theme of the
film “It’s a Wonderful Life.”

Allegheny National Forest, Warren County.
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Extreme Weather Conditions: Ice Jams in Oil City
Oil City, located in Venango
enango County
County,
nty, has
as suffered
suff
tremendous
tre
losses in the past as
a result of spring
spriing and summ
summer st
storm-type floods, and in particular, ice jam flooding.
Located att the confluence of Oil Creek and the Allegheny River, the joining of the
two bodies of water at Oil City has amplified flood events which result in hardships
for the community. Heavy economic losses and personal losses have all resulted
from local flooding of the two rivers.
Ice jam flooding has been a particular problem in the Oil City region which
prompted the U.S. Army Corps of Engineers to search for a solution to control flood
events. The outcome was the installation of an ice control structure on both Oil
Creek and the Allegheny River.
Ice jam flooding occurs as the water cools to the point that slushy, water-logged ice
forms within the river depths. Also known as frazil ice, the slush begins to attach to
the stream banks and as it accumulates, the ice severely restricts the flow of water

to a small area under the frozen river surface. When melting occurs, the surface
ice melts first and an ice flow occurs. However, since the river has been constricted
to a small area by the slush, the ice and water have nowhere to go except over the
banks.
After two winters of investigation, ice experts from the U.S. Army Corps of
Engineers Cold Regions Research and Engineering Lab developed a solution. Their
design of the ice control structure, simply put, is a collection of floating pontoons
that are connected together with heavy steel cable and anchored on each stream
bank. The pontoons are approximately 20 feet long and, when connected, span
the entire width of the river. The structure collects the slushy, partially frozen ice
upstream of Oil City, a more advantageous area rather than the confluence of
both rivers. Allowing the ice to form upstream of the confluence of the two rivers
prevents the slushy, frazil ice from collecting and constricting the river at Oil City,
therefore reducing flood events.
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in the future. By contrast, the area north of Indiana has
historically experienced minimal population increase but is
expected to decrease in the future.
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Population and Future Projections
The maps on pages 47 and 48 show populations in the year
2000 and population projections for 2000 through 2030 for
the Ohio Region. As illustrated in the Population 2000 Map,
municipalities in the southern half of the region are more
populated than those in the northern half. Populations are
highest in Pittsburgh and its adjacent communities and tend
to decrease as you travel away from the city.
As shown by the Population Projection Map, noticeable
changes in population trends are expected south of
Pittsburgh and the central-eastern portion of the
region. Historically, the area from Pittsburgh south to
the Pennsylvania-West Virginia border has declined in
population, but these areas are predicted to increase slightly

Ohio River Basin Water Use
Thermoelectric 60%

Regional Water Use

Commercial 1%

The demand for water throughout the region can be measured
in part by compiling and mapping data contained in the
registry of water users maintained by the DEP. All public
water supply agencies and hydropower facilities as well as
anyone withdrawing more than 10,000 gallons of water per
day are to register and report their usage to DEP. There are no
fees associated with registering and reporting.

Industry 22%

Although this registry information does not account for all
water demands of the region, it provides useful information
to predict areas of higher and lower demand, as shown by
the Registered Water Withdrawals Map on the next page.
Consumptive water use, as defined by U.S. Geological
Survey (USGS), is “that part of water withdrawn that is
evaporated, transpired, incorporated into products or crops,
consumed by humans or livestock, or otherwise removed
from the immediate water environment.” The amount of water
consumed in a region becomes an important consideration
for resource management during times of drought or water
shortages. On the Registered Water Withdrawals Map, the pie
chart within each subbasin depicts the percentage of each
major sector of water use.

Agriculture 1%

Mining 1%
Public Water Supply 15%

Ohio

Populations throughout the Region
(2000 Census Estimate)

Source: PADEP, 2003

Raccoon Creek State Park
Frankfort Springs
Beaver County.

The pie chart on this page provides a breakdown of both
consumptive and non-consumptive water use by sector for
the Ohio Region. Approximately 60 percent of water is used
by utility and thermoelectric (power-generating) facilities, 22
percent by industry, and 15 percent by public water suppliers
within this region. Agriculture, commercial and mining each
account for less than 1 percent of water use in this region.
This data is based on information available primarily from
registrations submitted to DEP in 2003.
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Water Resources

O

nce described as “La Belle Riviere” (the Beautiful River)
by French explorer Robert Cavelier Sieur de La Salle in
1669, the Ohio River and its tributaries continue to be
a remarkable resource for western Pennsylvania. Serving more
than 13 million citizens with fresh drinking water, the basin also
provides major transport routes for barge traffic, with tonnage
estimated to be more than eight times that which is shipped on
the Great Lakes System.

Ohio

A map showing the larger streams, lakes and wetlands within the
Ohio Region is provided on the next page. Streams and rivers can
be classified according to their size based on a hierarchy of its
tributaries. The hierarchy designates headwater streams as a first
order stream. When two first order streams meet, the waterway
becomes a second-order stream. When two second-order streams
meet, the waterway becomes a third-order stream and so on. If

Swamp Forest and Black Jack Swamp
Two wetlands of interest in the Ohio Region include Swamp
Forest and Black Jack Swamp. Swamp Forest is a 246-acre
palustrine (containing no flowing water) wetland originating
at the headwaters of Brown’s Run in Clarion and Forest
counties. The area is noted for containing old-growth Eastern
hemlock and white pine stands.
Black Jack Swamp is located in Crawford County near
Pymatuning Reservoir and encompasses approximately 725
acres. Black Jack Swamp is classified as a scrub-shrub and
emergent wetland that provides habitat for plant and animal
species native to those types of habitat.
Both wetland areas are listed as State Parks Natural Areas
by the Pennsylvania Department of Conservation and
Natural Resources.
Bog community in Somerset
Somerset County.
County
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Water Resources, continued
Three Rivers at Pittsburgh
The meeting of the Monongahela, Ohio and Allegheny rivers at the city of
Pittsburgh is commonly referred to as the “three rivers.” Millions of years
ago, the rivers were created by glacial melting at the end of the Ice
e Age, an
and
each river stands to have distinctive qualities in their own
wn ecolo
ecology, geology
and hydrology.

Streams

Colonial settlers immediately
mediately fell iin love with the site
te of the fu
future
ture city d
due to
the access to
th
t so many different areas
reas including the
he Great
eat La
Lakes, the Gulf of
Mexico and eventually th
Mexico,
the Louisiana
uisiana
isiana Territory.
Territor George
Geo
Washington observed
that “nature has well
ll contrived this place” and found it to be an ideal location
for a fort. Later, the Discoveryy expedition of Lewis and Clark to the Pacific
Ocean was launched on the rivers.

The Monongahela, Allegheny and Ohio rivers are the major water
bodies in the Ohio Region. The major tributaries to the Monongahela
include the Youghiogheny River, Tenmile Creek, Dunlap Creek and
Redstone Creek. The tributaries to the Allegheny River listed from
north to south include Tionesta Creek, Oil Creek, French Creek, Clarion

The three rivers also served an important role in the industrial revolution,
providing transportation for the iron and steel made in Pittsburgh.
Unfortunately, the combination of barge and steamboat traffic matched with

industriall waste took
too a toll on the river, cre
creating intense
ense amounts of pollution
and d
driving nearly every species
sp ess of aquatic w
wildlife out of the area. Many
people even
en moved
mov d away ffrom
fro the rivers to flee the waterborne diseases.
Ev ntually
Eventuall
ntually, the waters were cleaned up beginning in the 1970s with the Water
Pollution Control Act Amendments and with the help of many state and
P
local organizations, and much of the wildlife has been restored. Today, the
Pittsburgh area is very affluent in industry, bringing more and more residents
to the city and surrounding areas. The city is taking strides in increasing the
awareness of the role of the rivers and ensuring the safety of the water by
encouraging residents to do their part to keep it clean.
In 2005, ESPN selected the three rivers as the location for its CITGO
Bassmaster Classic, showing the public’s confidence in the waters
surrounding Pittsburgh. Many other recreational activities are enjoyed on the
rivers, and the days of staying away from the waters are forever in the past.

Did you know?
Th angling
The
li state
t t record
d walleye was hauled in from
the Allegheny Reservoir in Warren County in 1980. The
record fish topped the scales at 17 pounds, nine ounces.

Three Rivers Regatta, Pittsburgh.

River, Redbank Creek and Kiskiminetas River. The Ohio River, receiving
the majority of its water from the confluence of the Monongahela and
Allegheny rivers, has tributaries including Raccoon Creek, Beaver River
and Chartiers Creek.
These surface waters are part of the 32 watersheds in the Upper
Allegheny, Central Allegheny, Lower Allegheny, Monongahela and
Ohio subbasins which make up the Ohio Region. The watersheds are
shown on the Water Planning Area Map in the Ohio Region Introduction
Section of this atlas.
Approximately 80 U.S. Geological Survey (USGS) gaging stations
that monitor peak stream flow conditions, water levels, discharge
and water temperature are located in the Ohio Region. Several
gaging stations, including Connoquenessing Creek near Zelienople,
Youghiogheny River near Sutersville, and Beaver River at Beaver Falls
also monitor water quality.

Ohio
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a lower-order stream flows into a higher-order stream, the order
designation does not change. For instance, if a first-order stream meets
a second-order stream, the waterway designation remains secondorder. For purposes of making the map readable, only higher order
streams of the Ohio Region are shown in the Surface Waters Map.
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Water Resources, continued

DEP initiat
nitiated
ted
ted
d the
th Stream
eam Releaf Program in 1996 to restore
streams and ripar
riparian
rian
an a
areas in
n order to reduce and prevent
stream bank erosion
n an
and
d sedim
sedimentation
sed
on. Th
The Stream Releaf
Program has helped to create
ate ri
riparian
parian
rian buffers
bu
(vegetated
egetated
areas along stream banks) along Fairbanks
Fairbanks Run in Warren
W
County, Wolf Run in Lawrence County, and Blockhous
Blockhouse Run
in Greene County. These are just a few of more than 650
projects found in the Stream Releaf database for this region.

For more information on this program, see “Stream Releaf”
under “DEP Programs” at www.depweb.state.pa.us

Lakes and Dams
Lakes are a well-known feature in the Ohio Region, especially riverlakes that are created by the placement of dams on rivers in the region.
Examples such as Shenango River Lake and the Conemaugh River Lake
were formed by the installation of dams. The Pittsburgh District of the
U.S. Army Corps of Engineers maintains and operates 16 flood control
projects throughout the region with many lock and dam features on the
Allegheny, Monongahela and Ohio rivers.
One example is the C. W. Bill Young Lock and Dam located on the
Allegheny River near New Kensington. The facility consists of a single
lock chamber and a fixed-crest concrete dam, which is basically a
concrete wall spanning the width of the river. This example of a lock
and dam maintains a river depth of approximately nine feet, suitable for
navigation up and down the river.
The Emsworth Locks and Dam are located on the Ohio River near
Emsworth and Avalon. The dam is controlled with two large gated dams
that control the water level upriver. Mainly intended for navigation

purposes, the locks and dam also contribute to the surface water supply
impacts to the environment. Wetlands also have the excellent ability to
for industrial and municipal needs. The Emsworth Locks and Dam
remove sediment from surface runoff. The vegetation plays a large role
average nearly 550 commercial lockages every
in reducing sediment as
month with an additional 350-400 lockages of
the sediment particles
pleasure craft during the busy summer months.
are captured and slowly
For more
m
information on wild ttrout
out
ut stre
sstreams
strea
in Pennsylvania,
removed as the water
visit the Pennsylva
Pennsylvania
nia Fish an
and
a Boat Commission’s Web site
Wetlands
progresses through
at www.fi
ww.fish.state.pa
sh.stat
h.state.pa.us/.
the wetland.
Wetlands are areas where water covers the
As illustrated in the Ohio
soil or remains at or near the surface for an
Region Surface Waters Map, the northwestern portion of the region has
extended period of the year. These habitats provide a hydrologic link
a high concentration of wetlands. These wetlands, as described, provide
between land and water resources (either surface water, groundwater
a natural defense against harmful contaminants in water supplies.
or both). Wetland types differ according to characteristics such as
Precaution should be taken to eliminate the destruction of these wetland
topography, climate, hydrology, water chemistry and vegetation.
areas. Allowing them to remain will protect our water sources and
provide habitat for many plants and animals.
The U.S. Fish and Wildlife Service provides information on the nation’s
wetlands and deepwater habitats—including location, type and
Special Protection Waters
status—through the National Wetlands Inventory (NWI). There are two
general categories of wetlands: coastal (including estuaries) and inland
Certain water bodies are designated special protection to prevent
(including rivers, lakes and riparian areas). The NWI classifies inland
activities that could degrade water quality and therefore prevent
waters according to the amount and type of vegetation present:
these waters from meeting their uses. These special designations
 Open water (rivers and lakes)
include federal or state Scenic/Recreational Rivers, High Quality and
 Emergent/herbaceous (marshes, wet meadows and fens)
Exceptional Value Waters, and Class A Wild Trout Waters.
 Scrub-shrub (swamps and bogs)
 Forested (swamps and bogs)
Scenic Rivers
Scenic rivers in Pennsylvania are designated for their exceptional
Numerous swamps and wetlands exist within the region and are even
aesthetic, pastoral or recreational value and must be maintained for
more prevalent in the post-glaciated areas in the northwestern sections
these values. There are more than 140 miles among three scenic rivers
of the region. Many wetland areas border streams and rivers including
in the Ohio Region. More detailed information about the Scenic Rivers
Muddy Creek, Little Sugar Creek and Conewago Creek.
program is included in the Statewide section of this atlas.
Wetlands provide unique habitat to many species of plants and animals
and also serve as natural filters to surface and groundwater supplies.
Many wetlands in the region including bogs and swamps have the ability
to eliminate contaminants such as nitrates and phosphates as water
flows through the wetland. The vegetation present in the wetland utilizes
the excess waste, eliminating it from the water and reducing negative

Ohio

Stream Releaf Program

HQ and EV Waters
There are two types of special protection waters classifications
according to guidelines listed in Pennsylvania Code Title 25, Chapter 93
Water Quality Standards: High Quality (HQ) and Exceptional Value (EV).
The Special Protection Waters Map on the previous page shows the HQ
and EV waters in the region.
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Water Resources, continued

 EV waters are designated based on water quality and are waters
of substantial recreational or ecological significance. There are
approximately 55 streams or stream sections designated as EV in the
Ohio Region. Many waters are designated as EV based on the fact that
they are classified as Class A Wild Trout Waters. These designated
streams are primarily found in the eastern half of the region.
The classification of EV or HQ to a stream requires that new or expanded
earth-disturbance does not degrade existing water quality. It is important
to know that this does not mean that development will stop, but proposed
projects will undergo a more detailed permit review by DEP and may
result in meeting more stringent requirements to protect water quality.

Wild Trout Waters
Approximately 62 waters in the Ohio Region are designated by the
Pennsylvania Fish and Boat Commission as Class A Wild Trout Waters.
These waters support a population of naturally-produced trout of
sufficient size and abundance to support a long-term and rewarding
sport fishery. These streams are not stocked but are supported in full
by the spawning of the wild trout populations, further illustrating their
outstanding quality and protection they receive. Class A Wild Trout
Waters include wild brook trout fisheries, wild brown trout fisheries,
mixed wild brook/brown fisheries and wild rainbow trout fisheries.
The largest majority of the wild trout waters are brook trout fisheries,
while brown trout waters are second largest. Four counties, including
Venango, Westmoreland, Fayette and Somerset, contain wild rainbow
trout fisheries.
The Special Protection Waters Map on page 52 shows the location of
Class A Wild Trout Waters in the Ohio Region.

Impaired Waters
Stream health assessments are complex and time consuming efforts put
forth by many individuals. Assessments can include individual studies
on the living organisms and habitat within and around the stream,
studies on water chemistry, and measurement of physical characteristics.
There are also simple visual indicators one can look for to determine a
stream’s general health. Impaired streams may have eroded or undercut
banks, low water clarity, foul odors, large amounts of algae, or have
deep deposition of sediments that cover larger rocks on the bottom of
the stream. All of these results help determine overall stream health.
Restoring impaired streams requires plenty of time and effort combined
with the most recent water quality evaluations available.

to the quality that meets its designated use. DEP and the United States
Environmental Protection Agency (EPA) work in conjunction with other
organizations, such as Pennsylvania State University, to develop a Total
Maximum Daily Load (TMDL) for each impaired waterbody. A TMDL
defines the allowable pollutant loads a waterbody can receive from point
and non-point sources and still be able to maintain its designated water
quality standards.
The Impaired Waters Map shows the location of impaired streams and
waterbodies in the Ohio Region. A majority of these streams are found
in the southern two-thirds of the region, particularly around Clarion, and
from the Pittsburgh area to Indiana.

Efforts to Address
Impairment

The Pennsylvania
Acid Mine Drainage
Department of
Environmental
Many impaired waters exist
Drainage from coal mines is often referred to as “acid mine drainage”, although
Protection (DEP), under
within the Ohio Region. DEP
a large portion of mine drainage is actually “alkaline”. (Acidic water has a ph
Section 303(d) of the
supports local watershed
<5.0 while alkaline water has a ph ≥ 6.0.) Acid mine drainage (AMD) forms from
federal Clean Water Act,
groups, conservation
the weathering of pyrite, a mineral containing iron and sulfur. The weathering
implements a program
districts and municipalities
products are acid, sulfate and iron. Alkaline mine drainage occurs when AMD is
that assesses the
in developing Watershed
neutralized by calcite or dolomite present in surrounding rock or fill materials.
water quality of state
Implementation Plans, which
If not neutralized, the acid can attack other minerals and leach metals such as
waters and identifies
identify pollution sources in
manganese, aluminum and zinc.
waterbodies that do
these areas and recommend
not meet the standards
best management practices
for their designated uses. These designated uses—including aquatic
(BMPs) for cleaning them up. These plans are submitted to the EPA to
life, recreation, and drinking water—are characterized by the in-stream
provide a “road map” for future stream restoration efforts and funding.
levels of parameters (e.g., dissolved oxygen, pH, metals, siltation, etc).
Currently within the Ohio Region, two Watershed Implementation
If a waterbody does not meet the standards for its designated use, it is
Plans have been completed for Blacks Creek Watershed and Pine Run
identified as “impaired” on the Pennsylvania Integrated Water Quality
Watershed. Specific examples of watershed cleanup projects in the Ohio
Monitoring and Assessment Report. This report also identifies the
Region include:
cause of the impairment, which may be one or more point sources (like
industrial or sewage discharges) or non-point sources (like acid mine
Blacklick Creek and Conemaugh River Watersheds
discharge or agricultural runoff).
The Blacklick Creek and Conemaugh River watersheds combined
drain approximately a 700-square mile area in Indiana, Cambria and
Once impaired waters and their reasons for impairment are established,
Westmoreland counties. The two watersheds are collectively part of the
the state determines what conditions are necessary to return the water
Lower Allegheny Subbasin.

Ohio
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 HQ waters are designated as such based on the water chemistry and
the presence of a high quality aquatic community. Approximately 323
streams or stream sections are designated as HQ throughout
this region.
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Water Resources, continued
The significant abundance of coal and coal mining in the region has negatively affected the Blacklick
Creek and Conemaugh River watersheds. Within the subbasin, acid mine drainage (AMD) discharges
occur from approximately 300 surface coal mines, 170 coal refuse dumps, and nearly 200 miles of
underground mines. Together, they contribute up to 300,000 pounds of contaminants per day. The
storage and disposal of brine waste from gas well production has also contributed to the degradation of
surface and groundwater resources.
The impacts of AMD have necessitated TMDLs for the metals associated with AMD, in particular
aluminum, iron and manganese. The EPA’s most recent establishment of TMDLs for the nonpoint sources
of pollution in the subbasin occurred in 2005.
An aerobic wetland designed to remediate abandoned mine
drainage was constructed to restore nearly six miles of
Quemahoning Creek in Boswell Borough, Somerset County.
In response to the TMDLs and the overall degradation
The creek, a tributary of Stonycreek River, can now support
of the streams within the subbasin, several best
trout for the first time in nearly 100 years.
management practices have been funded and
established. Examples include the installation of
treatment systems to reduce AMD effects, cleaning and plugging abandoned and orphaned gas wells, and
establishing clarification marshes/wetlands to buffer treated wastewaters before they enter other bodies
of water.

Stonycreek River and Little Conemaugh River Watersheds
Stonycreek River and Little Conemaugh River watersheds drain approximately 658 square miles into the
Lower Allegheny River Subbasin. Located in Somerset and Cambria counties, the watersheds contain
nearly 1,049 streams which flow approximately 1,209 stream miles.

French Creek Restoration

Like the Blacklick Creek and Conemaugh River watersheds, AMD is one of the largest sources of
degradation to streams and rivers in the Stonycreek River and Little Conemaugh River watersheds.
Surface mining and deep mining both occurred within the subbasin, with some of the deep mines
discharging in excess of 2,000 gallons of water a minute and adding to the TMDL of the watersheds.
Along with abandoned mines, coal refuse piles also continue to contribute to poor water quality in some
streams within the subbasin.

Running through 117 miles of northwestern Pennsylvania and emptying into the Allegheny River, French Creek
has been recognized as one of the most biodiverse environments in eastern North America. The creek supports
life to more than 80 species of fish, 10 species of salamanders, 26 species of freshwater mussels and many birds,
mammals, insects and plants. Darter fish are also found in French Creek and are recognized for their beautiful
colors. French Creek has been able to house so many living organisms, including endangered species, due to its
clean waters and unique geological features. Namely, glacial sediment, including limestone, has been helpful to
buffer the stream from acidic precipitation.

TMDLs were established and approved by the EPA in 2006 for aluminum, iron and manganese—all metals
associated with AMD. All contaminants are listed as nonpoint sources of pollution.

Over the years, more and more people have settled along the creek, and though the area is not heavily populated,
various sources of nonpoint pollution have affected the creek. Nutrients and sediment from fields and lawns have
made their way to the creek, interfering with the natural habitat. Restoration efforts are underway to measure and
monitor the pollutants in order to administer proper solutions to the various pollution issues. Also, groups like
Friends of French Creek are doing work to restore aquatic wildlife and provide educational resources about the
creek’s ecology in order to keep it healthy and alive. Partnerships with various charities and volunteers have made
strides in helping to make the creek a lasting gem of the region.

In light of the degraded water quality within the subbasin, best management practices have been
implemented. Such practices include reclaiming abandoned surface mine sites, treating AMD sites with
aerobic wetlands, and plugging abandoned and orphaned gas wells to eliminate further degradation of
the surrounding environment.
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Stormwater and Flooding

S

tormwater runoff and flooding are natural events
that have helped shape our watersheds and rivers.
Human activities on the landscape routinely alter
natural drainage patterns. Because of this, stormwater
runoff is now being examined as to its effects on water

quality, stream morphology, base flow and recharge. If not
managed, these changes may increase localized flooding,
stream bank erosion and loss of groundwater recharge.
In addition to its physical impact on the environment,
stormwater may carry a variety of pollutants.

By managing stormwater runoff as a resource rather than
as a waste, a host of opportunities are
available to protect the environment
Local Flooding Occurrence
and complement water resource
management. Since clean and abundant
Since flooding is a problem in the Ohio Region, reservoirs and dams
water is a vital resource, effective
have been created to help control floodwaters. Reservoirs and dams
stormwater management provides for
in the watershed are managed and maintained by government
the protection and maintenance of
agencies like the U.S. Army Corps of Engineers. Although reservoirs
the commonwealth’s essential land
and dams exist in the watershed, occasionally heavy rains can
and water resources. Stormwater
overwhelm flood controls.
management affects and involves all
The city of Pittsburgh has dealt with at least four 100-year floods
of the possible avenues precipitation
in the last century. One of the worst floods to occur in Pittsburgh
might follow after falling to the ground:
happened in 1936 when flood waters exceeded the 500-year
runoff from the surface of the land;
floodplain. Although flooding has occurred in Pittsburgh and
groundwater by infiltrating (or soaking)
western Pennsylvania, flood controls reduced the impacts of
into the ground; evapotranspiration by
Tropical Storm Agnes (downgraded from a hurricane) in 1972. While
evaporating directly into the atmosphere
record flooding occurred in the Upper Allegheny Subbasin during
or by transpiring through plant processes
Agnes; dams and lock systems reduced the impacts of flood waters
and then evaporating; or stored water for
downstream. In January 1996, flood controls also reduced the
various uses.
impacts of flood waters in the region.
Flood control utilizing dams and emergency reservoirs is now being
augmented by improved stormwater management practices to
prevent flooding. Flood mitigation measures are continually being
refined by Pennsylvania and have helped reduce the overall impacts
of major flood events. Flood hazards are also being addressed in
Hazard Mitigation Plans that are being prepared by each county in
the state. Also, the Pennsylvania Emergency Management Agency
(PEMA) uses the Federal Emergency Management Agency’s (FEMA)
hazard identification tool, HAZUS, to assist counties and local
communities in assessing flood risks and preparing mitigation plans.

Human activities that result in land
development or changes in land cover,
or land use, often affect dramatically
the quantity and quality of stormwater
runoff from the land surface. These
changes can produce potentially
harmful impacts on water resources,
such as increases in damages from
flooding; diminished stream flows and
groundwater recharge; degradation of
streams and stream channels from scour,

erosion, or deposition; and deterioration of water quality
from pollution. These effects can be minimized, or avoided,
through the careful preparation and implementation of
comprehensive stormwater management plans and other
planning or regulatory efforts.

Problems Associated with
Stormwater and Flooding
Stormwater can have a detrimental effect on the
agricultural lands, developed areas and the water quality
of streams and rivers that flow through the 15,600-plus
square miles of land that makes up the Ohio Region.

impervious surfaces, it loses its ability to absorb rainfall.
Urbanization greatly increases the quantity and velocity of
runoff over what would occur naturally on vegetated and
forested terrain. Fixed drainage channels in urban areas
may be unable to contain the runoff that is generated by
relatively small, but intense, rainfall events.
The severity of a flooding event is determined by a
combination of river basin terrain, local thunderstorm
movement, past soil moisture conditions and the degree of
vegetative clearing. Abnormal weather patterns may also
contribute to flooding of a local area.

Urban and Suburban Runoff
Flooding

As the Ohio Region witnesses an expansion of
Flooding is a localized temporary
development in some
condition of partial or complete
areas, stormwater runoff
More information can be gathered by visiting the
inundation of normally dry land
is being scrutinized along
PEMA
Web
site
at
www.pema.state.pa.us.
from the overflow of streams or
with its effects on water
rivers. This potentially hazardous
quality. Stormwater
condition is generally the result of
runoff from developed
excessive precipitation. Generally, floods can be classified
areas in Pennsylvania is the third leading cause of stream
into two categories: flash floods, the product of heavy
impairment. Pollution in the Ohio Region can result from
localized precipitation in a short time period over a given
suburban development and impervious surface expansion,
location; and general floods, caused by precipitation over
resulting in potential runoff of petroleum products,
a longer time period over the river basin.
nutrients, etc. The trend of population spreading out from
towns and cities into areas that were previously rural is
Flash floods can occur within a few minutes or several
expected to continue into the future.
hours of heavy amounts of rainfall, rapid snow melt or
from a sudden release of water held back by an ice jam.
These population changes can result in development
Flash floods can damage buildings and bridges, uproot
and an increase in impervious surfaces. As impervious
trees and scour new drainage channels. Although flash
surfaces increase so can the amount of pollutant-carrying
flooding often occurs along small rural streams, it is also
stormwater from new developed areas. Soils washed away
common in urban areas where much of the ground is
from exposed building sites during construction also
covered by impervious surfaces. The impervious surfaces
contribute to the excess sedimentation of streams.
created by roads and buildings generate greater amounts
of runoff than would typically occur over vegetated
Pittsburgh, in Allegheny County, is expected to see
areas. As land is converted from fields and woodlands to
expanding development continue outward in some
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Stormwater as a Resource

Stormwater and Flooding, continued
directions. Stormwater runoff in this area affects water
Creek, contain high amounts of agriculture and
quality in the urban and suburban areas of the three rivers.
development (refer to the Land Cover map on
Future land development can increase stormwater runoff and page 69 .
streambank erosion throughout the watershed. Increased
stormwater can cause sewer overflows in older towns that
The Monongahela River supplies the city of
channel
Pittsburgh and its surrounding
stormwater
communities with drinking
Did you know?
runoff to
water. The river and surrounding
Between
B
t
1950
and
d
2000,
Allegheny
County
had
wastewater
watershed possess high potential
the most recorded flood events of any county in
treatment
for contamination from pollutantthe
state,
ranking
number
one
with
120
fl
oods.
facilities, or
carrying stormwater. Stormwater
worse yet,
runoff from transportation corridors,
combined
residential development, farms,
stormwater and wastewater can overflow into surface waters. abandoned mines and combined sewer overflows
Increased stormwater also destabilizes stream banks,
have been identified as some of the highest
disperses litter and topsoil, distributes unnaturally warm
potential sources for nonpoint pollution.
water from developed surfaces into streams, and reduces
groundwater recharge.
In the Ohio Region, combined sewer overflow
systems are responsible for some water quality
Agricultural Runoff
degradation. Combined sewer systems channel
Water quality degradation and impairment in the Ohio
both stormwater and wastewater to a treatment
Region can also be caused by stormwater runoff from
facility. During heavy rains, stormwater can
agricultural lands. As stormwater flows over agricultural
overwhelm a wastewater treatment facility’s ability
lands, it can wash away excess nutrients like nitrogen and
to disinfect wastewater. In the event combined
phosphorous from commercial fertilizers and manure. Soils
stormwater and wastewater volume exceed a
from plowed fields and unstable stream banks, sometimes
treatment facility’s capacity, the systems are designed
exposed in part by grazing animals, can also be washed away to discharge untreated water directly to a stream.
with stormwater runoff. Excess nutrients, sediments and
pollutants in this basin not only impair Pennsylvania’s waters Allegheny County and the city of Pittsburgh are
but also the Ohio River and ultimately the Mississippi River.
currently working with state and federal agencies to
resolve combined sewer overflow issues and update
Stream Impairment and Stormwater
its existing stormwater/wastewater infrastructure.
In the Ohio Region, water quality degradation of streams,
Although combined stormwater overflows can affect
rivers and groundwater has occurred primarily in the lower
Allegheny County’s water quality during storm
half of the basin. The region is home to watersheds such as
events, overflow systems are not isolated to the city
French Creek, Allegheny River, Monongahela River, Raccoon
of Pittsburgh. In fact, 152 communities throughout
Creek, Shenango River and Youghiogheny River. Several
Pennsylvania have been identified as having combined
of these watersheds, including Raccoon Creek and French
sewer overflows.
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Kinzua Dam
Allegheny National Forest
Warren County

Kinzua Dam and Allegheny Reservoir
The Kinzua Dam and Allegheny Reservoir in Warren County are included within the U.S. Army Corps of Engineers
flood control projects in the Pittsburgh District. Completed in 1965, Kinzua Dam has saved an estimated $1 billion in
flood damages. In particular, the dam demonstrated its phenomenal flood control capabilities during Tropical Storm
Agnes in which an estimated $247 million in damages were prevented.
The Kinzua Dam provides the backstop for the Allegheny Reservoir which contributes water releases throughout
the year to reduce pollution; support domestic, industrial, and recreational uses; and regulate flow to maintain safe
levels for navigation on the Allegheny and Upper Ohio rivers.
The Kinzua Dam itself also benefits the local area by providing hydroelectric power. Operated by First Energy Corp.,
the dam generates 400,000 kilowatts per hour at peak capacity.

Known
wn ass the
t “Great
at Flo
Flood” to locals, the Johnstown Flood occurred
on May 31, 1889
1889.
9 The
Th South
h Fork Dam, situated 14 miles north of
Johnstown, broke,
e unleashi
unlleashing
ashing 20 million tons of water into the town
already inundated by severa
everall days
ays of heavy rainfall. T
The flood was the
first major disaster aided by the
he Re
Red Cross,
oss, and approximately
tely 2
2,200
200
people lost their lives.
The South Fork Dam was originally state owned, but was sold
d
privately and made into a resort for wealthy residents of Pittsburgh.
Unfortunately, when the dam changed ownership, various alterations
were made to tailor to recreational activities of the resort, which are
believed to have lead to the vulnerability of the dam. Between the
club’s opening in 1881 and 1889, leaks formed in the dam and were
patched with mud and straw. These cracks combined with Johnstown’s
susceptibility to flooding equaled a potential for disaster.
Heavy storm clouds filled the Johnstown area early in the day on May
31, bringing water levels in the city to a significant level. It was only

when the South Fork Dam burst that millions of tons of water washed
down to the city at speeds as high as 40 miles per hour, picking
icking u
up
debris including railroad cars and barbed wire from Ca
Cambria Iron
Works. Forming temporary damss at the can
canyon walls, the surge
rge of
water gained power as it fforced its way through
gh to Johns
Johnstown.
own. The
people of Johnstown found the flood to b
be
e a surprise,
prise, a
and w
were crushed
by the debris and water that re
reached
reach
ached
d 60 feet in some areas. Those who
escaped to their attics or clung to debris above water waited for hours
to be rescued, and many did not make it. Conditions worsened when
waters reached the Stone Bridge in the city; another temporary dam
situation occurred and sent a second surge of water to hit the city. A
fire broke out for three days, killing many more people.
Since then, many more floods have hit the city of Johnstown including
two more major events in 1936 and 1977, but none have reached
the severity of that in 1889. In 1964, the Johnstown Flood National
Memorial was built, where remnants of the dam are preserved. Also, a
museum in Johnstown is dedicated to the flood.
Johnstown Flood Museum
Johnstown, Cambria County.

Nine Mile Run Restoration
Nine
ine Mile
Mile Run is a small stream located in the city of Pittsburgh. Its watershed
encompasses
enco
encom
om
only 6.5 square miles with 2.2 miles of surface water. It was
common practice during the early 20th century to place streams in urban areas
underground in pipes or culverts. This was done because streams such as Nine
Mile Run, were primarily used to carry offensive smelling wastewater out of a
city. Since the stream runs through a local park, a third of the stream was left
above ground.
Today Nine Mile Run is still used to transport wastewater and stormwater from
the city into the Monongahela River. During storm events, Nine Mile Run is
quickly overloaded with water. Stormwater carries pollutants from impervious
surfaces and causes combined sewer and stormwater systems to overflow into
the stream.
Nine Mile Run and its watershed have been the focus of aquatic ecosystem
restoration efforts by the city of Pittsburgh, the U.S. Army Corps of Engineers,
the Nine Mile Run Watershed Association and the Three Rivers Wet Weather
Demonstration Program. These groups worked together on stream channel
modifications and improvement, replanting native vegetation, and creating
sequences of deep and shallow water in the stream which improve aquatic life.
Since these improvements were made, the Nine Mile Run Watershed Association
continues to educate watershed communities about the restoration project.

For information on drought monitoring and flood protection,
visit the Pennsylvania Department of Environmental
Protection’s Web site at:
Drought Monitoring –
www.depweb.state.pa.us, keyword:___
“DEP Programs – Drought Monitoring”
Flood Information –
www.depweb.state.pa.us, keyword:___
“DEP Programs – Flood Protection”
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The Johnstown Flood

Geology and Groundwater

T

he Ohio Region is the only regional basin that is contained
within one physiographic province, the Appalachian Plateaus
Province. Although found in only one province, the Ohio
Region has varying geology and groundwater characteristics.
A significant variable in the Ohio Region’s geology and groundwater
was the presence of glaciers approximately 20,000 years ago in the
northern areas of the region. Also, the mining of coal and drilling for
natural gas in the region has impacted and diverted
groundwater supplies.

Bedrock Geology
The sandstone, shale and other sedimentary bedrock formations in
the Ohio Region, as illustrated in the Bedrock Geology Map on page
61 are consolidated rocks that comprise the majority of aquifers in the
region. Groundwater is contained within and moves through fractures,
spaces and partings in the consolidated rock. Aquifers exist here under
two different conditions. Where water only partly fills the aquifer and
is free to rise and fall, it is referred to as an unconfined aquifer or water
table aquifer. Where water completely fills a rock unit and the aquifer
is under a low-permeable feature or confining layer, this aquifer is
said to be confined. This confining layer helps protect this kind of
aquifer from contaminated water migrating from above. Another
key difference between the two is the varying pressure regimes. The
unconfined aquifers are under atmospheric pressure while confined
aquifers are at a greater pressure due to the confining layer overhead.
The connection between surface water and the aquifers that store
and discharge groundwater is often misunderstood. The water table,
which is the boundary below which all the spaces and cracks in the
soil and bedrock are completely saturated, is often times a reflection
of the surface topography. As the topography changes due to hills,
mountains or valleys, the water table will often times change depth
with the changing surface elevation.
However, streams, wetlands, springs or rivers will often form in areas
where the water table intersects the land surface. These areas occur
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where the groundwater discharges from groundwater storage and
becomes surface water. This discharge of groundwater into surface
water is also known as base flow. Base flow can be thought of as
the sustained low flow of a stream because it is supplied by the
groundwater that is discharging from the underground storage. Dry
streambeds or springs that no longer supply water are a result of the
water table being lower than the land surface.

Appalachian Plateaus Province
Across the entire Ohio Region, bedrock formations were largely
created from sedimentation that occurred nearly 400 million years
ago. The sedimentation occurred while the province was covered by
saltwater and freshwater seas that once occupied the area. Bogs and

Did you know?
The Allegheny River used to flow north toward Lake
Erie through the channel of today’s French Creek. The
direction of flow was reversed when continental ice
masses blocked the water’s northern escape.

swamps developed when the area was not submerged which resulted
in large beds of peat, an accumulation of decaying organic matter.
Sedimentation occurred again during the area’s history, covering
the peat beds. The weight and pressure caused by the new sediment
increased over thousands of years and eventually caused the peat
beds to metamorphose into coal.

Glaciated Areas
The northwestern areas of the Ohio Region were glaciated several
times in their past. Counties in the region that experienced the most
recent glaciation include Erie, Crawford, Warren, Mercer, Venango
and Lawrence.
The glaciers deposited large amounts of unconsolidated material,
or till, as they receded. Wetland areas are likely to form in the valley
floors that contain large amounts of glacial till. Also, a fragipan layer
can develop in the glacial till, which retains water on the surface as
it slowly infiltrates into the groundwater supplies. A fragipan layer is
a very dense layer of soil forming beneath the surface that inhibits
infiltration of water.
The sandstones and more resistant bedrock types typically form
the highland areas across the entire Ohio Region. Valley areas are
common in the less-resistant shale and sedimentary rock found in the
lowland areas. Like nearly all areas that have a hilly landscape, the
highlands receive a majority of the aquifer recharge and discharge
in the valley areas. This downward flow of water through the ground
caused by gravity and the pressure from the water above cause water
to discharge into streams and creeks or as springs in the valley and
low lying areas.
Thick areas of glacial till also aid in groundwater recharge if
permeability is sufficient. Till can act as a sponge absorbing
precipitation and slowly releasing it into the aquifers, increasing
groundwater supplies. However, areas with a fragipan layer are less
likely to receive large amounts of infiltrated precipitation.

Non-Glaciated Areas
Within the entire region as well, topography generally reflects the
underlying bedrock. The gently folded and warped bedrock was
modified by streams that scoured valleys into the surface. Abrupt
changes in elevation and topography often occur where provinces
transition and encounter different bedrock. Typically, these transitions
are along areas of bedrock that are more erosion-resistant and form a
distinct change in elevation, or an escarpment.

The largest land area of the Ohio Region remained untouched by
glaciers of the past. These areas contain the large bituminous
coal fields and natural gas fields. The area is generally flatlying although definitive highlands exist in the vicinity between
Uniontown and Johnstown. Hilly regions also exist in the
southwestern sections of the region including Washington, Greene
and Fayette counties.
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Geology and Groundwater, continued
Groundwater supplies are affected by the local geology in several ways
throughout the non-glaciated areas of the region. In general, areas that have
a high concentration of fractures and cracks in the bedrock accept the most
water for aquifer recharge. However, the Ohio Region never experienced
the intense folding and fracturing like the Ridge and Valley Province did
during the formation of the Appalachian Mountains. This resulted in overall
fewer fractures in underlying bedrock, which inhibit infiltration of water into
groundwater aquifers and inhibit groundwater flow within the aquifer itself.
The abundant formations of coal fields in the Ohio Region have important
effects on groundwater supplies. Coal beds in the region are typically cracked
and fractured allowing for better transportation of groundwater through its
conduits. However, intense past and present mining practices have impacted
and diverted groundwater supplies. These impacts are described in more
detail in the following sections.
One benefit to the Ohio Region’s groundwater supply is the existence of sand

and gravel aquifers in the Allegheny and Ohio river
valleys. These aquifers benefit from large amounts
of recharge because of their high permeability and
porosity. This results in large amounts of discharge
to those having wells withdrawing from the aquifer.
An exceptional example of groundwater supplied
from the sand and gravel aquifers within the river
valleys is the fountain at Point State Park
in Pittsburgh.

Coal Resources
Bituminous coal mining in Pennsylvania began
its storied history in the “Coal Hill” region near
Pittsburgh, now known as Mount Washington.
Production of mined coal has been fueled by
industrial, commercial and domestic use since the
Source: Pennsylvania
mid-1700s. Coal was initially
Department of
mined to support the steel mills
Conservation and Natural
that have a permanent place in
Resources
history in the Pittsburgh region.
It is now used for producing
electricity as well as supporting the steel industry.
Bituminous coal has been extracted in Pennsylvania
almost exclusively using the room and pillar method. This
method involves mining large open areas into the coal
seam (rooms) while leaving large columns (pillars) to
support the overburden above. The use of retreat mining
is also used to complete the coal mining process. Also
known as “second mining,” the supporting pillars are
systematically removed to recover up to 70 percent of the
target coal seam. As the pillars are removed, the mine
roof, or overburden, usually quickly collapses into the
unsupported mine shaft resulting in mine subsidence.
Another method of coal mining is long-wall mining.
This method removes coal that is found in large blocks
or panels that can be anywhere from 800 to 1,500 feet
Point State Park, Pittsburgh.
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Distribution of Pennsylvania Coals

wide. Special roof supports using hydraulics are set up to allow a machine to
remove the coal. The machine moves across the face of the coal, removing
it, and then sends it to the mine entrance via a chain conveyor that travels
along the entire length of the coal face. As the machine progresses along the
coal face, the roofing equipment advances as well. This method has some
controversy associated with it because it often results in surface subsidence
because nearly 100 percent of the coal is removed. Mining companies are
therefore required by law to repair, replace or compensate for any structural
damage from subsidence from deep mining.
Pennsylvania bituminous coal mining, using both surface and subsurface
mining, produced more than 68 million tons in 2005. Along with coal
production, nearly 4.6 million tons of coal refuse was reprocessed as
well. Nearly 75 percent of this current production comes from only five
bituminous coal beds in the region, which include the Pittsburgh Coal
Seam, the Upper and Lower Freeport Coal Seam, and the Upper and Lower
Kittanning Coal Seam.

Both surface and subsurface coal mining can create problems for local water
supplies. The open pit mines and large refuse piles of surface mine waste as
well as the large underground chambers of subsurface mining contributes to
acid mine drainage (AMD).
The formation of AMD is primarily a function of the geology, hydrology and
mining technology employed for the mine site. AMD is formed by a series
of complex geochemical and microbial reactions that occur when water
comes in contact with pyrite (iron disulfide minerals) in coal, refuse or the
overburden of a mine operation. The resulting water is usually high in acidity
and dissolved metals. The metals stay dissolved in solution until the pH raises
to a level where precipitation occurs. Solubility charts for the various metals
show the pH at which precipitation begins and the pH at which maximum
insolubility occurs. Neutralization with limestone addition and bioremediation
are some solutions to alleviate these symptoms but the problem still persists.

Sugar Creek Mine Reclamation Project
The Sugar Creek abandoned mine reclamation project is a modern
ern succ
success
story that continues to improve the waters of Sugarr Creek. L
Located in Bradys
Bend Township, Armstrong County, the
e project included the reclamation
amation of
a 15-acre coal refuse pile
ile and the construction of a passive m
mine
ne drain
draina
drainage
treatment system.
syst
Th project was designed
The
d to eliminate
elim
the safety hazards surrounding the
mine, including the steep, unstable coal refuse pile estimated to contain
approximately 340,000 tons of refuse, and to remediate the degraded mine
drainage entering Sugar Creek. The refuse pile was re-contoured after being
graded back away from the stream. Erosion control was then installed in
the form of rip-rap, which further increased the stability of the refuse pile.
The final step was applying a protective cover of soil to allow cultivation of
vegetation to further stabilize the pile.
Sugar Creek project prior to reclamation,
showing coal refuse pile in center of photo.

The impleme
plementation
tation
ation of the passive mine drainage treatment system involved
the relocati
relocatio
elocation of a small tributary to Sugar Creek, construction of a retention
pond, and construction of a multi-chambered aerobic wetland. The aerobic
po
wetland was further enhanced by the addition of limestone diversions that
increased alkalinity and distributed water more evenly through the wetland
before entering Sugar Creek.
Continued monitoring of the reclamation project and passive treatment
system has shown dramatic improvements to Sugar Creek. Within six
months, in-stream iron concentrations decreased to less than 0.5 mg/l
from 20-75 mg/l prior to reclamation. Since then, constant monitoring
has shown that water chemistry continues to improve and exceeds water
quality standards.
Completed project showing
reclaimed, revegetated refuse pile.

Room and pillar mining that occurs in the region has the ability to greatly alter
groundwater flow. If mining occurs below the water table, the low pressure
area created by the mine encourages groundwater to move downward, away
from the surface. Draining of overhead aquifers in this case is also referred
to as “dewatering.” This change in flow can alter surface water baseflows by
decreasing discharge rates or eliminating streamflow all together.

Natural Gas and Oil Resources
Natural gas, aptly named, is a natural byproduct from the formation of oil and
coal. Like bituminous coal, natural gas in Pennsylvania has its beginning in
the Ohio Region. With the first oil well drilled by Col. Edwin Drake in Titusville
in 1859, natural gas was also accidentally found.
Natural gas production in Pennsylvania and the Ohio Region has a very
prominent place in history. Several firsts for the industry occurred within the
region, including the first natural gas compressor station built at Rixford in
McKean County and the first supply of bottled liquid propane (LP) in 1912 by
Dr. Walter Snelling in Waterford, Erie County.

Ohio
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Coal - Environmental Concerns

Geology and Groundwater, continued
Distribution of Pennsylvania Oil and Gas

Underground natural gas storage is a practice that occurs in the Ohio Region. For the most part,
natural gas demand is determined by fluctuations in the weather. Weather can be difficult to predict,
making gas demand difficult to predict as well. The utilization of underground storage provides
reservoirs within a relatively close distance to consumers instead of having to transport the gas for
hundreds or thousands of miles across other states.
Several large underground storage areas in the Ohio Region exist in Westmoreland, Green,
Washington and Fayette counties. The gas is pumped into depleted natural gas reservoirs from past
operations. Since they originally contained natural gas, operators have little concern about the gas
escaping because of the presence of natural confining layers surrounding the reservoir. Pennsylvania
contains more underground storage facilities (49) than any other state in the U.S.

Source: Pennsylvania Department of
Conservation and Natural Resources

Oil is also an important natural resource extracted within the Ohio Region. Presently, approximately
3.6 million barrels of crude oil are produced and approximately 168 billion cubic feet of natural gas is
produced per year.

Natural Gas and Oil - Environmental Concerns
As with any resource extraction that occurs, effects to the environment and corresponding
protection strategies are developed. The same applies with natural gas and oil extraction and the
waste that is produced.
A common waste product that is associated with the extraction of natural gas is brine. Brine is a
saline solution that accompanies the oil and gas in the bedrock. As the gas or oil is extracted, various
amounts of brine are also brought to the surface where it is separated from the gas or oil and stored
in large lined pits or storage tanks. If storage areas fail, surface water and groundwater sources can
become contaminated by the salty, degraded brine solution.
Environmental issues also arise as natural gas wells no longer provide an economic gain to the owner
or client and are abandoned. Plugging these abandoned wells is necessary to eliminate any threat to
water supplies and the surrounding environment. Act 78 of 1992, which amended Pennsylvania’s Oil
and Gas Act, helps fund money for “orphan wells” to be plugged to reduce harmful environmental
impacts. Wells are designated as orphan wells if they were abandoned prior to April 18, 1985.

Far Left: Loaded coal barges and steamers on
Monongahela River, Pittsburgh, 1907.
Left: Transportation of coal by railway, 1907.
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The Ohio Region contains a notable amount of large,
non-fuel mineral producers. Crushed stone producers
occur in Butler, Lawrence, Westmoreland, Fayette and
Somerset counties. Construction sand and gravel
producers are located in the areas that were glaciated
in the past with major producers found in Mercer,
Warren and Crawford counties.

Road Application of Brine
The large amounts of brine produced as a
byproduct in oil and natural gas extraction
requires diligent efforts to contain, treat and
dispose of the waste product. New uses for brine
now include application to roadways for dust
control and road stabilization.
DEP has published guidelines outlining a general
system on the use of brine for dust control and
road stabilization. The guidelines, administered
under the authority of the Clean Streams Law
and the Solid Waste Management Act, direct
the development of site specific brine spreading
programs that specify the amounts and
frequency of brine being spread and establish
monthly reporting.
Another use for brine is as an ice melting agent.
The brine is used in combination with anti-skid
material to treat snow or ice covered roads.
Additional information on the uses of brine
can be found at DEP’s Bureau of Oil and Gas
Management Web site, located at: www.depweb.
state.pa.us, keyword:oil and gas.

Laurel Caverns
Privately owned near Uniontown,
Penna., Laurel Caverns is the largest
cave in the state. Sitting on Chestnut
Ridge, the cave was once known as
Dunlaney’s
ney’s Cave and Laurel Hill Cave,
Cave
and
a
nd currently
c
is
i a show cave with hourlong guided tours.
tours

Ohio

Mineral Resources

Unlike many other caves in
Pennsylvania, Laurel Caverns is not
made of limestone, and is instead
comprised of sandstone and calcium
carbonate. The rough walls and
sandy floor are a result of the calcium
carbonate being washed down millions
of years ago, allowing the silica to
dissolve away. Laurel Caverns is tilted
15 degrees due to its formation from
folded and fractured rock, resulting in
long and steep passageways. In these
passageways, the optical illusion of a
gravity hill can be observed, where a balll
appears to defy gravity and roll uphill.
In addition to tours, many activities are
available at Laurel Caverns. Visitors
over the age of 12 can enjoy caving,
where undeveloped and unlighted
portions of the cave can be explored.
Also, there is a mini golf course,
Kavernputt, in a simulated cave arena
designed to educate players about
unique aspects of caves. Various girl
scout and boy scout packages are also
available on site.
av

Laurel Caverns, Uniontown, Fayette County.
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Land Use: Past and Present

Farmland in the Ohio Region.
Photo courtesy of Joe West.
approaching
a
maturity. The great oakchestnut
c
forests of the mid-Atlantic have
been
b
replaced by other forest types.

History
H
isttory off tthe
he O
Ohio
hio Region
Regiion

S

tudying the change in land use over time can offer insight into the
development patterns that may influence the future landscape of
an area.

Pennsylvania’s Forests
Pennsylvania’s water resources are closely tied to its forests. The vast forests
of Penn’s Woods provided clean, pure water not only for Native Americans, but
also for the state’s founder, by acting as a natural filter. However, William Penn
might not recognize his property today.
When colonists first arrived in the mid-Atlantic, more than 90 percent of the
landscape was forested. By the mid-1800s, most of the region’s trees had been
cut down to clear land for cities, towns and farms or to provide lumber. Once
dominated by virgin white pine, hemlock and chestnut forests, the forests
regenerated into current day second-growth mixed deciduous and
evergreen forests.
The post-colonial changes to the forest were significant. At one time, the
predominant tree species in the mid-Atlantic deciduous forest was the
American chestnut. Unfortunately, with the accidental introduction of a fungus
(Endothia parasitica) to the area in 1904, most American chestnut fell to
this disease. The fungus survives in stumps and saplings affecting any trees
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Early Settlement
During the 1700s, both Virginia and Pennsylvania claimed the area that is now
southwestern Pennsylvania. The boundary dispute was resolved only when the
Mason and Dixon Line (which defined the southern boundary of Pennsylvania)
was extended west into what is now West Virginia in 1786.
The French and Indian war began in what is now Fayette County in 1754 when
Virginia sent George Washington, then a young officer, to warn the French
that they were on land claimed by Virginia. After a failed attempt to hold Fort
Duquesne (now Pittsburgh) and defeat at Fort Necessity in present-day Fayette
County, the British troops under Washington retreated back to Virginia.
In 1755, the British government sent General Edward Braddock and 1,500
regular troops to Fort Duquesne. Braddock built a road beginning in Virginia,
crossing Maryland, and into southern Pennsylvania. He was surprised and
defeated by the smaller force of French and Native Americans at Turtle Creek
on the Monongahela River on July 9, 1755. General Braddock died on the
retreat back to Virginia. For the rest of the decade, the French and their native
allies controlled the region, keeping any European settlers away. Fort Duquesne
remained in French hands until General John Forbes marched 7,000 troops into
western Pennsylvania in 1758. He began in Carlisle, Penna., cutting a new road
through the Allegheny Mountains.

Did you know?
O off the
One
th firstt flatboats,
tb t a rectangular boat with flat bottom and square
ends used to transport freight on inland waterways, was built and launched
from Brownsville, Fayette County into the Monongahela River in 1782.
Following
F ll i the
th defeat
d f t off the
th French
F
h att Montreal
M t l in
i 1760,
6 pioneers
i
used
d the
th
Forbes Road to settle in the lush valleys and timber-rich mountains of the Ohio
Region. Many of the early settlers in the region were Scots-Irish and Scottish
immigrants. Other prominent groups included the English and Germans.
After the American Revolution, in 1791, Congress approved a national excise
tax that included whiskey. Two of the nation’s major distilling regions,
western Pennsylvania and Kentucky, regarded it as an unfair burden. Political
leaders John Smilie, William Findley and Albert Gallatin agreed with their
constituents and when the federal government refused to repeal the measure,
they refused to pay the tax and threatened the tax collectors. On October 4,
1794, Washington joined troops from Pennsylvania, Maryland and Virginia near
Carlisle, Penna., and marched them out to Bedford County. The presence of the
army scared off the “Whiskey Boys,” and they agreed to pay the tax. Federal
troops arrested 150 rebels and sent 20 of the ringleaders to Philadelphia to
stand trial. The Federal District Court of Philadelphia found most of the rebels
not guilty, but in July, 1795, sentenced two of the men to death for treason.
Washington later pardoned both men.

Industry
Pittsburgh’s unparalleled strategic location at the confluence of the Ohio,
Monongahela and Allegheny rivers was key to its success in industry. The
rivers, once improved for navigation, became a source of transportation for

The Ohio Basin was a major source of bituminous, or soft coal, and iron ore. The Cambria
Iron Works at Johnstown was established in 1854 and, by the end of the Civil War, it
was one of the largest iron mills in the country. Pittsburgh’s industry and commerce
flourished throughout the nineteenth century. Gristmills, printing shops, manufacturing
establishments, shipbuilders, glassworks and the iron industry grew vigorously in the
Pittsburgh area. At one time, Pittsburgh produced more than one quarter of all the steel
made in the entire world.
The manufacture of steel and iron products was the largest single industry in the Ohio
Region. Pennsylvania’s steel industry furnished the rails for the nation’s railways, the
steel for its modern cities, and arms for national defense. The success of the region’s steel
industry was supported in part by a strip of land, 50 miles long and no more than three
miles wide, in Westmoreland and Fayette counties. This area provided a seven foot thick
seam of high-quality coal that could be baked into coke, a valuable industrial fuel used
in blast furnaces to smelt iron ore into molten pig iron, the raw material used in steel
production. In the early 1900s, 38,000 Connellsville-area ovens provided nearly half of the
entire nation’s supply of metallurgical coke.
After World War II, the aluminum industry also grew in western Pennsylvania with the
emergence of the giant Alcoa Corp. George Westinghouse’s air brake, patented in 1869,
revolutionized railroading and was followed by many other inventions including signals,
switches, and other safety features for trains. His Union Switch and Signal Co. was formed
in Pittsburgh in 1882. The Pennsylvania steel industry declined in the 1960s as smaller
mills in southern states, the Great Lakes region, and the Midwest emerged. In 1995
Pennsylvania still produced more than 9 million short tons of raw steel, which was 8.66
percent of the nation’s total production.
Although never a large part of the economy of the region, agriculture was still important.
Early settlers farmed out of necessity for their own subsistence. They grew corn, wheat,
oats, barley, rye, buckwheat, flax and hemp. Fruit trees, including apple, cherry and peach
were also common. Livestock was equally important, and most farmers had pigs, cattle and
horses, while some raised sheep for their wool. Early farmers who had surplus products
to sell usually found it easiest to send them down the Ohio River for sale in major cities

Allegheny National Forest
Covering nearly 500,000 acres of land in northwe
orthwestern
t
Pennsylvania,
ia, the A
Alleghe
Allegheny
llegheny National Forest has a rich history and has
provided various resources overr the yea
years. The forest headquarte
adquarters
rs is located
loc
lo
in Warren, Pennsylvania with ranger stations
located in Marienville
ville and B
Bradford. The Allegheny
gheny National
National
onal Fo
Forest was established in 1923.
A significant feature of the forest iss its locati
location
ocation in the state’s oil and gas region. Oil from Pennsylvania is sought after for its
lubricating traits,
tr s, which
ich can be
b attr
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Timbering in the region proved to be a great asset to the state in the early years of industry. While the wood from the forests
was first used for cabins and barns, it was quickly desired for various commercial uses as well. Large saw mills were built
in the forest and by the 1930s, nearly every tree in the forest was removed. Soon thereafter, the U.S. Forest Service began
replanting and
managing the forest to
ensure its preservation.
Recreational activities
including hunting
and fishing are large
attractions in the
forest. The Allegheny
Reservoir and Kinzua
Dam were completed
in 1965, allowing
for an increase in
water activities. The
growth of interest in
the forest allowed for
the development of
campgrounds, hiking
trails, beaches, ATV
trails and various other
attractions.
Allegheny National Forest,
Warren County.
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nearly all goods coming in and out of the region. Industry success was also boosted by the
expanding railroad and canal systems, which granted businesses access to once-remote
western Pennsylvania.
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Land Use: Past and Present, continued
Ohiopyle State Park, Ohiopyle, Fayette County.

like New Orleans. By the mid-nineteenth century, industrial
development became the dominant force in the economy
of the region and the majority of agriculture in the region
began to focus on livestock and dairying with few exportable
vegetable crops.

Land Use in the Ohio Region Today
As the pie chart below indicates, 63 percent of the land area
consists of forestlands. Deciduous species make up the
majority of the forest types throughout the region. Pasture
and hay are a substantial part of the agricultural sector.
Developed areas are concentrated around Pittsburgh and its
surrounding communities.
The Land Cover Map on page 69 shows the various land uses
and vegetative cover across the Ohio Region. Definitions for
the land use categories used in the Land Cover Map are
as follows:

Ohio Region Land Use
Forest 63%
Pasture/Grass 14%
Row Crops 9%
Institutional/Industrial/Commercial/Transportation 3%
Residential 4%
Bare 5%
Wetlands 1%
Water <1%
Active Mines/Mined Areas <1%
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Development
Approximately 7 percent of the land in the Ohio Region is
developed for residential, commercial and industrial use.
Developed areas are categorized by the amount of land area
covered by impervious surfaces:
 Developed, Open Space – less than 20 percent of the area
is covered by impervious surfaces, mostly vegetation in the
form of lawn grasses (e.g., golf courses, parks, single-family
housing units and vegetation planted in developed settings
for recreation, erosion control or aesthetic purposes)
 Developed, Low Intensity - 20 to 49 percent of the area is
covered by impervious surfaces (e.g., single-family
housing units)
 Developed, Medium Intensity – 50 to 79 percent of the
area is covered by impervious surfaces (e.g., single-family
housing units)
 Developed, High Intensity – 80 to 100 percent of the area is
covered by impervious surfaces, where people live and work
in high numbers (e.g., apartment complexes, row houses
and commercial/industrial areas)
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Land Use: Past and Present, continued
Forest
A majority of the land in the Ohio Region, 63 percent, is covered by forests. Forest lands
are categorized by the type of trees that dominate the area:
 Deciduous Forest – greater than 48 percent of the area is dominated by trees that are
taller than 5 meters and shed leaves in the autumn
 Evergreen Forest – greater than 8 percent of the area is dominated by trees taller than
5 meters and maintain their leaves all year round
 Mixed Forest – greater than 7 percent of the area is dominated by trees taller than 5
meters but are not dominated by deciduous or evergreen species

Agriculture
Approximately 23 percent of the land in the Ohio Region is used for farming. Agricultural
lands are categorized by the type of crop that is cultivated:
 Pasture/Hay – 14 percent of the agricultural area is covered by grasses and legumes
planted for livestock grazing or hay production
 Cultivated Crops – 9 percent of the area is covered by annual crops (e.g., soybeans,
vegetables, tobacco, cotton), orchards and vineyards and/or all land that is actively
being tilled

Other
Less than seven percent of the land in the Ohio Region is covered by barren lands, open
water and wetlands. These areas are categorized by the amount of land covered by
vegetation (other than trees) and/or by water:
 Barren Land (Rock/Sand/Clay) – Areas of accumulated earthen material (e.g., bedrock,
sand, glacial debris, strip mines, gravel pits) with less than 15 percent
vegetation cover
 Open Water – all areas of open water with less than 25 percent of the area covered by
vegetation or soil
 Wetlands – areas where the soil is periodically saturated or covered with water and
greater than 20 percent of the area is covered with vegetation
Pittsburgh’s industrial history undoubtedly affected land development throughout the
entire region. Within the city itself, mills and warehouses were constructed on thousands
of acres of prime riverfront property while railroad tracks
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Clear Creek State Park in Winter, Jefferson County.
Photo courtesy of DCNR.

A brownfield is an industrial or comm
commercial property,
ty, aband
abandoned
ed or
o
underused, that iss consid
considered for potential
al rede
redevelopment
elopment. Often,
elopment
these properti
properties are contaminated
ated and requir
require remediation before
redevelopment
ed
can occur. B
Brownfi
ownfi
own
nfield
eld development takes a site viewed
as a wasteland
steland and
a d turns
urns it into a viable economic contributor without
destroying
stroying
ng open
op space. A prominent brownfield site in the Ohio
Region is the Pittsburgh Technology Center along the Monogahela
Reg
River. Originally the location of a 48-acre mill including coke ovens,
blast furnaces, two blooming mills, two billet mills, a strip mill and
tar storage tanks, the facilities were abandoned and demolished
leaving behind tar pits, 2,000 gallons of waste oil, 420,000 gallons
of oily water and soils laden with ferrous iron cyanide. The Urban
Redevelopment Authority of Pittsburgh bought the property in 1983
and worked at remediating the contamination as well as excavating
the tar pits and tunnels to provide support for the construction of the
center. Today, the Pittsburgh Technology Center is a hub of academic
and corporate technology research and provides 1,000 jobs and more
than $1 million in tax revenues.

Miles of railroads that once
connected cities and towns of the
coal, coke and steel industries
became idle after the decline
of these industries. Hundreds
of these miles in the Ohio
Region have been converted to
recreational trails used by bikers,
hikers and outdoor enthusiasts.
The rails-to-trails program not only
reuses already developed lands
for free recreational activities, but
also encourages economic development
and environmental improvement efforts in
the communities along these trails. New
restaurants, retail shops and lodging that
cater to tourists visiting these trails help
revitalize the economy of communities
that suffered when the steel industry
declined. Similarly, communities initiate
projects involving river restoration, habitat
improvement and coal waste and dump
site clean-up in order to attract tourists.
When completed in its entirety, the Great
Allegheny Passage will be a 150-mile hiking
and biking trail that connects Pittsburgh
to Cumberland, Md. The trail will connect
to the C&O Canal Towpath in Cumberland,
creating a 316-mile continuous non-

motorized corridor from Pittsburgh
to Washington, DC.

How Land Use Affects
Water Resources
The various uses of land affect
water in different ways, some
better than others.

Importance of Forested Areas
to Water Supplies

Forested areas are critical to
the supply and quality of water
resources. Tree canopies and the
rich organic matter found in forest
floors store, clean and slowly
release the majority of water that
replenishes groundwater and
maintains streamflow. Areas of
forested lands are reserves of clean
groundwater, and forested areas are often good locations for municipalities to drill high-yield water wells.

Some forests are particularly effective at delivering water quality benefits. Wooded buffers along
streams trap sediment and transform nutrients and other pollutants into less harmful forms. For
example, properly managed woodlands can remove 90 percent of the nitrates in stormwater runoff
given the right soil conditions.
With regard to drinking water, intact forests within wellhead protection areas play a vital role in protecting
the amount and quality of water reaching public wells. In developed areas, urban forests are critical to
reducing stormwater runoff from small storms.
Forests also protect local waterways by retaining nitrogen in air deposition. An oak/hickory forest retains
an average of 90 percent of atmospheric deposition, while a spruce/fir forest retains 78 percent. In
general, coniferous forests use less nitrogen than deciduous forests (a factor more of the soils than the
tree itself). The exception is the Eastern hemlock forest, which is highly efficient at retaining nitrogen.
Forests also sequester, or remove, carbon from the air helping to reduce the impact of carbon dioxide on
global warming.

Cucumber Falls in Ohiopyle State Park.
Photo courtesy of Ryan Hale.
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traversed the region as means of transporting the goods produced at these industrial sites.
When Pittsburgh’s steel industry began to decline in the 1970s and 1980s, the numerous mills,
warehouses and railroads were abandoned. In an effort to minimize the amount of open space
converted to developed lands, the
Ohio Region has become a model
for reusing developed land through
brownfield development and railsto-trails programs.

From Brownfield to Technology Center

Land Use: Past and Present, continued
Allegheny National Forest, Warren County.

Some of the most important forests for water resource protection are the most
threatened. Forests are vulnerable to development and other land uses that
can fragment high quality forests and expose woodlands to invasive species.
Parcelization is another threat – more people own forests than ever before but
many own less than
10 acres. As larger
tracts of forest land
are subdivided, it is
important that woodlot
owners be educated
about sustainable
forest management
practices.
In addition, efforts
to protect woodlands
can be misguided
and serve to diminish
forest health. Under
the Municipalities
Planning Code,
forestry, which includes
timber harvesting,
Winter in Seven Springs Resort, Somerset County.
is a permitted use
by right in all zoning
districts. Concerns over forest regeneration and wildlife habitat have led to the
adoption of local timber harvesting ordinances that, in some cases, are overly
restrictive in prescribing timber harvesting practices. Local governments can benefit
from knowledge of state regulations
protecting against poor timber
Did you know?
harvesting practices and advice from
Kane, iin McKean
K
M K
County,
C
t is
a professional forester when planning
nicknamed the Black Cherry
and adopting local ordinances.
T mber Capital of the World.
Ti

Agriculture
Farmers usually rely on groundwater
wells or springs to provide drinking water for both their families and livestock.
Because groundwater is buried beneath the earth’s surface, it is sometimes thought

that groundwater is protected from contamination. That is not the case. Activities on
the land surface, including improper agricultural practices, can harm groundwater
quality. Pollution by nitrate (a form of nitrogen), bacteria and pesticides can cause
health problems for human beings and livestock when these contaminants pollute a
water supply.
Animal manure, commercial fertilizers and pesticides
can also pollute surface waters if they are misused
or applied in excess of crop needs. Much of the
sediment pollution in streams comes from eroding
and unprotected stream banks. Fencing stream
banks and limiting livestock access with crossings
promotes the establishment of a healthy vegetative
cover. Forested vegetation along streams, called
riparian forest buffers, helps stabilize stream
banks in reducing erosion and collapse. These
buffers can also help trap soils and pollutants that
may otherwise run off of adjacent fields into the
waterways.

Forestland and Farmland Conversion to
Developed Land
A map showing future population projections is
presented earlier
in the Ohio Region
Introduction pages of this atlas. Many older towns
and cities throughout Pennsylvania are currently
losing population as people continue to settle in
suburban and rural housing in areas that were
once forest or farmland. During the 1990s, the
total number of acres developed in Pennsylvania
increased by 53.6 percent, while Pennsylvania’s
population grew by only 3.4 percent. The aerial
photographs on page 73 illustrate the landscape
changes that have occurred in the Ohio Region
over time. Both photographs were taken west of
Pittsburgh, where US-22 and PA-60 intersect. The
sparse houses among farm fields and wooded areas
Autumn in Jefferson County.
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of the 1938 photograph have been replaced with malls, restaurants
and other commercial properties at the intersection of two multilane
highways in the 2006 photograph.

Region, especially in and around Pittsburgh. Of particular interest
is the medium density development along the Ohio, Allegheny and
Monongahela rivers within Allegheny and Beaver counties.

The relationship between development patterns and water resources
is complex. Since Pennsylvania recommends a watershed approach
to managing water resources, it’s critical that the local decisionmaking framework consider water resources and land uses within the
entire watershed area when planning for growth and development.

Research has shown a strong inverse relationship between the
percent impervious cover and water quality and stream health.
However, the location of impervious cover within a watershed is
another variable that needs careful consideration. For example, in
an attempt to protect water quality by limiting impervious cover,
many local governments have mistakenly applied impervious cover
thresholds to individual sites within a watershed by adopting low
density zoning districts, thereby encouraging scattered low
density development.

A watershed approach broadens the geographic planning area
beyond political boundaries and extends it to the hydrological
boundaries of the watershed. Protecting and managing water
resources at the broader watershed scale are likely to require intermunicipal cooperation.
Evaluating the percent of impervious cover in a watershed can
be a useful indicator in planning future growth and development.
Impervious surfaces, which prevent water from flowing through
them and into the groundwater system, include roads, parking lots,
rooftops, driveways and sidewalks. The Impervious Cover Map on
page 75 shows impervious surfaces based on land use/land cover
in the Ohio Region. Areas of impervious cover are centered around
cities and towns as well as corridors connecting these locations.
Developed lands are more prominent in the western half of the Ohio

Ohio

Pittsburgh, Intersection of US-22 and PA-60.
Right: 1938, Far right: 2006.

Average Annual Runoff - Lot Level Comparisons
Density of
Houses/Acre

Impervious
Cover
percent of total area

20%

Total
Runoff
ft3 per year

Runoff per
House
ft3 per year

149,600
18,700 ft3/yr x 8 acres

Used alone, low density development consumes more land and
generates more stormwater runoff than the same number of homes
accommodated under a higher density scenario in a given watershed.
(See illustration right.) In other words, when measured by the house,
higher densities produce less stormwater runoff.
When runoff is measured by the acre, limiting density does minimize
water quality impacts compared to higher-density scenarios.
However, when measured by the house, higher densities produce less
stormwater runoff. (Source: Protecting Water Resources with HigherDensity Development, EPA, 2006)

acres
on 8
8 houses

acres
on 2
8 houses

18,700

38%
49,600

6,200

24,800 ft3/yr x 2 acres

65%

8

houses
on

1

acre

39,600

18,700 ft3/yr x 8 acres

4,950
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Land Use: Past and Present, continued
Higher density development—more people on less land—can effectively
protect water resources if it occurs within the framework of a more
encompassing watershed strategy that considers other factors, such as
the location of old and new development, preservation of critical natural
lands, and the use of site-specific stormwater management practices.
In some situations, low density development can be a tool to preserve
agricultural and forest lands if it too reflects a watershed strategy and
includes such elements as the protection of water supply protection areas,
streamside buffers and floodplains, or critical ecological habitats.
When planning for future growth that will be protective of water
resources, it’s important that local governments use a wide range of
land use strategies, based on a sound understanding of local watershed
hydrology, assessment of undeveloped lands and local housing and
infrastructure needs.

Snowmobiling, Warren County Winterfest
Chapman State Park, Clarendon, Warren County.

For example, a multi-municipal approach provides for joint zoning
ordinances. Instead of each municipal government providing for every
land use, joint zoning allows neighboring governments an opportunity
to integrate land uses. A joint overlay zone may protect a wellhead
protection area that crosses municipal lines. An agricultural district may
make more sense in one municipality where prime farmland dominates,
while higher density development can be better accommodated in
another municipality where the soils are less productive.
Many more land use planning tools, adopted jointly or individually, are
at the disposal of local government officials who recognize the need to
protect water resource lands and allow for growth and development.
Examples include:

Planning for adequate supplies of clean water is just as important as
planning for roads, businesses and schools. In recognition of this fact, the
Municipalities Planning Code (MPC), the enabling state legislation that
empowers local governments to plan and regulate land use, was amended
in 2000 to require the inclusion of a plan for the reliable supply of water in
the preparation of local comprehensive plans.

 Effective agricultural zoning
 Transfer of development rights
 Conservation easements on agricultural or forested land (purchased or
donated)
 Overlay zones to protect wellhead protection areas, streamside buffers
 Green infrastructure planning
 Conservation subdivision or open space design
 Traditional neighborhood development
 Infill and redevelopment incentives
 Site-level development regulations that reduce impervious cover and
infiltrate and/or treat stormwater runoff

Nearly 1,200 municipalities have adopted comprehensive plans to guide
future land uses. More importantly, the number of municipalities engaged
in cooperative, multi-municipal planning (permitted under the MPC since
2000) is growing – 760 municipalities and counties were involved in 207
multi-municipal comprehensive plans in 2005.

All of these land use planning tools are most effective when applied
within the framework of local watersheds. It is up to municipal
governments to integrate watershed strategies in their comprehensive
plans and development regulations in order to truly protect our most
precious natural resource – water.

Land Use Planning for Water Resources

Collaborative planning is essential to sound water use planning since
water almost always crosses political boundaries. By planning at a
watershed scale, local government leaders can take advantage of the
many land use tools that are particularly useful in protecting the long term
supply and quality of water.

For more information on smart growth techniques, EPA’s
Protecting Water Resources with Smart Growth provides an
excellent overview of how communities have minimized the
impacts of new development on water resources through
effective planning policies and site-level practices.
Visit www.ep
pa.go
g v//smartg
growth.

Point State Park, Pittsburgh.
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Water Supply and Wastewater Treatment
History of Water Supply and
Wastewater Treatment in the
Ohio Region

E

arly settlers found the confluence of the
Monongahela and Allegheny rivers a
prime area for settlement in the Ohio
Region. Settlement in the region was framed
by several rivers like the Beaver, Kiskiminetas
and Youghiogheny. The area offered abundant
freshwater resources, navigable waterways and
pristine lands. In 1794, Pittsburgh was organized
into a borough and then in 1816 incorporated as a
city. Eight years after Pittsburgh’s formation as a
borough, the first efforts to establish a public water
system occurred. The borough’s organized effort led
to the creation of a 47-foot-deep public well.
Historically, much of the development in the Ohio
Region occurred in or around the city of Pittsburgh.
The region required new sources of fresh drinking
water to supply the growing population. In 1828,
the city’s waterworks began using a stream pump
to distribute water from the Allegheny River and
delivered 40,000 gallons per day. The system was
small and was eventually replaced in 1844 with an
expanded system that was capable of pumping up
to 9 million gallons a day.
Over the course of the 19th century several more
reservoirs and pumping stations were created
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to meet the needs of Pittsburgh and its surrounding
communities. By 1878, Pittsburgh’s population had grown
to 106,000 people and the water supply systems were now
pumping more than 15 million gallons per day.

Ambridge Reservoir, Beaver County.
Photo courtesy of Joe West.

During the 19th century, river water was pumped to
communities without purification. At this time, the
only water treatment available was the use of settling
reservoirs where solids in the water were allowed to sink to
the bottom. Water purification was needed considering the
city and its communities
had no wastewater
treatment facilities for
much of the 19th century.
Wastewater was commonly
placed in local cesspools
or privy vaults with
underground containers.
By 1875, Pittsburgh had
built about 25 miles
of sewer systems that
helped direct stormwater
but did little to remove
wastewater. The Allegheny
River by 1900 was heavily
polluted with wastewater.
Wastewater contaminating
the river came from
municipal sewers upstream
of Pittsburgh, where
about 350,000 people
resided, as well as from the
city itself. Although the
Allegheny River received
large amounts of untreated

wastewater so too did the Monongahela River which had
47 public sewer outlets along its banks.
In the late 19th and early 20th centuries, Pittsburgh had
the highest rate of typhoid fever mortality of any U.S. city.
Typhoid fever is a waterborne disease that is commonly
the result of poor sanitary conditions. Cholera outbreaks
in Pittsburgh were also frequent throughout much of the
19th century. In 1907 Pittsburgh began operating slow sand
filtration plants to combat the pollution and outbreaks
in the city. Five years later the city began disinfecting its
water supply with chlorine. The combination of filtration
and disinfection resulted in Pittsburgh’s typhoid fever
mortality rate dropping to the national large city average.
Pittsburgh was not the only city dealing with typhoid
fever outbreaks; the city of Butler also suffered from a
severe outbreak. In response to the epidemic in Butler,
the Pennsylvania state legislature approved a law that
prohibited the discharge of untreated sewage into state
streams from new municipal sewer systems.
It would take a half century for Pittsburgh and
communities in the region to develop wastewater
treatment facilities. The construction of wastewater
treatment facilities in the region was a result of changing
views about the environment in Pennsylvania. As citizens,
conservation groups and government agencies obtained
new technology and scientific information, wastewater
treatment became part of the solution to restoring water
quality in the region.
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Water Supply and Wastewater Treatment, continued
Ohio Region Today

Monaca Water-Works, Beaver
County. Photo courtesy of Joe West.

It was because of past problems that Pennsylvania
has worked hard to help restore the Ohio
Region’s watersheds to health. Today the Ohio
Basin is responsible for supplying more than
three million people throughout Pennsylvania
with water for drinking, industrial use (such as
mining) and commercial use (such as car washes).
Pennsylvania alone accounts for 15,614 square
miles of the Ohio Region’s 203,940 square miles.
The commonwealth is home to the confluence
of the Monongahela and Allegheny rivers which
forms the Ohio River. Along with headwaters
to the Ohio River, Pennsylvania’s portion of the
Ohio Region also contains many groundwater
resources, lakes, reservoirs, streams and rivers.
The Public Water Service Areas Map on the
previous page depicts population density
throughout the Ohio Region in relation to areas
served by public water suppliers. Each dot on the map represents 500 people living in the municipality (2000
Census). The dots are randomly placed within the municipality boundaries and do not represent the exact location
of people living in a township, town or city. As the map shows, densely populated areas, represented by dots so
close together that they form a solid color block, are generally served by public water supplies. In addition to
Pittsburgh and surrounding communities, New Castle, Washington, Butler, Johnstown and Meadville also have
concentrated service areas. The sources of public water supplies are groundwater, lakes, reservoirs, rivers and
streams. Sparsely populated areas,
where the dots are farther apart, are not
For more information on private well water management and
included in the public supply service
protection, visit Penn State’s Master Well Owner Network
areas and residents must find private
located at mwon.cas.psu.edu/.
sources of water, such as residential
wells that tap into groundwater, to meet
their water needs.
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Public Water Resources
Groundwater
In the Ohio Region, groundwater is used to
supply boroughs and municipalities including
Fairchance Borough in Fayette County or
Derry Borough in Westmoreland County.
Groundwater use for public water supplies can
be found elsewhere in the Ohio Region and
is largely used in rural areas. Groundwater is
particularly abundant in the Allegheny and
Ohio river valleys where large sand-and-gravel
aquifers exist.

Lakes and Reservoirs
The Ohio Region has lakes and reservoirs
that provide drinking water, flood control
and recreational use. Lakes throughout
the watershed are maintained by state
agencies like the Pennsylvania Department of
Conservation and Natural Resources (DCNR)
and the Pennsylvania Fish and Boat Commission (FBC), and federal agencies like the Army Corps of Engineers.
Lakes such as the 1,860-acre Lake Wilhelm in Mercer County and 562-acre Tamarack Lake in Crawford County are
maintained by DCNR and FBC, respectively.

Rivers and Streams
The 15,614 square miles of the Ohio Region contains many streams and rivers that are utilized for water supply
and recreation. For example, Shenango River in Mercer County and the Allegheny River in Armstrong County are
equipped with public water intakes that supply the city of Sharon and suburbs of Kittanning, respectively. The
Monongahela River and Becks Run are used to supply the city of Pittsburgh in Allegheny County.
The Ohio River Valley Sanitation Committee (ORSANCO) is a multi-state commission that works to control
and remediate pollution in the Ohio River Basin. For more information on ORSANCO, refer to “Pennsylvania
Regulations, Laws, and Public Policy” in the Statewide section of this atlas.
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Water Supply and Wastewater Treatment, continued
Drinking Water

which the treated water is sent through piping systems to homes, businesses
and industries or to a storage facility for later use.

Importance of Forested Areas to
Water Supplies

Like all living organisms, humans need water to survive. Whether a person
lives in a single family home in the country or a large metropolitan city, water
supplies support daily life. Public drinking water may be supplied by a publiclyowned or privately-owned company while private drinking water is usually
supplied by an on-site well. Depending on its source, water supplies may
require purification before human consumption. This purification is done to
ensure that all harmful materials are extracted or minimized so not to adversely
affect human beings.

Pennsylvania American Water Company disinfects and purifies water from the
Monongahela River, Becks Run and Aldrich intakes located south of the city,
and supplies drinking water to parts of Allegheny, Washington and Beaver
counties, including parts of Pittsburgh. The Pittsburgh Water and Sewer
Authority services approximately 83,000 customers throughout the city of
Pittsburgh and strives to become a regional water supplier to the greater
Pittsburgh area.

Public Water Treatment

Private Well Water Treatment

Forested areas are critical to the water supply. Wetlands, vegetated areas
and forests along streams act as natural filters of soils and pollutants. The
importance of these vegetated areas along streams, known as riparian buffers,
is largely overlooked. These areas, along with natural filtration, provide
protection from erosion, allow excess water to be reabsorbed, and provide
unique habitat to many plants and animals. Forests sequester carbon, helping
to reduce the amount of carbon dioxide in the atmosphere. The forested
areas that surround many streams and rivers also provide benefits to the
waterways. Specifically, hemlocks are common residents of riparian areas that
are beneficial by providing habitat and beneficial shade. Their dense canopies
provide shade to streams which regulates stream temperatures providing an

Water treatment for most urban and suburban centers involves a process
of filtration, disinfection and distribution of purified water. The first process
in filtration, coagulation, involves adding selected chemicals that stick to
particles in the
water and make
Did you know?
them heavy. As
Potter County
C
is the home of the God’s Country Marathon,
the particles
beginning in Galeton and finishing in Coudersport. The
become heavy
marathon has been an annual event occurring on the first
they drop to the
Saturday in June since 1974.
bottom which
is known as
precipitation.
Water is then filtered to remove the precipitate. During the filtering process,
the water passes through layers of sand, gravel and charcoal that remove even
smaller particles. Next, disinfection is accomplished by injecting chlorine or
ozone into the filtered water. Chlorine is the most common form of disinfection
because it has a residual effect, meaning it will remain in the water through
the distribution system. Depending on where the source water to the aquifer
comes from, groundwater resources may also require treatment for removal
of organics and metals. The final aspect of water treatment is distribution in
For more information on mining BMPs and passive treatment of
AMD, see EPA’s Coal Remining Best Management Practices Guidance
Manual at www.epa.gov/waterscience/guide/coal/manual.
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Rural areas, more common in the northern section of the Ohio Region, extract
water from private wells. Homeowners with private wells have a variety of
options for filtration and
water softening systems
that remove mineral
particles from well water.
The system selected usually
depends on the amount of
water a private residence
uses per day as well as the
most common types of
contaminants necessary to
filter from the water source.
Fortunately for most private
well users, little treatment
is usually needed as a large
portion of groundwater is
unaffected by contaminants
that typically affect surface
water. Information on
home water systems and
contaminants can be
obtained from the DEP, EPA,
Center for Disease Control,
or the National Sanitation
Foundation International.

Seven Springs Resort, Somerset County.

Importance of Abandoned Mines to Water Supplies
Abandoned mines may affect the amount and quality of drinking water available
to municipalities. After a mine is abandoned, the shafts and workings may fill
up with water, lowering the water table and causing nearby wells to go dry. Acid
mine drainage (AMD) is responsible for contaminating 2,500 miles of streams
in the commonwealth, rendering them uninhabitable by aquatic wildlife and
unable to be used as a drinking water supply. For example, in 1996, there were
14 identified acid mine drainage sites on Quemahoning Creek, degrading its
quality for fishing, recreational and public water uses. AMD in the creek forced
the village of Jenners in Jenner Township to buy water from another company
and increased the costs the city of Johnstown spent on water treatment for the
Quemahoning Reservoir, its source of drinking water. Since then, several cleanup projects along Quemahoning Creek, including AMD wetlands, have restored
fishing on part of the creek—which had not been fished for almost 100 years—
and has improved the quality of the reservoir, enhancing its uses for recreation
and as a public water supply.
AMD is a major environmental concern of the mining industry. AMD is formed
from a reaction between a sulfide mineral—such as pyrite found in mine
spoils—oxygen and water. The reaction causes metal ions to be released into
water, which increases its acidity. Best management practices (BMPs) to
address acid mine drainage usually consist of abatement, remediation and/or
preventive procedures established during active mining operations. The main
goal of a BMP for mining is to limit one of the three factors that cause AMD,
either through hydrologic and sediment controls, geochemical practices or
operational guidelines. Example BMPs for controlling acid mine
drainage include:

 Capping mines with a low-permeability material to prevent surface water from
coming into contact with sulfide-containing materials.
 Installing diversion ditches to divert runoff away from disturbed areas.
 Revegetating refuse piles and backfilled mines. The plant roots will hold water
and prevent infiltration of surface water, which in turn will limit the amount of
water that reacts with sulfide containing material.
 Neutralizing acidic drainage by adding carbonate material in mine backfill.
 Rapid mining and concurrent reclamation to limit the time and surface area
that sulfide material is exposed to oxygen.
 Coal refuse reprocessing to glean out remaining coal from old refuse piles.
Large refuse piles still exist at historic mining sites which contain coal that
could not be extracted using older mining practices. These piles are still
producing AMD and because of the high coal content, cannot be revegetated.
By utilizing the latest technology to extract remnant coal from these refuse
piles, the amount of sulfide material available to produce AMD is decreased
and the area can then be regraded and revegetated.
In addition to BMPs, there are passive treatment techniques that can be installed
after reclamation to treat acid mine drainage. Passive treatment techniques
include constructed wetlands to decrease iron content and acidity of wastewater
while increasing pH and open limestone channels and alkalinity-producing
diversion wells to neutralize acidic wastewater.

Source Water Protection
Pennsylvania, like all other states in the U.S., is required to ensure that healthy
drinking water is available for its citizens through compliance with the Safe
Drinking Water Act (for more information visit: www.epa.gov). Other federal
and state laws, including the Water Resources Planning Act which prompted
the creation of this atlas, lay the groundwork for water planning and protection.
(Water laws and regulations are discussed in the Statewide Overview Section of
this atlas.)
Since the Ohio Region supplies people with drinking water, protecting these
resources has become paramount for the commonwealth. Groundwater, rivers
and lakes in the region face potential contamination from a number of sources,
such as development, agriculture, malfunctioning septic systems, waste disposal
sites and abandoned mines. Pennsylvania state agencies are working with

Ohio Region Public Education Programs
Municipality
ipality a
and community
ommunity based
b
organizations have become more
involved
invo
lved
ved with increasing public awareness on Ohio watershed issues.
More information can be found through the DEP or through the
Water Resource Education Network.
 The Greene County Watershed Alliance partnered with several
organizations including the Wheeling Creek Watershed
Conservancy to create and distribute education materials,
including a Web site, on the Ohio River Basin.
 Chartiers Creek Watershed Association in Washington County
worked with other organizations to develop educational materials
on the Upper Chartiers Creek Watershed. The educational
materials created were based on their River Conservation Plan.
 Shenango River Watchers Inc., located in Mercer County,
partnered with several organizations and universities to create and
distribute material on nonpoint source pollution. The partnership
distributed door hangers and placemats and also stenciled storm
drains in the city of Sharon. This was done to help educate citizens
on preventing nonpoint source pollution.
 The Monaca Borough Water Department in Beaver County worked
with the Monaca Jr./Sr. High School, St John’s the Baptist School
and Penn State Cooperative Extension-Beaver County to develop
teacher guides on water resource education and water resource
protection. The cooperative effort also purchased equipment for
classrooms that aid in water resource education.
 The Mountain Watershed Association Inc. in Westmoreland and
Fayette counties work with several groups to educate children
about protecting the Indian Creek Watershed and their drinking
water sources. The partnership looks to actively involve children
by mountain biking through the watershed while at the same time
educating them.
 The Venango County Conservation District partnered with the
Venango County Commissioners, Venango Campus of Clarion
University and Oil Creek Chapter of Trout Unlimited to create
a conference on the French Creek, Oil Creek and Sandy Creek
watersheds. The purpose of the conference was to highlight
watershed improvement projects and create educational display
materials to raise awareness on nonpoint source pollution.
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ideal ecosystem for many coldwater inhabitants, including brook trout. The loss
of these hemlocks would be detrimental to many aquatic species as well as the
species that live in and among the trees. The map on page 79 shows the region’s
forested areas. The Ohio Region supports hardwood forests, including oakhickory forests, as well as coniferous (that is, trees that produce cones and have
needles such as pine trees) forests, including Eastern hemlock. The Ohio Region
is mainly comprised of deciduous (that is, trees with leaves that fall when autumn
arrives) forest type, with 49 percent of the regional land cover comprised of
deciduous forests and 14 percent comprised of mixed and coniferous forests.

Water Supply and Wastewater Treatment, continued
organizations in the Ohio Region to help assess the health of surface water
and groundwater, identify point and nonpoint sources of pollution, prevent
contamination, restore degraded waters, preserve pristine waters, increase
public awareness of existing problems, and help the public utilize best
management practices.
Although federal and state level agencies are creating new policies, source
water protection must literally begin at the source. Local governments –
counties and municipalities – have the greatest opportunity to influence
the future of Pennsylvania’s water supply. By studying their water sources,
identifying areas of concern or hazards that threaten those sources,
developing water protection and conservation regulations, and implementing
those regulations, local governments can protect water supplies for future
generations. Many Pennsylvania counties in the Ohio Region are rising to this
challenge.
 The Greene County Conservation District through the DEP’s Growing
Greener Grant helped form the Greene County Watershed Alliance. This
alliance works to increase public awareness on watershed issues in
the county, promote sustainable water and land use, and help develop
grassroots watershed organizations.
 The Beaver County Conservation District owns and maintains an
environmental center along with an 18-acre mitigated wetlands site. The
mitigated wetlands are comprised of two ponds connected by a channel
and are open to the public. The environmental center offers student
programs that explore stream ecology, watersheds, aquatic habitats and
more.
 The Lawrence County Conservation District has created a watershed
management plan. The watershed management plan focuses on providing
and assisting organizations with information on watersheds as well as
improving surface and groundwater resources. Some areas of focus in
the watershed management program are riparian buffers, structural and
nonstructural best management practices, and land use connections to
point and nonpoint source pollution.
 The McKean County Conservation District has developed a strategic
plan that focuses on maintaining and improving water resources. The
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conservation district’s strategic plan also focuses on maintaining and
improving county soil resources. The McKean County Conservation
District’s plan utilizes resources in the erosion and sediment control
programs as well as nutrient management programs.
 The Venango County Conservation District recently sponsored a
Pennsylvania Growing Greener Grant for the Cooperstown Borough
Council. The grant went toward a stream bank stabilization project in
which 450 feet of stream bank along Lake Creek was stabilized and planted
with a vegetative buffer. The project was completed by the Borough of
Cooperstown along with several local organizations.

Wastewater Treatment
Long before mankind appeared on the earth, natural biological processes
had already found a means to deal with waste in streams. Once human
beings began to evolve, they created small communities, towns and cities. As
these population centers grew larger so did the amount of wastewater being
generated by mankind. Natural biological processes were easily overwhelmed
by humankind’s high outputs of wastewater.
It was not uncommon for older cities to fall victim to outbreaks of disease
caused by pathogenic viral, bacterial or protozoan organisms from untreated
wastewater contaminating drinking water supplies. This was exemplified
in 19th century London England’s outbreaks of cholera that contaminated
drinking water supplies and resulted in many deaths. It was because of
harmful outbreaks like that in 19th century London that biologists, scientists
and engineers developed methods for the treatment of wastewater.
When water leaves a private residence or business through a drain or toilet
it travels to a septic tank or wastewater treatment facility. Wastewater
treatment facilities follow a series of processes that screen, aerate and
disinfect water before discharging it back into a stream or river or back into
the groundwater supplies. The treatment process starts by screening any
large debris from wastewater. The screened water is then aerated, which
allows for natural biological processes to decay organic matter. Any material

left in the tanks is then extracted and disposed of appropriately. The water is
then disinfected, usually with chlorine, to kill any microorganisms that may be
harmful to streams and rivers.

Public Wastewater Treatment
Pennsylvania has learned from history that discharging untreated sewage
or industrial waste into the rivers and streams can have devastating results
for its inhabitants and the natural environment. Just as high volume water
purification facilities are needed to service urban centers and cities, so too
are wastewater treatment facilities needed.
In the Ohio Region, for example, the Allegheny County Sanitation Authority
collects, treats and disposes of wastewater for 320,000 residential,
commercial and industrial locations in the city of Pittsburgh and 82
neighboring municipalities in Allegheny, Washington and Westmoreland
counties.

Private Wastewater Treatment
Private residences in some suburban and most rural areas of the Ohio Region
commonly use private septic systems. Typical private septic systems allow
for wastewater to flow to an underground tank. Once in the tank, heavy
particles fall to the bottom while water can flow out of the top of a tank and
into a drain field pipe. Once in the drain field pipe the remaining wastewater
is dispersed into a drain field where it slowly permeates down through the
soil. Unfortunately, malfunctioning on-lot septic systems can be a significant
source of groundwater pollution in these rural communities. DEP is
continually researching innovative technology that aids in the most effective
way to reduce pollution from private septic systems.

For more information on the latest technology, see
www.depweb.state.pa.us under “DEP ProgramsWastewater Information.”

Water-Based Economy
software and robotics. The Ohio, Allegheny and
Monongahela rivers and their tributaries are important
to the economic vitality of the region for their support
of transportation, power generation, agriculture and
recreation. In addition, a clean, abundant water supply
encourages new industries to establish themselves in the
region, thereby boosting the economy.

Fall Foliage, Cooksburg, Clarion County.

Transportation
The Port of Pittsburgh is the second busiest inland
port in the U.S. Approximately 44 million tons of coal,
sand, gravel, iron ore, manufactured goods, petroleum
products and chemicals pass through the port every
year, contributing more than $873 million in revenue

for the region. The Pittsburgh Port District includes 200
miles of commercially navigable waterways, 10 western
Pennsylvania counties, and more than 200 river terminals.
The port serves as a gateway to 24 states along 8,000
miles of navigable waters and fosters foreign trade
through international sister port agreements with the
cities of Duisburg, Germany and Monterrey, Mexico.

Pymatuning Lake

Ohio

P

ittsburgh was once the center of the American
steel industry. Although it is still called “The
Steel City,” steel mills have been replaced with
the medical, education and tourism sectors. Regional
manufactured products include: metal (fabricated
products and primary), glass products, machinery, food,
medical equipment, chemicals, plastics, electronics,

Located on the border of Pennsylvania and Ohio,
Pymatuning Lake is a huge attraction for fishing and
other outdoor pursuits. Pymatuning, a term meaning
“the crooked-mouthed man’s dwelling place” in the
Native American language surrounding the lake,
was manmade and was once an area rich in wetland
habitats. In 1933 a dam was created to regulate the
flow of the Shenango and Beaver rivers, impounding
Pymatuning Reservoir. The lake is enclosed in
Pymatuning State Park, which is the largest in
the state.
Anglers are attracted to Pymatuning Lake for its
fantastic walleye fishing. Walleye can be found in the
lake year round, and ice fishing is particularly popular
in the winter months.
A fish hatchery run by the Pennsylvania Fish and Boat
Commission is on-site in the park.
In addition to fishing and other water sports,
camping is a popular attraction around the lake and
with its three campgrounds, Pymatuning State Park
has the most camping facilities in the Pennsylvania
state park system. Also, cold weather activities
including cross country skiing, ice skating and
snowmobiling can be enjoyed in winter.

Pymatuning State Park
Jamestown, Crawford County.
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Water-Based Economy, continued
Barge transporting coal, Pittsburgh.

Electricity Generation
Power generating facilities of all types—hydroelectric dams, nuclear power plants and coal-fired
steam generation facilities—are important contributors to the economy of the Ohio Region. In 2007,
the U.S. Department of Energy released a list of the 100 largest electricity plants, based on generation
amounts, in the country. Ten nuclear and coal-fired Pennsylvania plants ranked on this list, half of
which are located in the Ohio Region.
Beaver Valley, located in Beaver County, is the only nuclear power plant in the Ohio Region. The
facility consists of two light water reactors that generate almost 14 million megawatt-hours of
electricity, or 18 percent of the state’s nuclear generation. Owned and operated by First Energy
Nuclear Operating Corp., the first reactor was constructed in 1976 and the second reactor was
constructed in
1987.

Energy Sources of the Ohio Region

The power and energy industry in
western Pennsylvania is dominated
by Allegheny Energy and Duquesne
Light Holdings. The two companies
compete for users in the Pittsburgh
area: Duquesne Light is more
concentrated to southwestern
Pennsylvania, and Allegheny
Energy provides service all
throughout western Pennsylvania,
along with sectors of Maryland,
West Virginia, and Virginia.
Allegheny Energy is based in
Greensburg and is the region’s
biggest energy supplier, providing
power to more than 1.5 million
customers. The company has
a generating capacity of 9,670
megawatts of power, most of which
is produced from burning coal.
Allegheny Energy is investor-owned
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and yields more than $3 billion in
annual revenues.
Based in Pittsburgh, Duquesne
Light Holdings is comprised of
an array or subsidiaries, with its
primary company being Duquesne
Light. Duquesne Light provides
energy to about a half million
customers in Pennsylvania and
has been innovative in the power
industry. Namely, Duquesne Light
was the first to install a plantwide scrubber system to improve
environmental air quality. Also, it
was the first plant in the nation to
operate a nuclear power station.
Like Allegheny Energy, Duquesne
Light produces the majority of
its power via coal plants, but is
considering expanding its energy
portfolio.

The Ohio Region
contains several
coal-fired power
plants, most of
which are located
in the southern
half of the
basin—including
Beaver, Indiana,
Armstrong and Fayette counties.
 The Bruce Mansfield Plant is
the largest coal-fired plant in
Pennsylvania, based on electricity
generation. Located along the Ohio
River in Beaver County, the facility
consists of three units built between
1976 and 1980, and generates more
than 18 million megawatt-hours of
electricity.
 The Homer City Generating
Station in Indiana County consists of
three units built between 1969 and

1977. The 13.5 million megawatt-hours of electricity the plant generates supports the needs of 2 million households in
the Pennsylvania, New Jersey and Maryland Power Pool and can provide power to the New York Power Pool.
 The Keystone Steam Electric Station in Armstrong and Indiana counties consists of two coal-fired, steam-electric
generation units that were built between 1967 and 1968 and produce a combined 13.5 million megawatt-hours of
electricity.
 The Conemaugh Generating Station is located along the Conemaugh River in Indiana County. The facility’s two steam
turbines built between 1970 and 1971 generate almost 13 million megawatt-hours—enough electricity to light 17
million 100-watt bulbs.
Multiple hydroelectric dams are located on waterways in the region, including the Allegheny River, Beaver River,
Conemaugh River and Youghiogheny River. Two of the larger facilities are Kinzua Dam and Youghiogheny River Lake.
 The construction of the Kinzua Dam (Warren County) on the Allegheny River in the 1960s created one of the largest
dams in the U.S. east of the Mississippi River and the deepest lake, the Allegheny Reservoir, in Pennsylvania. The
hydroelectric plant associated with the dam is operated by First Energy Corp. and has a peak capacity of 400
megawatt-hours.

Port of Pittsburgh Commission

Currently, the Port of Pittsburgh
Commission supports eight
regional barge carriers and
seven long-haul barge carriers.
They also support a number of
marine maintenance operations
that offer a wide variety of
services including welding
repa
re
pair and tug
ug boa
oat se
services
es.

The commission also integrates
other modes of transportation
to support water-based
transportation including 15 rail
service providers.
Along with industrial
i
services,
the
he co
com
commission also suppor
supports
an
n extensive
extensive
e range of
recreational opportuniti
opportunities for
f
local citizens and weekend
warriors. Opportunities include
river cruises and excursions
onboard The Gateway Clipper
Fleet and exploring the Great
Allegheny Passage.

 A dam constructed in 1943 along the Youghiogheny River (Somerset County)
created the Youghiogheny River Lake which spans the PennsylvaniaMaryland border. The D/R Hydro Co. has operated and maintained the
hydroelectric plant since 1989. The dam’s electricity capacity is 12
megawatt-hours.

Manufacturing
Manufacturing of steel and other iron ore products are commonly the first to
come to mind when discussing the Ohio Region. Steel manufacturing is still
a profitable business today in the region. The bulk production of steel and
specialty steel products are easily shipped and transported from the region via
the Ohio River. The river provides an attractive offer for businesses to locate
and manufacture their product near or on the river ports. Some specialty steel
products that are produced include numerous alloy products, stainless steel
products, and titanium and nickel alloy products.

Other manufacturing enterprises that are located within the Ohio Region are
chemical companies. These companies are capable of producing petroleumbased resins for use in rubber goods, plastics, paints and numerous coatings
for different products. These companies are constantly monitored by numerous
organizations and committees to ensure their compliance with environmental
standards. With their close proximity to the Ohio River and smaller tributaries,
it is imperative that they follow the proper procedures to prevent contaminating
the water resources in and around the region.

Agriculture
The Ohio Region produces a wide variety of agricultural products. Some
areas, such as Somerset County, are large producers of grain crops. Somerset
County, over a two year period between 2005 and 2006, produced the most
oats in the state, averaging nearly 550,000 bushels per year. Further north,
the Appalachian Plateaus areas of the region are heavily forested, producing
the most Christmas trees in the state as well as the country. Indiana County,
informally dubbed the Christmas Tree Capital of the World, produces
thousands of trees each year. Current statistics show that the county
produces nearly 150,000 cut trees a year.
The region also contributes to the overall production of livestock. Currently,
Washington County has nearly 9,500 head of sheep, the most in the
state. They can be sheered to provide wool for local and non-local textile
manufacturers. Although the region as a whole isn’t a large producer of
dairy products, several counties continually produce milk in excess of 250
million pounds per year.
One woodland agricultural product that many times gets overlooked is
maple syrup. Produced from the sap of sugar maples and black maples,
pure Pennsylvania maple syrup is an often sought after product valued for
its outstanding taste and flavor. Somerset County is currently the largest
producer of maple syrup in the state, manufacturing more than 18,000
gallons a year as reported in the 2002 USDA Census of Agriculture.

Fisheries and Hatcheries
Fishing is a major recreational pastime in the commonwealth. In order to
maintain a thriving recreational fishing industry, the Pennsylvania Fish
and Boat Commission operates 15 state fish hatcheries used to stock
Pennsylvania waters. There are four state fish hatcheries in the Ohio Region:
Union City, Erie County; Corry, Erie County; Linesville, Crawford County;
and Tionesta, Forest County. These hatcheries boost the state’s economy
by $61.5 million annually. A few of the species stocked or produced by
these hatcheries include: various trout species, fathead minnow, tiger and
purebred muskellunge, walleye, saugeye, white and black crappie, channel
catfish, small- and large-mouth bass and paddlefish.

Fishing on the Youghiogheny River.
Photo courtesy of Brian Hudock.
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The Port of Pittsburgh
Commis
mmission was created in
1992
992 to
t support
port the current
industry
stry and
and
d ffuture grow
growth of
Pittsburgh and southwestern
southw
south
rn
Pennsylvania. The
e commiss
commission’s
mission
dedication to the Pittsburgh
rgh
area, as stated in their mission
statement, is to ensure the
“...intermodal future of the
residents and industries of
southwestern Pennsylvania.”

Water-Based Economy, continued
Ice Fishing (right), and Ice Golfing, (below) at
the Warren County Winterfest Chapmans State
Park. Clarendon, Warren County.

Recreational Areas
The Ohio Region is rich in water-based
recreational activities that cover the
gamut from historical/cultural to outdoor
adventure to environmental conservation
to just plain fun. Highlights of some of
the recreational opportunities within the
watershed include:
 The preserved Pennsylvania Canal
System presents a window into the
economic history of the watershed.
Canals were built along waterways that
could not be navigated—such as the
Conemaugh, Shenango and Monongahela
rivers—as a means of delivering goods
to inland areas. The canals were used
to transport commodities important to
the region’s economy at the time, such
as coal, coke, iron ore and stone. Today,
portions of the canal system have been
preserved or restored where visitors
can enjoy museums, parks and canal
tunnels at various locations along the
canals. For instance, Saltsburg Canal
Park, located where Loyalhanna Creek
joins the Conemaugh River to form the
Kiskiminetas River, honors the 105-mile
canal system that ran between Johnstown
and Pittsburgh and contributed to the
development of the Saltsburg area, a
leading salt-producer in the U.S. between
1829 and 1863.
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Skiing in the Ohio Region
While many
y people may as
associate
ciate
Pennsylvania’s
nnsylvania’s ski res
resorts
ortss with the P
Poco
Poconos
of northeastern
northeaster Pennsylvania,
P
many premier
resorts reside in the western half of the state.
Within 100 miles of Pittsburgh, there are eight
ski resorts, ranging from Boyce
Park, where a lift ticket is around
$10 to Seven Springs, a top-rated
ski destination on the east coast.

th resort provides not only a top place to ski
this
in the state, but also boasts entertainment and
luxurious accommodations. Many enjoy Seven
Springs for its festive nightlife and
lively atmosphere.

Skiers in the Pittsburgh area looking
for a quick day getaway have to look
no further than Boyce Park, a county
park in Monroeville, Allegheny
County. For a very affordable
price, winter enthusiasts can enjoy
downhill and cross-country skiing,
snowtubing and snowboarding. As
the only place in the county to offer
downhill skiing, its nine ski runs
include moguls, halfpipe, Nastar
timing runs with gates, jumps and
night skiing. A snowboard park
offers two quarter pipes, three table
top jumps and one of the longest
half pipes in Pennsylvania. To warm
up from the chilly temperatures,
skiers can enjoy a roaring fire
and hot refreshments at the Four
Seasons Lodge.
Seven Springs is a very popular
tourist attraction and was named
from the property deed that
described it as “a piece of land
with seven springs on it.” Today,

Skiing at Seven Springs Resort,
Champion, Somerset County.

Located
ted mainly
mainly
mai
nly in Fayette
ayette County,
Ohiopyle State
ate Park iis a shrine
rine of natural
beauty, including more than
han 14 miless of
the Youghiogheny River Gorge that
at flows
ow
through the heart of the park. Nature
ture
enthusiasts are drawn to the park for its
unparalleled whitewaters and rugged
trails. Several waterfalls reside in the
park and are the focal point for many of
Ohiopyle’s visitors.
Ohiopyle is derived from the Native
American word “ohiopehhla” meaning
“white, frothy water” and dates back to the
days before European settlers populated
the area. In the 1800s, the area that is now
Ohiopyle State Park was primarily used for
lumbering, and many railroads were built
around the region to transport the wood.
Eventually, the railroads began transporting
people to the Ohiopyle area, as word got
out to surrounding towns about the park’s
natural beauty. Tourism flourished in the
area, with resorts, hotels, boardwalks and
other attractions popping up around the
park area. Unfortunately, with the invention
of the automobile, many of the visitors
opted to explore other places. In the mid1960s, the area was purchased by the state,
the resort attractions were torn down, and
the natural beauty was conserved in what is
the Ohiopyle State Park today.

Whitewater rafting
Ohiopyle State Park, Fayette County.

Around the park are various observation
decks to overlook the gorgeous waterfalls.
Cucumber Falls, Jonathan Run Falls and Ohiopyle Falls are all different in terms of their unique geological formation, and are fascinating to view.
Anglers enjoy the Cascades, a waterfall in Meadow Run that has cool, lean waters that are perfect for fishing. Whitewater athletes enjoy the Lower
Yough, which begins after the Ohiopyle Falls, and is the busiest whitewater in the eastern United States. The challenging waters continue for a seven
mile stretch of the river, and are great for rafters.

 The Ohio Region contains numerous state parks that draw visitors
looking to enjoy the recreational activities offered: fishing, swimming,
kayaking, canoeing, boating, skiing and ice skating to name a few.
Among these destinations, the Ohio Region boasts the highest
number — eight — of parks designated by DCNR as “20 Must See
Pennsylvania State Parks.” These must see parks’ attractions include
the largest state park in the commonwealth (Pymatuning State Park),
excellent white water opportunities (Ohiopyle State Park), old growth
and mature forests (Cook Forest State Park and Pymatuning State
Park), and a National Engineering Landmark (Kinzua Bridge
State Park).
 The Allegheny National Forest spans Warren, McKean, Forest and Elk
counties and includes 90 miles of shoreline around the Allegheny
Reservoir, more than 138 miles of national wild and scenic rivers,
and two nationally designated wildernesses. As the only national
forest in Pennsylvania, the 513,325 acres are managed for multiple
uses such as timber, clean
water, wildlife habitat and
Did you know?
recreation. Recreational
The Youghiogheny
Th
Y
hi h
River
Ri
is the most
enthusiasts travel to the
floated river in the country.
Allegheny National Forest
to take advantage of its 20
campgrounds, six boat launches, seven canoe access sites,
four beaches and miles of hiking, cross-country skiing and
snowmobiling trails.
 The Erie National Wildlife Refuge in Crawford County offers 8,800
acres of protected land between two sites for recreational enjoyment.
Walking trails lead to prime spots for wildlife observation while other
activities include fishing, cross-country skiing and snowshoeing.
 The Three Rivers Heritage Trail is a greenway trail around Pittsburgh
stretching for 37 miles on both sides of the Allegheny, Monongahela
and Ohio rivers. Cyclists, walkers, runners, cross-country skiers
and the like enjoy the scenic trails along the waterways. On-going
construction intends to incorporate the Three Rivers Heritage Trail
with the Great Allegheny Passage, a 150-mile continuous biking
and walking trail connecting Pittsburgh to Cumberland, Md. In
Cumberland, the Great Allegheny Passage connects to the CandO
Towpath which continues to Washington, DC.

Ohio
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Ohiopyle State Park

Water-Based Economy, continued
 The Gateway Clipper Fleet operates five
boats offering dinner, entertainment
and sightseeing cruises along the three
rivers for 2,500 passengers daily.
 Pittsburgh holds the annual Three Rivers
Regatta every 4th of July at Point State
Park. Land and water activities such as
boat races, a bass fishing tournament,
dragon boat exhibition, concerts
and fireworks bring in visitors that
contribute $69 million to local, county
and state economies.
 Stoneycreek Whitewater Park at
Greenhouse Park, Somerset County is
the first park in a natural river channel
east of the Mississippi River. The 300
yards of in-stream whitewater offer two
deep areas and both a free-style and
slalom course.

For more information on
Pennsylvania’s Water Trails, see
the Pennsylvania Fish and Boat
Commission’s “Water Trails” Web
site: www.fish.state.p
si
pa.us/w
/ atertrails

Erie National Wildlife Refuge
The Erie National
onal Wildlife Refu
Refuge
e serves as a re
resting
g
habitat
h
at where waterfowl and
a other migr
migratory birds
can nest, feed and re
reproduce. Additionally, the refuge
supports a diverse array of wildlife species in a protected
habitat and works to educate the public on wildlife and
environmental issues. It is located in Crawford County,
Pennsylvania and is broken down into two separate land
units. The Sugar Lake Division contains 5,206 acres and
is near Guys Mills, Pennsylvania and the Seneca Division
contains 3,594 acres and borders French Creek.
A great variety of wild species flock to the various
habitats in the Erie National Wildlife Refuge, including
237 species of birds, 47 species of mammals, and
37 species of amphibians and reptiles. White tailed
deer, red fox, woodchuck, great blue heron and cuckoo are among the varied animals that frequent the refuge. Migratory
waterfowl generally can be found in the refuge from March to April and again from September to November.
The Erie National Wildlife Refuge was established in 1959, and since then has been dedicated an “Important Bird Area” by
the National Audubon Society for the diverse habitats that attract so many different birds.

Water Trails
Water trails are recreational corridors suitable for canoes, kayaks and small motorized watercraft. These trails are
comprised of access points, boat launches, day use sites and in some cases overnight camping areas. Each water trail is
designated by the Pennsylvania Fish and Boat Commission as a unique reflection of the state’s diverse geology, ecology
and communities.
The Ohio Region includes six water trails:
 Middle Allegheny River Water Trail – 85 miles from Kinzua Dam to Emlenton
 Three Rivers Water Trail (Lower Allegheny River) – 30 miles from Freeport to Pittsburgh
 Youghiogheny River Water Trail – 45 miles from Connellsville to McKeesport
 Upper Monongahela River Trail – 60 miles from Fairmont, WV to Rice’s Landing, PA
 Clarion River Water Trail – 100 miles from confluence of East and West Branch Clarion rivers to Parker Bridge
 Kiski-Conemaugh River Water Trail – 50 miles from Johnstown to Freeport
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Three Rivers Regatta, Pittsburgh.

Pennsylvania's Watershed Regions
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Introduction

E

ach of Pennsylvania’s major drainage basins has an
array of individual characteristics that distinguish
it from other regions of the state. These include
diverse geographic and geologic features as well as major
differences in historical settlement, economic and land
use patterns. To reflect these variations, six regional
water resources committees were created by the Water
Resources Planning Act to ensure that individual regional
priorities were developed and highlighted in the plan. The
priorities and actions of the Great Lakes Regional Water
Resources Committee are significant and influence not
only local streams and rivers, but also the Great
Lakes System.
The committee members represent a broad range
of interests in their region – business and industry,
agriculture, local government and the environment. Each
committee has identified and given consideration to a
broad set of water resources issues and concerns specific
to their region. The water resource management goals and
objectives of the Great Lakes Regional Water Resources
Committee include:
 Support legislation and other measures that will protect
the quantity and quality of water in Lake Erie
 Maintain the hydrologic integrity of the region by
evaluating and addressing land use changes and their
effects on point and nonpoint source pollution, recharge,
flow and the surface and groundwater regimes, and
establishing the capacity to do so
 Manage stormwater resources appropriately by
enforcing Stormwater Management Plans (Act 167) and
encouraging municipalities to enact appropriate zoning
ordinances that are consistent with the Stormwater
Management Plan
 Upgrade aging infrastructure and make plans for future
infrastructure improvements
 Prevent degradation and contamination of groundwater

Page 90
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resources from improper well
Presque Isle.
abandonment
 Prevent degradation and contamination
i off surface
f
water
t
resources from improper stormwater and
wastewater management
 Prevent or minimize nonpoint source pollution by
correlating water resource protection with land use
decisions and by educating the public about the ways to
reduce/prevent pollution
 Encourage recycling and conservation. One such way to
encourage recycling and reduce pollution is to conduct
more Household Hazardous Waste collection events
 Identify and repair failing septic systems
 Establish current water quality benchmarks for
protection and/or restoration
 Provide continuing water conservation
education programming
 Protect and restore floodplains and lake bluffs
 Improve consistency between municipal, sewer and
water planning
 Communicate water resources planning goals to the
public and collaborate with Great Lakes states
and provinces.
The regional committee members will continue to work
with DEP and others to make recommendations for
attaining these goals.

The Great Lakes Region at a Glance
The Great Lakes—Superior, Michigan, Huron, Erie and
Ontario—and their connecting channels constitute
one-fifth of the world’s fresh surface water supply and
nine-tenths of North America’s fresh water. The Great
Lakes System covers approximately 94,250 square miles
between Duluth, Minn. to the Thousand Islands area of
New York and holds an estimated 6 quadrillion gallons
of water fed in part by a 201,460 square-mile drainage

basin The vast water resource is utilized by its 32-plus
basin.
32 plus
million U.S. and Canadian residents as a source of drinking
water, power generation and recreation as well as a major
transportation route to the Atlantic Ocean by way of the
St. Lawrence River and the Gulf of St. Lawrence.
Pennsylvania’s connection to the Great Lakes is twofold:
parts of Erie and Crawford counties include a drainage
basin to Lake Erie while the Genesee River in Potter
County is a tributary to Lake Ontario. Despite being the
shallowest and smallest by volume of all the Great Lakes,
the Lake Erie Watershed is the most densely populated
of the five waterbody areas. An estimated 241,949 (2000
Census) people live in the 511 square miles of Erie and
Crawford counties that make up Pennsylvania’s Lake Erie
Basin. In addition, the commonwealth has jurisdiction

over 750 square miles of Lake Erie that extend from
the Pennsylvania shore to the international border with
Canada. The watershed includes 63 miles of shoreline and
the only coastal beach, Presque Isle, in the state.
The Genesee River flows 157 miles from its headwaters
in Ulysses Township, Potter County to its mouth at Lake
Ontario, near Rochester, N.Y. Along the way, waterfalls
within Letchworth State Park (Portageville, N.Y.) and
Rochester were once used to provide power to 19th
century industries. The largest flood control dam east of
the Mississippi River, at Mount Morris, N.Y., reduces flood
damage in the lower Genesee Valley. Of its 2,500 square
mile watershed, Pennsylvania constitutes only 99 square
miles with an estimated population of 2,095
(2000 Census).

Name derived from Native American “Erielhonan” tribe,
meaning “long-tails,” which once inhabited the area

A disting
distinguishable trait of the nort
northweste
hwestern region
hwester
of Pennsylvania
a is lake-effect
lake effe
effect
ect snow.
s
Known as part
off the Sno
Snow Belt
Belt,
lt, Eri
Erie, Penna. stands 13th on the
Erie
list of snowi
sn
snowiest places in the United States, with
an annual average of 88 inches
of snow.

Lake Depth: Average – 62 feet; Maximum – 210 feet
Lake Volume: 116 cubic miles
Lake Surface Area: Total – 9,910 square miles
Pennsylvania – 750 square miles
Basin Area:
Total – 30,140 square miles
Pennsylvania – 511 square miles
Shoreline:
Total – 871 miles (including islands)
Pennsylvania – 63 miles
Major Tributaries: Conneaut Creek
Walnut Creek
Elk Creek

Lake-effect snowfall generally occurs when arctic
winds move over warm lakes, providing energy and
picking up water vapor which then freezes and is
deposited on shorelines. This effect is enhanced at
higher elevations, and often results in high rates
of hourly snowfall. Of all the Great Lakes, Lake
Erie freezes over occasionally due to its relatively
shallow depths. This provides relief to locals, as
the lake-effect only takes place on non-frozen
waters.

Genesee River Facts
Named for Native American word meaning “good valley”
or “pleasant valley”
Basin Area:
Total – 2,500 square miles
Pennsylvania – 99 square miles
Headwaters: Ulysses Township, Potter County, Penna.
Mouth: Lake Ontario, Rochester, N.Y.
Genesee River Length: Total – 157 miles
Pennsylvania – approximately 11.0 miles

Regional Climate
The climate of the Great Lakes Region is generally affected
by three factors: air masses from other regions, the basin’s
location within a large continental landmass and the
moderating influence of the lakes themselves. Weather
conditions constantly change as a result of alternating flows of
warm, humid air from the Gulf of Mexico and cold, dry air from
the Arctic. In addition, the lakes are responsible for moderating

Extreme Weather Conditions
in the Great Lakes

temperatures and producing ample precipitation to the region.
The lakes act as a giant heat sink—they release stored heat in
the fall and winter and are slow to heat up in the spring and
summer—which leads to milder seasonal temperatures on
land. Evaporation of the lakes’ surface waters adds moisture to
the air year-round, which is delivered on-shore as rain or snow.

Did you know?
P t Erie
Port
E i is
i home
h
to
t Pennsylvania’s
P
State Ship, the U.S.
Brig Niagara. The restored Niagara serves as the Flagship
of Pennsylvania, as enacted by the General Assembly on
May 26, 1988. It was the flagship of Commodore Oliver
Hazard Perry and was decisive in defeating a British
squadron at the Battle of Lake Erie, on September 10, 1813.

Whiteouts are common in the Erie area as a result
of significant snowfall. The “Snowy Seventies”
characterized the three considerably cold and
snowy winters from 1975-1978 where Great Lake
snow totals reached up to 1,109.8 inches in some
areas. In 2000, a storm named “Chestnut” was a
classic example of a lake-effect storm where snow
fell at a rate of two to four inches per hour for
several hours.
In contrast to snowy and rainy weather in
northwestern Pennsylvania, dry conditions have
characterized the region in recent years. Although
record lake levels were observed in 1986 and
1997, in the past decade, drought conditions
have reached emergency levels, prompting state
and local officials to work together on drought
response actions.

Lake Turnover
Changes in water temperature greatly influence
water density, which results in the stratification or
layering of water in lakes. As temperature increases,
water density decreases, and at about 39 degrees
Fahrenheit, water is most dense. In the summer
months, thermal stratification is most evident with
distinct layers in the water of lakes. When this
occurs, the cool, dense water remains insulated at
the bottom of a lake, while warmer, less dense water
is found closer to the surface.
Temperature differences increase between the
layers as summer progresses. When surface waters
cool down in autumn and become more dense, they
sink down and displace bottom dwelling waters,
which cause a turnover of the entire lake. In the
winter, the water towards the bottom of the lake
remains at about 39 degrees Fahrenheit, while
surface waters are often cooled to the freezing
point, forming ice. As temperatures warm in spring,
turnover occurs again as warmer waters rise up
toward the sun-heated surface. This turnover cycle
distributes oxygen throughout the lake.

Did you know?
Potter County is the source of headwaters for
three major rivers—the Genesee, Susquehanna
and Allegheny. The Eastern Continental Divide
in Potter County is the only site east of the
Mississippi River where rainfall heads towards the
Great Lakes, the Chesapeake Bay and the Gulf of
Mexico.

Great Lakes
Page 3

Page 91

Great Lakes

Lake Erie Facts

Lighthouse on Presque Isle Bay.
Photo courtesy of Patricia Krommes.
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Introduction, continued
The maps on pages 92 and 93 show Average Annual
Precipitation, Average Minimum Temperature and Average
Maximum Temperature, averaged from 1971 to 2000, for the
Great Lakes Region. A majority of the Lake Erie Basin has a
minimum temperature of 14 to 17 degrees Fahrenheit and
a maximum temperature of 80 to 81 degrees Fahrenheit.
Average annual precipitation for most of this basin ranges
from 40 to 45 inches per year. The more mountainous
Genesee River Basin is cooler with a mean minimum
temperature of 9 to 11 degrees Fahrenheit and a mean
maximum temperature of 76 to 79 degrees Fahrenheit.
Average annual precipitation for most of this basin ranges
from 34 to 37 inches per year.

Did you know?
Erie has been home to many famous people
including: Former Homeland Security Director and
Pennsylvania Governor Tom Ridge; Ann B. Davis
who played Alice in “The Brady Bunch”; and Harry
T. Burleigh, composer, arranger and musician who
wrote “Swing Low, Sweet Chariot.”
Winter Green Gorge.
Photo courtesy of Erie Area
Convention and Visitors Bureau.

Port Erie
The city of Erie is home to the only
Pennsylvania port on the Great Lakes:
Port Erie. Originally set as a port for a
fleet of battleships in the War of 1812, it
is now a port that has a mix of industrial,
commercial, and recreational activities.
Port Erie is governed by the Erie-Western
Pennsylvania Port Authority, formed in
1972 to promote all aspects of the port’s
industries while balancing with the
recreational opportunities. The Port of Erie
has the largest dry-dock and crane (200
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ton) on the Great Lakes, offers 300,000
square feet of warehouse space, a Foreign
Trade Zone, and a full-service shipyard.
Recreational opportunities provided to
the public exist in different areas of the
port. The Bayfront District, located cityside on the waterfront, offers numerous
shopping and dining experiences,
concerts and miniature golf. Other
opportunities in the Bayfront District
include the Bicentennial Tower, Liberty
Park, Bayfront Gallery, Harbor View

Miniature Golf, Erie Maritime Museum
and Lampe Marina Campground.
The Erie Maritime Museum, which opened
on May 21, 1998, is the homeport for
the U.S. Brig Niagara. The Niagara is
a reconstruction of the warship that
Oliver Hazard Perry sailed when he
was victorious in the Battle of Lake
Erie in 1813. The ship is now a floating
museum owned by the commonwealth of
Pennsylvania and represents Pennsylvania
as the state’s flagship.

Water Planning Areas
NEW YORK

90

86
244

Erie

19

Ulysses

POTTER
COUNTY

NEW YORK

E

E

PENNSYLVANIA

K
A
L

I
ER

20

Great Lakes

North East

P E N N S Y LVA N I A

44

0

5

449

49

Miles

Girard

20

Lake Erie Watershed

Major Roads

Genesee River Watershed

County Boundary

River/Stream

State Boundary

Waterbody

City/Town

90

Albion

6N

79

OHIO
PENNSYLVANIA

6
0

ER I E
CRAWFORD

Miles

NY

Conneautville

50

PA

6

NJ
0

5
Miles

10

MD

WV

DE

VA

Great Lakes
Page 7

Page 95

Introduction, continued
Sand Replenishment and Littoral Drift
The natural process known as littoral drift is simply the removal and replacement of sand along a beach area. This
process helps keep the beach in a balanced state of erosion and replenishment. Problems arise, however, whenever
this process is thrown out of balance when the amount of beach material washed down shore is substantially
bstantially cchanged
because of high lake levels or human activity. The photos shown below illustrate how littoral d
drift can alterr land forms
rms as
sand is transported and deposited.
Erosion alon
along the Lake Erie shoreline is a continuous process
p oce s generated
g nerated b
by natural
natu forces, such as wind and water currents.
Fortunately, measures can be taken to reduce the impact
Fortunately
i
of these forces and protect our beaches. The construction of
breakwaters, elongated structures that are usually composed of stone or rocks and located a short distance offshore, help
trap and retain sediment between the structure and the beach. They also protect the shoreline from constant wave attack.
Beach nourishment provides non-structural protection of the shoreline. Sand is brought in and distributed to the shoreline
from either an inland location or from offshore through dredging or pumping. The addition of new sand and fill adds width
and depth to the beach and helps reduce the impact from waves. This process may be completed on an annual basis
depending on lake levels and the intensity of erosion.

Gulf Point, Presque Isle. Left, 2006; right, 2007.

Watersheds of the Great Lakes Region
“Watershed” is a generic term used to identify an area of land that drains to a particular waterbody.
Watersheds can vary in size, from the acreage that drains to a brook to a major river. For purposes of this
atlas, watersheds are classified by a nested hierarchy based on landscape scale. A watershed is the land
area that drains into a stream or river (or in some cases, two streams) and is the smallest in size in the
classification hierarchy. Pennsylvania’s original State Water Plan divided the commonwealth into 104
watersheds, ranging in size from approximately 100 to 1,000 square miles, named for the major streams
of the watershed. A subbasin includes all of the watersheds that drain into a particular reach of a larger
watercourse. A basin encompasses all of the subbasins that
drain into a major waterway. In Pennsylvania, there are six
basins—Lake Erie, Genesee, Ohio, Susquehanna, Potomac
and Delaware—each with a different outlet. The Lake Erie
Basin empties into Lake Erie, the Genesee Basin contributes
to Lake Ontario, the Ohio Basin drains into the Mississippi
River, the Susquehanna Basin and Potomac Basin empty into
the Chesapeake Bay, and the Delaware Basin drains into the
Delaware Bay.
A particular tract of land can belong in multiple watersheds,
depending on the scale of the landscape. For example, in
Potter County, Irish Settlement Brook is a tributary to the West
Branch Genesee River, which is a tributary to the Genesee River.
However, there is only one watershed in this area and the basin
and subbasin are one and the same. Therefore, the land that
drains into Irish Settlement Brook is part of the Genesee River
Watershed which is the same as the Genesee River Subbasin/
Basin. The Water Planning Area Map on page 95 depicts the two
watersheds of the Great Lakes Region. This region consists of
two subbasins, each with one watershed.

Did you know?
D tto mild
Due
ild seasons moderated
d
by Lake Erie, Erie County
is a major producer of grapes in the U.S. and is home to the
largest Welch’s grape processing plant in the country.

Jet Skiing on Lake Erie.
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Fall in Potter County.

Population 2000
NY
PA
90

PA
NY

KE

IE

49
17

86

Ulysses

244

Erie

POTTER
COUNTY
44 0

5

449

Miles

Girard

Great Lakes

LA

ER

North
East

Total Population for
2000 by municipality

90

Lake Erie
1 - 3,500
3,501 - 10,000
10,001 - 50,000
50,001 - 100,000
100,001 - 350,000

Albion

79

ERIE
CRAWFORD

Genesse River

Conneautville

OH
PA

1 - 250
251 - 500
501 - 750
751 - 1,000
1,001 - 2,500
0

5

10

Miles

City/Town

Major Roads

County Boundary

State Boundary

Population Projection 2030
NY
PA
90

ER

IE

PA
NY

LA

KE

North
East
49
17

86

Ulysses

244

Erie

POTTER
COUNTY

44

0

5
Miles

449

Girard

Percent change in projected
population from 2000 to 2030
by municipality

90

Albion

79

Gain

ERIE
CRAWFORD

greater than 100
50 - 100
20 - 50

Conneautville

No change

0 - 20

OH
PA

-20 - 0
Loss

0

5

less than -20

10

Miles

Great Lakes
Page 1

Page 97

Introduction continued
Points of Interest in/near the Region
 Route 198, the Iowa-to-Maine Bike Route – Crawford
County
 Vineyards of the Grape Coast – North East, Erie County
 Presque Isle State Park and Lighthouse – Erie,
Erie County
 US Brig Niagara – Erie, Erie County
 Victoria Princess Cruise – Lake Erie, Erie County
 Coudersport Ice Mine – Coudersport, Potter County
 Pennsylvania Lumber Museum – Galeton, Potter County
 Triple Continental Divide – Gold, Potter County
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Populations Throughout the Region
(2000 Census Estimate)
Erie . . . . . . . . . . . .
Millcreek Township . . .
Harbor Creek Township
Fairview Township . . .
North East . . . . . . . .
Girard . . . . . . . . . . .

103,717
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. 15,178
. 10,140
. 4,601
. .3,164

Lake City. . . .
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Conneautville .
Genesee . . . .
Ulysses . . . . .

.
.
.
.
.

2,811
1,607
. 848
. 789
. 684

Population and Future Projections
The maps on page 97 show populations in the year 2000
and population projections for 2000 through 2030 for
the Great Lakes Region. As illustrated in the Population
2000 Map, the municipalities around Erie have the largest
populations. Population in this area gradually disperses as
you travel away from the city. Populations in the Genesee
Basin are also greater in towns and boroughs, like Genesee
and Ulysses. Like the Lake Erie Basin, population densities
in the Genesee Basin decrease as you travel away from
towns and borough centers.
As shown by the Population Projection Map, population
projections for both areas of the Great Lakes Region
show similar characteristics. Populations are expected to
decrease in urban areas and increase in rural areas.

Regional Water Use
The demand for water throughout the region can be
measured in part by compiling and mapping data
contained in the registry of water users maintained by the

Pennsylvania Department of Environmental Protection
(DEP). All public water supply agencies and hydropower
facilities as well as anyone withdrawing more than
10,000 gallons of water per day are to register and report
their usage to DEP. There are no fees associated with
registering and reporting.
Although this registry information does not account
for all water demands of the region, it provides useful
information to predict areas of higher and lower demand
as shown by the Registered Water Withdrawal Map on
page 99. Consumptive water use, as defined by U.S.
Geological Survey (USGS), is “that part of water withdrawn
that is evaporated, transpired, incorporated into products
or crops, consumed by humans or livestock, or otherwise
removed from the immediate water environment.” The
amount of water consumed in a region becomes an
important consideration for resource management during
times of drought or water shortages. On the Registered
Water Withdrawals Map, the pie chart within each
subbasin depicts the percentage of each major sector of
water use.
The pie chart below provides a breakdown of both
consumptive and non-consumptive water use by sector
for the Great Lakes Region. Approximately 95 percent of
water use is by public water suppliers, while 3 percent of
water is used by agriculture, and 2 percent by commercial
facilities, which make up almost all of the water use within
the region. This data is based on information available
primarily from the registrations submitted to DEP in 2003.
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Great Lakes Water Use

Thermoelectric 0%
Commercial 2%
Agriculture 3%
Industry 0%
Mining 0%
Public Water Supply 95%
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Water Resources

T

he Great Lakes Region in Pennsylvania encompasses parts of Lake Erie
and the Genesee River Basin. The Great Lakes Region is extensive,
covering 295,000 square miles of land and water in both Canada and
the United States, to the outflow of Lake Ontario where the St. Lawrence River
begins. Area wise, Pennsylvania’s portion of the basin is relatively small with a
total of 610 square miles of land area (1.5 percent).
The largest portion of Pennsylvania’s Great Lakes Region is the Erie coastal
area in Erie and Crawford counties. Drainage in this area is generally south to
north in streams like Conneaut Creek (flowing into Ohio), Elk Creek and Walnut
Creek. This portion of Pennsylvania is the site of the city of Erie and Presque
Isle State Park.
Less well known is Pennsylvania’s other Great Lakes watershed, located
approximately 100 miles east of Erie in northern Potter County. Pennsylvania’s
portion of the Genesee River Basin flows through New York to Lake Ontario.
The Genesee River Basin covers 2,479 square miles, mostly in western New
York, with a small portion, 99 square miles in northwestern Pennsylvania. The
Genesee River has a total length of about 157 miles, originating in the Allegany
Mountains in Potter County. It flows generally northwest and then shifts to the
northeast to its mouth on Lake Ontario.

A map showing the larger streams, lakes and wetlands within the Great Lakes
Region is provided on page 101. Streams and rivers can be classified according
to their size based on a hierarchy of its tributaries. The hierarchy designates
headwater streams as a first order stream. When two first order streams meet,
the waterway becomes a second-order stream. When two second-order streams
meet, the waterway becomes a third-order stream and so on. If a lower-order
stream flows into a higher-order stream, the order designation does not
change. For instance, if a first-order stream meets a second-order stream, the
waterway designation remains second-order. For purposes of making the map
readable, only higher order streams of the Great Lakes Region are shown in the
Surface Waters Map.

Lake Erie
Named for the Native American “Erielhonan” Tribe who once lived along its
southern shore, Lake Erie is one of the Great Lakes of the United States. It is
bounded by the Canadian province of Ontario, and the U.S. states of Ohio,
Pennsylvania, New York and Michigan. Lake Erie is the eleventh largest lake on
Earth and the fourth largest of the Great Lakes in surface area. It is, however,
the most shallow and smallest by volume of the five Great Lakes.
Lake Erie is described in more detail in the Great Lakes Region Introduction
pages of this atlas.

Streams
The major tributaries to Lake Erie in the Great Lakes Region are Walnut, Elk
and Conneaut creeks. The major tributaries to the Genesee River include
the Middle Branch of the Genesee River, Mundy Brook, Turner Creek and
Ludlington Run. These surface waters are part of the two watersheds in the
Lake Erie and Genesee River basins.
The Great Lakes Region has one U.S. Geological Survey (USGS) gaging station,
which monitors peak stream flow conditions, water levels, discharge and
water temperature, located on Brandy Run near Girard, Penna. Water quality
parameters such as turbidity, pH, calcium and metal concentrations were also
measured at this gaging station from August 1987 to September 1988.
Lake Erie. Photo courtesy of Brent Potter.
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Wetlands
Wetlands are areas where water covers the soil or remains at or near the
surface for an extended period of the year. These habitats provide a hydrologic
link between land and water resources (either surface water, groundwater or
both). Wetland types differ according to characteristics such as topography,
climate, hydrology, water chemistry and vegetation.
The U.S. Fish and Wildlife Service provides information on the nation’s
wetlands and deepwater habitats—including location, type and status—
through the National Wetlands Inventory (NWI). There are two general
categories of wetlands: coastal (including estuaries) and inland (including
rivers, lakes and riparian areas). The NWI classifies inland waters according to
the amount and type of vegetation present:
 Open water (rivers and lakes)
 Emergent/herbaceous (marshes, wet meadows and fens)
 Scrub-shrub (swamps and bogs)
 Forested (swamps and bogs)
Wetlands provide unique habitat to many species of plants and animals and
they also serve as natural filters to surface and groundwater supplies. Many
wetlands in the region including bogs, swamps and estuarine wetlands, have
the ability to eliminate contaminants such as nitrates and phosphorus as water
flows through the wetland. The vegetation present in the wetland utilizes the
excess waste, eliminating it from the water and reducing negative impacts to
the environment. Wetlands also have the excellent ability to remove sediment
from surface runoff. The vegetation plays a large role in reducing sediment
as the sediment particles are captured and slowly removed as the water
progresses
through the
Did you know?
wetland.
The Genesee River is one of the few rivers in the
world that flows south to north.
In the Lake
Erie area,
Duck Run
Ravine contains forested wetlands adjacent to Elk Creek. Located within Erie
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Water Resources, continued
Aquatic Invasive Species
Bluffs State Park, the wetlands have recently been designated as exceptional
value wetlands by the Erie County Natural Heritage Inventory because of
the presence of habitat for threatened and endangered species. Another
important wetland area is an 18-acre coastal wetland located where Cascade
Creek empties into Lake Erie. Unfortunately, invasive species have been
found within the wetland and studies have shown that they are disrupting the
wetland’s ability to act as a buffer to the lake. Presently, nearly 40 percent of
the total plant population within the wetland has been identified as
invasive species.

Special Protection Waters
Certain water bodies are designated special protection to prevent activities
that could degrade water quality and therefore prevent these waters from
meeting their uses. These special designations include federal or state Scenic/
Recreational Rivers, High Quality and Exceptional Value waters, and Class A
Wild Trout Waters.

Scenic Rivers
Scenic rivers in Pennsylvania are designated for their exceptional aesthetic,
pastoral or recreational value and must be maintained for these values. There
are no scenic rivers in the Great Lakes Region. More detailed information about
this program is included in the Statewide section of this atlas.

Invasive species, which
h are non-na
non-native plants
nts and
d animals,
anima , can
ca be harmful
harmf
because
use they are extremely
mely successf
successful
ccessful at growing a
and breeding outside
of their native
e ar
areas.
s. Due to their ability to successfully grow and breed,
invasive species
invasi
spe
spread quickly and cause numerous problems. An
introduction of invasive species into an area is also known as biological
pollution since the effects of pollution and invasive species can be nearly
the same. Invasive species commonly prey on native species, disrupt
ecosystems, compete with native species for habitat, spread diseases and
can cause economic damage. Several invasive species have been identified
in the Great Lakes Region.
For example, zebra mussels have inhabited the Lake Erie Basin for years
after their introduction from ballast water of ships that traveled through the
Great Lakes. Zebra mussels are fast growers and consume large amounts of
plankton, reducing the food available for other native species and disrupting
the food chain. One mussel can filter nearly one liter of water a day. Within a
colony, a tremendous amount of water can be filtered, creating a short-term
 EV waters are designated based on water quality and are waters of
substantial recreational and ecological significance. There are no streams or
stream sections designated as EV in the Great Lakes Region.

The classification of EV or HQ to a stream requires that new or expanded
earth-disturbance does not degrade existing water quality. It is important to
HQ and EV Waters
understand
There are two types of special protection waters
that this does
For more information on invasive species, visit the Aquatic Invasive Species
classifications according to guidelines listed in
not mean
of Pennsylvania Web site at www.pserie.psu.edu/seagrant/ais/.
Pennsylvania Code Title 25, Chapter 93 Water Quality
development
Standards: High Quality (HQ) and Exceptional Value
will stop, but
For more information on wild trout streams in Pennsylvania, visit the
(EV). The Special Protection Waters Map on page 103
proposed
Pennsy
ylvania Fish and Boat Commission’s Web site at:www.fish.state.p
pa.us/.
shows the HQ and EV waters in the region.
projects will
undergo a
 HQ waters are designated as such based on the water chemistry and the
more detailed permit review by DEP and may result in meeting more stringent
presence of a high quality aquatic community. Approximately eight streams
requirements to protect water quality.
or stream sections are designated as HQ in this region. Although the number
of HQ-designated stream reaches are equal between the Lake Erie and
Wild Trout Waters
Genesee River basins, the percent of land draining into HQ waters is greater
Two streams in the Great Lakes Region are designated by the Pennsylvania
in the Genesee River Basin compared to the Lake Erie Basin.
Fish and Boat Commission as Class A Wild Trout Waters. These waters support
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benefit. However, their ability to colonize on water intake pipes and other
manmade structures can cost millions of dollars to clean and repair. There
is currently no effective chemical method to control zebra mussels without
harming other aquatic species.
Plant species such as phragmites, also known as the common reed, have
been disrupting wetland ecosystems with their ability to spread quickly and
choke out native species. The reeds can grow up to five feet in height and
form dense mats with their root system. Phragmites will commonly inhabit
areas where wetlands have been disturbed. Proper land management is
necessary to reduce harmful impact on wetlands and discourage phragmite
growth. Suggestions for controlling the phragmites include a combination of
herbicides, mowing, burning, and flooding.
Other invasive species located within the region include Atlantic sea
lamprey, Asian carp, purple loosestrife and water chestnut.

Stream Releaf Program
Pennsylvania DEP initiated the Stream Releaf Program in 1996 to restore
streams and riparian areas in order to reduce and prevent stream bank
erosion and sedimentation. The Stream Releaf Program has helped
to create riparian buffers (vegetated areas along stream banks) along
Turner Creek and Ludlington Run in Potter County and Cascade Creek
in Erie County. There are nine projects in the Lake Erie Basin and 21
projects in the Genesee
Basin within the Stream
Releaf database for this
region.
For more information
on this program, see
“Stream Releaf” under
“DEP Programs” at www.
depweb.state.
Riparian vegetation along stream in
Erie region.
pa.us
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Water Resources, continued
a population of naturally-produced trout of sufficient size and abundance to support
a long-term and rewarding sport fishery. These streams are not stocked but are
supported in full by the spawning of the wild trout populations, further illustrating
their outstanding quality and protection they receive. Class A Wild Trout Waters
include wild brook trout fisheries, wild brown trout fisheries, mixed wild brook/brown
fisheries and wild rainbow trout fisheries. The two designated streams, Middle Branch
of the Genesee River and the West Branch of the Genesee River, are brook trout
fisheries. The Special Protection Waters Map on page 103 shows the location of the
two Class A Wild Trout Waters in the Great Lakes Region.

Impaired Waters
Stream health assessments are complex and time consuming efforts put forth
by many individuals. Assessments can include individual studies on the living
organisms and habitat within and around the stream, studies on water chemistry
and measurement of physical characteristics. There are also simple visual indicators
one can look for to determine a stream’s general health. Impaired streams may
have eroded or undercut banks, low water clarity, foul odors, large amounts of algae
or have deep deposition of sediments that cover larger rocks on the bottom of the
stream. All of these results help determine overall stream health. Restoring impaired
streams requires plenty of time and effort combined with the most recent water
quality evaluations available.
The DEP, under Section 303(d) of the federal Clean Water Act, implements a program
that assesses the water quality of state waters and identifies waterbodies that do
not meet the standards for their designated uses. These designated uses—including
aquatic life, recreation and drinking water—are characterized by the in-stream levels
of parameters (e.g., dissolved oxygen, pH, metals, siltation, etc). If a waterbody does
not meet the standards for its designated use, it is identified as “impaired” on the
Pennsylvania Integrated Water Quality Monitoring and Assessment Report. This
report also identifies the cause of the impairment, which may be one or more point
sources (like industrial or sewage discharges) or non-point sources (like abandoned
mine discharge or agricultural runoff).
Once impaired waters and their reasons for impairment are established, the state
determines what conditions are necessary to return the water to the quality that
meets its designated use. DEP and the United States Environmental Protection
Agency (EPA) work in conjunction with other organizations, such as Pennsylvania
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State University, to develop a Total Maximum Daily Load (TMDL) for each impaired
waterbody. A TMDL defines the allowable pollutant loads a waterbody can receive
from point and non-point sources and still be able to maintain its designated water
quality standards.
The Impaired Waters Map shows the location of impaired streams and waterbodies
in the Great Lakes Region. The impaired waters concentrated around Ulysses in the
Genesee Basin is likely due to agricultural operations that are prominent around the
town. In the Lake Erie Basin, many of the impaired waters are found in developed
areas, particularly in the city of Erie, and empty directly into Lake Erie.

Coastal Resources
In September 1980, the U.S. Department of Commerce approved Pennsylvania’s
Coastal Resources Management Plan under the authority of the federal Coastal Zone
Management Act of 1972. DEP’s Water Planning Office coordinates and implements
the Coastal Resources Management
Program (CRM) to execute sound
Shades Beach. Photo courtesy of Erie
coastal management program
Area Convention and Visitors Bureau.
policies in Pennsylvania’s two
coastal areas, Lake Erie and the
Delaware Estuary. The CRM manages
policies for coastal hazard areas,
fisheries, wetlands, public access for
recreation and dredging and spoil
disposal, just to name a few. The
National Oceanic and Atmospheric
Administration (NOAA) provides
federal funding for the CRM, which is
matched by state and local funding.
The Lake Erie coastal zone includes
63 miles of coastline along Lake
Erie. It extends into the lake to the
international boundary and inland
from approximately 900 feet to two
miles, encompassing approximately
800 square miles.

Lighthouse on Presque Isle Bay.
Photo courtesy of Kathy Krommes.
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Stormwater and Flooding
Stormwater as a Resource
Stormwater runoff and flooding are natural events that have helped shape our
watersheds and rivers. Human activities on the landscape routinely alter natural
drainage patterns. Because of this, stormwater runoff is now being examined as
to its effects on water quality, stream morphology, base flow and recharge. If not
managed, these changes may increase localized flooding, stream bank erosion
and loss of groundwater recharge. In addition to its physical impact on the
environment, stormwater may carry a variety of pollutants.
By managing stormwater runoff as a resource rather than as a waste, a host of
opportunities are available to protect the environment and complement water
resource management. Since clean and abundant water is a vital resource,
effective stormwater management provides for the protection and maintenance
of the commonwealth’s essential water resources. Stormwater management
affects and involves all of the possible avenues precipitation might follow
after falling to the ground: runoff from the surface of the land; groundwater by
infiltrating (or soaking) into the ground; evapotranspiration by evaporating
directly into the atmosphere or by transpiring through plant processes and then
evaporating; or stored water for various uses.

Flooding
Flooding is a localized temporary condition of partial or complete inundation
of normally dry land from the overflow of streams or rivers. This potentially
hazardous condition is generally the result of excessive precipitation.
Generally, floods can be classified into two categories: flash floods, the
product of heavy localized precipitation in a short time period over a given
location; and general floods, caused by precipitation over a longer time
period over the river basin.

Flash floods can occur within a few minutes or several hours of heavy
amounts of rainfall, rapid snow melt or from a sudden release of water held
back by an ice jam. Flash floods can damage buildings and bridges, uproot
trees and scour new drainage channels. Although flash flooding often occurs
Human activities that result in land development or changes in land cover, or
along small rural streams, it is also common in urban areas where much
land use, often affect dramatically the quantity and quality of stormwater runoff
of the ground is covered by impervious surfaces. The impervious surfaces
from the land surface. These changes can produce potentially harmful impacts on created by roads and buildings generate greater amounts of runoff than
water resources, such as increases in damages from
would typically occur over vegetated
More information can be gathered by visiting the
flooding; diminished stream flows and groundwater
areas. As land is converted from fields and
PEMA
Web
site
at:
www.pema.state.pa.us.
recharge; degradation of streams and stream
woodlands to impervious surfaces, it loses
channels from scour, erosion, or deposition; and
its ability to absorb rainfall. Urbanization
deterioration of water quality from pollution. These effects
t can be
b minimized,
i i i d or
greatly
tl iincreases the
th quantity
tit and
d velocity of runoff over what would occur
avoided, through the careful preparation and implementation of comprehensive
naturally on vegetated and forested terrain. Fixed drainage channels in urban
stormwater management plans and other planning or regulatory efforts.
areas may be unable to contain the runoff that is generated by relatively
small, but intense, rainfall events.

Problems Associated with Stormwater and Flooding

Stormwater can have a detrimental effect on the agricultural lands, developed
areas and the water quality of streams and rivers that flow through the 610
square miles of land that makes up the Great Lakes Region.
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The severity of a flooding event is determined by a combination of river
basin terrain, local thunderstorm movement, past soil moisture conditions
and the degree of vegetative clearing. Abnormal weather patterns may also
contribute to flooding of a local area.

Left: Housing hazards along Lake Erie.
Above: Coastal flooding on Lake Erie shoreline.

Local Flooding Occurrence
Heavy storm events can cause flooding in the Great Lakes Region, although
the area is less prone to flooding than other Pennsylvania regions. Flood
potential along the coastal region is greatly increased from strong winds
that develop during a storm event. The strong winds can force water toward
one end of the lake, changing the elevation by as much as 15 feet. Once
the winds dissipate, the water will move back and forth across the lake.
This is due to Lake Erie being shallow and the axis of the lake running from
southwest to northeast which corresponds to the direction of prevailing
winds. When a storm event like this occurs, most flooding is localized to
beach areas and also impacts houses and bluffs along the coast.
Flooding in the Genesee River Basin can also produce problems for local
residents and residents downstream of the headwaters. Changes in land
use practices, including agricultural practices, habitat modification, and
industrial activities have altered the water quality in the Genesee River
Basin. Sedimentation and stream bank erosion are two easily recognizable
effects of stormwater and flooding. These problems can be alleviated by
utilizing proper land use strategies such as restoring and maintaining
riparian buffers, adhering to proper agricultural techniques to reduce
erosion and sedimentation, and integrating stormwater management plans
into our daily land use decisions.
Flood hazards are also being addressed in Hazard Mitigation Plans that
are being prepared by each county in the state. Also, the Pennsylvania
Emergency Management Agency (PEMA) uses the Federal Emergency
Management Agency’s (FEMA) hazard identification tool, HAZUS, to assist
counties and local communities in assessing flood risks and preparing
mitigation plans.

The Genesee River begin
begins
nss in Potter
n
P
County and flows through the sstate
ate
of New York before discharging into
nto
Lake Ontario. People downstream
depend on the Genesee River;
therefore, the commonwealth works
to protect its headwaters. Recently
the Genesee River’s headwaters
underwent its first natural stream
design project. A 1,000-foot section
of the river bank had previously
been straightened for a now
abandoned railroad track. The
abandoned railroad track began
falling into the stream and exposing
a 30-foot erosion bank.
This site was identified as a
primary source of nonpoint
sediment erosion in the
headwaters. High flows in recent
years transported sediment and
debris downstream which reduced
water flow through the stream.
Engineers and construction crews
created a tapered and stabilized
stream bank that could allow for
natural flow through the stream
as well as allow for heavy flow to
extend out. Natural vegetation was
planted along the stream bank
to absorb excess stormwater and
control erosion.

Urban and Suburban Runoff
As the Erie coastal region witnesses an expansion of development,
stormwater runoff in the region is being scrutinized along with its
effects on water quality. Stormwater runoff from developed areas
in Pennsylvania is the third leading cause of stream impairment.
Pollution in the Great Lakes Region can result from suburban
development and impervious surface expansion resulting in
potential runoff of petroleum products, nutrients, etc. The trend
of population spreading out from towns and cities into areas that
were previously rural is expected to continue into the future.
These population changes can result in development and an
increase in impervious surfaces (surfaces that water cannot
drain through such as concrete pavement, asphalt and roofing
materials). As impervious surfaces increase so can the amount
of pollutant-carrying stormwater from new urban areas. Soils
washed away from exposed building sites during construction also
contribute to the excess sedimentation of streams.
Increased stormwater can cause sewer overflows in older towns
that channel stormwater runoff to wastewater treatment facilities
or worse yet, combined stormwater and wastewater can overflow
into surface waters. Increased stormwater also destabilizes
stream banks, disperses litter, distributes unnaturally warm
water from developed surfaces into streams and reduces
groundwater recharge.

Agricultural Runoff
Water quality degradation and impairment in the Great Lakes
Region can also be caused by stormwater runoff from agricultural
lands. As stormwater flows over agricultural lands, it can wash
away excess nutrients like nitrogen and phosphorous from
commercial fertilizers and manure. Soils from plowed fields and
unstable stream banks, sometimes exposed in part by grazing
animals, can also be washed away with the stormwater runoff.
Excess nutrients and sediments in this watershed not only impair
Pennsylvania’s waters but also Lake Erie.

Stream Impairment and Stormwater
In the Great Lakes Region water quality degradation to streams, rivers and
groundwater occurs primarily in the coastal sections. Historically, as well
as today, a majority of development has occurred on the Erie County coast.
The coastal section of the Great Lakes Region is home to the Conneaut
Creek and Elk Creek.
Water quality is very important in Lake Erie because a majority of drinking
water is pumped from the lake to the surrounding region. The coastal
section of the region is about half developed and half forested with some
agricultural land. The city of Erie has lost population while the rural
land outside of the city is being transformed into suburban areas. This
transformation of land could further exacerbate the effects of stormwater
on streams and lake water quality in the region. Creeks and streams such as
Cascade Creek, Garrison Run, Scott Run and Mill Creek have experienced
contamination and stream bank erosion due to increased stormwater from
developed land. Other streams in the region affected by stormwater runoff
from developed land are Sixteen Mile Creek and Walnut Creek.
Scott Run, Mill Creek and Cascade Creek are some of the most important
creeks in the region and discharge directly into Presque Isle Bay. Therefore,
these streams can directly alter the water quality of Presque Isle Bay.
Land use in the Scott Run, Mill Creek and Cascade Creek watersheds
is primarily suburban development with some agriculture. Increased
stormwater from developed areas has had impacts on stream bank stability
in all three watersheds. Cascade Creek has experienced stormwater from
developed areas located within the watershed.
Since the coastal region can alter the immediate health of Presque Isle
Bay and Lake Erie, the commonwealth and independent organizations
have worked to institute stormwater Best Management Practices as well as
develop stormwater management plans.

Presque Isle Bay
Pr
Presque
Pres
Isle Bay is a 3,718-acre natural embayment of Lake
Erie located near the northwestern corner of Pennsylvania.
The Presque Isle peninsula, a 7.5 mile recurved sand spit that
is home to Presque Isle State Park, forms the bay. Most of the
shoreline of the bay is fronted by the city of Erie. In January
1991, Presque Isle Bay was designated as the 43rd Great
Lakes Area of Concern (AOC) by the U.S. Department of State
in response to concerns raised by local citizens. AOCs are
geographical areas where one or more beneficial uses of the
aquatic ecosystems are impaired.
DEP is the lead agency responsible for investigation and
remediation of the bay. The department works closely with
other organizations and private citizens through an informal
Public Advisory Committee (PAC). Through the Remedial
Action Plan process, DEP and the PAC identified two beneficial
uses associated with contaminated sediment and fish health as
being impaired.
As with other parts of the Great Lakes, the bay was
contaminated with historical pollution along with untreated
industrial, commercial and residential wastewater escaping
from combined sewer overflows. Upgrades to the city of Erie’s
wastewater treatment system, a reduction in the number
of combined sewer overflows from more than 70 to five,
and changes in the land use along the bayfront resulted in
considerable environmental improvement. Changes in the
amount of pollutants entering the bay and improvements in
fish health indicated that the AOC was in recovery. As a result,
Presque Isle Bay was designated in the Recovery Stage in
2002, meaning that all active remediation is complete and the
ecosystem is responding to the actions taken.
In March 2007, the Environmental Protection Agency
concurred with DEP’s recommendation and removed the
sediment-associated impairment. DEP, the PAC and other
partners have been monitoring the sediment and fish while
developing a long-term monitoring plan for the watershed to
ensure continued improvement in the bay’s health.
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Genesee River
Headwaters Protection

Geology and Groundwater
Active Bluff erosion and recession.

T

he bedrock formations of the Lake Erie and Genesee River basins are
nearly similar to each other. As shown in the Bedrock Geology Map on
page 109, the Lake Erie Basin makes up the Eastern Lake Section of the
Central Lowlands Province and is also located in the Northwestern Glaciated
Plateau Section of the Appalachian Plateaus Province. The Genesee Basin
area within the region is located in the Glaciated High Plateau Section of the
Appalachian Plateaus Province. A discussion of these provinces and their
origins is provided in the Statewide Overview and can be located on the map
shown in that section.
The Great Lakes Region was glaciated several times throughout its past. The
force and power of glaciers was so immense that Lake Erie’s depth, size, and
other physical traits are a direct result of past glaciation. The presence of
glaciers in the past defines the area’s geology and topography today. As with
all regions, the geology and topography also determine groundwater resources.

Bedrock Geology
The sandstone and shale formations in the Lake Erie Basin and Genesee River
Basin are consolidated rocks that comprise the majority of aquifers in the
region. Groundwater is contained within and moves through fractures, spaces
and partings in the consolidated rock. Aquifers exist here under two different
conditions. Where water only partly fills the aquifer and is free to rise and fall,
it is referred to as an unconfined aquifer or water table aquifer. Where water
completely fills a rock unit and the aquifer is under a low-permeable feature
or confining layer, this aquifer is said to be confined. This confining layer helps
protect this kind of aquifer from contaminated water migrating from above.
Another key difference between the two is the varying pressure regimes.
The unconfined aquifers are only under atmospheric pressure while confined
aquifers are at a greater pressure due to the confining layer overhead.
The connection between surface water and the aquifers that store and
discharge groundwater is often misunderstood. The water table, which is the
boundary below which all the spaces and cracks in the soil and bedrock are
completely saturated, is often times a reflection of the surface topography. As
the topography changes due to hills, mountains or valleys, the water table’s
elevation and depth will often times change with it reflecting the changes
occurring at the surface.
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However, streams, wetlands, springs or rivers will often form in areas where
the water table intersects the land’s surface. These features form where the
groundwater discharges from groundwater storage and becomes surface water.
This discharge of groundwater into surface water is also known as base flow.
Base flow can be thought of as the sustained low flow of a stream because it
is supplied by the groundwater that is discharging from underground storage.
Dry streambeds or springs that no longer supply water are a result of the water
table being lower than the land surface.

Lake Erie Basin – Central Lowlands Province and Appalachian
Plateaus Province
The Lake Erie Basin located within the Eastern Lake Section of the Central
Lowlands Province is situated over shale, sedimentary and sandstone bedrock.
Gentle folding is evident in the bedrock geology within the Lake Erie Basin.
Generally, the bedrock formations in the Central Lowlands Province are poor
producers of groundwater. Glacial deposits that overlie the bedrock also
significantly effect the occurrence and movement of groundwater in the region.
Aquifers in the Central Lowlands Province and the Northwestern Glaciated
Plateau Section of the Appalachian Plateaus Province benefit tremendously
from the deposition of glacial drift - unconsolidated material from the glaciers
of the past. Stratified glacial drift deposits that are well sorted and have coarse
texture, such as sand and gravel, can be highly porous and permeable and
contain and transmit large volumes of groundwater. Where present, these
deposits are aquifers that can produce significant quantities of groundwater.
Those areas primarily overlain by glacial till comprised primarily of fine grained
clayey to silty deposits generally have a much lower permeability and ability to
transmit water and till is not viewed as a productive aquifer.
The land-moving nature of glaciers is also the main contributing factor to the
surface geology of the present day Lake Erie Basin. Lake Erie itself was scoured
to its present size and shape by glaciers. Distinct low-relief ridges developed
as the last glacier receded and deposited its load of sands and gravels. These
ridges provide the boundary between the Central Lowlands Province and the
Appalachian Plateaus Province, rising up to an average elevation of 1,000 feet.
These ridges at one time sloped gently toward Lake Erie creating the shoreline
of the lake. This gentle slope no longer exists along much of the shoreline and
in many places the shoreline is a defined bluff that was created from constant

erosion that has occurred since the lake’s formation. Intense measures have
been undertaken to help prevent further erosion and damaged shoreline.

Genesee River Basin – Appalachian Plateaus Province
The Genesee River’s headwaters originate within the Glaciated High Plateau
section of the Appalachian Plateaus Province. This small area is geographically
higher in elevation and is typically separated from the surrounding lowland
areas by well-defined escarpments and noticeable changes in elevation. The
Bedrock Geology Map on page 109 shows that the Genesee River Basin is
situated over bedrock made up of sandstone and other sedimentary rocks
approximately 400 million years old.
The river basin’s surface topography mirrors the gently folded and warped
bedrock that rests beneath Earth’s surface. Glaciers that once covered the area
deposited loose, unconsolidated materials as they receded. Over time, streams
and creeks have eroded through this overlying loose material down to the
bedrock where they continue to flow today.
Typical of glaciated regions, those areas underlain by well sorted, stratified
glacial deposited sand, gravel and other course deposits are conducive to
groundwater recharge. Glacial deposits comprised of till are typically fine
grained clayey to silty deposits that generally have a much lower permeability
and are more prone to runoff rather than a high rate of infiltration. Both types
of deposits are present within the Genesee River headwaters. Valley areas
typically contain the most productive glacial aquifers while the uplands
generally have a higher rate of runoff with water moving toward the valleys
and lower lying areas. Porous and permeable sandstones, where present, are
productive bedrock aquifers.

Bedrock Geology
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Geology and Groundwater, continued
The Bluffs of
Lake Erie
Historically, the
shoreline
l
off Lake
L k Erie
Ei
gradually
g
radually eroded into
the lake with very little
changes in elevation.
However, years of
pounding waves,
storms and fluctuations
in water level have
transformed the
shoreline’s gentle descent into a distinct cliff-like structure
known as a bluff.
Lake Erie’s bluffs are unique features that are natural
geologic formations. A considerable portion of the
shoreline is made up of loose, unconsolidated sediment
placed by glaciers when the lake was being formed.
This loose material is particularly vulnerable to erosion
induced by water. The distinct appearance of the bluffs
is caused by continued erosion at the base, or toe of the
bluff, which results in landslides of vegetation and soil as
the toe gets undercut.
Human activities, however, also have contributed to
the instability of the bluffs. On already unstable bluffs,
underground leaks from septic systems, water lines, or
other impounded bodies of water create weak areas in the
exposed soil as fine-grained sediments are slowly flushed
away. Subsidence, or slumping, occurs around the leaks,
and the entire area becomes weakened. This can result in
the entire area near the face of the bluff to give way and
fall. Increased runoff from developed areas can cause
concentrated flows of stormwater that create deep gullies
along the bluffs, adding instability as well. Protection of the
bluffs has become an important issue, and much work has
been completed to continue to preserve the lake’s shoreline.
Pennsylvania’s Coastal Resources Management Plan (CRM)
provides technical assistance to shoreline property owners
to help understand and address shoreline erosion and bluff
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recession. DEP also provides assistance and lists examples
of bluff protection, which include:

 Stabilizing the shoreline adjacent to the bluffs. The more
shoreline material (littoral drift) that is between the
bluffs and water creates a buffer zone where the waves
dissipate their energy and are not in contact with the
bluff itself, decreasing erosion to its base.
 Establishing vegetative cover on and around the bluff
face, increasing natural stability using the plant’s roots
that hold the soil together and absorb excess water.
 Minimizing development near the bluff face and setback
from bluff crest, which increases chances that the bluff
areas will maintain stability.
Natural protection of the bluffs can also occur in areas
where the underlying shale bedrock extends above the
water level providing a hard surface that is not easily
eroded. Established vegetation in undeveloped areas also
provides protection from surface erosion, but not directwave contact.
The Erie Bluffs State Park, Pennsylvania’s 117th state
park, was created to protect the largest continuous stretch
of undeveloped lake shoreline remaining in the state.
Officially named on June 4, 2004, the park is designed
to provide a nature-oriented experience to educate the
public about the sensitivity of the shoreline while limiting
environmental impact.

Mineral Resources

Natural Gas Resources

As explained previously, the Lake Erie
and Genesee River basins are located
within areas that were at one time
glaciated. Just as glaciers shaped the
landscape to what it is today, several
mineral resources and locations were
also determined by the glaciers.

The natural gas industry in Pennsylvania dates back to
the early discoveries in northwestern areas of the state.
Although oil is found nearby, natural gas production is
more prevalent in the Lake Erie and Genesee River basins.

Sand and gravel producers are
capitalizing on the vast amounts of the
loose material transported by the giant
slabs of ice in the past. Construction
aggregate is produced from the sand and
gravel that is present in the Lake Erie
area. Most operations are located away
from the coastline, but some have found
their supplies adjacent to the water.
Large portions of the Great Lakes Region
are underlain with sandstone bedrock
that can also be a source for aggregate
production.
The Genesee River Basin does not
contain any large producers of nonfuel mineral resources. However, in
the adjacent areas of Potter County,
there are dimension stone and crushed
aggregate producers.

The first natural gas field in Pennsylvania was discovered
in the Lake Erie Basin in 1860. The discovery of the field
at shallow depths opened the floodgates for production
and use of natural gas in the area. In fact, the nation’s first
industrial user of natural gas, H. Jarecki and Co. Petroleum
Brass Works located in Erie, was supplied from an area well.
Even though the land area for the Lake Erie Basin is small,
it contributes to the overall natural gas production in the
state with numerous gas wells in Erie County. According
to DEP, nearly 1.8 billion cubic feet of natural gas was
produced in Erie County from 1991 to 2004.
Several organizations have estimated that nearly 1.8
trillion cubic feet of natural gas may exist in United States
waters under Lake Erie. However, under the Energy Policy
Act of 2005 (P.L. 109-58, §386), no federal or state permits
can be granted for drilling operations under the U.S.
Portions of the Great Lakes. Therefore, no off-shore drilling
for natural gas has been performed within Pennsylvania
boundaries of Lake Erie. The Genesee River Basin contains
just a few wells that are active; however, the basin is
surrounded with active wells just outside of its borders.

Great Lakes

Natural Gas – Environmental Concerns
As with any resource extraction that occurs, effects to the environment and corresponding protection strategies
are developed. The same applies with natural gas extraction and the waste that is produced.

Oil and Gas Fieldss of Penn
Pennsy
Pennsylvania

A common waste product that is associated with the extraction of natural gas is brine. Brine is a saline solution
that accompanies oil and gas in the bedrock. As the gas or oil is extracted, various amounts of brine are also
brought to the surface where it is separated from the gas or oil and stored in large lined pits or storage tanks.
If storage areas fail, surface water and groundwater sources can become contaminated by the salty, degraded
brine solution.
Environmental issues
also arise as natural gas
wells no longer provide
an economic gain to the
owner and are abandoned.
Plugging these abandoned
wells is necessary to
eliminate any threat to
water supplies and the
surrounding environment.
Act 78 of 1992, which
amended Pennsylvania’s
Oil and Gas Act, helps fund
money for “orphan wells”
to be plugged to reduce
harmful environmental
impact. Wells are
designated as orphan wells
if they were abandoned
prior to April 18, 1985.

Source: Pennsylvania Department of
Conservation and Natural Resources

U.S. Brig Niagara.
Photo courtesy of Kathy Krommes.
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Land Use: Past and Present
History of the Great Lakes Region
Studying the change in land use over time can offer insight into the development
patterns that may influence the future landscape of an area.

soil erosion, floods and the silting of the streams. Many settlers farmed
their fields until the soil was exhausted. However, during the 1790s crop
rotation became widely adopted, helping the soil recover.

Fishing
Early Settlement
Although Lake Erie is named after a Native American tribe known to the French as
the Erielhonan, the tribe living in northwest Pennsylvania at the time of European
settlement was the Wolf (Minsi or Munsey) division of the Lenni Lenape, or
Delaware Tribe. Before the French and Indian War, which began in 1754, the French
occupied most of western Pennsylvania. They did a large trade with the Native
Americans by exchanging beads, goods, food, guns and ammunition for furs, which
were shipped across the ocean and sold at an immense profit. Native Americans
made conservative use of the land for about 1,200 years before colonial times. The
French did not settle or till the land to any extent.
In 1784, the Native Americans sold the land in this region to the newly formed
United States. The treaty was signed by the Chiefs of the Six Nations, or Iroquois,
who claimed ownership and control of most of Pennsylvania. The Lenape were
forced into Ohio. In 1788 the U.S. government purchased 202,187 acres of what
is now Erie County from the Iroquois. The land had been claimed by Connecticut,
Massachusetts, New York, Pennsylvania and Virginia. In 1792 it was purchased
by Pennsylvania from the U.S. government to provide access to Lake Erie. The
first permanent European American settlers came to the county after 1795. A
decisive battle in the War of 1812 was launched from this port on Lake Erie. In 1813,
Commodore Oliver Perry defeated the British in the Battle of Lake Erie.

Agriculture
The best land in Erie County for farming borders Lake Erie. This favored farmland
produces every kind of grain, fruit and vegetable common to the temperate regions.
The lake tempers the climate so that it is less troubled by frosts than other regions.
Originally, a belt of wetlands about half a mile wide extended along the shore from
Twelve Mile Creek and continuing into Ohio. Most of this wetland area was drained
for use as farmland.
Early colonial farmers initially concerned themselves with feeding their own
families, not with producing quantities for sale. Early agricultural practices
depleted the soil. The wholesale deforestation caused by clearing the land caused
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Lake Erie’s history of commercial fishing dates back to its earliest
settlement, when Native Americans traded their surplus catches with
pioneers and eventually taught European settlers their successful
methods of fishing. These early days opened the door to the largescale fishing industry that developed along Lake Erie by the 1830s and
continued to grow into the next century. By 1920, a fleet of 140 fishing
tugs supported a $1 million a year industry and propelled the expansion
of other fishing-related industries such as boat building, equipment
suppliers, sail making, net repair, processing plants and fish markets
and restaurants. The overwhelming success prompted the Chamber of
Commerce to proclaim Erie “the Fresh Water Fishing Capital of the World.”
At first, fishermen caught any fish they could, including bass, crappies,
walleye and catfish. As the decades rolled on, other species rose and
fell from popularity, depending on their availability. Whitefish was the
catch of choice from the 1840s to the 1880s, after which time fishermen
became worried about their declining populations. Sturgeon, caught for
their caviar, gained popularity in the late 1800s while blue pike and yellow
perch were the preferred catches in the 1920s. However, sturgeon and blue
pike populations were scarce by the 1950s while yellow perch numbers
have more recently become alarmingly low.
By the 1990s, the Lake Erie fishing industry was reduced to a few boats.
A lack of catch limits and a year-round fishing season led to overfishing,
decimating fish populations. Pollution in the lake either wiped out
populations or made the catch unsafe to eat. Although clean-up efforts
over the past 30 years have improved the quality of the water, historical
pollution problems still cause fish consumption advisories throughout
the Lake Erie Region. In addition, the introduction of non-native species
by accident (alewife, sea lamprey, gobie), for sport fishing (coho salmon)
or as feeder fish for game species (smelt) has changed the ecosystem of
the Great Lakes, squeezing out species that were once considered the
livelihood of the region.

Lake Erie Wine Country
The climate moderated by Lake Erie
is favorable for grape production, and
as a result the strip of land hugging
its shoreline is very productive
wine country. The region comprises
30,000 acres in Pennsylvania and
New York, making it the second
largest grape-producing region
in the United States. Well drained
sandy soils and extended growing
seasons allow for the Lake Erie
Region to yield prosperous harvests.
Unlike many other areas, the soil
surrounding Lake Erie retains warmth
into the fall months, which is great
for grape growing. For more than
100 years, American, French hybrid
and Vinifera wine grapes have been
produced in the region, along with
Concord and Niagara grapes.
The first winery in the region was
founded in 1863. Maintaining
vineyards is an intensive process
that has been historically worked by
migrant workers. During the 1960s,
vineyard mechanization became
more prevalent, which decreased the
need for manual labor.
Most of the grapes produced in the
Photos courtesy of Kathy Krommes.
vineyards are not table grapes, but are for the
e sole purpose of making wine.
wine Chile and
an
California are large dessert grape producers; however with the increase of popularity
in seedless grapes, there has been some interest in expanding Lake Erie grape region
for more varieties.
Today, many visitors travel to the region to visit the area wineries. Chardonnay, Riesling
and Gewurztraminer are popular wine varieties produced in the Lake Erie area.

Transportation
Opened in 1825, the Erie Canal was the engineering marvel of the 19th Century.
The Erie Canal was the most important single transportation improvement
of the time, and it brought about great social, economic and environmental
changes to the region and the nation. The canal spurred the first great
westward movement of American settlers, gave access to the rich land and
resources west of the Appalachians and made New York the pre-eminent
commercial city in the United States. The Erie Canal linked Buffalo, N.Y. on the
eastern shore of Lake Erie to Albany, N.Y. on the upper Hudson River, a distance
of almost 400 miles. Freight rates dropped from $100 per ton by road, to $10
per ton by using the canal. The increased availability of quick transportation
fueled the growth of the city of Erie into an industrial and shipping center.
Erie Canal in 1837 Source: www.
eriecanal.org/Harvey-Pittsford.jpg

Great Lakes

Drake's Oil Well
(Source: Pennsylvania State Archives)
The first railroad in Erie County was called the Erie and North East Railroad
Co., established in 1842. It was not long before the railroads dominated the
transportation of manufactured goods within the region, eventually eclipsing
the canal. The railroad industry was an important factor in the industrial
development of the Lake Erie Basin—both by providing means for shipping
goods and by providing jobs. In 1910, the GE Transportation Systems (GETS)
facility was established as a site for manufacturing freight and passenger
locomotives, transit propulsion systems and motorized wheel systems.
Railroads were slower to reach the upper Genesee River Basin, and although
efforts were begun in the 1850s, rail service did not begin in Potter County until
the 1880s with the Coudersport and Port Allegany Railroad. The introduction
of rail service in the Genesee River Basin could be considered a significant
occurrence in history as it opened the doors for the region to become a part
of the logging boom that had already swept across the state. Rail services
provided by the Coudersport and Port Allegany Railroad gave the county
access to numerous markets that were not accessible by other means of
transportation, such as the construction of log rafts to transport the lumber.

the south of Erie County. Drake’s Oil Well in Titusville launched the world’s
modern petroleum industry. Oil became the nation’s most plentiful and usable
supply of energy, providing lighting, lubrication for machinery, and the basis
for all modern forms of transportation fuel, including gasoline. The western
Pennsylvania oil industry became an economic giant for the state, creating
some of the greatest wealth industry had ever seen, including the giant
Standard Oil Co.

Industrial Development
Sawmills and grist mills were some of the earliest industries in Erie and the
Genesee River Basin, the first being constructed in 1796, when Captain Russell
Bissell erected a sawmill near the mouth of Mill Creek. Oil mills that refined the
oil skimmed from the surface of streams in the county also began to operate
before 1850. Other industries relying on water power included carding and
fulling mills, and tanneries which utilized the water for power as well as for
the disposal of animal waste and tanning acid waste. Virtually every industry
disposed of all waste into streams, rivers or Lake Erie itself.
The completion of the Erie Canal Extension also improved transportation,
connecting the Ohio River with Lake Erie.
Between 1835 and the turn of the century, this network of canals was enlarged
twice to accommodate heavier traffic. Between 1905 and 1918, the canals were
enlarged again. This time, in order to accommodate much larger barges, the
engineers decided to abandon much of the original manmade channel and use
new techniques to “canalize” the rivers that the canal had been constructed to
avoid, the Mohawk, Oswego, Seneca, Clyde and Oneida Lake. When it opened
in 1918, the whole system was renamed the New York State Barge Canal.

By 1840, large iron works were operating in the county. In the decades after the
Civil War, the city of Erie surpassed Pittsburgh in its iron production. The city
also possessed various other industries, including shoe, lumber, coal, milling,
furniture, carriage, woodenware, musical instruments, paper malting and leather.
Although oil had been discovered before 1859 in the Ohio Region, the
discovery fueled industrial development in the Lake Erie Basin. Edwin L. Drake
pioneered the first use of a drilling rig to extract the oil from deep within the
ground. Drake’s first oil well was near Titusville, in Venango County, just to

Effects of the oil industry also touched Potter County when the Tidewater
Pipeline, the first pipeline in the nation to pump crude oil overland was laid
in 1878. This pipeline was constructed with intentions of transporting oil to
the Atlantic Ocean where it would be shipped overseas. The late 1800s and
early 1900s were a time of industrial prosperity for Potter County. Large
tanneries were built in Oswayo, Roulette, Galeton, Harrison Valley, Costello and
Shinglehouse. At the same time, glass plants were established in Coudersport,
Shinglehouse and Roulette. However, the largest influence in the county was
from the lumber industry. From 1884 to 1920, millions of acres of timber were
harvested throughout the county, drawing people to the area who were looking
for jobs and thereby creating the largest population spike in Potter County
history. A census conducted in 1810 determined that only 29 people lived in the
entire county and this population was split between two households in Eulalia
Township. However, by 1886, the population had risen to 30,000 people.
Industrial development had a major impact on the environment of the Lake Erie
and Genesee River basins. The city of Erie was dominated by harbor activity
during the nineteenth century. As with most urban areas in the nineteenth
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Land Use: Past and Present, continued
Genesee River Subbasin Land Use

Lake Erie Subbasin Land Use

Bare 2%

Emergent Wetlands <1%
Forested Wetlands <1%
Water <1%

Active Mines/Mined Areas <1%
Residential <1%

Mixed Forest 4%
Evergreen Forest 14%
Deciduous Forest 52%

century, waste from the city’s sewage system was discharged directly into the
lake without treatment until the early twentieth century. The combination of
erosion, pollution from farm fertilizers, air pollution, as well as the introduction
of industrial waste into the environment degraded the water quality, spread
disease, destroyed natural habitat and damaged fish populations. Even if
species did not die from the pollution, they were no longer safe to eat. Although
Potter County did not experience the same rapid industrial growth, lumbering,
tanning, milling and agriculture were all major sources of point and nonpoint
pollution of the Genesee River. Also, the lumber boom between 1884 and 1920
left the county devoid of trees.

Land Use in the Great Lakes Region Today
The pie charts on this page illustrate the percent land cover of each subbasin
in the Great Lakes Region. Forestlands, particularly deciduous forests, are the
dominant land cover for each subbasin while agricultural lands rank second.
Agriculture in the Genesee River Subbasin is dominated by pasture/hay lands
while the coastal areas of the Lake Erie Subbasin are prime grape-producing
(cultivated crops) land. The Lake Erie Subbasin has notably more developed
land particularly around Erie and its surrounding communities. Although
wetlands only account for four percent in the Lake Erie Subbasin, a large
portion of these wetlands are found in the coastal and western parts of the
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Institutional/Industrial/Commercial/
Transportation <1%
Row Crops 10%
Pasture/Grass 16%

Bare 5%
Active Mines/Mined Areas <1%
Residential 9%

Emergent Wetlands <1%
Forested Wetlands 5%
Water <1%

Institutional/Industrial/Commercial/
Transportation 6%

Mixed Forest 2%
Evergreen Forest 8%

Row Crops 14%
Pasture/Grass 19%

Deciduous Forest 30%

subbasin. The Genesee River Subbasin has a larger area of shrub/scrub land
cover, possibly as a result of second-growth vegetation becoming established
in areas harvested for timber.

 Developed, High Intensity – 80 to 100 percent of the area is covered by
impervious surfaces, where people live and work in high numbers (e.g.,
apartment complexes, row houses and commercial/industrial areas)

The Land Cover Map on page 115 shows the various land uses and vegetative
cover across the Great Lakes Region. Definitions for the land use categories
used in the Land Cover Map are as follows:

Forest
Forests account for the largest land cover in both subbasins: 40 percent in the
Lake Erie Subbasin and 70 percent in the Genesee River Subbasin. Forest lands
are categorized by the type of trees that dominate the area:

Development
Approximately 15 percent of the land in the Lake Erie Subbasin and 1 percent
of land in the Genesee River Subbasin is developed for residential, commercial
and industrial use. Developed areas are categorized by the amount of land area
covered by impervious surfaces:
 Developed, Open Space – less than 20 percent of the area is covered by
impervious surfaces, mostly vegetation in the form of lawn grasses (e.g.,
golf courses, parks, single-family housing units and vegetation planted in
developed settings for recreation, erosion control or aesthetic purposes)
 Developed, Low Intensity - 20 to 49 percent of the area is covered by
impervious surfaces (e.g., single-family housing units)
 Developed, Medium Intensity – 50 to 79 percent of the area is covered by
impervious surfaces (e.g., single-family housing units)

 Deciduous Forest – greater than 20 percent of the area is dominated by trees
that are taller than 5 meters and shed leaves in the autumn
 Evergreen Forest – greater than 20 percent of the area is dominated by trees
taller than 5 meters and maintain their leaves all year round
 Mixed Forest – greater than 20 percent of the area is dominated by trees
taller than 5 meters but are not dominated by deciduous or
evergreen species

Agriculture
Approximately 33 percent of the land in the Lake Erie Subbasin and 26 percent
in the Genesee River Subbasin is used for farming. Agricultural lands are
categorized by the type of crop that is cultivated:

Land Cover
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Land Use: Past and Present, continued
 Pasture/Hay – greater than 20 percent of the area is covered by grasses and
legumes planted for livestock grazing or hay production
 Cultivated Crops – greater than 20 percent of the area is covered by annual
crops (e.g., soybeans, vegetables, tobacco, cotton), orchards and vineyards
and/or all land that is actively being tilled

Other
Almost eleven percent of the land in the Lake Erie Subbasin and three percent
of the land in the Genesee River Subbasin is covered by barren lands, open
water, wetlands, shrub/scrub and grassland/herbaceous areas. These areas
are categorized by the amount of land covered by vegetation (other than trees)
and/or by water:

 Barren Land (Rock/Sand/Clay) – Areas of accumulated earthen material
(e.g., bedrock, sand glacial debris, strip mines, gravel pits) with less than 15
percent vegetation cover
 Open Water – all areas of open water with less than 25 percent of the area
covered by vegetation or soil
 Wetlands – areas where the soil is periodically saturated or covered with
water and greater than 20 percent of the area is covered with vegetation

How Land Use Affects Water Resources
The various uses of land affect water in different ways, some better than others.

Importance of Forested Areas to Water Supplies
Although the combined Lake Erie and Genesee River subbasins are
approximately 43 percent forested, the current species are a result of heavy
timbering operations as recent as 70 years ago. These second growth woodlands
differ from the primary growth forests that once covered most of the region.
The region is currently comprised of a northern hardwood forest including
sugar maple (Acer saccharum), red maple (Acer rubrum), white ash (Fraxinus
americana), black cherry (Prunus serotina) and white pine (Pinus strobus).
Forested areas are critical to the supply and quality of water resources.
Tree canopies and the rich organic matter found in forest floors store, clean
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and slowly release the majority of water that replenishes groundwater
and maintains streamflow. Areas of forested lands are reserves of clean
groundwater, and are often good locations for municipalities to drill high-yield
water wells.

of a healthy vegetative cover. Forested vegetation along streams, called
riparian forest buffers, helps stabilize stream banks in reducing erosion
and collapse. These buffers can also help trap soils and pollutants that may
otherwise run off of adjacent fields into the waterways.

Some of the most important forests for water resource protection are the most
threatened. Forests are vulnerable to development and other land uses that
can fragment high quality forests and expose woodlands to invasive species.
Parcelization is another threat – more people own forests than ever before but
many own less than 10 acres. As larger tracts of forest land are subdivided,
it is important that woodlot owners be educated about sustainable forest
management practices.

Sound watershed planning often includes policies related to the conservation
of agricultural land due to the contribution it makes in reducing the quantity
of stormwater entering local waterways. While the quality of water running off
agricultural land must be managed, agricultural land preservation, coupled
with riparian setbacks and vegetation filters, can play a major role in water
quality control in the Great Lakes Region. Agricultural land preservation as part
of a balanced comprehensive plan can also help to focus new development on
compact growth areas where infrastructure is easily provided and expanded,
and where stormwater impacts can be better mitigated.

In addition, efforts to protect woodlands can be misguided and serve to
diminish forest health. Under the Municipalities Planning Code,
forestry, which includes timber harvesting, is a permitted use by
right in all zoning districts. Concerns over forest regeneration and
wildlife habitat have led to the adoption of local timber harvesting
ordinances that, in some cases, are overly restrictive in prescribing
timber harvesting practices. Local governments can benefit from
knowledge of state regulations protecting against poor timber
harvesting practices and advice from a professional forester when
planning and adopting local ordinances.

How Agriculture Impacts Our Water
Because groundwater is buried beneath the earth’s surface,
it is sometimes thought that groundwater is protected from
contamination. That is not the case. Activities on the land surface,
including improper agricultural practices, can harm groundwater
quality. Pollution by nitrate (a form of nitrogen), bacteria, and
pesticides can cause health problems for human beings and
livestock when these contaminants pollute a water supply.
Animal manure, commercial fertilizers and pesticides can also
pollute surface waters if they are misused or applied in excess of
crop needs. Much of sediment pollution in streams comes from
eroding and unprotected stream banks. Fencing stream banks and
limiting livestock access with crossings promotes the establishment

A view across Presque Isle Bay. Photo courtesy of
the Erie Area Convention and Visitors Bureau.
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Land Use: Past and Present, continued
Forestland and Farmland Conversion to Developed Land
A map showing future population projections is presented earlier in the Great Lakes
Region Introduction pages of this atlas. This map depicts a general trend of urban
areas losing population and areas surrounding towns and cities gaining population.
Many older towns and cities throughout Pennsylvania are currently losing population as
people continue to settle in suburban and rural housing in areas that were once forest
or farmland. During the 1990s, the total number of acres developed in Pennsylvania
increased by 53.6 percent, while Pennsylvania’s population grew by only 3.4 percent. The
aerial photographs on this page illustrate the vast changes in the landscape of the Great
Lakes Region over time. Both photographs were taken of the southern side of Erie. The
expansive farm fields and houses clustered along major roadways of the 1939 photograph
have been replaced with a mall and other commercial properties along multilane highways
and low intensity housing developments in the 2005 photograph.
The relationship between development
patterns and water resources is complex.
Since Pennsylvania recommends a
watershed approach to managing water
resources, it’s critical that the local
decision-making framework consider
water resources and land uses within the
entire watershed area when planning for
growth and development.
A watershed approach broadens the
geographic planning area beyond
political boundaries and extends it
to the hydrological boundaries of the
watershed. Protecting and managing
water resources at the broader
watershed scale are likely to require
inter-municipal cooperation.
Evaluating the percent of impervious
cover in a watershed can be a useful
indicator in planning future growth and
development. Impervious surfaces,
which prevent water from flowing

Average Annual Runoff - Lot
Density
D
it off
Houses/Acre

IImpervious
i
Cover
percent of total area

20%

through them and into the groundwater system, include roads, parking lots, rooftops,
driveways and sidewalks. The Impervious Surface Map shows impervious surfaces based
on land use/land cover in the Great Lakes Region. In general, the Lake Erie Basin has more
areas of development, especially near the coast, compared to the more rural Genesee
River Basin. The city of Erie stands out on the map as an area where development has
continued outward from the city center. Medium and high density development (greater
than 50 percent impervious cover) is more prominent along the coast while low intensity
development has expanded out away from the city.

Research has shown a strong inverse relationship between the percent impervious cover
and water quality and stream health. However, the location of impervious cover within a
watershed is another variable that needs careful consideration. For example, in an attempt
to protect water quality by limiting impervious cover, many local governments have
mistakenly applied impervious cover thresholds to individual sites within a watershed
by adopting low density zoning districts, thereby
Level Comparisons
encouraging scattered low density development.
T
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t l
Runoff
ft3 per year

R
Runoff
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Used alone, low density development consumes more
land and generates more stormwater runoff than the
same number of homes accommodated under a higher
density scenario in a given watershed. (See illustration.)
In other words, when measured by the house, higher
densities produce less stormwater runoff.
When runoff is measured by the acre, limiting density
does minimize water quality impacts compared to
higher-density scenarios. However, when measured by
the house, higher densities produce less stormwater
runoff. (Source: Protecting Water Resources with
Higher-Density Development, EPA, 2006)
Higher density development — more people on less
land — can effectively protect water resources if it
occurs within the framework of a more encompassing
watershed strategy that considers other factors, such as
the location of old and new development, preservation
of critical natural lands, and the use of site-specific
stormwater management practices.
Millcreek Mall area, Erie. Top: 1939; Above, 2005.
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When planning for future growth that will be protective of water resources, it’s important that local
governments use a wide range of land use strategies, based on a sound understanding of local
watershed hydrology, assessment of undeveloped lands and local housing and infrastructure needs.

For example, a multi-municipal approach provides for joint zoning ordinances. Instead of each
municipal government providing for every land use, joint zoning allows neighboring governments
an opportunity to integrate land uses. A joint overlay zone may protect a wellhead protection area
that crosses municipal lines. An agricultural district may make more sense in one municipality where
prime farmland dominates, while higher density development can be better accommodated in another
municipality where the soils are less productive.
Many more land use planning tools, adopted jointly or individually, are at the disposal of local
government officials who recognize the need to protect water resource lands and allow for growth and
development. Examples include:

Land Use Planning for Water Resources
Planning for adequate supplies of clean water is just as important as planning for roads, businesses
and schools. In recognition of this fact, the Municipalities Planning Code (MPC), the enabling
state legislation that empowers local governments to plan and regulate land use, was amended in
2000 to require the inclusion of a plan for the reliable supply of water in the preparation of local
comprehensive plans.
Nearly 1,200 municipalities have adopted comprehensive plans to guide future land uses. More
importantly, the number of municipalities engaged in cooperative, multi-municipal planning (permitted
under the MPC since 2000) is growing – 760 municipalities and counties were involved in 207 multimunicipal comprehensive plans in 2005.
Collaborative planning
is essential to sound
water use planning
since water almost
always crosses
political boundaries.
By planning at a
watershed scale, local
government leaders
can take advantage
of the many land
use tools that are
particularly useful in
protecting the long
term supply and
quality of water.

Great Lakes

In some situations, low density development can be a tool to preserve agricultural and forest lands
if it too reflects a watershed strategy and includes such elements as the protection of water supply
protection areas, streamside buffers and floodplains, or critical ecological habitats.

Genesee Headwater Watershed.
Photo courtesy of Bill Gough.

 Effective agricultural zoning
 Transfer of development rights
 Conservation easements on agricultural or forested land (purchased or donated)
 Overlay zones to protect wellhead protection areas, streamside buffers
 Green infrastructure planning
 Conservation subdivision or open space design
 Traditional neighborhood
development
 Infill and redevelopment
incentives
 Site-level development
regulations that reduce
impervious cover and infiltrate
and/or treat stormwater runoff
All of these land use planning
tools are most effective when
applied within the framework
of local watersheds. It is up
to municipal governments to
integrate watershed strategies
in their comprehensive plans
and development regulations in
order to truly protect our most
precious natural resource –
water.

Walnut Creek. Photo courtesy of Erie
Area Convention and Visitors Bureau.

Lake Erie. Photo courtesy of Brent Potter.
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Water Supply and Wastewater Treatment
History of Water Supply and Wastewater
Treatment in the Great Lakes Region

T

he coastal region along Lake Erie has played an important role in the
history of Pennsylvania and the United States. It was along the coastal
region that colonists settled creating the port of Erie in 1795 and later
incorporating it as a city in 1851. One reason the coastal region was settled by
colonists was due to its vast water resources like Lake Erie.
Lake Erie’s abundant freshwater allowed the coastal region to grow its
population and industries. During the 1800s the port of Erie became known as
the freshwater fishing capital of America and its small tributaries even allowed
for the development of many sawmills and gristmills.
Until 1840, the city of Erie received most of its domestic water supply from
groundwater sources. In that same year the city built its first water works
system that
delivered water
from a large
Did you know?
spring. In 1866
More than 11 million people get their drinking
the Erie Water
water from Lake Erie.
and Gas Company
was formed to
supply water and
gas to the city of Erie. The following year the city hired a hydraulic engineer to
examine and create plans for both water and wastewater delivery to the city. It
was concluded that the best method of water supply for the city was extraction
of Lake Erie’s freshwater from Presque Isle Bay. During this time there was
some opposition to using the lake as a drinking water source because the city
wastewater discharged directly into the bay. Nonetheless construction pushed
forward and the city of Erie began drawing water from Presque Isle Bay.
The Great Lakes Region would experience industrial development for much of
the late 19th century and into the 20th century. Many of these past industries,
unaware of the extent of their actions, would contribute much pollution to
streams, creeks, Lake Erie and Presque Isle Bay. Eventually in the 20th century
as environmental laws and regulations began to change, so too did the views
on the Great Lakes watersheds and water resources.

The Great Lakes Region Today
The Great Lakes Region is composed of 511 square miles along the Great
Lake Coast and 99 square miles of headwaters of the Genesee River. While
the Great Lakes Region is Pennsylvania’s smallest watershed, it is currently
home to more than 240,000 people, with the majority concentrated along the
Lake Erie coastline.

Lake Erie
The city of Erie is the largest urban center found in the Great Lakes Region
with a population of more than 100,000 people. For the city of Erie and smaller
urban and suburban centers along the lake, domestic water is supplied by
Lake Erie. Currently residents and industry located along the coastline of Erie
County extract a combined total of approximately 70 million gallons of water
per day from Lake Erie and its watershed. Of the 70 million gallons per day,
more than half is allocated to public water supply.
The Public Water Service Areas Map on page 121 depicts population density
throughout the Great Lakes Region in relation to areas served by public water
suppliers. Each dot on the map represents 300 people living in a municipality
in the Lake Erie Subbasin or 30 people living in a municipality in the Genesee
River Subbasin (2000 Census). The dots are randomly placed within the
municipality boundaries and do not represent the exact location of people
living in a township, town or city. As the map shows, densely populated areas,
represented by dots so close together that they form a solid color block, are
generally served by public water supplies. These areas include the city of
Erie and surrounding suburbs as well as Lake City and Girard. In the Genesee
Basin, Ulysses is the only town to offer public water service at this time. The
sources of public water supplies are groundwater, lakes, reservoirs, rivers and
streams. Sparsely populated areas, where the dots are farther apart, are not
included in the public supply service areas and residents must find private
sources of water, such as residential wells that tap into groundwater, to meet
their water needs.

Public Water Resources
Groundwater
Groundwater is a major source of fresh water for townships and boroughs
along the coastline of Erie County. Townships and boroughs such as Fairview,
Dobbins Landing. Photo courtesy of Erie
Area Convention and Visitors Bureau.
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Mill Creek, Albion, Girard and Lake City pump some or all of their drinking
water from groundwater sources. In the Great Lakes Region groundwater is
also responsible for maintaining stream base flows into Lake Erie and the
Genesee River. While groundwater is an important water source for townships
and boroughs, water from Lake Erie supplies the majority of the population in
the Great Lakes Region.

Lake Erie is the main source of water for people inhabiting the coastal region.
This is not only true for Pennsylvania but for most of the urban and suburban
centers surrounding Lake Erie. The lake supplies water not just to Pennsylvania
but several states and Canadian Provinces.
Utilizing Lake Erie as a water resource is limited to individuals residing in
the Lake Erie Basin. In 1986 the Water Resources Development Act was
established which allows anyone of the eight Great Lakes States to veto water
transfer out of the Great Lakes Basin. Historically this regulation has been
closely observed.

Rivers and Streams
The Great Lakes Region along the Erie coastline consists of many small
streams like Elk Creek and Conneaut Creek. These streams affect water quality
in the region but are not used for public water supply. The interior of the
Great Lakes Region is home to the headwaters of the Genesee River which
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Water Supply and Wastewater Treatment, continued
eventually empties into Lake Ontario. Residential areas
located around the headwaters of the Genesee River use
approximately 0.2 million gallons of water per day.

Drinking Water
Like all living organisms, humans need water to survive.
Whether a person lives in a single family home in the
country or a large metropolitan city, water supplies
support daily life. Public drinking water may be supplied
by a publicly-owned or privately-owned company while
private drinking water is usually supplied by an on-site
well. Depending on its source, water supplies may require
purification before human consumption. This purification
is done to ensure that all harmful materials are extracted
or minimized so not to adversely affect human beings.

Public Water Treatment
Water treatment for most urban and suburban centers
involves a process of filtration, disinfection and distribution
of purified water. The first process in filtration, coagulation,
involves adding selected chemicals that stick to particles
in the water and make them heavy. As the particles
become heavy they drop to the bottom, which is known as
precipitation. Water is then filtered to remove precipitate.
During the filtering process, the water passes through
layers of sand gravel and charcoal that remove even
smaller particles. Next, disinfection is accomplished by
injecting chlorine or ozone into the filtered water. Chlorine
is the most common form of disinfection because it has a
residual effect, meaning it remains in the water through the
distribution system. Depending on where the source water
to the aquifer comes from, groundwater resources may also
require treatment for removal of organics and metals. The
final aspect of water treatment is distribution, in which the
treated water is sent through piping systems to homes,
businesses and industries, for consumption.
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For residents on the Lake Erie coast in the Great Lakes
Region, drinking water is supplied mainly by Lake Erie.
Erie Water Works alone pumps 28 million gallons a
day from Lake Erie for distribution to 52,000 people.
Communities around the Genesee River Basin receive their
drinking water from the headwaters of the Genesee River
as well as groundwater resources.

Private Well Water Treatment
Homeowners with private wells have a variety of options
for filtration and water softening systems that remove
mineral particles from well water. The system selected
usually depends on the amount of water a private
residence uses per day as well as the most common types
of contaminants necessary to filter from the water source.
Fortunately for most private well users, little treatment
is usually needed as a large portion of groundwater
is unaffected by contaminants that typically affect
surface water. Information on home water systems and
contaminants can be obtained from the DEP, EPA, and
Center for Disease Control or the National Sanitation
Foundation International.

Source Water Protection
Pennsylvania, like all other states in the U.S., is required
to ensure that healthy drinking water is available for its
citizens through compliance with the Safe Drinking Water
Act (For more information visit www.epa. gov). Other
federal and state laws, including the Water Resources
Planning Act which prompted the creation of this atlas, lay
the groundwork for water planning and protection. (Water
laws and regulations are discussed in the Statewide
Overview Section of this atlas.)
Although federal and state level agencies are creating new
policies, source water protection must literally begin at the
source. Local governments – counties and municipalities

– have the greatest opportunity to influence the future
of Pennsylvania’s water supply. By studying their water
sources, identifying areas of concern or hazards that
threaten those sources, developing water protection

Constructed wetland aiding in
water protection.

For more information on private well water
management and protection, visit Penn State’s
Master Well Owner Network located at
http
ht
p:///m
/ won.cas.ps
p u.edu//.
and conservation regulations and implementing those
regulations, local governments can protect water supplies
for future generations. For example, Erie County has
developed several comprehensive plans to preserve land
and protect water resources. Erie County’s plans aimed at
preserving natural resources, proper land use and creating
proper water/wastewater infrastructure.

Importance of Forested Areas to
Water Supplies
Forested areas are critical to the water supply. Wetlands,
vegetated areas and forests along streams act as natural
filters of soils and pollutants. The importance of these
vegetated areas along streams, known as riparian buffers,
is largely overlooked. These areas, along with natural
filtration, provide protection from erosion, allow excess
water to be reabsorbed and provide unique habitat to
many plants and animals.
Forests sequester carbon, helping to reduce the amount of
carbon dioxide in the atmosphere. The forested areas that
surround many streams and rivers also provide benefits
to the waterways. Specifically, hemlocks are common
residents of riparian areas that are beneficial by providing
habitat and beneficial shade. Their dense canopies provide
shade to streams which regulates stream temperatures

providing an ideal ecosystem for many coldwater
inhabitants, including brook trout. The loss of these
hemlocks would be detrimental to many aquatic species as
well as the species that live in and among the trees.
The map on page 123 shows the region’s forested areas.
The Great Lakes Region supports hardwood forests
including sugar maple, red maple, white ash and black
cherry, as well as coniferous (that is, trees that produce
cones and have needles such as pine trees) forests. This
area is mainly comprised of deciduous (that is, trees with
leaves that fall when autumn arrives) forest type, with
39 percent deciduous, two percent coniferous and two
percent mixed forest types. More information about the
Great Lakes Region’s forests is provided in the Land Use:
Past and Present pages of this Great Lakes Region section.
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Water Supply and Wastewater Treatment, continued
Wastewater Treatment
Long before mankind appeared on the earth, natural biological processes had
already found a means to deal with waste in streams. Once human beings began
to evolve, they created small communities, towns and cities. As these population
centers grew larger so did the amount of wastewater being generated by mankind.
Natural biological processes were easily overwhelmed by humankind’s high
outputs of wastewater.
It was not uncommon for older cities to fall victim to outbreaks of disease caused
by pathogenic, viral, bacterial or protozoan organisms from untreated wastewater
contaminating drinking water supplies. This was exemplified in 19th century
London England’s outbreaks of cholera that contaminated drinking water supplies
and resulted in many deaths. It was because of harmful outbreaks like that in 19th
century London that biologists, scientists and engineers developed methods for
the treatment of wastewater.
When water leaves a private residence or business through a drain or toilet it
travels to a septic tank or wastewater treatment facility. Wastewater treatment
facilities follow a series of processes that screen, aerate and disinfect water before
discharging it back into a stream or river or back into the groundwater supplies.
The treatment process starts by screening any large debris from wastewater. The
screened water is then aerated, which allows for natural biological processes to
decay organic matter. Any solid material left in the tanks is then extracted and
disposed of appropriately. The water is then disinfected, usually with chlorine, to
kill any microorganisms that may be harmful to streams and rivers.

Public Wastewater
Treatment
Pennsylvania has
learned from history
that discharging
untreated sewage
or industrial waste
into the rivers and
streams can have
devastating results for
its inhabitants and the
Micron strainers at water
treatment plant.
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natural environment. Just as high volume water purification facilities are needed
to service urban centers and cities, so too are wastewater treatment
facilities needed.
Wastewater treatment in the Great Lakes Region is concentrated mostly
around urban and suburban centers. Along the lake coast, the Erie Wastewater
Treatment plant serves approximately 200,000 residents and treats 30 to 40
million gallons of wastewater per day, but has a capacity of nearly 70 million
gallons per day. The treatment facility recently underwent a $100 million dollar
renovation to improve water being discharged into streams that entered Presque
Isle Bay and Lake Erie.

Wastewater Disposal for Recreational Boaters
Since Lake Erie is home to a high amount of recreational boating activities,
several marinas near the city of Erie and Presque Isle provide wastewater
disposal systems. Wastewater from recreational boating is more concentrated
than domestic wastewater and usually contains chemical additives used to
deodorize and disinfect waste on the boat. Marinas with wastewater disposal
systems for boaters typically have a pump out station that directly connects
to a boat and pumps out wastewater, or marinas have a station that portable
wastewater devices can be emptied into.
While marinas that operate wastewater disposal systems sometimes receive
funding from the federal government to build and maintain these systems, each
marina must fund some of the construction for wastewater disposal systems. The
marina-operated systems are either directly connected to a wastewater treatment
plant or contain holding tanks that must eventually be pumped. This means
that each marina must charge a pump fee to boaters. Federal grant regulations
prohibit marinas from charging fees in excess of $5.

Private Wastewater Treatment
Private residences in some suburban and most rural areas of the Great Lakes
Region generally use private septic systems. Typical private septic systems allow
For more information on the latest technology, see www.depweb.
state.pa.us under “DEP Programs–Wastewater Information.”

Presque Isle, Erie County.

Dairy Farming Best
Management Practices
In the Conneaut Watershed from northern Crawford County into
Erie County, dairy farming is large local industry. Dairy farming can
contribute pollution through milk house waste, barnyard waste,
nutrients, pesticides and direct livestock access to surface waters.
Crawford and Erie county farmers are utilizing a number of best
management practices to protect surface waters from harmful
pollutants and erosion. These best management practices include
installing stream bank fencing to restrict cattle from directly
accessing surface waters and placing gravel on areas that cattle use
heavily, which can become muddy and harbor harmful bacteria.
Dairy farmers have also begun using spray irrigation to eliminate
directly discharging milk house waste into streams. Using a system
of septic tanks, milk house waste flows through the system and
allows solids to settle to the bottom. Wastewater can then be
pumped to a sprinkler head which sprays the milk house waste
water onto a pasture where it is filtered by natural vegetation.

Small, local stream in Potter County.

Unfortunately, malfunctioning on-lot septic systems can be
a significant source of groundwater pollution in these rural
communities. DEP is continually researching for innovative
technology that aids in the most effective way to reduce
pollution from private septic systems.

Great Lakes Region Watershed
Education Programs

Great Lakes

wastewater to flow to an underground tank. Once in the tank,
heavy particles fall to the bottom while water can flow out of
the top of a tank and into a drain field pipe. Once in the drain
field pipe the remaining wastewater is dispersed into a drain
field where it slowly permeates down through the soil.

Great Blue Heron.
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 Potter County partnered with PA Rural Water
Association, Ulysses Borough and Genesee Township
Authority to educate students about source water
protection. Classroom education focused on wellhead
protection plans, Watershed Models and introducing
Groundwater Simulators.
 Erie County’s Conservation District worked with 14
townships to build an outdoor micro-watershed that
demonstrates all the major causes of nonpoint source
pollution. They also worked to educate citizens and
officials on how they can work together to prevent
pollution from entering Mill Creek.
 Erie County partnered with several watershed
organizations to create and distribute newspaper
inserts about nonpoint source pollution issues. The
newspaper inserts were written based on information
collected from watershed assessments and the
implementation of action plans created by students.

Did you know?
Ten percent of the nation’s plastics are manufactured
or finished in Erie-based factories.
American Lotus, Pymatuning Reservoir, Crawford County.
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Water-Based Economy

T

he Great Lakes Region has varying ways of sustaining its
local economy due to its two distinct geographic locations.
The Potter County area is located within the Lumber Heritage
Region and is known for producing quality lumber products. The
Lake Erie area is a transportation hub between Cleveland Buffalo and
Pittsburgh, with an economic base that is progressively changing.
Once largely known for its manufacturing and industrial practices,
the Lake Erie area is transitioning into an even larger tourism and
recreational-based economic area.

Transportation
The Port of Erie is located on the southeastern shore of Lake Erie
in a natural bay formed and sheltered by Presque Isle peninsula.
The port is the only Great Lakes port in Pennsylvania and provides
access to the one-third of the U.S. population that lives within
300 miles of Erie. The port connects the commonwealth with
states of the midwest and mid-Atlantic—Minnesota, Wisconsin,
Illinois, Indiana, Michigan, Ohio and New York—and the Canadian
provinces of Ontario and Quebec, as well as destinations beyond
the Atlantic Ocean via the St. Lawrence River. At one time, goods
arriving at the Port of Erie were transported inland via the portion
of the Pennsylvania Canal System that ran from Erie to New Castle.
The main commodities passing through the port are iron ore, coal
and grain, but also include salt and limestone.

Fishing
Commercial fishing in Lake Erie reached its peak in the 1920s, when
140 fishing tugs would deliver $1 million of fish to 14 processing
plants in Erie every year. Back then, Erie was proclaimed “The
Fresh Water Fishing Capital of the World.” By the late 1990s, overfishing, pollution, shoreline and stream habitat destruction, and the
introduction of exotic species had reduced commercial fishing fleets
to a few boats with annual catches of only 110 million pounds.
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Although commercial fishing in the Lake Erie Region is no longer
a major business, recreational fishing still remains strong to this
day. Depending on the time of year, many species of fish can
be harvested from the lake and surrounding tributaries. Winter
months allow for ice fishing, and yield yellow perch and other pan
fish from the water. Starting in mid-April, creeks in the area are
stocked with trout to the fisherman’s delight while early summer
promises catches of smallmouth bass and crappie. Trout fishing in
the Genesee River Basin’s high-quality cold water fisheries is also a
long-time passion for local anglers.
However, it is the fall steelhead run in the Lake Erie area that attracts
anglers from all corners of the commonwealth and the country. The
steelhead begin their journey from the deep areas of the lake up
through the shallow creeks and tributaries flowing into the lake to
spawn. It is this time of year when anglers are drawn to Lake Erie in
hopes of landing these sought after fish.

Boating on Lake Erie.

Lampe Marina Campground
The Lampe Marina Campground, near Presque
Isle State Park, at first glance looks like a typical
waterfront campground. However, the area the
campground was built on is actually a confined
area of contaminated sediments that was
reclaimed to prevent leaching and contamination
of Presque Isle Bay and Lake Erie. The Confined
Disposal Facility reclamation project was part
of the Great Lakes Coastal Restoration Grants
Program funded by federal and locally matched
funds. The site, since its completion, now offers
42 waterfront campsites with water and electric
hookup as well as access to showers, restrooms
and a free public boat launch.

Erie-Western
Pennsylvania Authority
The Erie-Western Pennsylvania Port Authority
governs, maintains and improves the Port of
Erie. Functioning under
the Third Class City Port
Authority Act of 1972, the
Port Authority’s mission
is to promote industrial,
commercial and recreational opportunities for
the citizens of Pennsylvania in Presque Isle Bay
and adjacent waters.
The Erie-Western Pennsylvania Port Authority
is comprised of officials appointed by the
Erie mayor and state governor. Using its
legislatively mandated power, the Port
Authority acquires property, constructs
facilities and enters into agreements to
increase the public’s use and enjoyment of the
beaches and waters and also works to promote
new investment opportunities. A main goal
of the Port Authority is to balance recreation
and industry. Also, the Port Authority works
to promote an environmentally friendly area
surrounding the Port of Erie and its waters.
The Port of Erie is located on the southeast
shore of Lake Erie and is protected by the
Presque Isle peninsula. Today, the port is
served by ocean-going freight boats, carrying
various forms of cargo in the shipping industry.
Also, the Port Authority has become a popular
cruise port and is inviting to many tourists.
The Erie-Western Pennsylvania Port Authority
works to ensure that both industry and leisure
attractions can thrive in the area concurrently.

Agriculture

Great Lakes

Shipping vessel on Lake Erie.

goods. These manufactured products range from machined metal products
such as pipe fittings to more complex items such as gas and air compressors.

The Great Lakes Region is an abundant provider of varying fruits and vegetables.
Unlike the majority of the state, Erie County, in particular, has its agricultural niche in
a much different market. Due to its location along Lake Erie, the climate is moderated
by the lake, as is discussed in the Introduction to the region. This creates prime
conditions for the production of grapes. Even with the county’s relatively small land
area along the lake, it still leads the state in grape production. The region is also
a large producer of fruits, tree nuts and berries. These crops also benefit from the
moderate climate that exists due to Lake Erie.

One company that is prominent in the region is the General Electric
Transportation Systems (GETS) worldwide headquarters. GETS, established
in the region in 1910, manufactures freight and passenger locomotives, transit
propulsion systems and motorized wheel systems. The company has also adhered
to strict environmental policies including Pollution, Waste and Emissions Reduction
(POWER), aimed at pollution prevention rather than control.

Recreational Areas

Both Erie and Potter counties are large producers of harvested vegetables, such as
melons, potatoes and sweet potatoes. The production of these crops helps provide
The mechanical production of goods during a period of industrial growth in the
income for local producers and farmers. Along with vegetable
20th century resulted in increased
production, the region also contributes to the statewide
leisure time for workers. People
Did you know?
dairying production of milk and milk related products. The
were increasingly attracted to the
More fish are harvested each year for human consumption
latest data shows that Potter County produces anywhere from
Great Lakes Region for vacations
from Lake Erie than from the other four Great Lakes
50-100 million pounds of milk per year, while Erie County
and relaxation. Recognizing that
combined -- Lakes Huron,, Michiga
co
g n Ontario and Supe
p rior.
produces 100-250 million pounds of milk per year.
recreation was fast replacing
manufacturing as an economic
Manufacturing
force in some parts of the region,
the state acquired lands and developed a system of parks, wilderness areas and
The region’s geographical location on Lake Erie gives it a large advantage for
conservation areas intended for preservation and enjoyment.
shipping and transporting manufactured goods. Transporting products by water and
eliminating shipment over land result in lower prices for consumers. The usefulness
One such area is Presque Isle State Park, a 3,200-acre sandy peninsula in Lake Erie
of Lake Erie is also exemplified by the ease of obtaining raw materials to produce a
that boasts the honor of the only seashore in the commonwealth and the most visited
finished product. The region has been a large producer and manufacturer of industrial state park in Pennsylvania. Aquatic recreational activities abound at Presque Isle,
including boating (and scenic boat tours), water-skiing , scuba diving, swimming
and fishing. Popular winter activities include ice-boating, ice-fishing, ice-skating
and cross-country skiing. Presque Isle consists of many unique habitats and is a
popular stop for migrating birds as well as home to the largest number of state
endangered, threatened and rare species compared to any other area of the same size
in Pennsylvania.
Lake Erie, its bay and its tributaries are favored spots for sport fishing. Every year,
anglers catch an average 1.5 million fish including popular species such as: walleye,
small- and large-mouth bass, yellow perch, steelhead and brown trout, coho salmon,
muskellunge, northern pike and panfish.

Father and son fishing.
Photo courtesy of Erie Visitors Bureau.

Ice Fishing
Known for its great fishing, Lake
Erie is a popular destination for
ice fishing in the winter months.
Due to its relatively shallow
and warm western, central and
eastern basins, fish can use all of
the lake to reproduce and live. Ice
fishing peak months are January
and February, but the season can
begin as early as December and
last into March.
Lake Erie is known as the
“Walleye Capital of the World”
as many walleye are caught in its
waters every year. Additionally,
yellow perch, steelhead, salmon
and smallmouth bass take
advantage of Lake Erie’s ideal
conditions in the winter. Anglers
must refer to the Pennsylvania
Fish and Boat Commission
regulations to ensure quality
fishing every season.

and to always have a floatation
device, ice spikes, warm gear and
some sort of communication plan
in the event of an emergency.
The Pennsylvania Fish and Boat
Commission advises anglers to
check the thickness of ice before
going out. Four inches of solid ice
is the minimum recommended
thickness for a small group of
fishermen. Also, it is important
to know that blue and black ice
is stronger than milky white ice,
and perimeter ice is weaker due
to shifting and expansion of the
bottom. Lake Erie provides many
guide services to those unfamiliar
with the area for ice fishing, as
well.
With safety in mind, ice fishing is
a fun and exhilarating activity to
be enjoyed on Lake Erie.

There are many pieces of
equipment that anglers will need
for an ice fishing getaway. In
addition to appropriate rods,
spinning reels, jigs and jigging
spoons, it is important to carry
safety equipment. It is important
for anglers to never ice fish alone,

Ice fishing on Lake Erie.
Photo courtesy of Sarah Grise.
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Water-Based Economy, continued

Right, Top to Bottom:
Beach at Presque Isle; Water ride at Waldameer Amusement
Park, Erie; Fishing at Presque Isle; Sunset at Presque Isle;
Fall fishing, Photo courtesy of Erie Visitors Bureau.
Below: U.S. Brig Niagara. Photo provided by Erie Area
Convention and Visitors Bureau.

Seaway Trail
The Seaway Trail in Pennsylvania is a 64-mile scenic touring route in northweste
northwestern
Pennsylvania along Lake Erie. The Seaway Trail PA connect
connects the Lake Erie Co
Coastal
oastal
Ohio Trail in the west to the New York State Seaway
Seaway Trail
ail in the east. Seaway
Seaw
S
Trail PA
was designated a Nationall Scenic Byway in September 2005.
In Pennsylvania, the Seaway Trail follows PA Route 5 through the western and eastern
parts of rural Erie County. In the centrally located urban area, going west to east the
trail follows West Lake Road, loops around Presque Isle State Park, follows West 8th
Street, and loops around the city of Erie. The city loop travels along the Bayfront
Parkway and West 6th Street and segues into East Lake Road.
Some of the goals of the Seaway Trail are:

 To maintain the natural resources and intrinsic qualities of the scenic routes.
 To improve aesthetics along the roadway and protect historic, cultural and
natural resources.
 To improve access to recreation areas and increase economic activity as more
residents and tourists experience the corridor.
 To educate residents and visitors on the rich history and culture of the routes.
While traveling along the Seaway Trail, byway visitors will have excellent views of
Lake Erie and Presque Isle State Park, a 3,200 acre peninsula that is a haven to
swimmers, hikers, bikers and roller-bladers. The sunsets along the seven miles of
beaches have been counted as some of the best around the world. Even in winter, the
view is gorgeous, and there's plenty to do, including the Tom Ridge Environmental
Center, which has interactive educational exhibits of the local natural environment.
Boating and fishing are other popular activities for byway travelers to this region.
In downtown Erie, visitors can learn about the local history at the Erie Maritime
Museum and the U.S. Brig Niagara with exhibits on the War of 1812 and the Battle of
Lake Erie. Byway visitors can also stop at one of the three lighthouses in Erie for great
views and photo opportunities. The Presque Isle Lighthouse, a 68 foot tower was
built in 1872 on Presque Isle. The North Pier Light was built in 1858 at the entrance to
Presque Isle Bay. Erie City's Land Lighthouse, which was recently restored was built
in 1867 and has impressive views of the bay. Other great stops along the trail include
amusement parks, historic districts, quaint towns and wine country.
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The Erie Bayfront District hosts ample recreational activities that support the area’s major attraction—
Lake Erie.

 The 187-foot Bicentennial Tower offers two observation decks of the city and Presque Isle as well as
educational materials about Erie’s history and geography.
 The Erie Maritime Museum is home to the
state’s flagship, the U.S. Brig Niagara. The U.S.
Did you know?
Brig Niagara is a floating museum itself, but
is also an active Sailing School Vessel. During
Lake Erie was the last of the Great Lakes to be
the summer, trainees live onboard the ship and
discovered by Europeans, by Louis Joliet (a
learn sailing-related curriculum while actively
French exp
plorer)) in 1669
9.
participating in the operation and maintenance
of the ship.
 The 8.5-acre Liberty Park provides waterfront recreational activities including walking paths, a
playground and concerts.
 Charter boats are available for dinner cruises, tours and fishing. In addition, water taxis ferry
tourists between the bayfront and Presque Isle.

Beaver dam at Preque Isle State Park.

Sunset on Lake Erie.

Presque Isle

The peninsula is a very dynamic formation,
meaning that it is constantly changing size
and shape with the movement of its sands.
The formation of the peninsula also created
and protects Presque Isle Bay. To preserve
the peninsula, break waters have been
installed to essentially capture the sand to
prevent it from migrating east.
The peninsula itself is also known as

Presque Isle State Park and is recognized
as a National Natural Landmark dedicated
in November 1967 by the National Park
Service and the Department of the
Interior. The state park is a 3,200-acre
natural wonder that provides activities for
nearly
rly everyone.
everyon
Presque
esque
ue Isle offer
offers
of
wonderful recreational
opportunities
unities including swimmi
swimming,
i g, b
boating,
ting
fishing, hiking and bicycling. The area is
also located on the Atlantic Flyway, which
is a major path for migrating birds. Presque
Isle’s location on the flyway and its diverse
habitat make it a birdwatchers haven,
giving refuge to nearly 320 species of birds.
With more than four million visitors a year,
Presque Isle continues to be a popular spot
for travelers. Visitors are also encouraged
to visit the Tom Ridge Environmental
Center, located at the entrance to the park;
the Stull Interpretive Center; and the Perry
Monument, located on the park’s south
shore at Misery Bay.

Great Lakes

Pres
Presque
Isle, located just outside the
city of Erie, is one of the most unique
cit
and dyna
dynamic areas in the United States.
The sandy
ndy p
penin
eninsula was created
cr
over
thousands of yea
yearss since
sin the recess
recession
of the Wisconsin Ice
e Age glac
glacier,
lacier,
approximately 20,000 years
rs ago.
ago It is
believed that constant wave action aided
sand migration along the shoreline where
it began to accumulate and build on itself.
As this occurred over thousands of years,
the peninsula began to take on its familiar
shape and became inhabited with many
species of flora and fauna.

Howard Falls

The Tom Ridge Environmental Center

Howard Falls is a majestic landmark in Franklin Township, Erie
County, just north of Edinboro University. Underlain by horizontal
shale and sandstone, northwestern Pennsylvania is home to a number
of waterfalls. It is when a piece of hard rock overlies a softer bed of
rock that the “hanging” waterfall forms, and Howard Falls is just one
of the examples of this landscape. Howard Falls begins about a mile
east of a cranberry marsh southeast of Franklin center and cascades
50 feet into a ravine leading to Elk Creek.

Located at the entrance to Presque Isle, the Tom Ridge Environmental
Center (TREC) provides many unique experiences and learning
opportunities centered on the ecology of Presque Isle. TREC is also
a hub for researching various ways to preserve the flora, fauna and
natural surroundings that make up Presque Isle. The center offers
insight to the many varieties of plants and animals through different
exhibits and experience.

The area of Howard Falls, once known as Falls Run, was inhabited
mostly in the late 1800s when Elk Creek was bridged, allowing for
settlers to access the area. Howard’s Quarry was built below the falls
and was a source of industry in the rural area. Many locals take pride
in the beautiful waterfall that graces their hometown. Today, Howard
Falls is an attraction for nature lovers who explore the trails around
the waterfall.

The Great Lakes Commission, in cooperation with its eight-member
states and Ontario, established the Great Lakes Circle Tour for tourists
who would like to enjoy the Great Lakes from land. The Circle Tour
consists of 6,500 miles of roadways around all of the Great Lakes,
showcasing the waterbodies’ natural features such as waterfalls,
dunes and cliffs. The route, which includes 64 miles of Pennsylvania
roads along Lake Erie, is usually the closest major road or highway to
the water and is designated by green and white signs. The tour route
connects points of interest—ranging from camping, boating, and hiking
to local festivals, historic sites, and museums.

TREC offers a discovery center for the younger visitors in which handson learning is offered to make learning more enjoyable. The eight
research labs and a large aquatics lab, which features fish and other
native species from Lake Erie, are utilized to support conservation
efforts for the lake and Presque Isle. Perhaps the most eye catching
component to the center is the 75 foot observation tower that allows
visitors to view the lake, the lake shore, and the beaches of Presque Isle
from a bird’s eye view.

For more information on Presque Isle State Park:
DCNR’s Web site: www.dcnr.state.pa.us/stateparks
Presque Isle State Park Web site: www.presqueisle.org
For more information on things to do in Erie:
www.visiteriepa.com and www.porterie.org
For more information on the Great Lakes Circle Tour:
www.gr
g eat-lakes.net//tourism//circletour
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Introduction

The committee members represent a broad range of interests in their region
– business and industry, agriculture, local government and the environment.
Each committee has identified and given consideration to a broad set of water
resources issues and concerns specific to their region. The water resource
management goals and objectives of the Upper/Middle Susquehanna
Regional Water Resources Committee include:
 Protect important headwater habitats and recharge areas of the Upper/
Middle Susquehanna basin
 Address the consequences of acidic drainages on receiving streams to
improve and protect water quality, aquatic ecosystems and enhance the
availability and utilization of water
 Provide guidance for the protection, preservation and development of
existing and planned water supplies sources: Protect the quality and
quantity of existing and planned water supply systems and improve the
groundwater availability planning process to ensure continued development
does not overtax, supply or unnecessarily hinder development.
 Promote integrated policies and programs to ensure a comprehensive
approach to water resource management
 Reduce nonpoint source pollution through stormwater control and by
promoting and utilizing land-based best management practices
 Promote the protection and conservation of our water resources to ensure
sustainable supply of quality water for present and future human and
ecological needs by protecting streamside/riverside corridors for recreation
and water resource protection and by promoting regional economic
development consistent with regional preservation and conservation
objectives
The regional committee members will continue to work with DEP and other
partners to make recommendations for attaining these goals.

The Upper/Middle Susquehanna
Region at a Glance
The Susquehanna River, in its entirety, is the 16th
largest river in the United States and is considered
“Pennsylvania’s River” for its importance as a source
of drinking water, recreation and hydroelectric power
to millions of people in its watershed. The river starts
at Otsego Lake near Cooperstown, N.Y., flows through
Pennsylvania and Maryland, before emptying into the
Chesapeake Bay at Havre de Grace, Md. This river
is responsible for providing half of the freshwater
received by the Chesapeake Bay. The Susquehanna
River Watershed encompasses almost half of the state’s
land area—more than any other river basin in the
commonwealth—while Pennsylvania makes up more than
three-quarters of the basin’s total area.
The Upper/Middle Susquehanna Region contains the
largest sum of headwaters supplying the Susquehanna
River Basin. Draining nearly 18,295 square miles,
(including 6,275 square miles in New York) the Upper/
Middle Susquehanna Region in Pennsylvania extends from
the confluence of the West Branch of the Susquehanna
with the Susquehanna River at Sunbury north to the Pennsylvania/New York
border. With a drainage area of nearly double that of the Lower Susquehanna
Region, the Upper/Middle Susquehanna Region supplies the main stem of
the Susquehanna River with headwaters originating from past-glaciated
highlands combined with clear and cold mountain streams.
The Upper/Middle Susquehanna Region and its headwaters are located in
some of the largest and most densely forested areas in the state. The region
is recognized for containing eight of 15 counties within the Pennsylvania
Lumber Heritage Region. These forested areas are important to water quality;
their beneficial traits are discussed in the Land Use Section of this region.
Evidence of forested regions resulting in excellent water quality is also shown
in the Upper/Middle Susquehanna Region Special Protection Waters Map. The

Upper/Middle
Susquehanna

E

ach of Pennsylvania’s major drainage basins has an array of individual
characteristics that distinguish it from other regions of the state.
These include diverse geographic and geologic features as well as
major differences in historical settlement, economic and land use patterns. To
reflect these variations, six regional water resources committees were created
by the Water Resources Planning Act to ensure that individual regional
priorities were developed and highlighted in the plan.

West Branch of the Susquehanna River near South Williamsport,
Lycoming County. Photo courtesy of Lycoming Visitors Bureau.

density of high quality and exceptional value waterways is a direct result from
being located in densely forested areas.

Susquehanna River Facts
Possible meanings of “Susquehanna”: muddy current; mile wide, foot deep;
the long reach river; long crooked river; the place of the straight river.
Basin Area:
Total – 27,510 square miles
Upper/Middle Susquehanna River Basin – 18,295 square miles
Headwaters: Otsego Lake, Cooperstown, N.Y.
Mouth: Chesapeake Bay, Havre de Grace, Md.
Susquehanna River Length: 444 miles (total)
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Introduction, continued

“Watershed” is a generic term used to identify an area of land that
drains to a particular waterbody. Watersheds can vary in size, from
the acreage that drains into a brook to a major river. For purposes
of this atlas, watersheds are classified by a nested hierarchy based
on landscape scale. A watershed is the land area that drains into a
stream or river (or in some cases, two streams) and is the smallest
in size in the classification hierarchy. Pennsylvania’s original
State Water Plan divided the commonwealth into 104 watersheds,
ranging in size from approximately 100 to 1,000 square miles,
named for the major streams of the watershed. A subbasin includes
all of the watersheds that drain into a particular reach of a larger
watercourse. A basin encompasses all of the subbasins that drain
into a major waterway. In Pennsylvania, there are six basins—Erie,
Genesee, Ohio, Susquehanna, Potomac and Delaware—each with a
different outlet. The Erie Basin empties into Lake Erie, the Genesee
Basin contributes to Lake Ontario, the Ohio Basin drains into the
Mississippi River, the Susquehanna Basin and the Potomac Basin
drain into the Chesapeake Bay, and the Delaware Basin drains into
the Delaware Bay.
A particular tract of land can belong in multiple watersheds,
depending on the scale of the landscape. For example, in Clinton
County, Sinnemahoning Creek is a tributary to the West Branch of
the Susquehanna River, which is a tributary to the Susquehanna
River. The land that encompasses the Sinnemahoning Creek
Watershed is part of the Upper West Branch Susquehanna Subbasin,
which, in turn is part of the Susquehanna Basin. The Water Planning
Area Map on the previous page depicts the 23 watersheds found in
five subbasins of the Upper/Middle Susquehanna Region.

Major Tributaries (in Pennsylvania)
Chemung Creek
Sugar Creek
Towanda Creek
Wysox Creek
Wyalusing Creek
Mehoopany Creek
Tunkhannock Creek
West Branch of the Susquehanna River

Bowman Creek
Lackawanna River
Fishing Creek
Sinnemahoning Creek
Pine Creek
Bald Eagle Creek
Moshannon Creek

Points of Interest in the Region
 Cherry Hill State Park, the state’s first Dark Sky Park – Galeton,
Potter County
 Pine Creek Gorge, the Grand Canyon of Pennsylvania – Wellsboro,
Tioga County
 Wyalusing Rocks – Wyalusing, Bradford County
 Old Mill Village – New Milford, Susquehanna County
 Elk herd watching – Cameron and Elk counties
 Hang gliding at Hyner View State Park – Hyner, Clinton County
 Little League World Series – Williamsport, Lycoming County
 Eagles Mere Ice Toboggan Slide – Eagles Mere, Sullivan County
 Tunkhannock Creek Viaduct, the longest poured concrete railroad
bridge in the world – Nicholson, Wyoming County
 Archbald Pothole, the world’s largest glacial pothole – Eynon,
Lackawanna County
 Lackawanna Coal Mine Tour – Scranton, Lackawanna County
 Ricketts Glen State Park – Luzerne, Sullivan and
Columbia counties
 Centralia Mine Fire – Centralia, Columbia County
 Knoebel’s Amusement Resort – Elysburg, Montour County
 Clyde Peeling’s Reptiland – Allenwood, Montour County
 Shikellamy Overlook, overlooking the confluence of the West and
North Branches of the Susquehanna River – Northumberland and
Union counties
 Pennsylvania Military Museum – Boalsburg, Centre County
 Parker Dam State Park – Penfield, Clearfield County

Extreme Weather Conditions: Hurricane Agnes
O
Originating
Origin
near Cozumel
C
mell Is
Island,
l nd, Hurrican
Hurricane
Hurri
Agnes crossed the Gulf
G lf off Mexico and was headed
east toward the Atla
Atlantic
antic
ntic Ocean
Oce
Oc
in June 1972. Instead of simply blowing over Florida, the hurricane
switched
itched
directio
rection and
headed north
and released
heavy rains
over the
Atlantic
states. By
the time it hit
Pennsylvania,
Agnes was
downgraded
to a tropical
storm, but
carried
billions of
tons of water.
In fact, Agnes
brought
some of the
worst flooding to the middle-Atlantic States in American history.
The Susquehanna Basin has always been known as a flood prone area, due to various geological and
topographical factors. When Agnes struck the region, no one could have predicted the severity of
flooding that was to come. The Susquehanna River ran 30 feet above normal, and at Wilkes-Barre,
the water flowed three feet above the level of the control dikes.
Unprepared for the severe flooding, more than 100,000 residents of Wilkes-Barre left their homes
and were relocated to safer areas. As the storm passed, nearly 330,000 were left homeless, 500,000
suffered property damage, and more than 5,000 square miles were submerged under water. In
addition to the 122 lives lost, an estimated $4.5 billion of immediate damage hit the area.
While many residential areas were devastated, long-term economic strains permanently affected the
area due to businesses lost. Residents moved away to regain employment in secure cities, leaving
Wilkes-Barre to struggle with structural and industrial damages. Agnes has been classified as the
one of the nation’s most costly
y disasters.
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Watersheds in the Upper/Middle
Susquehanna Region

Introduction, continued
 Prince Gallitzin State Park – Patton, Cambria County
 Pennsylvania Wilds – encompassing 12 counties from Centre County north to
the New York state line, west to Clarion County and east to Lycoming County

Regional Climate
The Upper/Middle Susquehanna Region has a moderate climate, lacking long
periods of extreme hot or cold weather. A majority of the basin has a minimum
temperature of 12 to 15 degrees Fahrenheit and a maximum temperature of 78
to 83 degrees Fahrenheit. Average annual precipitation for most of the basin
ranges from 34 to 43 inches per year. Normal rainfall amounts are generally
enough to support the vast agricultural lands of the region without irrigation.
Almost half of the basin’s annual precipitation falls during storms between
May and September, the primary plant-growing season. The remainder
precipitation, including snowmelt during the winter months, infiltrates the
ground and recharges groundwater reserves.
The maps on pages 135 to 137 show Precipitation, Average Minimum
Temperature and Average Maximum Temperature, averaged from 1971 to 2000,
for the Upper/Middle Susquehanna Region.
According to the maps, Tioga and Bradford counties, in the northern part of
the region, generally receive the least amount of precipitation within the basin.
These counties, along with Susquehanna County, also have the lowest average
minimum temperature in the region, with most areas averaging 9 to13 degrees
Fahrenheit in January.

Scenic Rivers
Total:

46.20 miles
Pine Creek
Lick Run
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23.25 miles
22.95 miles
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Population and Future Projections
The maps on pages 140 and 141 show populations in the year 2000, and
population projections for 2000 through 2030 for the Upper/Middle
Susquehanna Region. As illustrated in the Population 2000 map, most of the
region is sparsely populated. The more populated municipalities are found
around towns and cities such as Scranton, Wilkes-Barre, Williamsport and
State College. The Population Projection Map indicates that the rural counties

throughout the region will either lose population or see minimal growth.
Likewise, population centers like Scranton, Wilkes-Barre, State College and
Clearfield are expected to see a decline in population. In contrast, the largest
population increases are expected in areas near some towns and cities, like
Bellefonte, State College, Clearfield and Laporte.

Regional Water Use
The demand for water throughout the region can be measured in part
by compiling and mapping data contained in the registry of water users
maintained by DEP. All public water supply agencies and hydropower facilities
as well as anyone withdrawing more than 10,000 gallons of water per day are
to register and report their usage to the DEP. There are no fees associated
with registering and reporting.
Although this registry information does not account for all water demands of
the region, it provides useful information to predict areas of higher and lower
demand, as shown by the Registered Water Withdrawals Map. Consumptive
water use, as defined by U.S. Geological Survey (USGS), is “that part of water
withdrawn that is evaporated, transpired, incorporated into products or crops,
consumed by humans or livestock, or otherwise removed from the immediate
water environment.” The amount of water consumed in a region becomes an
important consideration for resource management during times of drought
or water shortages. On the Registered Water Withdrawals Map, the pie chart
within each subbasin depicts the percentage of each major sector of water use.
The pie chart on page 138 provides a breakdown of both consumptive and
non-consumptive water use by sector for the Upper/Middle Susquehanna
Region. Approximately 71 percent of water is used by utility and
thermoelectric (power-generating) facilities, and 19 percent is used by
public water suppliers. Industry use makes up approximately six percent,
while mining, commercial facilities and agriculture make up a combined
four percent. This data is based on information available primarily from
registrations submitted to DEP in 2003.

Precipitation
NEW YORK
P E N N S Y LVA N I A
WARREN

Montrose

SUSQUEHANNA

McKEAN

BRADFORD
Towanda

TIOGA
Wellsboro

Galeton

WAYNE
POTTER

FOREST

Carbondale

Tunkhannock

WYOMING

Emporium

LACKAWANNA

CAMERON
SULLIVAN

ELK

Upper/Middle
Susquehanna

Scranton

LYCOMING
CLINTON

WilkesBarre

Williamsport

JEFFERSON

LUZERNE
MONROE

Lock Haven

COLUMBIA

Clearfield

Milton

MONTOUR
Bloomsburg

UNION

CLEARFIELD

Lewisburg

CENTRE

Hazleton

Danville

CARBON

Northumberland

Bellefonte

0

5

10

15

20

Miles

State College

Average Annual
Precipitation (inches)
1971-2000

INDIANA
MIFFLIN
CAMBRIA

NORTHUMBERLAND

HUNTINGDON
BLAIR

33 - 35
36 - 39
40 - 41
42 - 43
44 -JUNIATA
47
48 - 51
52 - 55
56 - 59

0

50

NORTHAMPTON
NY

Miles

SNYDER

SCHUYLKILL

LEHIGH

OH

PA
DAUPHIN
BERKS

PERRY

WV

LEBANON

NJ
MD
BUCKS

City/Town

River/Stream

Waterbody

County Boundary

State Boundary

Upper/Middle Susquehanna
Page 7

Page 135

Average Maximum Temperature
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Introduction, continued
In the entire Susquehanna River Basin, an estimated 500
million gallons of water are consumptively used every day.
Public water supplies account for 200 million gallons a day, with
losses from lawn maintenance, washing the car, evaporation
from pools as well as leaks in water lines. Thermoelectric plants
consume approximately 130 million gallons a day. A coal-fired
or nuclear power plant evaporates a half gallon of water through
its cooling tower to create the electricity needed to burn a

100 watt light bulb for 10 hours. At a consumption rate of 120
million gallons a day, agricultural operations are the fastest
growing water use sector. In addition to the growing number of
large animal feedlots, increasing amounts of water are used for
irrigation as farmers try to improve the quality and productivity
of their crops. Industry consumes about 30 million gallons a
day. Hospitals, prisons, institutions and golf courses account for
a combined 60 million gallons of water used every day.

Upper/Middle Susquehanna River Basin Water Use
Thermoelectric 71%
Commercial 1%
Agriculture <1%
Industry 6%
Mining 2%
Public Water Supply 19%

Source: PADEP, 2003

Did you know?
S ll
Sullivan
C
County is one off three places in the northeastern
United States designated as rural by the federal
government. One-third of the county is dedicated to state
parks, forestry, fish and game lands.

Did you know?
Potter County
C
is the home of the God’s Country Marathon,
beginning in Galeton and finishing in Coudersport. The
marathon has been an annual event occurring on the first
Saturday in June since 1974.

West Branch of the Susquehanna River near South Williamsport,
Lycoming County. Photo courtesy of Lycoming Visitors Bureau.

Loyalsock Creek, Forksville, Sullivan County.
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Registered Water Withdrawals
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Water Resources

T

he largest river by discharge volume in the Upper/Middle Susquehanna Region is the Susquehanna River, which
is also one of the largest rivers on the east coast of the United States. In fact, the Susquehanna River is the
largest river lying entirely within the United States
that drains into the Atlantic Ocean. The Susquehanna River
Did you know?
flows from north to south beginning with its headwaters in
Tioga County was named after the Tioga River;
New York, through Pennsylvania, and discharging into the
the name derived from a Native American word
Chesapeake Bay in Maryland.
meaning “the forks of a stream.”
A map showing the larger streams, lakes and wetlands within
the Upper/Middle Susquehanna Region is provided on the next
page. Streams and rivers can be classified according to their size based on a hierarchy of its tributaries. The hierarchy
designates headwater streams as a first order stream. When two first order streams meet, the waterway becomes a
second-order stream. When two second-order streams meet, the waterway becomes a third-order stream and so on. If a
lower-order stream flows into a higherorder stream, the order designation
Reynolds Spring Bog and
does not change. For instance, if a
Algerine Swamp Bog
first-order stream meets a secondorder stream, the waterway designation
Reynolds Spring Bog and Algerine Swamp Bog, both located in Tioga
remains second-order. For purposes of
State Forest approximately three miles south of Leetonia in Tioga
making the map readable, only higher
County, are two of the finest examples of high mountain bogs in the
order streams of the Upper/Middle
Appalachian Mountain chain. The area’s glacial past contributes to
Susquehanna Region are shown in the
the formation of the bogs, which were designated by the Department
Surface Waters Map.
of the Interior and the National Park Service as National Natural
Landmarks. Their ability to support geographically unique flora and
fauna make them highly valued areas.
One interesting feature is the distinctly different vegetative species
residing in the bogs. Algerine Swamp Bog, which is located just onethird mile southeast of Reynolds Spring Bog, contains plant species
that are strikingly different than Reynolds Spring Bog. Both bogs
have similar drainage and elevation, raising questions as to why
there is such diversity, but also exemplifying the fact that bogs are
completely unique micro-ecosystems.
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Streams
The Susquehanna River and its West
Branch are the major water bodies in the
Upper/Middle Susquehanna Region. The
major tributaries to the West Branch of
the Susquehanna River in the region,
listed from west to east are: Moshannon
Creek, Sinnemahoning Creek, Kettle

Creek, Bald Eagle Creek,
Pine Creek and Loyalsock
Creek. The tributaries to
the Susquehanna River
listed from north to south
include Sugar Creek,
Towanda Creek, Wyalusing
Creek, Tunkhannock Creek,
Lackawanna River and
Fishing Creek.
These surface waters are
part of the 23 watersheds
Loyalsock
L
l
k Creek,
C k Lycoming
L
i County.
C
t Photo
Ph t courtesy
t
off Lycoming
L
i Visitors
Vi it
Bureau.
B
in the Upper Susquehanna,
Upper Central, Upper West Branch, Central
West Branch and Lower West Branch subbasins, which together make up the Upper/Middle Susquehanna Region. The
watersheds and subbasins can be located on the Upper/Middle Susquehanna Region Water Planning Area Map in the
Introduction Section of this region.
Approximately 55 U.S. Geological Survery (USGS) gaging stations that monitor peak stream flow conditions, water
levels, discharge and water temperature are located in the Upper/Middle Susquehanna Region. Some gaging stations,
including Towanda Creek near Monroeton,
Muncy Creek near Sonestown, and Young
“And when I asked the name of the river from the brakeman,
Womans Creek near Renovo also monitor
and heard that it was called the Susquehanna, the beauty
water quality.
of the name seemed to be part and parcel of the beauty of
the land…That was the name, as no other could be, for that
Surface waters in the Upper/Middle
shining river and desirable valley.”
Susquehanna Region as well as all regions
serve as a multiple-use resource. Not only do
—Robert Louis Stevenson
they provide a source of drinking water for
many consumers, they also provide obvious
recreational opportunities. The numerous high
quality and exceptional value streams and creeks in the region are destinations to many who test their skills against the
wild trout. Kayaking, rafting and tubing can also be enjoyed where the streams and rivers are large enough. These are

Surface Waters
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Water Resources, continued
only a sample of opportunities that surface waters, including ponds and lakes,
can provide.

Lakes and Dams

 Open water (rivers and lakes)
 Emergent/herbaceous (marshes, wet meadows and fens)
 Scrub-shrub (swamps and bogs)
 Forested (swamps and bogs)

Susquehanna River Basin Commission
The Susquehanna River Basin Commission (SRBC) is a federal interstate commission that
coordinates the water resources of the Susquehanna River. Created in 1970, the commission
is administered by representatives from New York, Pennsylvania and Maryland appointed
by or represented by the state governors. Also, the President of the United States appoints
a commissioner to represent the federal government. The four commissioners meet
periodically to act on issues pertaining to the Susquehanna River Basin. Together, they vote
to impose regulations, promote communication between members, work to resolve water
resource issues within the basin and provide coordinated management for the waters of the
Susquehanna River.

Lakes are a prominent feature in the Upper/Middle Susquehanna Region,
Wetlands provide unique habitat to many species of plants
especially in the northwestern sections of the region. Numerous lakes
and animals and also serve as natural filters to surface and
throughout the region are created by dams;
groundwater supplies.
many of which have formed reservoirs for
Many wetlands in the
Did you know?
public water supply. Lake Scranton, the
region have the ability to
The current Pennsylvania state record brook trout,
main surface water source of public water
eliminate contaminants
Pennsylvania’s state fish, was caught in Clinton County in 1996.
for the Scranton area, was formed by the
such as nitrates and
The “brookie” measured 22 inches and weighed seven pounds!
construction of the Lake Scranton Dam.
phosphorus as water flows
A treatment facility on the lake provides a
through the wetland. The
A larger staff comprised of technical, administrative and clerical personnel work day to day
maximum of 33 million gallons of water per
vegetation present in the
to perform the operations of the commission. The commission staff develops and implements
day to the Scranton area.
wetland utilizes the excess waste, eliminating it from the water and
the programs as directed by the commissioners in a Comprehensive Plan. Six major areas
reducing negative impacts to the environment. Wetlands also have
of the Comprehensive Plan outlining goals of the SRBC are floodplain management and
Dams are also used to create recreational areas. One area of interest within
the excellent ability to remove sediment from surface runoff. The
protection, sustainable use of surface water and groundwater, protection and restoration
the Upper/Middle Susquehanna Region includes Glendale Lake, formed by
vegetation plays a large role in reducing sediment as the sediment
wetlands and aquatic habitats, improving water quality, and ensuring future available flow of
Glendale Dam in Prince Gallitzin State Park. Other lakes include Foster Sayers
particles are captured and slowly removed as the water progresses
the Chesapeake Bay.
Reservoir created by Foster Sayers Dam on Bald Eagle Creek and Alvin R.
through the wetland. These traits of wetlands have led some
The SRBC is located in Harrisburg, Penna., and more information about the commission can
Bush Dam located on Kettle Creek near Renovo. The impoundment on Kettle
scientists to describe wetlands as “nature’s kidneys.”
be found at www.srbc.net. For more information on SRBC and its goals, see “Pennsylvania
Creek provides a beach area and a boat launch.
Regulations, Laws, and Public Policy” in the Statewide Section of this atlas.
As illustrated in the Upper/Middle Susquehanna Region Surface
Waters Map, the northeastern portion of the region has a high
Wetlands
concentration of wetlands. These wetlands, as described, provide
Scenic
S
ceniic Rivers
Rivers
Wetlands are areas where water covers the soil or remains at or near the
a natural defense against harmful contaminants in water supplies. Many
surface for an extended period of the year. These habitats provide a hydrologic
wetlands are located in densely populated areas and are pressured by
Scenic rivers in Pennsylvania are designated for their exceptional aesthetic,
link between land and water resources (either surface water, groundwater or
development. Precaution should be taken to eliminate the destruction of these
pastoral or recreational value and must be maintained for these values.
both). Wetland types differ according to characteristics such as topography,
wetland areas. Allowing them to remain will protect our water sources and
There are more than 45 miles among two scenic rivers in the Upper/Middle
climate, hydrology, water chemistry and vegetation.
provide habitat for many plants and animals.
Susquehanna Region. More detailed information about this program is
included in the Statewide section of this atlas.
The U.S. Fish and Wildlife Service provides information on the nation’s
Special Protection Waters
wetlands and deepwater habitats—including location, type and status—
Certain water bodies are designated special protection to prevent activities
HQ and EV Waters
through the National Wetlands Inventory (NWI). There are two general
that could degrade water quality and therefore prevent these waters from
There are two types of special protection water classifications according to
categories of wetlands: coastal (including estuaries) and inland (including
meeting their uses. These special designations include federal or state
guidelines listed in Pennsylvania Code Title 25, Chapter 93 Water Quality
rivers, lakes and riparian areas). The NWI classifies inland waters according to
Scenic/Recreational Rivers, High Quality and Exceptional Value Waters and
Standards: High Quality (HQ) and Exceptional Value (EV). The map on page
the amount and type of vegetation present:
Class A Wild Trout Waters.
145 shows the HQ and EV waters in the region.
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Water Resources, continued
 HQ waters are designated as such based on the water chemistry and the
presence of a high quality aquatic community. Approximately 493 streams
or stream sections are designated as HQ in this region.

fishery. These streams are not
stocked but are supported in full
by the spawning of the wild trout
populations, further illustrating
 EV waters are designated based on water quality and are waters
their outstanding quality and
of substantial recreational and ecological significance. There are
protection they receive. Class A
approximately 67 streams or stream sections designated as EV in the
Trout Wild Trout Waters include wild
Upper/Middle Susquehanna Region. Many waters are designated as EV
brook trout fisheries, wild brown
based on the fact that they are classified as Class A Wild Trout Waters and
trout fisheries, mixed wild brook/
Wilderness Trout Streams.
brown fisheries and wild rainbow
trout fisheries. Almost 65 percent
The classification of EV or HQ to a stream requires that new or expanded
of the Class A Wild Trout Waters
earth-disturbance does not degrade existing
are classified
water quality. It is important to understand
as brook trout
Did
you
know?
that this does not mean development will
fisheries.
Winterfest at Parker Dam State Park, Penfield, Clearfield County.
Lackawanna
L
k
C
County
t was the last county
stop, but proposed projects will undergo a
The only wild
formed in Pennsylvania, on August 13, 1878.
more detailed permit review by DEP and may
brook/rainbow
physical characteristics.
t i ti There
Th
are also
l simple
i l visual
i
l indicators
i di t
one can
result in meeting more stringent requirements
trout fishery in the entire state is Roaring Run, located
look for to determine a stream’s general health. Impaired streams may have
to protect water quality.
near Noxen, Wyoming County. The only strictly rainbow
eroded or undercut banks, low water clarity, foul odors, large amounts of
trout fishery in the region is Sugar Hollow
algae or have deep deposition of sediments that
Wild Trout Waters
located near Tunkhannock and Meshoppen,
cover larger rocks on the bottom of the stream. All of
Acid Mine Drainage
Approximately 271 waters in the Upper/Middle Susquehanna Region are
Wyoming County.
these results help determine overall stream health.
designated by the Pennsylvania Fish and Boat Commission as Class A Wild
Restoring impaired streams requires plenty of time
The formation of AMD is primarily a function of
Trout Waters. These waters support a population of naturally-produced trout
The Special Protection Waters Map on
and effort combined with the most recent water
the geology, hydrology and mining technology
of sufficient size and abundance to support a long-term and rewarding sport
page 145 shows the locations of Class A
quality evaluations available.
employed for the mine site. AMD is formed by
Wild Trout Waters within the Upper/Middle
a series of complex geochemical and microbial
Susquehanna Region. For more information
The Pennsylvania Department of Environmental
reactions that occur when water comes in contact
Stream Releaf Program
on wild trout streams in Pennsylvania, visit
Protection (DEP), under Section 303(d) of the
with pyrite (iron disulfide minerals) in coal,
the Pennsylvania Fish and Boat Commission’s
federal Clean Water Act, implements a program
refuse or the overburden of a mine operation.
DEP initiated the Stream Releaf Program in 1996 to restore streams
Web
site
at
www.fi
sh.state.pa.us/.
that assesses the water quality of state waters
The
resulting
water
is
usually
high
in
acidity
and riparian areas in order to reduce and prevent stream bank erosion
and identifies waterbodies that do not meet
and dissolved metals. The metals stay dissolved
and sedimentation. The Stream Releaf Program has helped to create
Impaired
Waters
the standards for their designated uses. These
in
solution
until
the
pH
raises
to
a
level
where
riparian buffers (vegetated areas along stream banks) along the North
Stream health assessments are complex
designated uses—including aquatic life, recreation
precipitation occurs. Solubility charts for the
Branch of the Chillisique Creek in Lycoming County, White Creek in
and
time
consuming
efforts
put
forth
by
and drinking water—are characterized by the invarious
metals
show
the
pH
at
which
precipitation
Susquehanna County, and Garman Run in Montour County. These are
many individuals. Assessments can include
stream levels of parameters (e.g. dissolved oxygen,
begins and the pH at which maximum insolubility
just a few of the more than 1,781 projects found in the Stream Releaf
individual
studies
on
the
living
organisms
and
pH, metals, siltation, etc). If a waterbody does
occurs.
Neutralization
with
limestone
addition
and
database for this region. For more information on this program, see
habitat within and around the stream, studies
not meet the standards for its designated use, it
bioremediation are some solutions to alleviate
“Stream Releaf” under DEP Programs at www.depweb.state.pa.us
on water chemistry and measurements of
is identified as “impaired” on the Pennsylvania
these symptoms but the problem still persists.
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Impaired Waters
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Water Resources, continued

Chesapeake Bay Watershed sign.
Photo courtesy of Hank Webster.

Barnes and Tucker Mine Water
Treatment Project

Integrated Water Quality Monitoring and Assessment Report. This report also
identifies the cause of the impairment, which may be one or more point sources
(like industrial or sewage discharges) or nonpoint sources (like abandoned mine
discharge or agricultural runoff).
Once impaired waters and their reasons for impairment are established, the state
determines what conditions are necessary to return the water to the quality that
meets its designated use. DEP and the United States Environmental Protection
Agency (EPA) work in conjunction with other organizations, such as Pennsylvania
State University, to develop a Total Maximum Daily Load (TMDL) for each impaired

waterbody. A TMDL defines the allowable pollutant
loads a waterbody can receive from point and
nonpoint sources and still be able to maintain its
designated water quality standards.
The Impaired Waters Map on page 147 shows the
location of impaired streams and waterbodies in the
Upper/Middle Susquehanna Region. Many of these
streams are located in coal mining areas where
acid mine drainage (AMD) has produced a negative
effect on surface and groundwater resources.

Efforts to Address Impairment
Many impaired waters exist within the Upper/
Middle Susquehanna Region. DEP supports
local watershed groups, conservation districts
and municipalities in developing Watershed
Implementation Plans, which identify pollution
sources in these areas and recommend best
management practices (BMPs) for cleaning them
up. These plans are submitted to the EPA to
provide a “road map” for future stream restoration
efforts and funding. Currently within the Upper/
Middle Susquehanna Region, five Watershed
Implementation Plans have been completed for

Dubois Reservoir, Clearfield County.
Photo courtesy of Hank Webster.
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Acid mine drainage (AMD) is a leading source
of water pollution in the Susquehanna Basin,
especially in the West Branch of the Susquehanna
River subbasins. When the Barnes and Tucker
Lancashire 15 mine, located along the West Branch
of the Susquehanna River, was closed in 1969, the
dewatering pumps were shut off and the mine works
were allowed to flood. Less than a year later, the
mine pool rose to a level that caused a “breakout”
of AMD, discharging millions of gallons of the
pollutant into the waterway and killing aquatic
life for 35 miles downstream. Under orders to
remediate the pollution, the Barnes and Tucker Co.
began pumping and treating the mine water, which
lowered the mine pool levels to below discharge
elevation, thus eliminating AMD. The treatment
process resulted in the mine water diverted from
the Susquehanna Basin to a facility in the Ohio
Basin where once treated, it was discharged into
Blacklick Creek (Ohio Basin). In 2001 the Barnes
and Tucker treatment fund was exhausted and
the company declared bankruptcy, leaving DEP to
assume responsibility for continued treatment.
In 2006, SRBC announced plans to use grant
money to build a treatment plant that would treat
10 million gallons of mine water per day from the
Barnes and Tucker mine and release it into the
West Branch of the Susquehanna River. This new
facility would not only help improve the water
quality of 25 miles of the polluted West Branch of
the Susquehanna River, but it would also address
10 of the 15.7 million gallons per day needed to
compensate for consumptive water use by farmers.
The dual benefits of the proposed treatment facility
make it a win-win measure for the West Branch of
the Susquehanna Watershed.

Susquehanna West Branch
Abandoned Mine Problems

¹

With 1,205 miles of waterways impaired by AMD, the West
Branch sub-basin is the most AMD-impaired section of the
entire Upper/Middle Susquehanna River region. This map
shows abandoned mine land problem areas and acid mine
drainage
inage impaired streams for the West Branch. Several
initiatives
initiati
nitiativ are un
underway to help address this enormous
regional
onal problem:
pr
prob
robl

For more information on the West Branch remediation
strategy, visit the WBSRC website:
www.wbsrc.com/remediationstrategy.html.
For downloadable maps on the West Branch, visit the
Susquehanna River Basin commission’s mapping website:
www.srbc.net/atlas/westStrategy.asp
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Local Flooding Occurrence
In response to frequent flood problems in the Upper/Middle
Susquehanna Region, reservoirs and dams have been created to
help control floodwaters. Dams and reservoirs in the basin are
managed and maintained by several government agencies like the
Susquehanna River Basin Commission and the U.S. Army Corps
of Engineers. Although numerous dams and reservoirs exist in the
basin, occasionally heavy amounts of snowfall that melt during spring
and are followed by heavy rains can overwhelm flood controls. This
was the case in 1996 when the Upper/Middle Susquehanna Region

experienced major flooding that damaged property.
Flood control utilizing dams and emergency reservoirs is now being
augmented by improved stormwater management practices to prevent
flooding. Flood mitigation measures are continually being refined by
Pennsylvania and have helped reduce the overall impacts of major
flood events.
Since the Susquehanna River is one of the nation’s most flood prone
regions, the Susquehanna River Basin Commission (SRBC) and
other government agencies have developed the Susquehanna Flood
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technology that provides information to the National Weather Service
for flood forecasting and issuing accurate flood warnings.
Flood hazards are also being addressed in Hazard Mitigation
Plans that are being prepared by each county in the state. Also,
the Pennsylvania Emergency Management Agency (PEMA) uses
the Federal Emergency Management Agency’s (FEMA) hazard
identification tool, HAZUS, to assist counties and local communities
in assessing flood risks and preparing mitigation plans. More
information can be gathered by visiting the PEMA Web site at www.
pema.state.pa.us.
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 Penna. Department
epartment
ment of
o Environm
vironmental Protection, with
support from Trout
out U
Unlimit
nlimited
imited, established
blished the West Branch
Susquehanna River Task
sk Force.
Force. The go
goal of the
e Task For
Force
is to assist and advise the department
rtment and
d its pa
partners
part
as they work toward the long-term goal to
o remediate the
h
region’s AMD
 Trout Unlimited (TU) established the West Branch
Susquehanna Restoration Coalition (WBSRC) to support
the cleanup of AMD throughout the West Branch
Susquehanna watershed through the exchange of
information, formulation of educational initiatives, and
building of widespread public support
 As the lead non-profit organization for this initiative, TU is
working with numerous local, state, and federal government
and non-government organizations on a coordinated,
strategic, and cost-effective AMD cleanup approach for the
entire West Branch sub-basin

Potter Co

McKean Co
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Water Resources, continued
Anderson Creek Watershed, Catawissa Creek Watershed, Hubler
Run Watershed, Johnson Creek Watershed and Little Laurel Run
Watershed. Specific examples of watershed cleanup projects in the
Upper/Middle Susquehanna Region include:

Bald Eagle Creek Watershed
Bald Eagle Creek Watershed is a 769-square mile drainage basin
that includes most of central Centre County and the southern areas
of Clinton County. A large majority of the watershed is agriculture
within the fertile valleys. Other land uses include urbanized areas and

abandoned mine areas. TMDLs have been developed for heavy metals
associated with acid mine drainage (AMD), including aluminum, iron
and manganese.
Nearly 1,237 miles of stream exist in the Bald Eagle Creek Watershed.
More than 921 miles of those streams have been assessed, and
approximately 15 percent have been found to be impaired. The
majority of the impairment exists in the Beech Creek and Spring
Creek areas of the watershed. In Beech Creek, more than 26 miles of
its main stem and many more miles of tributaries are affected by AMD.

Streams that flow through agricultural areas are more likely to exhibit
impairment from sedimentation.
Studies are being performed by state and county agencies,
conservancies, Penn State University and many others to continue
monitoring, assessing and improving water quality in the Bald Eagle
Creek Watershed. Development of the Spring Creek Watershed
Commission and the Beech Creek Watershed Restoration and
Preservation Association are just two examples of groups that were
formed to continue restoration of the watershed and its tributaries.
Far Left: Schoolhouse Run.
Left: March Creek at Pine Creek
Launch, Tioga County.
Photos courtesy of Hank Webster.

Did you know?
Lycoming County
C
is the largest
l
Pennsylvania county by area. At
1,235 square miles, the county is
larger than Rhode Island (1,214
square miles).
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Lackawanna River Watershed
The Lackawanna River Watershed also has had
TMDLs established for AMD, which include iron,
manganese and aluminum. The watershed drains
approximately 347 square miles and mainly resides
in Lackawanna County but also includes portions of
Luzerne, Susquehanna and Wayne counties.
Coal mining that began well over 200 years ago has
adversely affected the Lackawanna River. Presently,
there are numerous abandoned mining sites and
coal refuse sites that contribute to the overall poor
health of some tributaries within the watershed.
Although much damage has been done to the
watershed, efforts are being implemented to restore
the streams. The formation of the Lackawanna River
Watershed 2000 Program was designed to provide
a working relationship between state and local
agencies to discuss and implement projects needed
to restore the watershed. The Pennsylvania DEP,
through its Abandoned Mine Reclamation Program,
has also assisted in the repair of abandoned mine
sites. Best Management Practices currently in use
include restoration of abandoned mine sites near
stream locations and relocating certain stream
channels so as to direct them away from mine
refuse piles.

Ricketts Glen State Park
Named for Civil War veteran Robert Ricketts, Ricketts Glen State Park is one of Pennsylvania’s
nia’s geo
geological
masterpieces. Located in Luzerne, Sullivan and Columbia counties, the park is a popul
popular site for many
tourists. The Glens Natural Area is the main scenic attraction in the
he park
park, w
where the gorges of Gano
Ganoga
Glen and Glen Lehigh unite at “Waters Meet” and fl
flow
ow down tthree waterfalls. The
he park is home
me to 21
beautiful waterfalls, which can be accessed fr
from a variety of hiking
king trails. A
Att 94 feet,
eet, tthe highest Ricketts
waterfall is no Niagara, but is
waterf
wate
beautiful no
nonetheless.
l
Waterfalls are classified on how
the water falls through its course,
the volume of water flowing, the
surface beneath and the geological
process that created it. In the
Glens Natural Area, there are two
main types of waterfalls: bridal
veil waterfalls and wedding cake
waterfalls. Bridal veil waterfalls
are generally over large rocks,
where the falling water creates a
thin layer that just barely covers
the surface. On the other hand,
wedding cake waterfalls cascade
in a tiered fashion, and are often
comprised of a series of waterfalls
falling consecutively in close
proximity. The water at Ricketts
Glen generally falls over red shale
and gray sandstone, and after
thousands of years, has created
aesthetically pleasing gorges
and plunge pools into the rock. A
unique feature at Adams Falls is
the tub-like rock sculpture, created
from the continuous grinding of
rough sediment.

Upper/Middle
Susquehanna

Best management practices presently implemented
include restoration of abandoned mine sites near
streams and wetlands monitoring and maintenance.

Photos courtesy of Tim Devine.
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Stormwater and Flooding
Stormwater as a Resource

S

tormwater runoff and flooding are natural events that have
helped shape our watersheds and rivers. Human activities on the
landscape routinely alter natural drainage patterns. Because of
this, stormwater runoff is now being examined as to its effects on water
quality, stream morphology, base flow and recharge. If not managed,
these changes may increase localized flooding, stream bank erosion and
loss of groundwater recharge. In addition to its physical impact on the
environment, stormwater may carry a variety of pollutants.
By managing stormwater runoff as a resource rather than as a waste,
a host of opportunities are available to protect the environment and
complement water resource management. Since clean and abundant
water is a vital resource, effective stormwater management provides
for the protection and maintenance of the commonwealth’s essential
water resources. Stormwater management affects and involves all of
the possible avenues precipitation might follow after falling to the
ground: runoff from the surface of the land; groundwater by infiltrating
(or soaking) into the ground; evapotranspiration by evaporating directly
into the atmosphere or by transpiring through plant processes and then
evaporating; or stored water for various uses.
Human activities that result in land development or changes in land
cover, or land use, often affect dramatically the quantity and quality of
stormwater runoff from the land surface. These changes can produce
harmful impacts on water resources, such as increases in damages
from flooding; diminished stream flows and groundwater recharge;
degradation of streams and stream channels from scour, erosion or
deposition; and deterioration of water quality from pollution. These
effects can be minimized, or avoided, through the careful preparation and
implementation of comprehensive stormwater management plans and
other planning or regulatory efforts.
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Problems Associated with Stormwater and
Flooding
Stormwater can have a detrimental effect on the agricultural lands,
developed areas and the water quality of streams and rivers that flow
through almost 18,300 square miles of land that makes up the Upper/
Middle Susquehanna Region.

Flooding
Flooding is a localized temporary condition of partial or complete
inundation of normally dry land from the overflow of streams or rivers.
This potentially hazardous condition is generally the result of excessive
precipitation. Generally, floods can be classified into two categories: flash
floods, the product of heavy localized precipitation in a short time period
over a given location; and general floods, caused by precipitation over a
longer time period over the river basin.
Flash floods can occur within a few minutes or several hours of heavy
amounts of rainfall, rapid snow melt or from a sudden release of water
held back by an ice jam. Flash floods can damage buildings and bridges,
uproot trees and scour new drainage channels. Although flash flooding
often occurs along small rural streams, it is also common in urban
areas where much of the ground is covered by impervious surfaces. The
impervious surfaces created by roads and buildings generate greater
amounts of runoff than would typically occur over vegetated areas. As
land is converted from fields and woodlands to impervious surfaces,
it loses its ability to absorb rainfall. Urbanization greatly increases
the quantity and velocity of runoff over what would occur naturally on
vegetated and forested terrain. Fixed drainage channels in urban areas
may be unable to contain the runoff that is generated by relatively small,
but intense, rainfall events.
The severity of a flooding event is determined by a combination of
river basin terrain, local thunderstorm movement, past soil moisture

conditions and the degree of vegetative clearing. Abnormal weather
patterns may also contribute to flooding of a local area.

Urban and Suburban Runoff
As some areas of the Upper/Middle Susquehanna Region witness an
expansion of development, stormwater runoff is being scrutinized along
with its effects on water quality. Stormwater runoff from developed areas
in Pennsylvania is the third leading cause of stream impairment. Pollution
in the Upper/Middle Susquehanna Region can result from suburban
development and impervious surface expansion resulting in potential
runoff of petroleum products, nutrients, etc. The trend of population
spreading out from towns and cities into areas that were previously rural
is expected to continue into the future.
These population changes can result in development and an increase
in impervious surfaces (surfaces that water cannot drain through such

Flood and Drought Information
F more information
For
i f
ti on drought
d
ht and
d flood
d protection,
t ti
visit the
Pennsylvania Department of Environmental Protection’s drought
monitoring and flood information Web sites at: Drought Monitoring
– www.depweb.state.pa.us/
“DEP Programs–Drought Monitoring”
Flood Information – www.depweb.state.pa.us/
“DEP Programs–Flood Protection”

Did you know?
k
?
The Susquehanna Basin is one of the nation’s most flood-prone
areas. Of the 1,400 communities in the Susquehanna Basin, about
1,160 have residents located in flood-prone areas.

Increased stormwater can cause sewer overflows in older
towns that channel stormwater runoff to wastewater
treatment facilities or worse yet, combined stormwater and
wastewater can overflow into surface waters. Increased
stormwater also destabilizes stream banks, disperses litter,
distributes unnaturally warm water from developed surfaces
into streams, and reduces groundwater recharge.

Agricultural Runoff
Water quality degradation and impairment in the Upper/
Middle Susquehanna Region can also be caused by
stormwater runoff from agricultural lands. As stormwater
flows over agricultural lands, it can wash away excess
nutrients like nitrogen and phosphorous from commercial
fertilizers and manure. Soils from plowed fields and unstable
stream banks, sometimes exposed in part by grazing
animals, can also be washed away with stormwater runoff.
Excess nutrients and sediments in this watershed not only
impair Pennsylvania’s waters but also the Chesapeake Bay.

Water is a major reason Jacoby Falls, Lycoming County.
Photo courtesy of Lycoming
for sinkhole collapses
County Visitors Bureau.
in Pennsylvania. Karst
areas form over long
periods of time as groundwater moves through breaks
in the bedrock dissolving rock and creating caverns
and spaces below the surface. The spaces may be filled
with soil material or may be open. A sinkhole forms as
material is flushed through underground spaces in the
bedrock causing the surface to collapse. If more water is
collected and redirected into a karst area this increases
the potential for a sinkhole to occur.
The effects of stormwater on karst geology are of concern
for the Upper/Middle Susquehanna Region. Carbonate
bedrock, which allows for sinkholes to form, is common
throughout much of Centre County.

Upper/Middle
Susquehanna

as concrete pavement, asphalt and roofing materials).
As impervious surfaces increase so can the amount of
pollutant-carrying stormwater from newly developed
areas. Soils washed away from exposed building sites
during construction also contribute to the excess
sedimentation of streams.

Stream Impairment and Stormwater
In the Upper/Middle Susquehanna Region, water quality
degradation of streams, rivers and groundwater has
occurred primarily in the lower and eastern sections of the
region. These sections of the Upper/Middle Susquehanna
Region are home to many watersheds like Bald Eagle
Creek as well as the West and North Branches of the
Susquehanna River.

Karst Areas
Karst environments typically occur in areas where carbonate
(limestone and dolomite) bedrock dominates the subsurface
features. Natural breaks and fractures occur in carbonate
bedrock which allow precipitation to infiltrate quite easily.

Bald Eagle Creek Watershed is home to State College and
Pennsylvania State University. This area is underlain with
carbonate bedrock and is experiencing increased urban and
suburban development. Urban and

Upper/Middle Susquehanna
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Stormwater and Flooding, continued
Penn State University-Centre County
Visitor Center

Agricultural Runoff Best Management
Practice: No Till Farming

The Pennsylvania State University in State College
Colle e and Centre County
y
d
developed
l
d a visitor
i it center
t on top
t off carbonate
ate rock which has tthe characteristics
of sinkholes and caves. The visitor center incorporates several stormwater
infiltration techniques that imitate the natural hydrological systems that existed
at the site before development. Creating similar hydrological conditions was
important because land that is altered can concentrate stormwater into areas
that accelerate the formation of sinkholes.

A farming practice introduced in the 1980s is growing in popularity with environmentally savvy farmers. No-till farming cuts down on the
amount of fertilizer and soil washed away in rainstorms and also reduces carbon dioxide released into the atmosphere by eliminating the
entire plowing system, commonly used by farmers.

Development of the site required excavating the existing soil and limiting
infiltration from its natural levels. It was recognized that any allocation of
stormwater from one portion of the site to another would require stormwater
pipes to traverse bedrock. Stormwater pipes crossing bedrock would require
excavation and could lead to the formation of sinkholes. In order to avoid
using stormwater pipe systems, the visitor center employed stormwater best
management practices such as porous asphalt parking lots, porous concrete
sidewalks, subsurface infiltration trenches, vegetated infiltration bed and
several rain gardens/bioretention areas.

Floodplain Development
Development in floodplains is a highly regulated process that is guided by many
ordinances and regulations. Two state laws assist with the responsibility of
regulating flood plain development: The Pennsylvania Flood Plain Management
Act of 1978 (Act 166) and the Pennsylvania Municipalities Planning Code.
Since floodplains are natural flood controls, altering them only slightly can
have negative affects. Construction in floodplains can increase storm runoff,
sedimentation and subsequent stream bank erosion resulting from the increase
in storm runoff. Their important contributions during a flood event help protect
the surrounding land area. They allow excess water to be absorbed, help reduce
erosion and provide habitat for plants and animals. It is because of these, and
many other benefits, that they are closely regulated and protected
from destruction.
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Traditionally farmers solely used plowing to ready the fields for planting crops. Plowing, or tilling, turns over the top layer of soil. This practice
eliminates most weeds and allows for fertilizers and pesticides to penetrate the ground. Also, plowing helps to rid fields of decayed crops and
other organic matter.
However, tilling exposes topsoil making it susceptible to the effects of stormwater erosion. Over time, plowed fields lose measurable amounts
of topsoil. In addition to the soil itself, fertilizers and pesticides are carried by stormwater to nearby creeks and streams, polluting those
streams and adding to the pollution of larger waterways downstream.
Instituting no-till farming is a simple solution to potential environmental challenges. No-till farming does not use plows, and seeds are
instead planted in undisturbed soil. The carbon-containing organic matter that provides nutrients to plants stays in the top layers of soil
where it slowly decays, fertilizing the crops and protecting the soil from erosion. No-till farm equipment create slots where seeds are planted,
disturbing less than 30 percent of the total soil surface.
Farmers have accepted the benefits of no-till farming and have instituted the practice in their own fields. Along with the environmental
benefits, local farmers have reported the benefits of the retained, rather than eroding, soil. These farmers have noticed a significant increase
in their harvest, yielding higher profits. Fuel and fertilizer costs associated with plowing practices are reduced with no-till farming, also
making the crop more profitable.
Overall, no-till farming is one of the top cost effective best management practices that help to improve environmental conditions. With
increased awareness, more farms can institute the practice to not only help reduce water pollution, but increase personal gain from
potentially larger harvests.

suburban development can alter the land’s natural state and ability to
absorb precipitation, concentrate stormwater runoff and accelerate the
formation of sinkholes in this area.
In the Bald Eagle Creek Watershed and other parts of the Upper/Middle
Susquehanna Region, stormwater from agricultural land contributes
to impairment of surface water and groundwater. Some agricultural
practices have allowed for stormwater to disperse pathogens, nutrients,
herbicides, pesticides and sediment into streams.

The West Branch of the Susquehanna River has been impacted by
stormwater runoff from agricultural, urban and suburban lands. In the
lower section of the West Branch, stormwater runoff from agricultural
lands account for approximately 70 percent of stream impairment.
The West Branch also accounts for more than 29 million pounds of
combined nitrogen and phosphorus found in local waters, some of
which is due to stormwater runoff.

Geology and Groundwater

A

large portion of the Upper/Middle Susquehanna Region is located in
the Appalachian Plateaus physiographic province, while the remainder
of the region is found in the Ridge and Valley physiographic province.
A discussion of these provinces and their origins is provided in the Statewide
Overview Section and can be located on the map shown in that section.
A significant factor in the Upper/Middle Susquehanna Region’s geology and
groundwater was the presence of glaciers approximately 20,000 years ago.
Another recognizable trait of the region occurs where the Ridge and Valley
province transitions into the Appalachian Plateau. The change in topography
can affect groundwater in many ways and also control the presence of mineral
(both fuel and non-fuel) resources.
The connection between surface water and the aquifers that store and
discharge groundwater is often misunderstood. The water table, which is the
boundary below which all the spaces and cracks in the soil and bedrock are
completely saturated, is often times a reflection of the surface topography. As
the topography changes due to hills, mountains or valleys, the water table’s
elevation and depth will often times change with it reflecting the changes
occurring at the surface.
However, streams, wetlands, springs or rivers will often form in areas where
the water table intersects the land surface. These features form where the
groundwater discharges from groundwater storage and becomes surface water.
This discharge of groundwater into surface water is also known as base flow.
Base flow can be thought of as the sustained low flow of a stream because it
is supplied by the groundwater that is discharging from underground storage.
Dry streambeds or springs that no longer supply water are a result of the water
table being lower than the land surface.

Bedrock Geology
As illustrated by the Bedrock Geology Map on the next page, the sandstone,
shale and carbonate formations in the Upper/Middle Susquehanna Region
are consolidated rocks that comprise the majority of aquifers in the region.
Groundwater is contained within and moves through fractures, spaces and
partings in the consolidated rock. Aquifers exist here under two different
conditions. Where water only partly fills the aquifer and is free to rise and fall,
it is referred to as an unconfined aquifer or water table aquifer. Where water

completely fills a
rock unit and the
aquifer is under
a low-permeable
feature or confining
layer, this aquifer is
said to be confined.
This confining layer
helps protect this
kind of aquifer
from contaminated
water migrating
from above.
Another key
difference between
the two is the
varying pressure
regimes. The unconfined aquifers are under atmospheric pressure while
confined aquifers are at a greater pressure due to the confining layer overhead.
The carbonate bedrock formations in the Upper/Middle Susquehanna Region
are comprised of limestone and dolomite. Limestone bedrock formations
in the region are prone to chemical dissolution, or dissolving, and form a
landscape called “karst.” These voids may be filled with water, soil materials
or air. Interconnected pathways can exist through the rock to allow water to be
quickly transported in high volumes. If a contaminant reaches the void spaces,
it easily enters the groundwater and can be transported extensive distances
to other water supply or discharge areas. The creation of these interconnected
voids in limestone bedrock can produce sinkholes, closed depressions and
disappearing streams; common features of a karst environment. For more
information on karst environments, see the Lower Susquehanna Region
Geology and Groundwater Section.

Appalachian Plateaus Province
The largest land area of the Upper/Middle Susquehanna Region is found
within the Appalachian Plateaus Province. The bedrock formations are largely
derived from sedimentation that occurred nearly 400 million years ago. The
sedimentation occurred while the province was covered by saltwater and

freshwater seas that once occupied the area. Bogs and swamps developed
l
when the area was not submerged which resulted in large beds of peat, an
accumulation of decaying organic matter. Sedimentation occurred again
through the area’s history, covering the peat beds. The weight and pressure
caused by the new sediment increased over thousands of years and eventually
caused the peat beds to metamorphose into coal.
Within the province, topography generally reflects the underlying bedrock. The
gently folded and warped bedrock was modified by streams that scoured valleys
into the surface. Abrupt changes in elevation and topography often occur
where provinces transition and encounter different bedrock. Typically, these
transitions are along areas of bedrock that are more erosion resistant and form
a distinct change in elevation, or an escarpment.
The northern and northwestern areas of the Upper/Middle Susquehanna
Region were glaciated several times in their past. Counties in the region
that experienced the most recent glaciation include Potter, Tioga, Lycoming,
Bradford, Sullivan, Columbia, Susquehanna, Wyoming, Luzerne, Wayne and
Lackawanna counties.
The glaciers deposited large amounts of unconsolidated material,
or till, as they receded. Bogs and swamps are common in these areas,

Upper/Middle Susquehanna
Page 3

Page 155

Upper/Middle
Susquehanna

Pennsylvania Grand Canyon, Wellsboro, Tioga County.

Bedrock Geology
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Geology and Groundwater, continued

Pennsylvania Bluestone

forming in the depressions created by the glaciers. Also, a fragipan layer can develop in the till, retaining water on
the surface as it slowly infiltrates into the groundwater supplies. A fragipan layer is a very dense layer of soil forming
beneath the surface that inhibits infiltration of water.
As the Bedrock Geology Map illustrates, the sandstones and more resistant bedrock types typically formed the
highland areas across the entire province. Valley areas are commonly found in the less-resistant shale, carbonate and
other sedimentary rock. These valley areas are also the discharge areas from the recharge that occurs in the upland
areas. The downward flow of water through the ground caused by gravity and the pressure from the water above will
cause water to discharge into streams and creeks or as springs in the valleys and low lying areas.

Ridge and Valley Province
The Ridge and Valley Province, as shown in the map on page 156, makes up the southern areas of the Upper/Middle
Susquehanna Region which include the State College, Lock Haven, Lewisburg and Bloomsburg areas. Long and narrow
mountain ranges are common in this area.
Bedrock in the Ridge and Valley Province, as shown in the map on the previous page, was also formed by
sedimentation from ancient saltwater and freshwater seas that covered the province, much like the Appalachian
Plateaus Province. However, the ridges and mountains were formed from past geologic events when the continents
collided with each other, forcing the
bedrock upward and creating the Allegheny
Did you know?
Mountains. The formation of the mountain
chain was completed approximately 250
Flagstone mined from quarries near Sinnemahoning in Cameron
million years ago.
County was used to build the facade at the Tomb of the Unknown
Soldier in Washington, D.C.
As the mountains eroded, resistant
sandstones remained forming the ridges
and mountains we see today. The valley
areas consist of shale, carbonate, siltstone and other sedimentary bedrock formations. These valley areas, like those
in the Appalachian Plateaus Province, are most likely to have the greatest groundwater recharge. Carbonate bedrock,
or karst, aquifers in the valley areas provide some of the largest groundwater discharges. Karst features are shown on
the map on the next page. The State College area in Centre County, in fact, is supplied by one of the largest regional
karst aquifers in the commonwealth. The sandstone aquifers in the region are dependent on fractures for infiltration
and transportation of groundwater.

Load of stone at first station on the Lackawanna Railroad.
Photo Courtesy of Susquehanna County Historical Society.

Susquehanna County is the largest producer of Pennsylvania Bluestone in the state. Pennsylvania Bluestone is a prized
dimension stone that is named for its typical blue color.
Pennsylvania Bluestone formed after ancient seas that once occupied the area receded more than 400 million years ago.
The sediment that resulted from the seas eventually solidified and transformed into the rock that is present today. Bluestone
formed in the coastal regions of the ancient seas where fast, shallow moving waters deposited their sediments. The
noticeable blue color of the sandstone resulted from minerals being carried by groundwater through the rock formations.
The minerals and sediments combined and solidified to form the bluestone as it is known today.
The bluestone is valued for several of its natural properties. It is easily separated into sheets of desired size and can be
cut to nearly any dimension. The stone is weather resistant and will stand up to any weather condition with relative ease.
Pennsylvania Bluestone is also appealing because of its flexibility to conform to contemporary or traditional building design.
The bluestone’s strength and durability is exemplified by its use in the Starrucca Viaduct in Lanesboro, Susquehanna
County. The viaduct, completed in 1848, is the oldest and one of the longest railroad bridges of its kind in Pennsylvania.
The use of Pennsylvania Bluestone in the construction of the viaduct is a tribute to the region’s access to a truly unique and
durable building material.
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Thick areas of glacial till also aid in groundwater recharge if permeability is sufficient. Till can act as a sponge absorbing
precipitation and slowly releasing it into the aquifers, increasing groundwater supplies. However, areas with a fragipan
layer are less likely to receive large amounts of infiltrated precipitation.
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Geology and Groundwater, continued
Like glacial till in the glaciated regions, thick soils that formed from the
erosion of the softer shale and carbonate bedrock absorb large amounts
of water and gradually release it into the aquifers. Thick areas of soil
and sediment typically occur in the valley areas, further increasing their
groundwater recharge capabilities.

Mineral Resources

Also located in the Ridge and Valley Province is the Anthracite Valley Section,
also known as the Northern Anthracite Field. Fractures within the coal bed can
provide conduits for groundwater transportation, but groundwater resources in
these areas are often degraded as they come in contact with coal-bearing rock.

Sand and gravel production occurs in the glaciated regions of Wyoming,
Luzerne, Bradford and Lycoming counties. Susquehanna County also contains
one of the largest concentrations of Pennsylvania Bluestone, which is unique
sandstone that derives its name from its typical blue color. Pennsylvania

Mineral production within the Upper/Middle Susquehanna Region exists in
several areas. Lime and crushed aggregate production occurs in areas
located within the Ridge and Valley Province where limestone and
carbonate rock are prevalent.

Bluestone is a form of dimension stone that can be cut and shaped into many
different sizes.

Natural Gas Resources
Natural gas fields exist in the western areas of the region around Indiana,
Clearfield, Elk, Cameron, Centre and Clinton counties. Natural gas was initially
thought to be a waste product of the early oil drilling operations throughout
Pennsylvania. Most discoveries in the past were by accident and only a
handful of entrepreneurs were able to utilize the fuel efficiently. Presently,
there are numerous natural gas extraction operations within Pennsylvania and

Upper/Middle
Susquehanna

Distribution of Pennsylvania Oil and Gas

Gas well operated by Montrose Gas, Oil and Coal Co.
Photo Courtesy of Susquehanna County Historical Society, Horgan Collection.

Source: Pennsylvania Department of
Conservation and Natural Resources
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Geology and Groundwater, continued
Slate Pickers, Anthracite Coal Mining Scranton, Pa.

Distribution of Pennsylvania Coals

Source: Pennsylvania
Department of
Conservation and Natural
Resources

the Upper/Middle Susquehanna Region, including sites in
Indiana, Clearfield, Cambria and Elk counties.
Underground natural gas storage is a practice that
occurs in the Upper/Middle Susquehanna Region.
For the most part, natural gas demand is determined
with the fluctuations in weather. Weather can be
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difficult to predict, making gas demand difficult to
predict as well. The utilization of underground storage
provides reservoirs within a relatively close distance to
consumers instead of having to transport the gas for
hundreds or thousands of miles across other states.
Tioga, Potter and Clinton counties contain many of

the underground storage areas in the Upper/Middle
Susquehanna Region as well as the state. The gas is
pumped into depleted natural gas reservoirs from past
operations. Since they originally contained natural gas,
operators have little concern about the gas escaping
because of the presence of natural confining layers
surrounding the reservoir. Pennsylvania contains more

underground storage facilities (49) than any other state
in the U.S.

Natural Gas—Environmental
Concern
As with any resource extraction that occurs, effects to the
environment and corresponding protection strategies are

A common waste product that is associated with the extraction of natural
gas is brine. Brine is a saline solution that accompanies the oil and gas
in the bedrock. As the gas or oil is extracted, various amounts of brine
are also brought to the surface where it is separated from the gas or
oil and stored in large lined pits or storage tanks. If storage areas fail,
surface water and groundwater sources can become contaminated by the
salty, degraded brine solution.
Environmental issues also arise as natural gas wells no longer provide
an economic gain to the owner or client and are abandoned. Plugging
of these abandoned wells is necessary to eliminate any threat to water
supplies and the surrounding environment. Act 78 of 1992, which
amended Pennsylvania’s Oil and Gas Act, helps fund money for “orphan
wells” to be plugged to reduce harmful environmental impact. Wells are
designated as orphan wells if they were abandoned prior to April 18, 1985.

Coal Resources
Both forms of coal, anthracite and bituminous, are common in the Upper/
Middle Susquehanna Region. As shown on the coal fields map on the
previous page, anthracite coal fields exist in the eastern areas of the
region while bituminous coal exists in the west.
Anthracite coal has been mined for over 200 years in Pennsylvania.
The Northern Anthracite Field, stretching from Columbia County
northwestward through Luzerne, Lackawanna, Wayne and Susquehanna
counties has been a large contributor to overall anthracite production.
In the past, manmade canals allowed mined anthracite coal to be
transported out of the region to inland cities via rivers. Railroads
further increased the transportation routes and eventually dominated
transportation within the coal market.

Bituminous coal mining’s history also originates over 200 years ago,
with the first discovery near Pittsburgh. However, large deposits were
soon discovered in Clearfield, Cambria and Centre counties within the
Upper/Middle Susquehanna Region.
A large majority of bituminous coal is mined using the room and pillar
method. This method involves mining large open areas into the coal
seam (rooms) while leaving large columns (pillars) to support the
overburden above.

Coal—Environmental Concerns
Both forms of coal mining can potentially impact local water supplies.
The open pit mines and large piles of mine waste common with anthracite
mining can lead to acid mine drainage (AMD).
AMD is the result of mine spoils and waste rock containing sulfur
minerals being exposed to air and water. A chemical reaction occurs
that releases metal ions into the water which increases the acidity of the
water. The contaminated water then infiltrates fresh water supplies and
creates problems that are difficult to remediate. Some solutions, such as
neutralization with limestone and bioremediation, have alleviated these
symptoms, but the problem still persists.
Mitigating for AMD-contaminated water supplies can be accomplished
by the installation of man-made wetlands. In addition to their natural
water purifying abilities, wetlands can be utilized to reduce the affects
of AMD. Wetlands are commonly used because they tend to retain water
for much longer periods of time than that of other surface waters, like
streams or creeks. AMD wetlands, or passive mine drainage treatment
systems, as they are commonly referred, can be constructed to include
berms and beds that consist of carbonate-based rock that will act as a
buffer and neutralize the acidic water. Also, by increasing the retention
time of the water in the wetland before it is released will allow heavy

metals, such as iron, to precipitate and settle out, further increasing the
quality of the water.
For more information on passive mine drainage treatment, reference
the Sugar Creek Mine Reclamation Project located in the Ohio Region
Geology and Groundwater section.
Room and pillar mining, which also occurs in the region, has the ability
to greatly alter groundwater flow. If mining occurs below the water table,

Development Concerns: Acid
Producing Rock
Nearly identical to acid mine drainage, acid-producing rock results
from exposing rocks containing iron-sulfide minerals to air and water.
Specifically and in most cases, the exposure of the mineral pyrite
to air and water will likely result in acid-producing rock. As the rock
is repeatedly exposed to wet and dry conditions that vary with the
weather, oxidation occurs and ferrous and ferric iron will be created.
This process occurs continuously and vast quantities of these excess
metals will create acidic conditions with a pH commonly ranging from 2
to 4. Some extreme cases have produced values as high as 8 (basic) to 5
(acidic). These reactions will undoubtedly harm local water resources if
remediation is not applied.
The exposure of acid-producing rock is a concern in areas of
development, such as new highways or housing developments, where
the rock is known to exist. Common remediation for acid-producing rock
can include anaerobic wetlands designed to act as a buffer to reduce the
acidity, directing the harmful drainage through a series of carbonatebased rock filters, or installing PVC covers over the rock to eliminate
surface runoff and contamination.
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developed. The same applies with natural gas extraction and the waste
that is produced.
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Geology and Groundwater, continued
the low pressure area created by the mine encourages groundwater to move
downward, away from the surface. Draining of overhead aquifers in this case
is also referred to as “dewatering.” This change in flow can alter surface water
baseflows by decreasing flow rates or eliminating streamflow all together.

Knox Mine Disaster
On January
ary 22,
2, 1959, a devastating
dev
mining accident
mini
a
wrecked Port Griffith,
Lackawanna County, forever changing
the anthracite industry of northeastern
Pennsylvania.

Knox mine disaster (trying to fill breach with railroad cars).
Photo Courtesy of Wyoming County Historical Society.

Owned by the Knox Coal Co., the River
Slope Mine was comprised of various
chambers that were illegally dug under
the Susquehanna River, two of which
extended past the officially designated
“Stop Lines.” Moreover, the chambers
were quarried without the benefit of
boreholes to determine the thickness of
the rock cover (35 feet was considered
the minimum) and without proper
surveying. Miners obeyed company
orders and quarried the two tunnels,
following their coal at a sharp upward
angle toward the riverbed until the rock
cover dwindled to a mere six feet. The
thin “roof” could not withstand the
weight of the Susquehanna River and
collapsed into the chamber below.

Stone arch bridge over Mill Creek
Wilkes-Barre, Luzerne County.
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Railcars were used to plug the whirlpool
formed by the water draining to the
mine. It took nearly three days to
partially plug the mine. Twelve miners
died and were never recovered. One
miner, Amadeo Pancetti, was awarded
the Carnegie Medal for leading 32 of the
69 survivors to safety.

Lehigh Valley—shut down their mines due to permanent water damage.
Approximately 7,500 jobs were lost.

It has been estimated that more than 10 billion gallons of water filled the
mines. The disaster completely ruined much of the anthracite industry in
the region, as the two largest coal companies—the Pennsylvania and the

Responsible for the disaster, the Knox Coal Co. was found to have been involved in
organized crime. Many people involved with the mining company were indicted for
criminal activities and three men served jail time.

Land Use: Past and Present
History of the Upper/Middle Susquehanna Region

S

tudying the change in land use over time can offer insight into the development patterns that may influence the
future landscape of an area.

Pennsylvania’s Forests

W
When
colonists first arrived in the mid-Atlantic, more than 90 percent of
the
t landscape was forested. By the mid-1800s, most of the region’s trees
had
h been cut down to clear land for cities, towns and farms or to provide
lumber.
l
Once dominated by virgin pine hemlock and chestnut forests, the
forests
f
regenerated into current day second-growth mixed deciduous and
evergreen
e
forests.

Left: Transporting logs during the
logging boom. Starucca Viaduct
in background. Photo courtesy of
Susquehanna County Historical Society.
Below: Historical deforestation of
Susquehanna County.
Photo Courtesy of Susquehanna County
Historical Society, Julian Campbell
Collection.

The
T post-colonial changes to the forest were significant. At one time,
the
t predominant tree species in the mid-Atlantic deciduous forest was
the
t American chestnut. Unfortunately, with the accidental introduction
of
o a fungus (Endothia parasitica) to the area in 1904, most American
chestnut
c
fell to this disease. The fungus survives in stumps and saplings
affecting
a
any trees approaching maturity. The great oak-chestnut forests
of
o the mid-Atlantic have been replaced by an oak-hickory mix.

Early Settlement
E
A
Although
the Iroquois claimed ownership of most of Pennsylvania,
ffew Native Americans settled in the Upper Susquehanna Region. The
Tuscarora Native Americans, a branch related to the Iroquois, had
T
emigrated from North Carolina and settled near Lanesboro, and there
e
were some villages in Harmony, Oakland and Great Bend. There were
w
Black bear cub.
also
l some Delaware
D l
Native
N ti American
A
villages in Bradford County and other areas as well. Due to the
pressures of European settlement, in 1742 most of the Delawares, under their chief Tadame, came to the
Wyoming Valley and built a village on the flats below the present site of Wilkes-Barre.
During the Revolutionary War, British troops and their Native American allies entered the region. The famous Battle
of Wyoming took place on July 3, 1778. A much smaller American force met the British and the Native Americans on
the open field of battle. The Americans were severely beaten. On July 4, 1778, British Major John Butler demanded
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Pennsylvania’s water resources are closely tied to its forests. The vast forests of Penn’s Woods provided clean, pure
water not only for Native Americans, but also for the state’s founder, by acting as a natural filter. However, William Penn
might not recognize his property today.
m

Land Use: Past and Present, continued
the surrender of all forts. During the next summer American
forces under the command of General John Sullivan returned
to the Wyoming Valley and the upper Susquehanna River
area and destroyed forty native villages. General Sullivan’s
actions essentially marked the end of the Native American
populations in the upper regions of the Susquehanna River.
The majority of the land within the Upper/Middle
Susquehanna Region was claimed by both Pennsylvania
and Connecticut prior to 1782. Connecticut organized the
Susquehanna Co. and claimed that the Charter from Charles
II of England included this land in 1662. Pennsylvania also
claimed the land under a Charter dating to 1681. They called
the area the Wyoming Valley. The area near present WilkesBarre, was settled by both Pennsylvania and Connecticut
colonists which resulted in the Pennamite-Yankee wars. A
decree issued at Trenton in 1782 decided the matter in favor
of Pennsylvania and opened the land up for settlement. The
western half of this region was opened up for settlement by a
purchase from the Native Americans in 1784.
The Susquehanna River was used to a great extent for
transportation. From the earliest times boats were used
for the transportation of goods and produce up and down
the river, and many of the first settlers traveled to their new
homes by boat. Grain and manufactured goods were sent
downriver in keel-boat. Although steamboat transportation
was tried in 1826 by Peter Karthaus of Clearfield County, his
boat, the Codorus, proved to be impractical during its trip
to Williamsport, ending any substantial investment in steam
transportation on the north Susquehanna River.

Anthracite
The southeastern portion of the Upper/Middle
Susquehanna Region lies in the large crescent-shaped
anthracite coal fields known as the Wyoming and Northern
Coal Fields. During the War of 1812, coal obtained from
Britain was scarce, forcing Americans to find their own
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sources of energy. A number of small anthracite coal
companies were started in Luzerne County at this time to
meet the demand for domestically produced anthracite.
Early transportation in northeastern Pennsylvania
consisted largely of privately owned and maintained
turnpikes. These turnpikes connected towns and
settlements located along the more frequently traveled
routes and were not well suited for the transport of large
quantities of material. In the early 1800s, a canal and
railroad system was developed along the Susquehanna
River to transport large quantities of domestically
produced anthracite.
Anthracite coal from northeastern Pennsylvania first came
from the southern and western middle coal fields via the
Schuylkill Canal, which opened in 1825. The northern coal
field, running through the Wyoming Valley and Luzerne
County, was made more accessible with the opening of the
North Branch Canal, which opened in stages from 1830 to
1834. Most of the anthracite headed south to Baltimore
and Philadelphia on local and regional canals. With the
completion of the North Branch Extension Canal from
Pittston to New York State in 1858, the coal also traveled to
New York State and New England.
Canal near Shickshinny, Luzerne County.
The first railroad in Luzerne County was the Mauch Chunk
Railroad. Built in 1827, it connected the coal mines of
Wilkes-Barre with the Lehigh River. Over the next 50 years at
least 10 more rail lines were constructed in Luzerne County.
In the late 1800s and early 1900s, hundreds of thousands of
immigrants, many from eastern European countries, flocked to
the region to work the anthracite coal mines. This
transformed the Wyoming Valley from an isolated farming
area into a metropolis.
By 1900, a wet process was used to separate coal from
impurities. Coal was put into large metal cylinders in which

Did you know?
Moshannon Creek’s name was translated as “Moose Stream” from a Native
American dialect indicating that it was probably one of the few areas in the state
that moose inhabited before European settlement. Since then, the waterway has
earned the nickname “Red Mo” due to the staining of rocks from acid mine drainage.

The anthracite industry began to decline in the second quarter of the 20th
century largely as a result of the use of bituminous coal from western
Pennsylvania and West Virginia. As the stock market crashed in 1929, the
coal industry struggled and it never fully recovered. By the 1920s consumers
gradually began to switch from coal to oil, gas and electricity. Mine operators
moved on to other enterprises, leaving the area with an unemployment rate in
excess of 12 percent after World War II.
Surface mining increased in the mid-20th century. Surface mines often
disrupted the flow of tributary streams. Many water courses were diverted
around the workings or run through flumes. Abandoned water courses
and flumes would fail and stream flow would enter and infiltrate into the
underground workings.

Lumber
Williamsport, Lycoming County, owes its existence largely to the lumber
industry. Milling began as early as 1792, but the lumber industry quickly grew
to massive proportions. Sawmills and furniture factories were among the

Upper/Middle Susquehanna River Basin Land Use
Forest 77%
Pasture/Grass 10%
Row Crops 6%
Institutional/Industrial/Commercial/Transportation 2%
Residential 2%
Active Mines/Mined Areas <1%
Bare <1%
Wetlands 1%
Water 1%

most prosperous industries. Woodworking factories produced billions of board
feet of lumber and wood products during a logging boom after the Civil War.
The industry was so prosperous that the city once boasted more millionaires
per capita than any other American city. The industry gradually declined in the
1890s when the surrounding hills were finally stripped of saleable lumber and
the logging crews moved west. Today, the entire area is reforested with mostly
second-growth timber, providing scenic beauty and woodland recreational
opportunities.

Early Iron Industry
The Montour Iron Co., located in Danville, was one of many success stories of
the early iron industry in the commonwealth. Established in 1845, Danville’s
location near large fields of anthracite coal, iron ore and limestone gave it an
unparalleled advantage in the iron business. William Hancock, a business man
originally associated with Britain’s iron industry, along with his partners, had
created a process that produced “rolled” iron in the shape of a “T” in mass
quantities. By 1852, it is estimated that nearly 136,500 tons of iron were rolled
in mills that surrounded the Susquehanna River.

Land Use in the Upper/Middle Susquehanna
Region Today
As the pie chart on this page indicates, 77 percent of the region’s land area
consists of forestlands. Deciduous species make up the majority of the forest
types throughout the region and accounts for half of the entire
regional land use.
use Pasture and hay are a substantial
part of the agricultural
a
sector. Developed areas are
concentrated in the southern and southeastern
concentr
portion of the region, sweeping from Scranton/
Wilke
Wilkes-Barre to State College.
The Land Cover Map on the following
page shows the various land uses and
vege
vegetative cover across the Upper/Middle
Susquehanna Region. Definitions for the land
Susq
use categories
cat
used in the Land Cover Map are
as follows:

Did you know?
Surrounded
ounded by
y Bald Eagle
Eagl
Eag State Forest, Sand Bridge State Park, located
in Union County,
C
is the smallest state park in Pennsylvania situated on
o ly
on
y three acres.

Development
D
De
vellopmentt
Only four percent of the land in the Upper/Middle Susquehanna Region is
developed for residential, commercial and industrial use. Developed areas are
categorized by the by the amount of land area covered by impervious surfaces:

 Developed, Open Space – less than 20 percent of the area is covered by
impervious surfaces, mostly vegetation in the form of lawn grasses (e.g.,
golf courses, parks, single-family housing units and vegetation planted in
developed settings for recreation, erosion control or aesthetic purposes)
 Developed, Low Density – 20 to 49 percent of the area is covered by
impervious surfaces (e.g., single-family housing units)
 Developed, Medium Density – 50 to 79 percent of the area is covered by
impervious surfaces (e.g., single-family housing units)
 Developed, High Density – 80 to 100 percent of the area is covered by
impervious surfaces, where people live and work in high numbers (e.g.,
apartment complexes, row houses and commercial/industrial areas)

Forest
A majority of the land in the Upper/Middle Susquehanna Region, 77 percent,
is covered by forests. Forest lands are categorized by the type of trees that
dominate the area:

 Deciduous Forest – greater than 20 percent of the area is dominated by
trees that are taller than 5 meters and shed leaves in the autumn
 Evergreen Forest – greater than 20 percent of the area is dominated by trees
taller than 5 meters and maintain their leaves all year round
 Mixed Forest – greater than 20 percent of the area is dominated by trees
taller than 5 meters but are not dominated by deciduous or
evergreen species
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water was circulated. The centrifugal force of circulating water separated the
coal and culm, or waste. Mining activities, mine drainage, and the wet process
polluted billions of gallons of water on a daily basis across the anthracite
region from the early to mid-20th century.

Land Cover
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Land Use: Past and Present, continued
Other
Less than four percent of the land in the Upper/Middle Susquehanna Region
is covered by barren lands, open water, wetlands, shrub/scrub and grassland/
herbaceous areas. These areas are categorized by the amount of land covered by
vegetation (other than trees) and/or by water:

How Land Use Affects Water Resources
The various uses of land affect water in different ways, some better than others.

Importance of Forested Areas to Water Supplies

Rural farmland in Lycoming County.
Photo courtesy of Lycoming County Visitors Bureau.

Agriculture
A
gricult
i lture
Approximately 16 percent of the land in the Upper/Middle Susquehanna Region is
used for farming. Agricultural lands are categorized by the type of crop that
is cultivated:

 Pasture/Hay – greater than 20 percent of the area is covered by grasses and
legumes planted for livestock grazing or hay production
 Cultivated Crops – greater than 20 percent of the area is covered by annual crops
(e.g., soybeans, vegetables, tobacco, cotton), orchards and vineyards and/or all
land that is actively being tilled

The Upper/Middle Susquehanna Region has more forest cover than any other
Pennsylvania region. The region is comprised of the Central Appalachian Ridge and
Valley region. This mid-Atlantic region supports hardwood forests including pineoak and oak-hickory forests, as well as coniferous forests, including eastern hemlock
(Tsuga canadensis). The region consists of 77 percent forested areas. Deciduous
forest types dominate the landscape, with 50 percent of the total land area. Mixed and
coniferous forests comprise 27 percent of the basin.
Forested areas are critical to the supply and quality of water resources. Tree canopies
and the rich organic matter found in forest floors store, clean and slowly release the
majority of water that replenishes groundwater and maintains streamflow. Remote
areas of forested lands are reserves of clean groundwater, and are often good
locations for municipalities to drill high-yield water wells.
Some forests are particularly effective at delivering water quality benefits. Wooded
buffers along streams trap sediment and transform nutrients and other pollutants
into less harmful forms. For example, properly managed woodlands can remove 90
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 Barren Land (Rock/Sand/Clay) – Areas of accumulated earthen material (e.g.,
bedrock, sand, glacial debris, strip mines, gravel pits) with less than 15 percent
vegetation cover
 Open Water – all areas of open water with less than 25 percent of the area covered
by vegetation or soil
 Wetlands – areas where the soil is periodically saturated or covered with water and
greater than 20 percent of the area is covered with vegetation

Impervious Cover
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Land Use: Past and Present, continued

With regard to drinking water, intact forests within wellhead protection areas
play a vital role in protecting the amount and quality of water reaching public
wells. In developed areas, urban forests are critical to reducing stormwater
runoff from small storms.
Forests also protect local waterways by retaining nitrogen in air deposition. An
oak/hickory forest retains an average of 90 percent of atmospheric deposition,
while a spruce/fir forest retains 78 percent. In general, coniferous forests use
less nitrogen than deciduous forests (a factor more of the soils than the tree
itself). The exception is the Eastern hemlock forest, which is highly efficient
at retaining nitrogen. Forests also sequester, or remove, carbon from the air
helping to reduce the impact of carbon dioxide on global warming.
Some of the most important forests for water resource protection are the most
threatened. Forests are vulnerable to development and other land uses that
can fragment high quality forests and expose woodlands to invasive species.
Parcelization is another threat – more people own forests than ever before but
many own less than 10 acres. As larger tracts of forest land are subdivided,
it is important that woodlot owners be educated about sustainable forest
management practices.
In addition, efforts to protect woodlands can be misguided and serve to
diminish forest health. Under the Municipalities Planning Code, forestry, which
includes timber harvesting, is a permitted use by right in all zoning districts.
Concerns over forest regeneration and wildlife habitat have led to the adoption
of local timber harvesting ordinances that are, in some cases, overly restrictive
in prescribing timber harvesting practices. Local governments can benefit from

knowledge of state regulations protecting against poor timber harvesting
practices and advice from a professional forester when planning and adopting
local ordinances.

Timbering
Within the Upper/Middle Susquehanna Region, eight counties contain forested
land that is part of the Lumber Heritage Region: Potter, Tioga, Lycoming,
Clinton, Centre, Elk, Cameron and Clearfield counties. The Lumber Heritage
Region was created in 2001 as one of 12 Pennsylvania Heritage Areas to
“implement the historic preservation and cultural conservation” of these areas.
Timbering in the region and Pennsylvania has economic benefits as well as
ecological benefits. Economically, Pennsylvania is the nation’s largest producer
of hardwood lumber, producing more than 1 billion board feet per year. The vast
forested area of the Upper/Middle Susquehanna Region contributes largely to
this sum. Ecologically, timbering provides habitat diversity and mimics natural
disturbances that sustain forests.

Upper/Middle
Susquehanna

percent of the nitrates in stormwater runoff given the right soil conditions.

Timbering companies work hand in hand with agencies such as DEP, DCNR,
EPA, U.S. Army Corps of Engineers, and the U.S. Forest Service to protect water
resources. Strict permitting is required for stream crossings, wetland crossings
and timbering near these resources. Timbering companies also are required
to develop extensive erosion and sedimentation control plans for areas they
plan to timber. Through these relationships between timbering companies
and agencies, the timber business continues to thrive while protecting our
invaluable water resources.

Agriculture
Farmers usually rely on groundwater wells or springs to provide drinking water
for both their families and livestock. Because groundwater is buried beneath

Did you know?
Wilkes-Barre is the birthplace of the Planters Peanuts Co.,
which was founded in 1906 by Italian immigrant Amedo Obici
a d pa
an
p rtner Mario Peruzzi.

Wilkes-Barre, Luzerne County
Top: 1939, above: 2005
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Land Use: Past and Present, continued
the earth’s surface, it is sometimes thought that groundwater is
protected from contamination. That is not the case. Activities on
the land surface, including improper agricultural practices, can
harm groundwater quality. Pollution by nitrate (a form of nitrogen),
bacteria and pesticides can cause health problems for human beings
and livestock when these contaminants pollute a water supply.
Animal manure, commercial fertilizers and pesticides can also
pollute surface waters if they are misused or applied in excess
of crop needs. Much of sediment pollution in streams comes
from eroding and unprotected stream banks. Fencing stream
banks and limiting livestock access with crossings promotes the
establishment of a healthy vegetative cover. Forested vegetation
along streams, called riparian forest buffers, helps stabilize stream
banks in reducing erosion and collapse. These buffers can also help
trap soils and pollutants that may otherwise run off of adjacent
fields into the waterways.

Forestland and Farmland Conversion to Developed Land
Only about 9,600 of Pennsylvania’s 58,000 farmers have sales of
$100,000 or more. The cost to produce quality agriculture goods
consumes nearly 85 percent of sales, leaving most farmers with
a net farming income below $19,806, from which a 12.4 percent
self-employment tax must be calculated. For a family of four, this
net income is below the poverty level (based on 2006 figures). As a
result, many farms in the commonwealth have been sold to housing
developers in the past years. This movement is largely due to rising
taxes and land prices, reflecting a high demand for land.
A map showing future population projections in the Upper/Middle
Susquehanna Region is on page 141.
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Many older towns and cities throughout Pennsylvania are currently
losing population as people continue to settle in suburban and rural
housing in areas that were once forest or farmland. During the 1990s,
the total number of acres developed in Pennsylvania increased by 53.6
percent, while Pennsylvania’s population grew by only 3.4 percent.
The aerial photographs on the previous page illustrate the landscape
changes that have occurred in the Upper/Middle Susquehanna
Region over time. Both photographs were taken between Wilkes-Barre
and Laurel Run. The 1939 photograph already shows substantial
development; however the 2005 photograph illustrates the continued
expansion of Wilkes-Barre to the south. Areas that appear to be
either excavated for mining or a potential landfill in 1939 have been
converted for residential, commercial and industrial land use. As well,
I-81 was added to the landscape.
The relationship between development patterns and water
resources is complex. Since Pennsylvania recommends a watershed
approach to managing water resources, it’s critical that the local
decision-making framework consider water resources and land
uses within the entire watershed area when planning for growth
and development.
A watershed approach broadens the geographic planning area
beyond political boundaries and extends it to the hydrological
boundaries of the watershed. Protecting and managing water
resources at the broader watershed scale are likely to require intermunicipal cooperation.
Evaluating the percent of impervious cover in a watershed can
be a useful indicator in planning future growth and development.
Impervious surfaces, which prevent water from flowing through

Average Annual Runoff - Lot Level Comparisons
Density of
Houses/Acre

Impervious
Cover
percent of total area

20%

Total
Runoff
ft3 per year

Runoff per
House
ft3 per year

149,600
18,700 ft3/yr x 8 acres

acres
on 8
8 houses

acres
on 2
8 houses

18,700

38%
49,600

6,200

24,800 ft3/yr x 2 acres

65%

8

houses
on

1

acre

39,600

18,700 ft3/yr x 8 acres

4,950

Research has shown a strong inverse relationship between the percent
impervious cover and water quality and stream health. However, the location
of impervious cover within a watershed is another variable that needs careful
consideration. For example, in an attempt to protect water quality by limiting
impervious cover, many local governments have mistakenly applied impervious
cover thresholds to individual sites within a watershed by adopting low density
zoning districts, thereby encouraging scattered low density development.
Used alone, low density development consumes more land and generates more
stormwater runoff than the same number of homes accommodated under a
higher density scenario in a given watershed. (See illustration on previous
page.) In other words, when measured by the house, higher densities produce
less stormwater runoff.
When runoff is measured by the acre, limiting density does minimize water
quality impacts compared to higher-density scenarios. However, when measured
by the house, higher densities produce less stormwater runoff. (Source:
Protecting Water Resources with Higher-Density Development, EPA, 2006)
Higher density development — more people on less land — can effectively
protect water resources if it occurs within the framework of a more
encompassing watershed strategy that considers other factors, such as the
location of old and new development, preservation of critical natural lands and
the use of site-specific stormwater management practices.

In some situations, low density development can be a tool to preserve
agricultural and forest lands if it too reflects a watershed strategy and includes
such elements as the protection of water supply protection areas, streamside
buffers and floodplains, or critical ecological habitats.
When planning for future growth that will be protective of water resources,
it’s important that local governments use a wide range of land use strategies,
based on a sound understanding of local watershed hydrology, assessment of
undeveloped lands and local housing and infrastructure needs.
For more information on smart growth techniques, EPA’s Protecting Water
Resources with Smart Growth provides an excellent overview of how
communities have minimized the impacts of new development on water
resources through effective planning policies and site-level practices. Visit
www.epa.gov/smartgrowth.

Land Use Planning for Water Resources
Planning for adequate supplies of clean water is just as important as planning
for roads, businesses and schools. In recognition of this fact, the Municipalities
Planning Code (MPC), the enabling state legislation that empowers local
governments to plan and regulate land use, was amended in 2000 to require
the inclusion of a plan for the reliable supply of water in the preparation of local
comprehensive plans.
Nearly 1,200 municipalities have adopted comprehensive plans to guide
future land uses. More importantly, the number of municipalities engaged in
cooperative, multi-municipal planning (permitted under the MPC since 2000)
is growing – 760 municipalities and counties were involved in 207 multimunicipal comprehensive plans in 2005.
Collaborative planning is essential to sound water use planning since water
almost always crosses political boundaries. By planning at a watershed scale,

local government leaders can take advantage of the many land use tools that
are particularly useful in protecting the long term supply and quality of water.
For example, a multi-municipal approach provides for joint zoning ordinances.
Instead of each municipal government providing for every land use, joint
zoning allows neighboring governments an opportunity to integrate land
uses. A joint overlay zone may protect a wellhead protection area that
crosses municipal lines. An agricultural district may make more sense in
one municipality where prime farmland dominates, while higher density
development can be better accommodated in another municipality where the
soils are less productive.
Many more land use planning tools, adopted jointly or individually, are at the
disposal of local government officials who recognize the need to protect water
resource lands and allow for growth and development. Examples include:
 Effective agricultural zoning
 Transfer of development rights
 Conservation easements on agricultural or forested land (purchased
or donated)
 Overlay zones to protect wellhead protection areas, streamside buffers
 Green infrastructure planning
 Conservation subdivision or open space design
 Traditional neighborhood development
 Infill and redevelopment incentives
 Site-level development regulations that reduce impervious cover and
infiltrate and/or treat stormwater runoff
All of these land use planning tools are most effective when applied within the
framework of local watersheds. It is up to municipal governments to integrate
watershed strategies in their comprehensive plans and regulations in order to
protect our water resources.
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them and into the groundwater system, include roads, parking lots, rooftops,
driveways and sidewalks. The Impervious Cover Map on page 168 shows
impervious surfaces based on land use/land cover in the Upper/Middle
Susquehanna Region. Areas of impervious cover are centered around cities
and towns as well as corridors connecting these locations. Developed lands are
more prominent in the southern and southeastern portion of the region, from
the Scranton-Wilkes-Barre area to State College.

Water Supply and Wastewater Treatment
History of Water Supply and Wastewater Treatment in the
Upper/Middle Susquehanna

E

arly development in the Upper/Middle Susquehanna Region occurred in the
Wyoming Valley where agriculture and later coal became big industries. In the late
18th and early 19th centuries, anthracite coal in the region attracted the attention
of entrepreneurs which led to industrial and urban development along the Susquehanna
and Lackawanna rivers. Rapid development of industry and communities in the area led to
degradation of surface and groundwater quality.
During the mid-19th century the city of Scranton was no longer able to use the Lackawanna
River as a drinking source because it was declared unfit for public supply. This was largely
due to untreated wastewater from sewer systems and coal mines discharged into the
Lackawanna River and ultimately into the Susquehanna River. It was during this same time
that water companies formed and developed water supply reservoirs in the region. Several
reservoirs created along the Moosic and West mountain ranges during the 19th century are
still in use today. Although recognition of declining water quality occurred in the 1860s, it
would take almost another century before wastewater improvements were made in the region.
In the 1960s, Pennsylvania’s Sanitary Water Board began ordering the construction of
wastewater treatment plants for communities in the region. During this time, small cities like
Wilkes-Barre were contributing more than 15 million gallons of untreated wastewater a day to
the Susquehanna River.
Meanwhile, mining operations in the region directly discharged wastewater from mines into
the Susquehanna River and its tributaries. In 1961 below the town of Wilkes-Barre, a single
mining company discharged 25 million gallons of wastewater a day into the Susquehanna
River. The result of directly discharging untreated mine wastewater was a 55-mile stretch of
the river littered with dead or dying fish. After events such as this, the commonwealth began
to require mining companies to build wastewater treatment plants to treat mine wastewater.
While mining was large in the anthracite coal region of the Wyoming Valley, bituminous coal
was abundant in the West Branch of the Susquehanna River subbasins. In this bituminous
area similar mining practices led to surface and groundwater quality degradation much like
that of the Wyoming Valley.
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Constructed wetlands receiving reuse water,
Centre County Solid Waste Authority.

Public Water Service Areas
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Water Supply and Wastewater Treatment, continued
The Upper/Middle Susquehanna Region
Today
It was because of past problems that Pennsylvania has worked
hard with industries and communities to restore water quality
in the region. Several communities in the region have together
created sewer or sanitary authorities to maintain and operate
wastewater treatment facilities. For example the Wyoming
Valley Sanitary Authority is composed of 14 municipalities and
provides wastewater treatment in Luzerne County. Today the
Upper/Middle Susquehanna Region has seen many fish and
aquatic life return in healthy numbers to its streams because
of advancement in wastewater treatment.

sources of public water supplies are groundwater, lakes, reservoirs,
rivers and streams. Sparsely populated areas, where the dots are farther
apart, are not included in the public supply service areas, and residents
must find private sources of water, such as residential wells that tap into
groundwater, to meet their water needs.
Wastewater treatment service areas typically mimic those of public
water service areas. Typically, public service areas are highly urbanized
and cannot accommodate on lot private septic systems. Limited
available open space and high concentrations of people nearly always
require public wastewater treatment.

Public Water Resources

The Public
Groundwater
Water Service
Groundwater wells supply drinking water to
Did you know?
Areas Map on
many municipalities and private residents in
Songwriter Stephen Foster, known as the “Father of American
the previous
the region. Large groundwater withdrawals in
Music”
for
penning
songs
like
“Oh!
Susanna,”
“Swanee
River”
and
page depicts
the Upper/Middle Susquehanna Region occur
“Beautiful Dreamer,” wrote several songs about the Susquehanna
population
primarily in the lower western section of the
River including “Tioga Waltz” and “Camptown Races.”
density
basin. In Centre County a large carbonate
throughout
aquifer helps serve the State College area
the Upper/
with drinking water. Mining of calcium
Middle Susquehanna Region in relation to areas served by
limestone in the State College area has reduced sections of the aquifer
public water suppliers. Each dot on the map represents 500
that collect water runoff from the surrounding mountain slopes.
people living in the municipality (2000 Census). The dots are
randomly placed within the municipality boundaries and do
Lakes and Reservoirs
not represent the exact location of people living in a township,
The Upper/Middle Susquehanna Region has many lakes and reservoirs
town or city. As the map shows, densely populated areas,
that provide drinking water, flood control and recreational use. Lakes
represented by dots so close together that they form a solid
throughout the basin are maintained by state agencies like the DCNR,
color block, are generally served by public water supplies.
federal agencies like the ACOE, or the FBC. Lakes such as the 198Scranton, Wilkes-Barre, Bloomsburg, Williamsport and State
acre Lackawanna Lake located in Lackawanna County or the 389-acre
College are population centers that are serviced by public
Rose Valley Lake in Lycoming County are maintained by the DCNR and
supply areas. In addition, Montrose, Bellefonte, Lock Haven
FBC, respectively. The U.S. Army Corps of Engineers maintains several
and Clearfield also have concentrated service areas. The
lakes in the region such as Cowanesque Lake in Tioga County and
Farm pond, Tioga County.

Page 174
Page 6

Upper/Middle Susquehanna

Rivers and Streams
The 18,295 square miles of the Upper/Middle Susquehanna Region contains
many streams and rivers that are utilized for water supply and recreation. For
example, the town of Bloomsburg in Columbia County receives its drinking
water from Fishing Creek. Public water supply intakes can also be found along
the North and West Branch of the Susquehanna River.
The West Branch of the Susquehanna River has many stretches of its
headwaters classified as high quality or exceptional value. As it winds its
way through many deep canyons and rural settings, it retains its high quality.
However, many small tributaries have been negatively affected by abandoned
mine drainage. Just like other areas in the Upper/Middle Susquehanna Region,
water treatment plants are used to provide communities with quality drinking
water and mitigate for the negative effects of contaminants. Thanks to many
federal and state driven efforts and the commitment of many individuals, the
waterway is improving. In recognition of these efforts, the West Branch of the
Susquehanna River was named DCNR’s “River of the Year” for 2005.

Drinking Water
Like all living organisms, humans need water to survive. Whether a person
lives in a single family home in the country or a large metropolitan city, water
supplies support daily life. Public drinking water may be supplied by a publiclyowned or privately-owned company while private drinking water is usually
supplied by an on-site well. In some cases, water supplies require purification
before human consumption. This purification is done to ensure that all harmful
materials are extracted or minimized so not to adversely affect human beings.

they drop to the bottom, which is known as precipitation. Water is then
filtered to remove the precipitate. During the filtering process, the water
passes through layers of sand, gravel and charcoal that removes even smaller
particles. Next, disinfection is accomplished by injecting chlorine or ozone
into the filtered water. Chlorine is the most common form of disinfection
because it has a residual effect, meaning it will remain in the water through
the distribution system. Depending on where the source water to the aquifer
comes from, groundwater resources may also require treatment for removal
of organics and metals. The final aspect of water treatment is distribution in
which the treated water is sent through piping systems to homes, businesses
and industries or to a storage facility for later use.
Scranton, the largest city in the Upper/Middle Susquehanna Region, treats and
purifies an average of 18 million gallons a day but is capable of processing up
to 33 million gallons a day. It is important for urban areas to be flexible and
able to treat large volumes of water to address population changes that can
happen for various reasons. State College, for example, experiences very large,
short-term population changes during football season when the Penn State
Nittany Lions host games in Happy Valley. On average, more than 100,000
visitors attend the home games on a regular basis. These huge influxes of
people could consume large quantities of publicly-supplied water, contrasting a
typical day.
The water treatment facility for the city of Scranton and its surrounding
communities follows the same basic form of treatment of filtering, disinfecting
and distributing clean water. For Scranton and its communities, the clean water
flows through a distribution system to approximately 135,000 residents. Other
urban centers in the Upper/Middle Susquehanna Region like Wilkes-Barre,
Williamsport, State College and Bloomsburg use similar methods of water
treatment.

Public Water Treatment
Water treatment for most urban and suburban centers involves a process
of filtration, disinfection and distribution of purified water. The first process
in filtration, coagulation, involves adding selected chemicals that stick to
particles in the water and make them heavy. As the particles become heavy

Private Well Water Treatment
Rural areas, common in the northern parts of the Upper/Middle Susquehanna
Region, extract water from private wells. Homeowners with private wells have
a variety of options for filtration and water softening systems that remove

mineral particles from well water. The system selected usually depends on the
amount of water a private residence uses per day as well as the most common
types of contaminants necessary to filter from the water source. Fortunately
for most private well users, little treatment is usually needed as a large portion
of groundwater is unaffected by contaminants that typically affect surface
water. Information on home water systems and contaminants can be obtained
from the DEP, EPA, Center for Disease Control or the National Sanitation
Foundation International.

Source Water Protection
Pennsylvania, like all other states in the U.S., is required to ensure that healthy
drinking water is available for its citizens through compliance with the Safe
Drinking Water Act (For more information visit: www.epa.pa.gov.) Other federal
and state laws, including the Water Resources Planning Act which prompted
the creation of this atlas, lay the groundwork for water planning and protection.
(Water laws and regulations are discussed in the Statewide Overview Section
of this atlas.)
Since the Upper/Middle Susquehanna Region supplies several large
communities with drinking water, protecting these resources has become
paramount for the commonwealth. Groundwater, rivers and lakes in the region
face potential contamination from a number of sources, such as development,
agriculture, old septic systems, waste disposal sites and abandoned mines.
Pennsylvania state agencies are working with organizations in the Upper/
Middle Susquehanna Region to help assess the health of surface water
and groundwater, identify point and nonpoint sources of pollution, prevent
contamination, restore degraded waters, preserve pristine waters, increase
public awareness of existing problems and help the public utilize best
management practices.
Although federal and state level agencies are creating new policies, source
water protection must literally begin at the source. Local governments –
counties and municipalities – have the greatest opportunity to influence
the future of Pennsylvania’s water supply. By studying their water sources,
identifying areas of concern or hazards that threaten those sources, developing
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Curwensville Lake in Clearfield County. Lakes and other impoundments can be
regulated and maintained by private entities, as well.

Water Supply and Wastewater Treatment, continued
water protection and conservation regulations, and implementing those regulations, local governments can protect
water supplies for future generations. Many Pennsylvania counties in the Upper/Middle Susquehanna Region are
rising to this challenge.
 Centre County’s Conservation District sponsors annual conferences, tours and workshops for builders, residents
and farmers. Events sponsored by the Centre County Conservation District examine farming best management
practices and sediment and erosion control practices for builders and land developers in the county.
 Lycoming County has adopted a comprehensive plan for use by its municipalities for community development.
The Lycoming County Comprehensive Plan provides guidance on land use, infrastructure, transportation, housing
and community
development, all of
which can affect water
Private Well Water Protection
quality and use.
 Lackawanna County’s
In many cases, a private land owner will also be a private well owner. In these cases,
Conservation District
it is important that the individual pay close attention to the activities that take
provides a four row noplace on his or her land. Although private well owners are not required to test their
till corn planter and a
water, it is important to maintain and inspect their wells to ensure safe drinking
no-till drill for rent. The
water for themselves and their family. Proper land use practices, as mentioned, also
equipment available
protect their source of water because in many situations, they are the only source
for rent is part of
of protection from contaminated water sources. Publications and resources are also
Lackawanna County’s
available from their local extension office for private well owners who need assistance
no-till farming program
in protecting their valuable resource.
which helps to reduce
soil erosion, increase
For more information on private well protection and source water protection, visit the
organic material in the
Pennsylvania State University’s College of Agricultural Science’s Master Well Owner
soil and increase long
Network Web site at http:// mwon.cas.psu.edu/.
term yields.

Importance of Forested Areas to Water Supplies
Forested areas are critical to the water supply. Wetlands, vegetated areas and forests along streams act as natural
filters of soils and pollutants. The importance of these vegetated areas along streams, known as riparian buffers, is
largely overlooked. These areas, along with natural filtration, provide protection from erosion, allow excess water to
be reabsorbed, and provide unique habitat to many plants and animals.
Forests sequester carbon, helping to reduce the amount of carbon dioxide in the atmosphere. The forested areas
that surround many streams and rivers also provide benefits to the waterways. Specifically, hemlocks are common
residents of riparian areas that are beneficial by providing habitat and beneficial shade. Their dense canopies
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Farmland in Lycoming County. Photo courtesy of
Lycoming County Visitors Bureau.

The map on page 179 shows the region’s forested areas.
The Upper/Middle Susquehanna Region supports hardwood
forests including pine-oak and oak-hickory forests, as well as
coniferous (that is, trees that produce cones and have needles
such as pine trees) forests, including Eastern hemlock. This
region is mainly comprised of deciduous (that is, trees with
leaves that fall when autumn arrives) forest type, with 50
percent deciduous and 20.5 percent mixed and coniferous
forest types. As illustrated in the Forested Areas Map, the most
densely forested areas are located in the eastern areas of the
region. These areas benefit tremendously from the forest cover
as it provides protection to surface waters, such as headwaters
to the West Branch of the Susquehanna and source water
protection for groundwater supplies. More information about
the Upper/Middle Susquehanna Region’s forests is provided on
the Land Use pages of this Upper/Middle Susquehanna Region
section of the atlas.

Wastewater Treatment
Long before mankind appeared on the earth, natural
biological processes had already found a means to deal
with waste in streams. Once human beings began to evolve,
they created small communities, towns and cities. As
these population centers grew larger so did the amount of
wastewater being generated by mankind. Natural biological
processes were easily overwhelmed by humankind’s high
outputs of wastewater.
It was not uncommon for older cities to fall victim to outbreaks
of disease caused by pathogenic, viral, bacterial or protozoan

Upper/Middle Susquehanna Region
Public Education Programs
Municipality and community based organizations have
become more involved with increasing public awareness
ess
on Upper/Middle Susquehanna Region
on water issues.
iss
More
information can be found through
thro
the DEP or through
rough the
Water Resource Education Network.
Network
 The Bradford County Conservation
Conservati District assisted
organizations holding workshops and providing
incentives for homeowners to utilize on-lot septic
system management practices. This was done in an
effort to reduce pollution in the Susquehanna River and
ultimately the Chesapeake Bay.
 In Cameron County, Emporium Borough and the
Cameron County Conservation District designed and
distributed brochures and public service announcements
on reducing nonpoint source pollution and
sedimentation in the Sinnemahoning Creek by managing
forested lands.
 Clearfield County’s conservation district partnered
with Clearfield County Senior Environmental Corps
and Curwensville Lake Recreation Area to create a
conservation festival. The festival encouraged outdoor
activities that educated county citizens about protecting
and restoring local surface waters in the West Branch of
the Susquehanna River.
 The Sullivan County Conservation District paired with
PA Rural Water Association to educate students and
local citizens about surface and groundwater protection.
This was accomplished through the use of educational
equipment, brochures and other media.
 Tioga County’s conservation district in cooperation with
several organizations gave water quality test kits to
farmers who attended workshops on water quality. The
workshops instructed farmers about water quality issues
and non-point source pollution.

Jacoby Falls, Lycoming County. Photo courtesy of
Lycoming County Visitors Bureau.

Upper/Middle
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provide shade to streams which regulate stream temperatures
providing an ideal ecosystem for many coldwater inhabitants,
including brook trout. The loss of these hemlocks would be
detrimental to many aquatic species as well as the species that
live in and among the trees.

Did you know?
Bellefonte gets its name from the same natural spring that
supplies the town’s water. The spring was named by the wife of
Charles Maurice de Talleyrand-Perigord, a French diplomat, during
a visit to the area in the 1790s when she described the spring as a
“Quelle belle fontaine,” or beautiful fountain.
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Water Supply and Wastewater Treatment, continued
500 Micron strainers
for pretreatment of
reuse water.

organisms from untreated wastewater contaminating drinking water supplies.
This was exemplified in 19th century London, England’s outbreaks of cholera that
contaminated drinking water supplies and resulted in many deaths. It was because
of harmful outbreaks like that in 19th century London that biologists, scientists and
engineers developed methods for the treatment of wastewater.
When water leaves a private residence or business through a drain or toilet it
travels to a septic tank or wastewater treatment facility. Wastewater treatment
facilities follow a series of processes that screen, aerate and disinfect water before
discharging it back into a stream or river or back into the groundwater supplies.
The treatment process starts by screening any large debris from wastewater. The
screened water is then aerated, which allows for natural biological processes to
decay organic matter. Any solid material left in the tanks is then extracted and
disposed of appropriately. The water is then disinfected, usually with chlorine, to
kill any microorganisms that may be harmful to streams and rivers.

Public Wastewater Treatment
Pennsylvania has learned from history that discharging untreated sewage or
industrial waste into the rivers and streams can have devastating results for its
inhabitants and the natural environment. Just as high volume water purification
facilities are needed to service urban centers and cities, so too are wastewater
treatment facilities needed.
Fourteen municipalities in Luzerne County formed the Wyoming Valley Sanitary
Authority (WVSA) which operates one of the largest wastewater treatment facilities
in the Upper/Middle Susquehanna Region. Currently the WVSA serves about
one-quarter of a million people and treats an average of 25 million gallons of
wastewater per day. The majority of wastewater treatment facilities in the Upper/
Middle Susquehanna Region are along the lower section of the watershed, as is
also the case for public water supply service areas.

Private Wastewater Treatment
Private residences in some suburban and most rural areas of the Upper/Middle
Susquehanna Region commonly use private septic systems. Typical private septic
systems allow for wastewater to flow to an underground tank. Once in the tank,
heavy particles fall to the bottom while water can flow out of the top of a tank and
into a drain field pipe. Once in the drain field pipe the remaining wastewater is
dispersed into a drain field where it slowly permeates down through the soil.
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Sources of Groundwater Contamination
Soil normally filters contaminants out of
surface runoff before it reaches groundwater
reserves. However, sometimes the
contaminant is released directly into the
ground and not enough soil lies between the
source and groundwater to act as an effective
filter. Other times, the contaminants may be
released in such a large amount that the soil
cannot remove all of the contaminants. The
following is a list of common groundwater
contaminants and their sources:
 Bacteria and viruses in untreated sewage
leaking from damaged sewer lines or
ma
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l un
u ct
ctio
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yst
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em

 Toxic materials improperly disposed of down
drains or into landfills
 Gasoline and petroleum products leaking
from storage tanks or improperly disposed
(e.g., dumping used motor oil on the
ground)
 Fertilizers, herbicides and pesticides used
in excess amounts on farms, orchards and
home gardens and lawns
 Acid mine drainage from coal mining
operations
 Radioactive substances (uranium, radium
and radon) naturally found in soil and rocks
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Water Supply and Wastewater Treatment, continued
State Gamelands, Tioga County
Photo courtesy of Hank Webster.

Combined Sewage Overflows
C
Th Upper/Middle
The
U
/Middl Susquehanna
S
h
R
Region
i has
h been
b
faced with many environmental issues that have
compromised water quality in the past. One of the
most prominent sources of impact is the outdated
sewage treatment facilities along the Susquehanna
River. In the past century, 225 combined sewage
overflows have been recorded, unloading into the
river untreated human sewage mixed with stormwater
during heavy rainfall.
Local municipalities have taken strides to replace
outdated sewage treatment facilities to reduce and
eliminate sewage overflow during storm events. Also,
a partnership between state and local teams have
been funded to implement new safety measures,
including water monitoring with GIS instruments. A
real time measurement of the water quality data is
available at the Pennsylvania Geographic Information
System’s Web site: www.pagis.org.

“The Susquehanna is many rivers in one. A ten-day
voyage will take the canoeist through coal country, a
wild canyon, small towns, fertile farmland, the state
capital, hydroelectric dams and finally the coastal
plain and Chesapeake Bay.”
—Tim Palmer, author of “Rivers of
Pennsylvania”

Anderson Creek, Clearfield County. Photo courtesy of Hank Webster.
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Private Septic System Maintenance
A homeowner’s responsibility for maintaining a
private septic system is important for his or herself
as well as the environment and anyone living
nearby. A properly working septic system protects
groundwater resources, the land and soil that the
system operates on, and also preserves the monetary
value of a property.
Proper maintenance of a private septic system starts
with what is flushed through the system. Bathroom
and household products such as paper towels,
dental floss, cigarette butts and feminine hygiene
products can clog and possibly damage the different
components of a septic system. Eliminating such
items from entering the septic system prevents any
damage to the pipes and pumps that carry the waste
to the septic tank.
Regular pumping (generally every three to five years)
of the septic tank helps maintain a properly working
system. The septic tank allows solids (sludge) to settle
out of the wastewater to decompose and allows oil
and grease (scum) to float to the surface. If the tank is
allowed to fill with sludge and scum, clogs may occur
and the wastewater will not properly drain to the drain
field. As mentioned, this is easily avoided if the tank is
pump
pu
ped on a regu
g lar basis.

Once exiting the septic tank, the wastewater enters
a drain field where microbes in the soil remove and
digest harmful bacteria, viruses and nutrients. The
soil is a natural filter for the septic system and is
an equally important step in a properly functioning
private septic system. Drain fields should only be
planted with grass, as tree roots and shrubs may
clog and damage the pipes in the drain field. Also,
eliminate driving or parking vehicles on the drainfield
as this will compact the soil or damage the pipes, tank
and other components to the system. Care should
also be taken not to flood the drainfield with excess
wastewater. Eliminate other drainage systems, such
as sump pumps, rain water or french drains from
discharging to the drain field. Excess water can stop
the treatment process or cause plumbing fixtures to
back up.
By following these simple steps, private homeowners
can maintain a properly working septic system. More
information can be found by contacting the local
health department or visiting the U.S. Environmental
Protection Agency (EPA) at http://cfpub.epa.gov/
owm/septic/index.cfm.

Unfortunately, malfunctioning on-lot septic systems can be a significant source of groundwater pollution in these
rural communities. DEP is continually researching innovative technology that aids in the most effective way to
reduce pollution from private septic systems. For more information on the latest technology, see www.depweb.
state.pa.us under “DEP Programs–Wastewater Information.”

Water-Based Economy

Electricity Generation
The entire Susquehanna River is a major supplier of electricity for the
T
basin. Hydroelectricity plants are common in the Lower Susquehanna River
b
while nuclear and coal-fired steam stations are prominent along the Upper
w
Susquehanna and its major tributary, the West Branch of the
S
Susquehanna River.
S
 The Susquehanna Steam Electric Station is located on the Susquehanna
River, near the town of Berwick. Unit 1 has been operating since 1983 and has
a capacity of 1,135
megawatts while Unit
Did you know?
2 has been operating
since 1985 and has
World’s End State Park hosts a slalom race on
a capacity of 1,140
the Loyalsock Creek every spring that draws
megawatts. In 2005,
crowds and competitors from all over the east.
the Susquehanna
Steam Electric
Station generated
about 18 million megawatt-hours of electricity, accounting for eight percent
of the electricity generated in the commonwealth every year. The plant is
operated by PPL Susquehanna LLC and owned by PPL Inc. and Allegheny
Electric Cooperative Inc.
 The Shawville Electric Generating Station is located on the West Branch of
the Susquehanna River near the town of Clearfield. The coal-fired electricity
generator has a capacity of 572 megawatts. The plant is owned by
Reliant Energy.

Elk Mountain Ski Resort, Uniondale
Susquehanna County.

 The Montour Steam Electric Generation facility is located near the West
Branch of the Susquehanna River, a mile northeast of Washingtonville.
Originally built in the 1970s, the two units of the coal-fired electricity
generator have a combined capacity of 1,525 megawatts. The plant is owned
by PPL Generation LLC.

Agriculture

Fishing, Centre County.

The Upper/Middle
Susquehanna Region
has continually
contributed to
Pennsylvania’s
agricultural foundation.
The region’s vast size
and relatively rural
setting has allowed
agriculture to flourish.
One of the most
important crops for
raising cattle and dairying, hay, is produced in large amounts in the Upper/
Middle Susquehanna Region. Bradford, Susquehanna and Tioga counties
all produce 150,000 tons of hay or more, placing them in the top five of hay
producing counties in the state.
According to the National Agriculture Statistics Service (NASS), Bradford
County ranks number one in Pennsylvania for forage — land used for all hay
and haylage, grass silage and greenchop. The county also contains large herds
of cattle and
calves with nearly
30,000 head of
cattle being raised
in the county.
Tobacco, another
significant crop of
value, is produced
in the region as
well as the state.
Clinton County
produces a large
amount of tobacco
as a cash crop,
ranking third in
the state in value
of sales.

Knoebels Grove Amusement Park,
Elysburg, Northumberland County.
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M

anufacturing, agriculture, electricity generation and recreation are
major business sectors in the entire Susquehanna River Basin. All of
these sectors rely on water—either directly or indirectly—to support
t
their
livelihood.

Water-Based Economy, continued
Hiking Pennsylvania Grand Canyon, Tioga County.
Dairy operations in the Upper/Middle Susquehanna Region also contributes to
the state’s overall production of milk and dairy products. Numerous counties
within the region consistently produce more than 100 million pounds of milk
per year with some counties producing more than 250 million pounds a year!

Manufacturing
The Upper/Middle Susquehanna Region’s heavily forested areas arguably
provide Pennsylvania with perhaps its largest supply of production grade
hardwood timber. The production and manufacturing of export grade
hardwood is one of the state’s most important commodities. Pennsylvania
ranks number one among all other states in the production of export grade
hardwood, consistently generating sales of more than $5 billion annually from
its hardwood industry.
The region’s abundant forests of red
maple, black cherry and oak varieties
make it a prime source for manufacturing
wood products. Furniture and cabinetry
are just two of the many products that are
manufactured within the region. Other
exports of paper and allied products
generate revenue for the region.
Pennsylvania’s laws and regulations help
protect the bountiful water resources
commonly associated with the timbered
areas of the Upper/Middle Susquehanna
Region. These laws allow timbering to
remain successful while preserving our
water resources.

Fisheries and Hatcheries
The decades following the American Revolution saw prosperous shad
harvests in the Upper/Middle Susquehanna Region, limited only by the
availability of salt used in its preservation. Although river herring (alewife
and blueback herring) were also abundant, shad was considered the most
valuable aquatic resource of the region, selling for between three and 20
cents apiece in the early 1800s. Booming shad and herring fisheries declined
with the construction of dams along the river for mills, the canal system and
electricity generation. These dams prevented shad and herring from migrating
upstream to reproduce. In addition, fish species’ health was further degraded
from declining water quality as a result of coal mining in the North and West
Branches of the Susquehanna River and siltation and erosion from timber
operations along the West Branch of the Susquehanna River.

Pennsylvania Wilds
In late 2003, Pennsylvania Governor Ed Rendell launched the Pennsylvania Wilds initiative to encourage the growth
of tourism and boost the economy in northcentral Pennsylvania. This region of the state encompasses 6.5 million
acres, including 5.2 million acres of forestland. The goal of the initiative is to enhance visitor experiences in the Wilds,
while protecting and conserving the treasured natural resources.
Within the Wilds region, there are 27 state parks, the Allegheny National Forest and many game lands. Adventurous
tourists can enjoy a variety of outdoor pursuits, including hiking on the Pine Creek Trail, snowmobiling on designated
trails, cross-country skiing and horseback riding. Others can take in the lush scenery, filled with the largest herd of elk
in the northeast, or view the darkest skies in the east at Cherry Springs State Park.
The majestic beauty of the Pennsylvania Wilds is anticipated to become one of the top travel destinations in the state,
as tourism is the second-leading industry. The initiative is targeted toward outdoor enthusiasts and those who look to
escape urban lifestyles to explore the great outdoors.
Great economic potential spurs the approximately 660,000 residents of the Wilds region. These communities have
struggled to thrive since railroading, oil and other industries have subsided. Bringing tourists to this region will
provide an opportunity to build economic gain with the need for overnight accommodations, guides, eateries and
outfitters. In fact, in 2006 an Intergovernmental Cooperative Agreement was signed, allowing for the Pennsylvania
Wilds planning team to receive state funding. This initiative boosted the region’s potential to grow and capitalize from
the tourism brought in by the Pennsylvania Wilds.
For more information, go to www.pawilds.com
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1,200 feet long,
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he Star
Starrucca Creek nea
near
Lanesboro, Pennsylvania.
In the mid-19th century, the viaduct was constructed
ed to
allow for continuous railways through Pennsylvania. The
Starrucca Creek was considered a particularly difficult area,
with a sudden deep and wide depression in the hills. Julius
W. Adams and James P. Kirkwood were hired to design
the viaduct, and it was constructed by New York and Erie
Railroad. The viaduct was built of locally-quarried ashlar
bluestone with a brick interior and concrete base. Eight
hundred workers were paid about $1 per day, and the bridge
was completed in about a year.
Continually used for more than 150 years, the Starrucca
Viaduct is part of the Norfolk Southern Railway and
operated by Central New York Railway. It is listed in the
National Register of Historic Places and is a Historic Civil
Engineering Landmark.
Starrucca Viaduct, Lanesboro,
Susquehanna County.

Recognizing the threat that a
nonexistent shad industry
would have on Pennsylvania’s
economy, the state has been
making strides to reverse
the effect of the water
obstructions. Small dams
once built to supply water
for mills, industrial needs,
municipal water systems and
recreation as well as road
crossings and stream culverts
have been removed or
reconstructed where possible
to restore the natural flow of
the river and its tributaries.
The hydroelectric dams of
the Lower Susquehanna
have constructed fish
passage facilities to enable
the migration of shad and
other fish species upstream.
More than 450 miles of the
Susquehanna River main
stem, West Branch, and
Juniata River have been
“reopened” to fish migration.
The Pennsylvania Fish and
Boat Commission estimates
that recreational shad fishing
on the river will result in $30
million annually in economic
benefit.
As shad begin to return to the
Upper/Middle Susquehanna
Region, anglers are drawn
to the region for fishing

Winter, Ricketts Glenn State Park.

Fish Hatcheries
The Upper/Middle Susquehanna Region boasts
four of the 15 state fish hatcheries in Pennsylvania.
These centrally located hatcheries are operated by
the Pennsylvania Fish and Boat Commission and
aid in the state’s plan for rural economic growth.
The four hatcheries in the Upper/Middle
Susquehanna Region are located in State College,
Bellefonte, Pleasant Gap and Tylersville. The
facilities include indoor and outdoor raceways,
egg incubators, pools and warming ponds.
Water sources for the hatcheries vary from
private springs, production wells and reservoirs.
Various species of trout including brook, brown,
rainbow and golden rainbow are raised in these
hatcheries along with purebred muskellunge, tiger
muskellunge and walleye. All together, the four
hatcheries provide Pennsylvania with more than
2.2 million fish and boost the state’s economy $261
million annually.
In addition to the fish and revenue, the
hatcheries benefit local rural communities. The
four hatcheries combined provide 64 soughtafter employment positions. Also, two of the
four hatcheries have community centers where
visitors learn more about the hatchery system,
eat at local restaurants and stay in area hotels,
creating economic gain for nearby communities.
All together, the hatcheries are important facilities
for many people, and while funding is sometimes
hard to come by, the commonwealth is working to
increase state financial support.
For more information, visit www.fish.state.pa.us
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Starrucca Viaduct

Water-Based Economy, continued
of other species as well. In order to maintain a thriving
recreational fishing industry, the Pennsylvania Fish and
Boat Commission operates 15 state fish hatcheries used
to stock Pennsylvania waters. There are four hatcheries
in the Upper/Middle Susquehanna Region. The highlight
box on the next page provides more information about
the hatcheries.

Recreational Areas
The Upper/Middle Susquehanna Region contains five of the
20 “Must-See State Parks” designated by the Pennsylvania
Department of Conservation and Natural Resources as
the best examples of significant natural and historic
resources in the commonwealth. Three of these state parks
are popular destinations for kayaking, canoeing, boating,
fishing, swimming and winter activities.
 Within the Upper/Middle Susquehanna Region, both
stems of the Susquehanna River are highly valued
for their recreational benefits. Countless numbers of
individuals recognize the river as a unique and fragile
resource; yearly sojourns down the river promote
awareness and conservation and have been highlighted in
publications all over the country. Canoeists and kayakers
have paddled the river in hopes of spotting different
species of birds and animals that call the river home, with
one of the most prominent being the Bald Eagle. Other
individuals enjoy the river’s bountiful supply of game fish,
such as smallmouth bass, muskellunge and walleye. The
use of flat-bottomed john boats, canoes and even kayaks
allow fishing enthusiasts to pursue their quarry. Along
with fishing, outdoor adventurers can follow the many
hiking trails that parallel the river while bird watching or

Fly Fishing in Lycoming County. Photo courtesy of the
Lycoming County Visitors Bureau.
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simply getting in some exercise.
 Black Moshannon State Park (Centre County) consists
of 3,394 acres of forests and wetlands surrounded by
43,000 acres of Moshannon State Forest. The park is
the site of the Black Moshannon Bog Natural Area,
the largest reconstituted bog/wetland complex in
Pennsylvania. The 250-acre Black Moshannon Lake is
used for swimming, boating and fishing for warm water
species while Black Moshannon Creek supports trout
fishing. Winter activities include ice skating, ice fishing
and ice boating on the lake as well as snowmobiling and
cross-country skiing.
 The 13,050 acres that constitute Ricketts Glen State Park
(Luzerne, Sullivan and Columbia counties) include Glens
Natural Area (a National Natural Landmark), 22 named
waterfalls and the 245-acre Lake Jean. The lake is popular
for swimming, boating and fishing for warm water game
fish, panfish and trout. Winter activities include crosscountry skiing, snowshoeing, ice fishing, snowmobiling
and ice climbing.
 The 780 acres of World’s End State Park (Sullivan
County) offers many water-based recreation activities
along Loyalsock Creek, which carves a valley through the
park. A small dam on the creek creates an impoundment
for swimming. The cold mountain water of Loyalsock
Creek provides good trout fishing for most of the year as
well as white water boating opportunities. Winter sports
in the park include snowmobiling and crosscountry skiing.
For more information on national and state parks, see
DCNR’s “Pennsylvania State Parks” Web site: www.dcnr.
state.pa.us/stateparks/index.aspx and the National Park
Service Web site: www.nps.gov

Mountain biker in Tioga State Forest.
Photo courtesy of Tioga County Visitors Bureau.

Elk Watching

Water trails are recreational corridors suitable for canoes, kayaks
and small motorized watercraft. These trails are comprised of
access points, boat launches, day use sites and in some cases
overnig
ernight camping areas. Each water trail is designated by the
Pennsylvania
Penn
Penns
nia Fish
Fi and Boat Commission as a unique reflection of
the
e state’s
te’s d
diverse
di
e geol
geology, ecology and communities.
The Upper/Middle
iddle
e Susqu
Susquehanna
Sus
na Region
Reg
includes three
water trails:

 West Branch Susquehanna River Water Trail – 240 miles from
Cherry Tree to Sunbury
 North Branch Susquehanna River Water Trail – estimated 166
miles from the New York Border to Sunbury
 Pine Creek– 54 miles from Ansonia to Torbet Canoe Access
For more information on Pennsylvania’s Water Trails, see the
Pennsylvania Fish and Boat Commission’s “Water Trails” Web
site: www.fish.state.pa.us/watertrails

Pine Creek Gorge
An extremely popular tourist destination in the autumn months, the Pine Creek Gorge,
otherwise known as the Pennsylvania Grand Canyon, showcases stunning foliage in an array
of reds, purples and yellows annually. The Pine Creek Gorge is located in Tioga State Forest
and runs about 47 miles south of Wellsboro. The gorge is deepest at Waterville, where the
canyon falls 1,450 feet.
A product of the ice age, the Pine Creek Gorge was carved out by an overflowed Pine Creek
due to glacial meltwater about 20,000 years ago. Since then, the deep channel has served
as a travel route for Native Americans, as well as a variety of animals. White tail deer, beaver,
turkey, black bear, river otter and even the once endangered bald eagle can be spotted in
the gorge.

Now boasting one of the largest herds east of the Mississippi River, Pennsylvania has become a
popular place for elk watching. More than 70,000 people come to various viewing sites around
the region to view the elk. The best time off year to see elk are September and October, the
annual mating period. The greatest numbers of elk are visible earl
early in the morni
morning
g and at dusk.
Many viewing areas, including
in
Winslow
slow Hill in Benezette,
enezette, Elk C
County, are staffed with guides to
make
ake the most of each viewing
ewing experience
xperience.
perience.
While viewing
wing elk in their
thei natural beauty is a wonderful opportunity, there are many safety
precautions
prec
tions
ons to be considered. First, viewing elk from a distance and not petting, feeding or
chasing the elk is highly recommended to provide a natural habitat for the animals. Also, using
chasi
cha
the designated viewing areas is best, as stopping on the roadway, blocking driveways and
entering private property is illegal.
The elk herd has provided many economic opportunities for the local residents. Nearby farmers,
however, have not welcomed the herd as friendly visitors, as the elk have been known to trample
over and eat crops. To protect the elk in Pennsylvania, as well as develop plans to alleviate
agricultural tension and boost tourism, the state’s Department of Conservation and Natural
Resources, the Pennsylvania Game Commission, and various local organizations have partnered
to create the Pennsylvania Elk Watching and Nature Tourism project. Additional goals of the
project are to provide a model for sustainable community development for the counties that
make up the herd’s range.

At the foot of the canyon, the Pine Creek Rail Trail follows Pine Creek for 64 miles from
Ansonia in Tioga County to Jersey Shore in Lycoming County. Once a fully functioning
railroad, the
rail trail now
allows hikers
and bikers to
see waterfalls,
rock formations and other natural sites as they travel
the trail. The last train ran through the gorge in 1988.
While the beautiful fall foliage attracts many visitors,
the Pine Creek Gorge also has a plethora of recreational
activities. Water sports can be enjoyed on Pine Creek
and hiking, cross country skiing and various other
outdoor pursuits can be enjoyed in the canyon.

Pennsylvania Grand Canyon
(Leonard Harris and Colton Point State Parks),
Wellsboro, Tioga County.

Left: General viewing area for the wild elk herd, Benezette, Elk County.
Right: Bull elk growing antlers for fall mating.
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Introduction

The committee members represent a broad range of interests in their region – business and industry,
agriculture, local government and the environment. Each committee has identified and given
consideration to a broad set of water resources issues and concerns specific to their region. The water
resource management goals and objectives of the Lower Susquehanna Regional Water Resource
Committee include:

From its northwestern boundary along the Nittany Mountain range and its eastern extent at the
Schuylkill River south to the Chesapeake Bay, the Lower Susquehanna Region drains nearly 9,215
square miles of land (including 275 square miles in Maryland) and includes all land contained in
the Lower Central Susquehanna, Lower Susquehanna, Upper Juniata and Lower Juniata subbasins.
This region is home to more than 2.5 million people—more than half of the population for the entire
Susquehanna River Watershed. Sunbury in Northumberland County demarcates the boundary
that separates the upper and lower regions. It is here that the West Branch of the Susquehanna
River meets the river’s mainstem, creating the Lower Susquehanna River which flows 103 miles
before emptying into the Chesapeake Bay. One of the more prominent features of this region is the
Appalachian Mountains. Nearly all headwaters originating in these mountains flow into the Juniata
River, eventually reaching the Susquehanna River near Duncannon in Perry County.

 Evaluate water supply and demand
 Protect “at risk” water resources and reduce or prevent point and nonpoint source pollution with a
focus on impaired streams
 Promote more uniformity, communication and interrelationships among water resources
stakeholders for consistency and joint advancement of mutually beneficial initiatives. This includes
planning by regions and watersheds, sharing water resources data, promoting integrated water
resources planning initiatives and planning across disciplines
 Recognize land use interrelationships that affect our water resources and develop strategies to
reduce watershed and ecological impacts
 Promote the protection and conservation of our water resources to ensure a reliable supply of
quality water for meeting human and ecological needs by supporting healthy watershed activities
and initiatives to enhance source water protection and by promoting water conservation practices,
including water recycling and reuse

Pride of the Susquehanna Riverboat.
Photo courtesy of SRBC.
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Md. This river is responsible for providing half of the freshwater received by the Chesapeake Bay. The
Susquehanna River Basin encompasses almost half of the state’s land area—more than any other
river basin in the commonwealth—while Pennsylvania makes up more than three-quarters of the
basin’s total area.

ach of Pennsylvania’s major drainage basins has an array of individual characteristics that
distinguish it from other regions of the state. These include diverse geographic and geologic
features as well as major differences in historical settlement, economic and land use patterns.
To reflect these variations, six regional water resources committees were created by the Water
Resources Planning Act to ensure that individual regional priorities were developed and highlighted
in the plan. The priorities and actions of the Lower Susquehanna Regional Water Resource Committee
are significant and influence not only local streams and rivers, but also the Chesapeake Bay.

The regional committee members will continue to work with DEP and other partners to make
recommendations for attaining these goals.

The Lower Susquehanna Region at a Glance
The Susquehanna River, in its entirety, is the 16th largest river in the United States and is considered
“Pennsylvania’s River” for its importance as a source of drinking water, recreation and hydropower
to millions of people in its watershed. The river starts at Otsego Lake near Cooperstown, N.Y., flows
through Pennsylvania and Maryland, before emptying into the Chesapeake Bay at Havre de Grace,

Lower Susquehanna
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Introduction, continued
Susquehanna River Facts
Possible meanings of “Susquehanna”: muddy current; mile wide, foot deep; the long reach river;
long crooked river; the place of the straight river
Basin Area:
Total – 27,510 square miles
Lower Susquehanna River Region - 9,215 square miles
Headwaters: Otsego Lake, Cooperstown, N.Y.
Mouth: Chesapeake Bay, Havre de Grace, Md.
Susquehanna River Total Length: 444 miles
Lower Susquehanna River in Pennsylvania – 103 miles

Major Tributaries (in Pennsylvania)
Codorus Creek
Conestoga River
Conewago Creek

Conodoguinet Creek
Penns Creek
Pequea Creek

Juniata River
Swatara Creek
Yellow Breeches Creek

Watersheds in the Lower Susquehanna Region
“Watershed” is a generic term used to identify an area of land that drains to a particular
waterbody. Watersheds can vary in size, from the acreage that drains to a brook to a major river.
For purposes of this atlas, watersheds are classified by a nested hierarchy based on landscape
scale. A watershed is the land area that drains into a stream or river (or in some cases, two
streams) and is the smallest in size in the classification hierarchy. Pennsylvania’s original State
Water Plan divided the commonwealth into 104 watersheds, ranging in size from approximately
100 to 1,000 square miles, named for the major streams of the watershed. A subbasin includes
all of the watersheds that drain into a particular reach of a larger watercourse. A basin
encompasses all of the subbasins that drain into a major waterway. In Pennsylvania, there
are six basins—Lake Erie, Genesee, Ohio, Susquehanna, Potomac and Delaware—each with
a different outlet. The Lake Erie Basin empties into Lake Erie, the Genesee Basin contributes
to Lake Ontario, the Ohio Basin drains into the Mississippi River, the Susquehanna Basin
and Potomac Basin empty into the Chesapeake Bay, and the Delaware Basin drains into the
Delaware Bay.

Page 188
Page 4

Lower Susquehanna

A particular tract of land
can belong in multiple
watersheds, depending on
the scale of the landscape.
For example, in Juniata
County, Tuscarora Creek is
a tributary to the Juniata
River, which is a tributary to
the Susquehanna River. The
land that encompasses the
Tuscarora – Buffalo Creeks
Watershed is part of the
Lower Juniata Subbasin,
which, in turn, is part of the
Susquehanna Basin. The
Water Planning Area on
the next page depicts the
21 watersheds found in the
four subbasins of the Lower
Susquehanna Region.

Regional Climate
The Lower Susquehanna
Region has a moderate
climate, lacking long
periods of extreme hot or
Aerial view of Susquehanna River Water Gaps looking
cold weather. A majority of the region has a minimum temperature of 16 to 19 degrees
south from Penn Township, Perry County.
Fahrenheit and a maximum temperature of 82 to 85 degrees Fahrenheit. Average
annual precipitation for most of the region ranges from 38 to 41 inches per year. Normal rainfall
amounts are generally enough to support the vast agricultural lands of the region without
irrigation. Almost half of the region’s annual precipitation falls during storms between May and
September, the primary plant-growing season. The remainder precipitation, including snowmelt,
during the winter months infiltrates the ground and recharges groundwater reserves.
The maps on the following pages show Precipitation, Average Minimum Temperature
and Average Maximum Temperature, averaged from 1971 to 2000, for the Lower
Susquehanna Region.
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Introduction, continued
Scenic Rivers
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Points of Interest in the Region
 State Capitol - Harrisburg, Dauphin County
 The covered bridges of Bedford and Lancaster counties
 Gravity Hill - New Paris, Bedford County
 Bedford Springs Hotel – Bedford Springs, Bedford County
 Leap-the-Dips, the world’s oldest roller coaster, at Lakemont Park Altoona, Blair County
 Hollidaysburg, Home of the Slinky Toy - Blair County
 Raystown Lake - Huntingdon, Huntingdon County
 Burnt Cabins Grist Mill, National Register of Historic Places –
Burnt Cabins, Fulton County
 Penns Cave, America’s only all-water cavern – Centre Hall, Centre County
 Penns Creek, Pennsylvania’s longest limestone stream – Centre,
Union and Snyder counties
 Millersburg Ferry, last remaining ferry system on the Susquehanna River –
Liverpool, Perry County and Millersburg, Dauphin County
 Hersheypark and Hershey’s Chocolate World - Hershey, Dauphin County
 Three Mile Island - Dauphin County
 Appalachian National Scenic Trail - Schuylkill, Lebanon, Dauphin, Perry,
Cumberland, Adams and Franklin counties
 Half-way point of Appalachian Trail at Pine Grove Furnace State Park Cumberland County
 Blue Mountain-Kittatinny Ridge Conservation Project – Franklin, Perry, Cumberland,
Dauphin, Lebanon, Schuylkill and Berks counties
 The Narrows Geologic Formation – Adams County
 York County, The Factory Tour Capital of the World (including tours of HarleyDavidson, Martin’s Potato Chips, Snyder’s of Hanover, and Wolfgang Candy)
 Amish communities - Mifflin, Juniata, Lebanon and Lancaster counties
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 Whitewater rafting on the Octoraro Creek – Lancaster and Chester counties
 Anthracite coal mining, Pioneer Tunnel Coal Mine, and Anthracite Museum –
Northumberland and Schuylkill counties
 Susquehanna River Water Gaps, a National Natural Landmark - encompassing
five ridge-and-river gaps from Liverpool, Perry County south to Route 81
 South Mountain Conservation Project - Franklin, Adams and
Cumberland counties
 Union Canal, oldest existing transportation tunnel in the U.S. –
Lebanon County
 Arch Spring – Blair County

Populations throughout the Region
(2000 Census Estimate)
Lancaster. . . . . . . . . . . . . . . 56,348
Altoona . . . . . . . . . . . . . . . . 49,523
Harrisburg . . . . . . . . . . . . . . 48,950
York . . . . . . . . . . . . . . . . . . . 40,862
Lebanon . . . . . . . . . . . . . . . . 24,461
Carlisle . . . . . . . . . . . . . . . . . 17,970
Hanover . . . . . . . . . . . . . . . . 14,535
Ephrata . . . . . . . . . . . . . . . . 13,213

Sunbury . . . . . . . . . . . . . . . . . . 10,610
Columbia . . . . . . . . . . . . . . . . . 10,311
Lewistown . . . . . . . . . . . . . . . . 8,998
Huntingdon . . . . . . . . . . . . . . . 6,918
Selinsgrove . . . . . . . . . . . . . . . 5,383
Hollidaysburg . . . . . . . . . . . . . 5,368
Bedford . . . . . . . . . . . . . . . . . . . 3,141
Middleburg . . . . . . . . . . . . . . . . 1,382

Population and Future Projections

Extreme Weather Conditions:
Blizzard of 1996
While the blizzard of 1996 was not the greatest snowfall to hit the
midstate, it remains the most memorable for its aftermath.
Snowfall began early Sunday morning, January 7, 1996, despite
predictions that the storm would miss the east coast. Falling at
alarming rates, the snow continued into the next day and the
governor declared a snow emergency. When the snowfall ceased,
22.2 inches had fallen, according to the official measurement at
the Harrisburg International Airport. By Thursday, main roads were
far from ideal conditions, as they were reopened to only one lane.
The commonwealth was hit yet again that Friday with 10.8 inches
of snow. Packed three to four feet above the ground, the snow was
quite a spectacle.
Within weeks, temperatures rose leading to severe flash flooding.
On January 19, 1996, temperatures topped the record high at 56
degrees. Combined with heavy rains, the snow melted leaving many
under water. The ice pack on the Susquehanna and Juniata rivers
broke up and rapidly moved downstream, where it wreaked havoc
along the shores of the state capital. That Saturday afternoon,
the flowing ice swept away two spans of the Walnut Street Bridge,
which had connected City Island to Wormleysburg. An additional
span of the bridge fell later.

The maps on the subsequent pages show populations in the year 2000 and
January 1996 proved to be a record month in Pennsylvania history
population projections for 2000 through 2030 for the Lower Susquehanna
with 38.9 inches of snow and the loss of one of the capital city’s
Region. As illustrated in the Population 2000 Map, the southern half of the
landmark bridges. Today, the bridge remains incomplete.
region is generally more populated than the northern half. Higher populations
are centered around towns and cities such as Altoona, Harrisburg, York and
Lancaster. The communities surrounding these population centers exhibit the
expansion of development that many areas across the state have been experiencing in
recent decades.
In recent decades, populations of urban centers decreased while areas surrounding
these urban areas increased. The Population Projection Map shows continued
population declines in urban areas and declines in the northwestern and northeastern
areas of the region, while the southern half of the region will grow in population.
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Average Minimum Temperature
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Introduction, continued
Yellow Breeches Creek, Cumberland County.
Photo courtesy of Ryan Hale.

Land Cover (Percent of Watershed)
Forest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51.1%
Agriculture (crop/pasture). . . . . . . . . . . . . . . . . . . . . .36.0%
Developed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.4%
Open Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5%
Wetlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .<1%
Barren (rock/sand/clay) . . . . . . . . . . . . . . . . . . . . . . . .<1%

Regional Water Use
The demand for water throughout the region can be
measured in part by compiling and mapping data contained
in the registry of water users maintained by the DEP. All
public water supply agencies and hydropower facilities as
well as anyone withdrawing more than 10,000 gallons of
water per day are to register and report their usage to DEP.
There are no fees associated with registering and reporting.
Although this registry information does not account for all
water demands of the region, it provides useful information
to predict areas of higher and lower demand, as shown by
the Registered Water Withdrawals Map on the next page.
Consumptive water use, as defined by U.S. Geological Survey
(USGS), is “that part of water withdrawn that is evaporated,
transpired, incorporated into products or crops, consumed
by humans or livestock, or otherwise removed from the
immediate water environment.” The amount of water
consumed in a region becomes an important consideration
for resource management during times of drought or water
shortages. On the Registered Water Withdrawals Map, the
pie chart within each subbasin depicts the percentage of
each major sector of water use.

The pie chart to the right provides a breakdown of both
consumptive and non-consumptive water use by sector in
the Lower Susquehanna Region. Approximately 87 percent of
the water used in this region is by utility and thermoelectric
(power-generating) facilities, seven percent is used by public
water suppliers, and the remaining six percent is used each
by agriculture, mining, industry and commercial facilities.
This data is based on information available primarily from
the registrations submitted to DEP in 2003.
In the entire Susquehanna River Region (the upper, middle
and lower regions combined), an estimated 500 million
gallons of water are consumptively used every day. Public
water supplies account for 200 million gallons a day, with
losses from lawn maintenance, washing the car, evaporation
from pools as well as leaks in water lines. Thermoelectric
plants consume approximately 130 million gallons a day. A
coal-fired or nuclear power plant evaporates a half gallon
of water through its cooling tower to create the electricity
needed to burn a 100 watt light bulb for 10 hours. At a
consumption rate of 120 million gallons a day, agricultural
operations are the fastest growing water use sector. In
addition to the growing number
of large animal feedlots, more and
Did you know?
more water is used for irrigation
as farmers try to improve the
American Rivers proclaimed
quality and productivity of
the Susquehanna River the #1
their crops. Industry consumes
Most Endangered River of 2005.
about 30 million gallons a day.
Immediately following the designation,
Hospitals, prisons, institutions
the U.S. Environmental Protection
and golf courses account for a
Agency dropped its proposal to adopt
combined 60 million gallons of
a policy on “blending,” or dumping
water used every day.
partially treated sewage into rivers.

Lower Susquehanna River Basin Water Use

Thermoelectric 87%
Industry 3%
Commercial <1%
Agriculture 1%
Mining 2%
Public Water Supply 7%

Source: PADEP, 2003
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Registered Water Withdrawals
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Population Projection
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Water Resources

T

he focal point of the Lower Susquehanna Region is the Susquehanna
River, which is one of the largest rivers on the east coast of the
United States. In fact, the Susquehanna River is the largest river
lying entirely within the United States that drains into the Atlantic Ocean.
The Susquehanna River flows from north to south beginning with its
headwaters in New York, through Pennsylvania, and discharging into the
Chesapeake Bay in Maryland.

monitor peak stream flow conditions, water levels, discharge and water
temperature are located in the Lower Susquehanna Region. Some gaging
stations, including Sherman Creek at Shermans Dale, Yellow Breeches
Creek near Camp Hill, and Juniata River at Newport also monitor
water quality.

A map showing the larger streams, lakes and wetlands within the Lower
Susquehanna Region is provided on the next page. Streams and rivers can
be classified according to their size based on a hierarchy of its tributaries.
The hierarchy designates headwater streams as a first order stream. When
two first order streams meet, the waterway becomes a second-order stream.
When two second-order streams meet, the waterway becomes a third-order
stream and so on. If a lower-order stream flows into a higher-order stream,
the order designation does not change. For instance, if a first-order stream
meets a second-order stream, the waterway designation remains secondorder. For purposes of making the map readable, only higher order streams
of the Lower Susquehanna Region are shown in the Surface Waters Map.

Lakes are a prominent feature in the Lower Susquehanna Region.
Many lakes along the Susquehanna River and throughout the region
are created by dams; many of which have formed reservoirs for public
water supply such as Mill Run Reservoir and Allegheny Reservoir in Blair
County, DeHart Dam in Dauphin County, and Singers Gap Reservoir in
Mifflin County. Some dams have been created for recreational purposes
such as Pinchot Lake at Gifford Pinchot State Park, Walker Lake in
Snyder County, and Speedwell Forge Lake in Lancaster County.

Streams
The Susquehanna River, Juniata River and Conestoga River are the major
waterbodies in the Lower Susquehanna Region. The major tributaries to the
Susquehanna River in the Lower Susquehanna Region, listed from north to
south are: Penns Creek, Juniata River, Conodoguinet Creek, Yellow Breeches
Creek, Swatara Creek, Conewago Creek, Codorus Creek, Conestoga River
and Pequea Creek. The tributaries to the Juniata River include Little Juniata
River, Frankstown Branch of the Juniata River, Raystown Branch of the
Juniata River and Kishacoquillas Creek.
These surface waters are part of the 21 watersheds in the Lower Central,
Lower Susquehanna, Upper Juniata and Lower Juniata subbasins, which
together make up the Lower Susquehanna Region. The watersheds in
this region are shown on the Water Planning Area Map in the Lower
Susquehanna Region Introduction section of this atlas.
Approximately 42 U.S. Geological Survey (USGS) gaging stations that
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Lakes and Dams

Dams are also an important source of hydroelectric power in this region.
Four hydroelectric dams have been built across the Lower Susquehanna
River, including the Conowingo Dam which is located in Maryland but
is still used by Pennsylvania. Holtwood Dam, the oldest of three major
dams in Lancaster County, produces up to 109 megawatts of power. Safe
Harbor Dam, which is located north of the confluence of the Conestoga
River and Susquehanna River, provides power for the area interconnected
between Pennsylvania, New Jersey and Maryland. In one day, at
maximum output, approximately 10 million kilowatt-hours of electricity
are generated. An average house uses about one-hundredth of that
amount in a year.
The surface water impoundments created by these hydroelectric dams
often provide other uses than just electricity. For instance, the Conowingo
Reservoir, created by the impoundment of the Susquehanna River by the
Conowingo Dam not only provides the means for producing 1.6 billion kilowatthours of electricity annually, but is also used as a drinking water source for
Baltimore and the Chester County Authority, as cooling water for the Peach
Bottom Nuclear Generation Station, and for recreational boating and fishing.
The Water-Based Economy section for the Lower Susquehanna Region has
additional information regarding hydroelectric facilities in this region.

Lake Marburg, York County.
A glance at the Surface Waters Map on the next
page immediately draws the eye to Raystown Lake in
Huntingdon County. The 8,000-acre lake—the largest located entirely in
Pennsylvania—was created by the Army Corps of Engineers when a dam
across the Raystown Branch of the Juniata River was built for flood control,
electricity generation and recreational activities. More information on the
recreational benefits of the Raystown Lake can be found in the Water-Based
Economy section of the Lower Susquehanna Region.

Surface Waters
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Water Resources, continued
Bear Meadows

Wetlands

Bogs and swamps receive all of their moisture
from precipitation and do not have a connection
onnection
to groundwater. Bear Meadows Natural Area,
located on the border of the Lower Susquehanna
Susquehann
Susquehan
Region and Upper Susquehanna Region, is home
to the largest freshwater bog in the eastern United
States. Bear Meadows is a National Natural
Landmark that encompasses 890 acres of land, of
which 360 acres is a bog.

Wetlands are areas where water covers the soil or remains at or near the surface for
an extended period of the year. These habitats provide a hydrologic link between land
and water resources (either surface water, groundwater or both). Wetland types differ
according to characteristics such as
topography, climate, hydrology, water
Susquehanna River Basin Commission
chemistry and vegetation.

Stream Releaf Program
DEP initiated the Stream Releaf Program in 1996
to restore streams and riparian areas in order
to reduce and prevent stream bank erosion and
sedimentation. The Stream Releaf Program has
helped to create riparian buffers (vegetated
areas along stream banks) along Shavers Creek
in Huntingdon County, Penns Creek in Snyder
County, and Buck Run in Mifflin County. These are
just a few of the more than 1,300 projects found in
the Stream Releaf database for this region. More
than 500 of the stream bank stabilization projects
have restored Lancaster County streams.

For more information on this program, see
“Stream Releaf” under “DEP Programs” at
www.depweb.state.pa.us.
For more information on wild trout streams in
Pennsylvania, visit the Pennsylvania Fish and Boat
Commission’s Web site at www.fish.state.pa.us/.
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The U.S. Fish and Wildlife Service
provides information on the
nation’s wetlands and deepwater
habitats—including location, type
and status—through the National
Wetlands Inventory (NWI). There are
two general categories of wetlands:
coastal (including estuaries) and
inland (including rivers, lakes and
riparian areas). The NWI classifies
inland waters according to the
amount and type of vegetation
present:
 Open water (rivers and lakes)
 Emergent/herbaceous (marshes,
wet meadows and fens)
 Scrub-shrub (swamps and bogs)
 Forested (swamps and bogs)

ability to remove sediment from surface runoff. The vegetation plays a large role in
reducing sediment as the sediment particles are captured and slowly removed as the
water progresses through the wetland. These traits of wetlands have led some scientists
to describe wetlands as “nature’s kidneys.”

The Susquehanna River Basin Commission (SRBC) is a federal interstate commission
that coordinates the water resources of the Susquehanna River. Created in 1970, the
commission is administered by representatives from New York, Pennsylvania and
Maryland appointed by or represented by the state governors. Also, the President of the
United States appoints a commissioner to represent the federal government. The four
commissioners meet periodically to act on issues pertaining to the Susquehanna River
Basin. Together, they vote to impose regulations, promote communication between
members, work to resolve water resource issues within the basin and provide coordinated
management for the waters of the Susquehanna River.
A larger staff comprised of technical, administrative and clerical personnel work day to
day to perform the operations of the commission. The commission staff develops and
implements the programs as directed by the commissioners in a Comprehensive Plan.
Six major areas of the Comprehensive Plan outlining goals of the SRBC are floodplain
management and protection, sustainable use of surface water and groundwater,
protection and restoration wetlands and aquatic habitats, improving water quality, and
ensuring future available flow of the Chesapeake Bay.

As illustrated in the Lower Susquehanna
Region Surface Waters Map, the southern
and eastern portions of the region have
a high concentration of wetlands. These
wetlands, as described, provide a natural
defense against harmful contaminants
in water supplies. Precaution should be
taken to eliminate the destruction of
these wetland areas. Allowing them to
remain will protect our water sources
and provide habitat for many plants and
animals.

Special Protection Waters
Certain water bodies are designated
special protection to prevent activities
that could degrade water quality and
therefore prevent these waters from
meeting their uses. These special
designations include federal or state
Scenic/Recreational Rivers, High Quality
and Exceptional Value Waters, and Class A
Wild Trout Waters.

Wetlands provide unique habitat to many
Scenic Rivers
For more discussion about SRBC and its goals, see the “Pennsylvania
sspecies of plants and animals and also
Scenic rivers in Pennsylvania are designated for their
Regulations, Laws, and Public Policy” in the Statewide Overview section
sserve as natural filters to surface and
exceptional aesthetic, pastoral or recreational value
of thi
thiss at
atla
lass or vis
visit
it,, SR
SRBC
BC’ss Web
Web sit
site
e at www
www.s
.srb
rbc.
c.ne
net.
t.
groundwater supplies. Many wetlands in
g
and must be maintained for these values. There are
tthe region have the ability to eliminate
five scenic rivers, totaling more than 60 miles, in the
ccontaminants such as nitrates and phosphorus as water flows through the wetland. The
Lower Susquehanna Region. More detailed information about this program is included
in the Statewide section of this atlas.
vvegetation present in the wetland utilizes the excess waste, eliminating it from the water
and reducing negative impacts to the environment. Wetlands also have the excellent
a
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Water Resources, continued
HQ and EV Waters
There are two types of special protection waters
classifications according to guidelines listed in
Pennsylvania Code Title 25, Chapter 93 Water Quality
Standards: High Quality (HQ) and Exceptional Value (EV).
The Special Protection Waters Map on the next page shows
the HQ and EV waters in the region.
 HQ waters are designated as such based on the water
chemistry and the presence of a high quality aquatic
community. Approximately 131 streams or stream
sections are designated as HQ in this region. A majority
of these HQ waters are found in the northwestern part of
the region.
 EV waters are designated based on water quality and
are waters of substantial recreational or ecological

Did you know?
“Th S
“The
Susquehanna
h
iis many rivers in one. A ten-day
voyage will take the canoeist through coal country, a
wild canyon, small towns, fertile farmland, the state
capital, hydroelectric dams and finally the coastal
plain and Chesapeake Bay.”
—Tim Palmer, author of Rivers off Pennsyylvania

significance. There are approximately 24 streams
or stream sections designated as EV in the Lower
Susquehanna Region. Many waters are designated as EV
based on the fact that they are classified as Class A Wild
Trout Waters.
The classification of EV or HQ to a stream requires that new
or expanded earth-disturbance does not degrade existing
water quality. It is important to know that this does not
mean that development will stop, but proposed projects
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Codorus Creek Restoration

will undergo a more detailed permit review by DEP and may
result in meeting more stringent requirements to protect
water quality.

Wild Trout Waters
Approximately 50 waters in the Lower Susquehanna Region
are designated by the PA Fish and Boat Commission
as Class A Wild Trout Waters. These waters support a
population of naturally-produced trout of sufficient size
and abundance to support a long-term and rewarding sport
fishery. These streams are not stocked but are supported in
full by the spawning of the wild trout populations, further
illustrating their outstanding quality and protection they
receive. Class A Wild Trout Waters include wild brook trout
fisheries, wild brown trout fisheries, mixed wild brook/
brown trout fisheries and wild rainbow trout fisheries. More
than half of the
Class A Wild Trout
Waters are classified
as brown trout
fisheries. The only
wild rainbow trout
fishery in the entire
state is Trindle
Spring Run, located
near Mechanicsburg,
Cumberland County.

Impaired Waters
Stream health assessments are complex and time
consuming efforts put forth by many individuals.
Assessments can include individual studies on the living
organisms and habitat within and around the stream,
studies on water chemistry and measurement of physical
characteristics. There are also simple visual indicators
one can look for to determine a stream’s general health.
Impaired streams may have eroded or undercut banks, low
water clarity, foul odors, large amounts of algae or have
deep deposition of sediments that cover larger rocks on
the bottom of the stream. All these results help determine
overall stream health. Restoring impaired streams requires
plenty of time and effort combined with the most recent
water quality evaluations available.

The Special
Protection Waters
Map on the next
page shows the
location of Class A
Wild Trout Waters
in the Lower
Susquehanna
Region.

Located in the Piedmont region in York County, the
Codorus Creek Watershed faces many pollution issues
and impairments.
impairments While the Codorus Creek is a signifi
significant
cant
source
e of water for York County
y residents, it is also know
known
kno
to contribute suspended sediment and nutrient loading
to the Chesapeake Bay. Impairments of the creek include
loss of riparian vegetation, stream bank erosion along with
unsatisfactory water quality issues, leading to concerns for
not only local residents who rely on the creek for a water
source, but also for the entire ecosystem.
While the watershed has been historically used for
agriculture activities, some traditional farming practices
are a contributing factor to stream impairment. Though
better farming practices have been put into practice,
stream channels are still impacted by eroding banks.
Increasing development adds to the prevalence of
stormwater drainage into the creek. Excess stormwater
runoff results in sediment and nutrient contamination, due
to increased bank erosion.
The impairments came to the attention of the state
government, and restoration efforts were initiated.
Pennsylvania’s Department of Environmental Protection
(DEP) developed TMDLs for phosphorus and sediment
and the York County Conservation District prepared a
Watershed Implementation Plan. DEP then invested 2.5
million dollars of Growing Greener and U.S. Environmental
Protection Agency (EPA) 319 Program funds toward the
restoration of Codorus Creek. The York Chapter 67 of the
Izaak Walton League of America sponsored restoration
projects on the East Branch and South Branch of the
Codorus Creek. Chapter members performed various tasks
to improve the creek including installing bank grading,
backfilling channel cut-offs, installing in-stream structures,
moving pasture fencing to create additional stream buffer
and riparian planting.
Currently, the Army Corps of Engineers are reviewing
reports of restoration activities along Codorus Creek
to evaluate the allocation of funds and determine a
project implementation plan. The plan is thought to have
significant long-term, direct and beneficial impacts to the
water environment of the Codorus Creek Watershed.

Trout fishing on the Little Juniata River.
Photo courtesy of Shawn Rummel.
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Water Resources, continued
The Pennsylvania Department of Environmental Protection water to the quality that meets its designated use. DEP
(DEP), under Section 303(d) of the federal Clean Water
and the United States Environmental Protection Agency
Act, implements a program that assesses the water
(EPA) work in conjunction with other organizations, such
quality of state waters and identifies waterbodies that
as Pennsylvania State University and the Susquehanna
do not meet the standards for
River Basin Commission (SRBC), to
their designated uses. These
develop a Total Maximum Daily Load
designated uses—including
(TMDL) for each impaired waterbody.
aquatic life, recreation
A TMDL defines the allowable pollutant
and drinking water—are
loads a waterbody can receive from
characterized by the in-stream
point and nonpoint sources and still be
levels of parameters (e.g.,
able to maintain its designated water
dissolved oxygen, pH, metals,
quality standards.
siltation, etc). If a waterbody
does not meet the standards
The “Impaired Waters Map” shows
for its designated use, it is
the location of impaired streams and
identified as “impaired” on
waterbodies in the Lower Susquehanna
the Pennsylvania Integrated
Region. A majority of these streams are
Water Quality Monitoring and
concentrated in the agricultural areas
Assessment Report. This report
of the region.
also identifies the cause of the
impairment, which may be one
or more point sources (like
Efforts to Address
Impairment
industrial or sewage discharges)
or non-point sources (like
Mifflin County stream restoration,
abandoned mine discharge or
Many impaired waters exist within
before and after. Photos courtesy of
agricultural runoff).
the Lower Susquehanna Region. DEP
Mifflin County Conservation District.
supports local watershed groups,
Once impaired waters and
conservation districts and municipalities
their reasons for impairment are established, the state
in developing Watershed Implementation Plans, which
determines what conditions are necessary to return the
identify pollution sources in these areas and recommend
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best management practices (BMPs) for cleaning them up.
These plans are submitted to the EPA to provide a “road
map” for future stream restoration efforts and funding.
Currently within the Lower Susquehanna Region, nine
Watershed Implementation Plans have been completed
for Bear Creek Watershed, Broad Top Township, Codorus
Creek Watershed, Conewago Creek Watershed, Conowingo
Creek Watershed, Mill Creek Watershed, Shoup Run
Watershed, Upper Kishacoquillas Creek Watershed and
Upper Swatara Creek Watershed while two others are
under way. Specific examples of watershed cleanup
projects in the Lower Susquehanna Region include:

Conodoguinet Creek Watershed
The Conodoguinet Creek Watershed is a large tributary
system that drains two-thirds of Cumberland County and
the upper third of Franklin County. A study conducted in
1998 listed 123 miles of impaired tributary streams within
the watershed.
Impairments to the watershed were identified as
contributions by both point and nonpoint sources.
Nonpoint sources of impairment include agriculture,
waste leachate, habitat modification, construction
and urban runoff. Point sources of impairment include
facilities such as sewage plants or industrial sites that
discharge into the watershed.
TMDLs for phosphorus and sediment were developed
for 18 tributary watersheds of the Conodoguinet

Creek Watershed. Through planning and funding, best
management practices (BMPs) are being installed effect
according to the needs of each watershed area. Officials
believe that these BMPs, especially those directed towards
agricultural practices, will lower pollutant loads and
improve the watershed over time.

Conewago Creek, Conowingo Creek and Mill Creek
Agriculture is the dominant land use and, with stream
bank erosion, the primary contributor to impairment in
these three Lancaster County watersheds. First listed as
impaired in 1996, each of these watersheds has seen the
development of one or more TMDLs and the completion of
a Watershed Implementation Plan.
TMDLs were created for phosphorus and sediment loading
using a reference watershed approach. A reference
watershed is typically unimpaired and has physical
characteristics similar to the watershed being studied.
They are used to help guide decision-making in setting
limits for individual pollutants in the TMDLs.
Active watershed groups were formed in these areas even
before the completion of Watershed Implementation
Plans, with education and organizational support from
the Lancaster County Conservation District. BMPs such
as stream bank fencing, riparian buffers, cattle crossings
and stream bank stabilization are being put into place
using funds acquired from federal, state and non-profit
organizations, and follow-up monitoring is being conducted.

Southern side of Rockville Bridge crossing the Susquehanna River.
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Since 1985, Pennsylvania has been
actively engaged in helping to save
the Chesapeake Bay. More than half
of our commonwealth is within the
Chesapeake Bay Watershed, and
the Susquehanna River-the Bay's
largest tributary-provides roughly
half of the Bay's freshwater flow.
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The Chesapeake Bay Basin is made up of thousands of miles of
rivers and streams that supply freshwater to the Chesapeake.

Buffalo

Local Flooding Occurrence: Tropical Storm Agnes
With many tributaries to the Susquehanna River, the region is
prone to flash floods during heavy periods of rainfall. Some of the
most costly flooding occurred in the Lower Susquehanna Region
when Tropical Storm Agnes (downgraded from a hurricane)
devastated the region in 1972, dumping 15 inches of rain in parts of
the watershed.
Tropical Storm Agnes started as a category one storm in the Gulf of
Mexico and had been downgraded to a tropical depression when it
hit the northeast. The destruction caused by Agnes in Pennsylvania
alone resulted in $2.3 billion in damage. In the state capital,
Harrisburg, where peak flows on the Susquehanna River were more
than 7.5 million gallons per second, the entire first floor of

the Governor’s mansion was flooded as well as most of the capital
region. To date, Tropical Storm Agnes is Pennsylvania’s most costly
natural disaster.
In the aftermath of Agnes’ devastation, flood control and
stormwater strategies were instituted throughout Pennsylvania
to reduce and control flooding. Flood hazards are also being
addressed in Hazard Mitigation Plans that are being prepared
by each county in the state. Also, the Pennsylvania Emergency
Management Agency (PEMA) uses the Federal Emergency
Management Agency’s (FEMA) hazard identification tool, HAZUS,
to assist counties and local communities in assessing flood risks
and preparing mitigation plans.

Susquehanna River Water Gap through Second
Mountain, between Perry and Dauphin Counties.

Did you know?
St t hi 3,820
Stretching
8 feet,
f t the
th Rockville Bridge over the
Susquehanna River (north of Harrisburg, Dauphin
County) is the longest multi-track stone arch railroad
b idge
br
g in the world.
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Stormwater and Flooding
Front Street in Harrisburg
along the Susquehanna
River during Hurricane Ivan
Flooding, 2004.
Photo courtesy of Tim Devine.

Stormwater as a Resource

S

tormwater runoff and flooding are natural events that have helped shape our
watersheds and rivers. Human activities on the landscape routinely alter natural
drainage patterns. Because of this, stormwater runoff is now being examined
as to its effects on water quality, stream morphology, baseflows and recharge. If not
managed, these changes may increase localized flooding, stream bank erosion and loss of
groundwater recharge. In addition to its physical impact on the environment, stormwater
may carry a variety of pollutants.
By managing stormwater runoff as a resource rather than as a waste, a host of
opportunities are available to protect the environment and complement water resource
management. Since clean and abundant water is a vital resource, effective stormwater
management provides for the protection and maintenance of the commonwealth’s
essential water resources. Stormwater management affects and involves all of the
possible avenues precipitation might follow after falling to the ground: runoff from
the surface of the land; groundwater by infiltrating (or soaking) into the ground;
evapotranspiration by evaporating directly into the atmosphere or by transpiring through
plant processes and then evaporating; or stored water for various uses.
Human activities that result in land development or changes in land cover, or land use,
often dramatically affect the quantity and quality of stormwater runoff from the land
surface. These changes can produce potentially harmful impacts on water resources,
such as increases in damages from flooding; diminished stream flows and groundwater
recharge; degradation of streams and stream channels from scour, erosion or deposition;
and deterioration of water quality from pollution. These effects can be minimized,
or avoided, through the careful preparation and implementation of comprehensive
stormwater management plans and other planning or regulatory efforts.

Problems Associated with Stormwater
Stormwater can have a detrimental effect on the agricultural lands,
developed areas and the water quality of streams and rivers that flow

More information can be gathered by visiting the PEMA Web site at
http://www.pema.state.pa.us. In more recent years, Pennsylvania
has examined impacts of stormwater on watersheds and found that
flooding
g is not the only
y problem with stormwater.
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Upper Yellow Breeches Watershed Plan
Stormwater management plans vary across the
commonwealth because each county is responsible
for the creation of their own plan within the
guidelines set by Act 167. Stormwater management
plans like that of Cumberland County’s Upper Yellow
Breeches and Cedar Run watersheds focus on a
variety of problems. The Upper Yellow Breeches
Watershed is not highly developed but possesses
potential for growth. It is because of this potential
t at Cumberland County
th
y has develop
ped a stormwater

management plan for the six municipalities that are
located in the Upper Yellow Breeches Watershed.
In the Upper Yellow Breeches Watershed more
than half of the 40,000-plus acres of land are
forested while the remaining land is mostly used
for agriculture with some residential development.
Cumberland County has set an objective to
capture and treat 90 percent of the average annual
stormwater runoff in this portion of the Yellow

Breeches Watershed. In order to accomplish this
objective, the county has determined that postdevelopment peak stormwater runoff will not exceed
pre-development levels.
Cumberland County also developed a plan for the
Cedar Run Watershed located within the Yellow
Breeches Watershed. In both cases the county
recommends that any new development follow the
Pennsylvania Stormwater BMP Manual.

through the 9,000-plus square miles of land that make up the Lower
Susquehanna Region.

Agricultural Runoff Best Management
Practice: No Till Farming

Flooding

A farming
fa
practice introduced
roduced in the 1980s
1
is growing in popularity with environmentally savvy farmers. Notill farming
g cuts down
down
n on th
the amount of fertilizer and soil washed away in rainstorms and also reduces carbon
dioxide
dioxid
e released
eased iinto the atmosphere by eliminating the entire plowing system, commonly used by farmers.

Flooding is a localized temporary condition of partial or complete
inundation of normally dry land from the overflow of streams or
rivers. This potentially hazardous condition is generally the result of
excessive precipitation. Generally, floods can be classified into two
categories: flash floods, the product of heavy localized precipitation in
a short time period over a given location; and general floods, caused
by precipitation over a longer time period over the river basin.

The severity of a flooding event is determined by a combination of
river basin terrain, local thunderstorm movement, past soil moisture
conditions and the degree of vegetative clearing. Abnormal weather
patterns may also contribute to flooding of a local area.

However, tilling exposes topsoil making it susceptible to the effects of stormwater erosion. Over time, plowed
fields lose measurable amounts of topsoil. In addition to the soil itself, fertilizers and pesticides are carried
by stormwater to nearby creeks and streams, polluting those streams and adding to the pollution of larger
waterways downstream. Especially in the Lower Susquehanna Region, water pollution in area streams leading
to the Chesapeake Bay has proven to be a huge problem.
Instituting no-till farming is a simple solution to potential environmental challenges. No-till farming does
not use plows, and seeds are instead planted in undisturbed soil. The carbon-containing organic matter that
provides nutrients to plants stays in the topsoil where it slowly decays, fertilizing the crops and protecting
the soil from erosion. No-till farm equipment creates slots where seeds are planted, disturbing less than 30
percent of the total soil surface.

Examples of erosion caused by stormwater.
Photos courtesy of Kelly Hildebracht.

Among many no-till practitioners, some Lancaster County Mennonite farmers have accepted the benefits
of no-till farming and have instituted the practice in their own fields. Along with the environmental benefits,
local farmers have reported the benefits of the retained, rather than eroding, soil. These farmers have noticed
a significant increase in their harvest, yielding higher profits. Fuel and fertilizer costs associated with plowing
practices are reduced with no-till farming, also making the crop more profitable.
Overall, no-till farming is one of the top cost effective best management practices that help to improve
environmental conditions. With government support, more farms can institute the practice to not only help
reduce water pollution, but increase personal gain from potentially larger harvests.

Agricultural Runoff
The second major cause of water quality degradation and impairment
in the Lower Susquehanna Region is stormwater runoff from
agricultural lands. As stormwater flows over agricultural lands,
it can wash away excess nutrients like nitrogen and phosphorous
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Flash floods can occur within a few minutes or several hours of heavy
amounts of rainfall, rapid snow melt or from a sudden release of
water held back by an ice jam. Flash floods can damage buildings
and bridges, uproot trees and scour new drainage channels. Although
flash flooding often occurs along small rural streams, it is also
common in urban areas where much of the ground is covered by
impervious surfaces. The impervious surfaces created by roads and
buildings generate greater amounts of runoff than would typically
occur over vegetated areas. As land is converted from fields and
woodlands to impervious surfaces, it loses its ability to absorb
rainfall. Urbanization greatly increases the quantity and velocity of
runoff over what would occur naturally on vegetated and forested
terrain. Fixed drainage channels in urban areas may be unable to
contain the runoff that is generated by relatively small, but intense,
rainfall events.

Traditionally farmers solely used plowing to ready the fields for planting crops. Plowing, or tilling, turns over
the top layer of soil. This practice eliminates most weeds and allows for fertilizers and pesticides to penetrate
the ground. Also, plowing helps to rid fields of decayed crops and other organic matter.

Stormwater and Flooding, continued
which come from farming practices. Soils from plowed fields and unstable stream banks,
sometimes exposed in part by grazing animals, can also be washed away with stormwater
runoff. Excess nutrients and sediments in this watershed not only impair Pennsylvania’s
waters but also the Chesapeake Bay.

Urban and Suburban Runoff
As the Lower Susquehanna Region witnesses an expansion of development in the
southern half of the region, stormwater runoff in the region is being scrutinized
along with its effects on water quality. Stormwater runoff from developed areas in
Pennsylvania is the third leading cause of stream impairment. Pollution in the Lower
Susquehanna Region can result from urban and suburban development and impervious
surface (surfaces that water cannot drain through such as concrete pavement, asphalt
and roofing materials) expansion resulting in potential runoff of petroleum products,
nutrients, etc.

exposed building sites during construction also contribute to the excess sedimentation
of streams.
Stormwater can cause sewer overflows in older towns that channel stormwater runoff to
wastewater treatment facilities or worse yet, combined stormwater and wastewater can
overflow into surface waters. Stormwater also destabilizes stream banks, disperses litter,
distributes unnaturally warm water from developed surfaces into streams and reduces
groundwater recharge.

Karst Areas
Karst environments typically occur in areas where carbonate (limestone and dolomite)
bedrock dominates the subsurface features. Natural breaks and fractures occur in
carbonate bedrock which allows precipitation to infiltrate quite easily.

In the Lower Susquehanna Region, Adams, Cumberland, Dauphin, Lancaster, Lebanon,
Perry and York counties combined are predicted to see population growth of 280,000
people in the next 15 years. These population changes can result in development and
an increase in impervious surfaces. As impervious surfaces increase so can the amount
of pollutant-carrying stormwater from new developed areas. Soils washed away from

Ephrata Performing Arts Center,
Lancaster County
In the Lower Susquehanna Region, stormwater runoff has been shown
as a leading cause in pollution of area waters. Studies across the
region are being done to test Best Management Practices (BMPs) that
are anticipated to resolve environmental issues. In this case study, a
porous parking area was added to an existing parking lot at the Ephrata
Performing Arts Center which includes the Ephrata Playhouse, American
Legion and other miscellaneous buildings. The project was proposed to
accompany the expansion and remodeling of the playhouse to support
additional use.
The new porous parking lot consists of two rows on each end of the
existing lot, totaling 9,200 square feet of new parking area and 40 new
parking spots. Vegetated swales were included in the design to promote
additional infiltration of stormwater runoff conveyed by the parking area.
The site is located within the Cocalico Creek Watershed and is underlain
by dolomite and sandstone. Percolation tests revealed that infiltration
rates were a half-inch per hour or greater in the underlying soils.

Lake in Perry County.
Photo courtesy of Lori Mohr.
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The porous parking lot is underlain by a stone infiltration bed with various
benches ranging in depth from 18 to 48 inches and receives runoff from
surrounding driveways and parking areas. The existing bed at the northern
parking row is designed to take overflow to a flat grassed area, and the
new bed at the southern row discharges to a vegetated swale.

Swatara Creek Restoration Case study
The northern Swatara Creek Watershed begins north of Ravine,
Schuylkill County and is a tributary of the Susquehanna River.
Reports from
rom the early 1990s revealed alarmingly high level
levels of
sulfates,
es, iron, aluminum and acidity in the creek, whi
which proved
to
o be detrimental
detri
to not only the water quality, but also to the
h
aquatic life. The contamination levels were high enough to be
toxic to most wildlife, practically leaving the creek bare of fish
and other organisms that had previously lived in the area. In
1996, the State Department of Environmental Protection (DEP)
partnered with USGS to implement a restoration program for
Swatara Creek. The program’s goals included designing and
implementing treatment systems to neutralize and clean up the
water along with rebuilding wildlife in the creek.
Historically, Swatara Creek was heavily impacted by acid mine
drainage (AMD) and siltation due to runoff from abandoned
mines. There is still some impact from AMD, which is evident by
the orange color of stream bottoms.
Water quality in Swatara Creek has been improved through
a multifaceted approach. Foremost, hundreds of acres of
abandoned mine lands were reclaimed. These lands, with
characteristic piles of waste coal and rock, open pits and
bare areas had allowed water to percolate downward into
underground mines. Reclamation activities, such as regrading
and revegetating, has restored positive drainage such that water
now runs over the surface and reaches the streams without
picking up the pollutants along the way. A variety of passive
treatment systems were installed including diversion wells,
wetlands and limestone drains. These systems counteract or
treat the acid water seeping from the mine workings.
Restoration of aquatic life to the Swatara Creek is the best
measurement for success of the abatement measures. Whereas
in 1990 there were no fish in the stream near the town of Ravine,
there are now more than 25 species. The macroinvertibrate
population (upon which the fish feed) has likewise shown
dramatic improvement.

Did you know?
Erosion is very high in the Susquehanna Region—stormwater
causes the loss of more than seven tons of soil per acre of
cropland per year. In some critical areas, this loss can be up
to 18 tons of soil per acre of cropl
p and pe
p r ye
y ar.

Sunken Gardens at Riverfront Park, Harrisburg;
Hurricane Ivan flooding, 2004
Photo courtesy of Tim Devine
Water is a major reason for sinkhole collapses in Pennsylvania. Karst areas form over long
periods of time as groundwater moves through breaks in the bedrock, dissolving the rock
and creating caverns and spaces below the surface. The spaces may be filled with soil
material or may be open. A sinkhole forms as soil material is flushed through underground
spaces in the bedrock causing the surface to collapse. If more water in collected and
redirected into a karst area this increases the potential for a sinkhole to occur.
The effects of stormwater on karst geology are of concern for the Lower Susquehanna
Region. Carbonate bedrock, which allows for sinkholes to form, is common throughout
counties like Lebanon, Dauphin, Lancaster and York. Likewise, the effects of sinkholes are
a concern for groundwater quality. Water is naturally purified of contaminants as it passes
through soil. Surface water that enters a sinkhole passes directly into the groundwater
without any filtration, thereby contaminating groundwater resources.

Stream Impairment and Stormwater
In the Lower Susquehanna Region, water quality degradation of streams, rivers and
groundwater has occurred throughout the region. Stormwater has degraded water quality
in counties like Lancaster, Dauphin, Cumberland and York.

Lower
Susquehanna

Paxton Creek located in urban and suburban Harrisburg has been negatively impacted by
stormwater. The Paxton Creek Watershed and Education Association have made efforts to
reduce the impact of new development on the Paxton Creek Watershed. The organization
is also working with the Susquehanna River Basin Commission to obtain grants from EPA
to develop stormwater management plans for the Paxton Creek Watershed’s communities.
Some watersheds in the Lower Susquehanna Region, such as Deer and Octoraro,
and sections of the West Conewago creeks appear to be less affected by stormwater
runoff. These creeks, though surrounded by large amounts of agricultural land with low
development, have more forested land therefore reducing the effects of stormwater runoff
on stream water quality. The natural vegetation along streams acts as a buffer (called a
riparian buffer) for stormwater and can absorb excess nutrients and filter out sediments
that are carried away by heavy amounts of precipitation.
Right: Tea Creek, Mifflin County.
Far right: Remains of Hurricane Ivan flooding, Mifflin County, 2004.
Photos courtesy of Mifflin County Conservation District.
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Geology and Groundwater
The Lower Susquehanna Region has a remarkable variety of geologic
landforms and characteristics. The region encompasses large parts of the
Ridge and Valley Province and the Great Valley Section of the Ridge and Valley
Province as well as sections of the Piedmont Province and the Appalachian
Plateaus Province. These provinces and their origins are discussed in the
Statewide Overview Section and can be located on the map provided within
the section. Diversity in underlying bedrock creates varying circumstances for
groundwater supplies such as flow rate, recharge rate and chemical properties.
These circumstances directly control the amount of discharge into local
streams and also control output to wells for public and private consumption.

Bedrock Geology
As illustrated in the Bedrock Geology Map, the Lower Susquehanna Region
contains several different types of bedrock including limestone and dolomite
(carbonate rocks). The region also contains sandstones, shales and several
igneous and metamorphic (crystalline) bedrock formations.
The sandstone, shale and carbonate formations in the Lower Susquehanna
Region are consolidated rocks that comprise the majority of aquifers in the
region. Groundwater is contained within and moves through fractures, spaces
and partings in the consolidated rock. Aquifers exist here under two different
conditions. Where water only partly fills the aquifer and is free to rise and fall,
it is referred to as an unconfined aquifer or water table aquifer. Where water
completely fills a rock unit and the aquifer is under a low-permeable feature
or confining layer, this aquifer is said to be confined. This confining layer helps
protect this kind of aquifer from contaminated water migrating from above.
Another key difference between the two is the varying pressure regimes. The
unconfined aquifers are under atmospheric pressure while confined aquifers are
at a greater pressure due to the confining layer overhead.
The carbonate bedrock formations in the Lower Susquehanna Region are
comprised of limestone and dolomite. Limestone bedrock formations in the
region are prone to chemical dissolution, or dissolving, and form a landscape
called “karst.” These voids may be filled with water, soil materials or air.

Interconnected pathways can exist through the rock to allow water to be
quickly transported in high volumes. If a contaminant reaches the void spaces,
it easily enters the groundwater and can be transported extensive distances
to other water supply or discharge areas. The creation of these interconnected
voids in limestone bedrock can produce sinkholes, closed depressions and
disappearing streams; common features of a karst environment are explained
in more detail on the following pages.
The connection between surface water and the aquifers that store and
discharge groundwater is often misunderstood. The water table, which is the
boundary below which all the spaces and cracks in the soil and bedrock are
completely saturated, is often times a reflection of the surface topography. As
the topography changes due to hills, mountains or valleys, the water table’s
elevation and depth will often times change with it reflecting the changes
occurring at the surface.
However, streams, wetlands, springs or rivers will often form in areas where
the water table intersects the land surface. These features form where the
groundwater discharges from groundwater storage and becomes surface water.
This discharge of groundwater into surface water is also known as base flow.
Base flow can be thought of as the sustained low flow of a stream because it
is supplied by the groundwater that is discharging from
underground storage. Dry streambeds or springs that no
longer supply water are a result of the water table being
lower than the land surface.

Ridge and Valley Province
The Ridge and Valley Province makes up the largest
portion of the Lower Susquehanna Region. Long and
narrow mountain ranges accompanied by broad valleys
depict the aging beauty of one of the world’s oldest
mountain ranges, the Appalachian Mountains.
Bedrock in the Ridge and Valley Province was also
formed by sedimentation from ancient saltwater and
freshwater seas that covered the province, much like

Ridge and Valley Province, Bedford County.
Photo courtesy of Ryan Hale.
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the Appalachian Plateaus Province. However, the ridges and mountains were
formed from past geologic events when the continents collided with each
other, forcing the bedrock upward and creating the Appalachian Mountains.
The formation of the mountain chain was completed approximately 250 million
years ago.
As the mountains eroded, resistant sandstones remained forming the ridges
and mountains we see today. The valley areas consist of shale, carbonate,
siltstone and other sedimentary bedrock formations. The extensive erosion
that has occurred over millions of years has given the mountain range its
characteristic surface topography.

Piedmont Province
The bedrock regimes of the Piedmont Province are combinations of
metamorphic/igneous, carbonate, sandstone, shale and conglomerate rocks.
These areas have varying groundwater geology between its uplands and
lowlands. The lowlands and valleys typically are formed of carbonate, shale and
sandstone rock. The upland areas of the Piedmont Province are composed of
mainly metamorphic bedrock. These regions also contain the most widespread
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Geology and Groundwater, continued
Susquehanna River near York Haven.
Photo courtesy of SRBC.
aquifers of the province. Aquifer recharge is dependent
on joints, which are cracks in the bedrock, and fractures
found in these areas. Without these joints and cracks,
the majority of the rock is nearly impermeable and would
encourage runoff to the low-lying valley aquifers. These
valley areas are also the discharge areas from the recharge
that occurs in the upland areas. The downward flow of
water through the ground caused by gravity and the
pressure from the water above causes water to discharge
into streams and creeks or as springs in the valley and low
lying areas.
Recharge in these areas is greater where there is a large
amount of regolith overlaying the consolidated bedrock.
Regolith is simply the unconsolidated, weathered
material typically found between the bedrock and Earth’s
surface. Thick areas of regolith act as a sponge, holding
water and allowing it to slowly enter the
groundwater aquifers.

Appalachian Plateaus Province
A small section of the Appalachian Plateaus Province
is found on the western border of the region mostly in
Bedford and Blair counties. Containing mostly sandstone,
siltstone and shale, the small section of the region has
groundwater aquifer recharge characteristics similar to the
other physiographic provinces. Aquifers of this province
rely on joints and fractures to transport water and allow
groundwater supplies to be recharged.
This small section, also known as the Allegheny Front
Section of the Appalachian Plateaus Province, forms
the boundary between the Appalachian Plateaus and
the Ridge and Valley Province. The escarpment rises in
a step-wise fashion to the east and slopes away through
undulating hills to the west.
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An understanding of a karst environment is needed if
water budgets are to be created in areas underlain with
large amounts of carbonate-based rock. The Lower
Susquehanna Region, encompassing large amounts of
carbonate rock, in turn includes high concentrations of
karst features associated with the carbonate bedrock.
Many of these karst features are easily recognizable both
above and below the Earth’s surface.

Karst Environments: Nature’s Natural Plumbing
These environments typically occur in areas where
carbonate, or calcium-based, bedrock dominates the
subsurface features. Limestone, dolomite and marble
are the most common forms of carbonate bedrock, and
the Lower Susquehanna Region is indeed dominated by
limestone and dolomite.
Natural breaks or fractures occur in limestone and
dolomite bedrock which allow water and precipitation
to infiltrate quite easily. Carbonate rocks are easily
dissolved by slightly acidic rainfall that is common in the
northeastern United States. Over long periods of time,
the cracks and voids in the bedrock become larger and
transport water more easily, creating a natural plumbing
system beneath the surface. This system of widened
voids has the potential to transport great amounts of
groundwater and also create interesting features that can
be viewed by all Pennsylvanians.

Karst Environments: Sinkholes, Caves and
Disappearing Streams
While surface and below-surface features of karst
environments can provide unique opportunities to view
geology in action, major problems can also develop
for local residents living in an area affected by these
environments. The Lower Susquehanna Region Karst
Geology Map on the next page depicts the locations
of karst geology features including sinkholes, surface

depressions,
surface mines
and caves.
These features
are most
dominant in
the central
and southern
portions of
the region—
particularly
around the
LancasterEphrata and Lebanon-Harrisburg-Carlisle areas.

Sinkholes
One of the most common features in the Lower
Susquehanna Region is a sinkhole. A sinkhole forms as
surface material is flushed through a void in the bedrock
creating instability at the surface. This loss of surface
material can result in ground depressions or open

Did you know?
Additional information on sinkholes can be found
on these Web sites: DEP Sinkhole Web site,
http://www.depweb.state.pa.us/sinkholes
DCNR, “Sinkholes in Pennsylvania”http://www.
dcnr.state.pa.us/topogeo/hazards/es11.pdf

holes that extend to unknown depths. Typical sinkholes
have varied in size anywhere from one foot to 20 feet
in diameter and create safety issues when occurring in
developed areas. Sinkholes can increase in frequency
in developed areas when extensive areas are covered
with asphalt or other impermeable surfaces. Runoff

gets concentrated to specific areas that over time can
accelerate subsurface erosion, resulting in sinkholes at
the surface.

Caves
Also common in a karst environment, caves are possibly
the most aesthetically pleasing of all karst features. Cave
formation starts with the dissolution of bedrock but the
voids become quite large over hundreds of thousands of
years. Along with the dissolution of the limestone bedrock,
moving groundwater transports sediment that acts as an
abrasive and increases the formation of cave passages.

Disappearing Streams
As their name implies, streams flowing over a subsurface
karst environment can enter a bedrock drain, such as a
sinkhole, and disappear underground. The water will travel
within the karst system and emerge elsewhere, typically
as a spring. However, this spring can be fed by numerous
water sources underground so the actual discharge area of
the disappearing stream can remain a mystery.
Water resource planning and budgeting becomes difficult
because of these unknown sources and pathways of
groundwater. Hydrologists and geologists can conduct
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Geology and Groundwater, continued
Penn's Cave
A fascinating karst feature of Pennsylvania, Penn’s Cave is located in Centre County near State College.
The cave is America’s only all-water cave and offers a guided tour through the cavern passageways and
Lake Nitanee. The cavern opened to the public in 1885, and today Penn’s Cave is listed on the Nation
National
Register of Historic Places.

Distribution of Pennsylvania Coals

The llimestone
t
cavern is
i a natural
t l landmark
l d
and was
as formed from tthe bed
d of a sha
shallow sea that existed
millions of years ago. The Seneca Indians
ians first discovered the
t cavern in Penn’s Valley. A famous tale of
a Native American girl, Nitanee, and her French Lover, Malachi Boyer, has been told for generations.
Legend has it that the couple ran away due to Native American customs that kept them from marrying
and once they were captured, Malachi was thrown in Penn’s Cave to die. Also, the nearby Nittany
Mountain and Nittany Lion, Penn State University’s mascot, was named after the legend’s young Native
American girl.
A 60-minute tour on a 22-person flat bottom motorboat takes passengers through the cavern, exposing
intriguing stalagmites and stalactites. Beneath the boat, rainbow, brook and brown trout swim the cavern
water and occasionally jump up for food. The tour tends to be cold, as the temperatures deep within the
cavern remain at about 52 degrees Fahrenheit.

Source: Pennsylvania
Department of
Conservation and Natural
Resources

tracer tests on these water supplies by placing harmless
dyes in the headwaters of these disappearing streams and
sinkholes then placing dye indicators at potential discharge
areas. If the dye is detected then predictions can be made
about flow rate and discharge amounts. These predictions
assist in creating water budgets and solve the mystery
surrounding these disappearing streams.
Penn's Cave.
Photo courtesy of Tammy Farrell.
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Coal and Mineral Resources
Mineral resources, both used for fuel, industrial and
commercial purposes, are prevalent in the Lower
Susquehanna Region. Coal resources are more dominant in
the northeastern reaches of the region, and non-fuel mineral
resources such as limestone, sand and gravel are
common elsewhere.

Quarry in Blair County.

Did you know?
The Union Canal Tunnel in Lebanon County was completed in
1827 and is the oldest transportation tunnel in the U.S.

and landslides. Another prevalent problem that is easily
recognized is acid mine drainage.

Coal mining in the Lower Susquehanna Region dates
back to the discovery of anthracite coal in the late
1700s and the settlement of the early Pennsylvania
coal miners. Anthracite coal is the hardest and highest
energy yielding of all varieties of coal and is greatly
valued. The accompanying map shows the coal deposits
in Pennsylvania, and particularly the anthracite fields in
the northeastern part of the state. Coal mining is still an
important industry, and the region provides the entire
country with coal unique to this area.
Although the anthracite coal industry in this area has
decreased since its heyday in the early 1900s, it is still
mined and the rich coal mining heritage lives on in the
mining towns of Schuylkill and Northumberland counties.
The extraction of coal from beneath the Earth’s surface
can unfortunately result in degradation of the surrounding
environment and local water sources. Sedimentation
that occurs during heavy rain events from coal dust
and exposed earth creates multiple problems to stream
morphology and water chemistry. Other environmental
challenges include groundwater depletion, mine collapse

The formation of AMD is primarily a function of the
geology, hydrology and mining technology employed
for the mine site. AMD is formed by a series of complex
geochemical and microbial reactions that occur when
water comes in contact with pyrite (iron disulfide minerals)
in coal, refuse or the overburden of a mine operation. The
resulting water is usually high in acidity and dissolved
metals. The metals stay dissolved in solution until the
pH raises to a level where precipitation occurs. Solubility
charts for the various metals show the pH at which
precipitation begins and the pH at which maximum
insolubility occurs. Neutralization with limestone addition
and bioremediation are some solutions to alleviate these
symptoms but the problem still persists.

Mineral Resources
Limestone is by far the dominant non-fuel mineral
resource that is extracted in the Lower Susquehanna
Region. Other resources mined include sandstone, shale,
sand and gravel, clay and various types of metamorphic
rocks. These resources benefit the construction, industrial
and agricultural industries. Some limestone and
dimension stone quarries also provide underwater scuba
diving experiences where permitted.

Limestone
Limestone quarrying and mining in the Lower
Susquehanna Region has remained an important resource
for the construction industry as well as the agriculture
industry. Crushed limestone is made into crushed
aggregate that can be used in highway construction
and similar activities and is a large commodity in
Pennsylvania. Limestone is used to make cement and
concrete which is produced in large quantities by many
local suppliers.

The 2004 report on non-fuel minerals of
Pennsylvania published by the U.S. Geological
Survey (USGS) placed Pennsylvania’s crushed
aggregate production at $635 million. According to
the USGS, Pennsylvania was ranked second in the
nation in quantity of crushed aggregate produced.
Companies such as New Enterprise Stone and
Lime located in New Enterprise, Penna. and Pennsy
Supply based out of Harrisburg, Penna., a part of
Oldcastle Inc, are large limestone enterprises within the
Lower Susquehanna Region. Mineral industry surveys
conducted in 2005 stated that New Enterprise Stone
and Lime ranked first in the state in crushed aggregate
production with 22 active quarries and 17th in the nation.
Pennsy Supply currently operates 13 active quarries.
Limestone that is crushed to a near powdered form
(lime) is used to improve the soil chemistry in agriculture
settings. Calcium carbonate, the dominant constituent of
limestone, acts as a neutralizer when it is combined with
acidic precipitation or soil. Adding lime eliminates the
acidity creating better growing conditions.
Mined limestone can also be used in industrial settings,
such as coal-fired and cogeneration power plants that burn
coal mine waste as fuel. These power plants use limestone
in the combustion process to absorb the sulfur given off
by combustion of any fossil fuel or combustible material.
Industrial plants also use limestone-containing scrubbers
located in smoke stacks that help reduce harmful
emissions. The limestone removes harmful pollutants such
as sulfur dioxide, a large contributor to acid rain, before it
enters the atmosphere.

Concrete/Cement
The concrete and cement industry in Pennsylvania is one
of the most valuable mineral industries in the state. The

value of the cement industry, which includes masonry
and Portland cement, is estimated to be more than $600
million according to a 2005 U.S. Geological Survey
Minerals Yearbook report. The Lower Susquehanna Region
is home to several cement producers due to the large
and abundant supply of crushed aggregate, mainly
limestone and dolomite, which is the backbone of the
cement industry.
The environmental benefits of concrete production
are also outstanding when compared to other nonfuel
minerals. According to the American Concrete Pavement
Association Pennsylvania Chapter, concrete is among
the most recycled construction products in the nation
and is completely recyclable. Concrete that is crushed
can be reused in new batches of concrete or can be used
as crushed aggregate for many construction projects.
The concrete’s alkali-rich carbonate components can
also be used to treat acid mine drainage, providing the
medium that will help neutralize the impaired
water sources.

Clay
Mining and manufacturing of clay is a lesser known
mineral industry in the Lower Susquehanna Region,
as larger industrial areas for clay manufacturing exist
elsewhere in the state. Non-manufactured clay is used for
natural liners in landfills and also as final covers
for landfills.

Loaded coal cars ready at foot of plane
and cars being hoisted into breakers.
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Coal Resources

Land Use: Past and Present
History of the Lower Susquehanna Region

S

tudying the change in land use over time can offer insight into the
development patterns that may influence the future landscape of
an area.

Pennsylvania’s Forests
Pennsylvania’s water resources are closely tied to its forests. The vast forests
of Penn’s Woods provided clean, pure water not only for Native Americans, but
also for the state’s founder, by acting as a natural filter. However, William Penn
might not recognize his property today.
When colonists first arrived in the mid-Atlantic, more than 90 percent of the
landscape was forested. By the mid-1800s, most of the region’s trees had been
cut down to clear land for cities, towns and farms or to provide lumber. Once
dominated by virgin pine hemlock and chestnut forests, the forests regenerated
into current day second-growth mixed deciduous and evergreen forests.

Forest-lined creek in Mifflin County.
Photo courtesy of Mifflin County Conservation District.
During the period between 1850 and 1870, the
center of the lumber industry shifted into northern
and central Pennsylvania with its most prominent
city being Williamsport, which became known as the
Lumber Capital of the World.
Today, Pennsylvania leads the nation in hardwood
lumber production, and the commonwealth’s forests
contain several high-quality forest products. These
products are necessary materials for an industry that
produces $5 billion per year in forest products and
employs nearly 100,000 people. Both Pennsylvania’s
consumers and general economy benefit from this
regionally important supply of forest products.

Early Settlement and Agriculture
The post-colonial changes to the forest were significant. At one time, the
predominant tree species in the mid-Atlantic deciduous forest was the
American chestnut. Unfortunately, with the accidental introduction of a fungus
(Endothia parasitica) to the area in 1904, most American chestnut fell to
this disease. The fungus survives in stumps and saplings affecting any trees
approaching maturity. The great oak-chestnut forests of the mid-Atlantic have
been replaced by an oak-hickory mix.

Lumber
The timber industry was an important one for the early inhabitants of the Lower
Susquehanna Region. Originally, the timber was used for lumber and building
boats and ships, but the forest also furnished fuel, potash, tanbark, wood for
furniture and coopering, rifle stocks, shingles, household utensils and charcoal.
After 1850, the lumber business expanded rapidly, partially due to the demand
for lumber by an expanding country and the Civil War. The introduction of
steam-driven machinery, combined with the use of the circular saw blade
revolutionized sawmilling.
Lumbermen used the Susquehanna River to transport the lumber to the mills,
and the mills in turn used the rivers to transport their products to market.
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The primary inhabitants of the Lower Susquehanna
Region at the time of European settlement were
the Lenni Lenape, or Delaware tribe. A portion of
the Shawnee tribe also inhabited the area under
the protection of the Lenni Lenape. Another Native
American tribe, the Susquehannocks, lived along the
Susquehanna River in Pennsylvania and Maryland. The Iroquois, or the Five
Nations, held power in the region, but did not have settlements in the area. The
Native Americans survived through a combination of cultivating small cleared
fields, hunting and gathering.
Early colonial farmers initially concerned themselves with feeding their own
families, not with producing quantities for sale. Early colonial agricultural
practices depleted the soil. Farmers cleared the land and burned the trees
or left them to rot. Principles of crop rotation and fertilization were not well
understood, and soil fertility quickly declined. Early farmers let the land lie
fallow (uncultivated) for up to seven years while other fields were farmed. Other
settlers farmed their fields until the soil was exhausted and then moved to a
new location. It was not until the 1790s that a crop rotation system alternating
corn, wheat and clover was widely adopted.

The first permanent settlers of the Lower Susquehanna Region consisted
primarily of German farmers who were attracted to the area because of the
rich, fertile limestone soils found there. Members of religious denominations
also tried to settle close to each other so that they could give mutual support
and could worship together. Pennsylvania German farmers did not apply the
principles of crop rotation any better than other groups of the period, but they
did apply manure as a fertilizer, allowing them to farm intensively without
exhausting the soil. Commitment to and care of the land has always been
especially important among the German Plain Sects (Amish and Mennonite),
for whom farming continues to be the preferred occupation.

Did you know?
I 1725, G
In
German farmers
f
in Lancaster County invented the “Conestoga”
wagon. The wagon was revolutionary because of its steering mechanism,
braking
g sy
ystem and construction.

Amish plowing in Manheim, Lancaster County.

Today, Pennsylvania ranks 19th overall in agricultural
production in the United States, and the commonwealth
ranks first in mushrooms, third in Christmas trees and
layer chickens, and fourth in nursery and sod, milk, corn for
animal feed, and horse production.

Land Use in the Lower Susquehanna
Region Today
As the pie chart on this page indicates, more than half of
the land area consists of forestlands found in the northern
half of the region. Deciduous species make up the majority
of the forest type throughout the region. Agricultural lands

Lower Susquehanna Region Land Use
Pasture/Grass 20%
Forest 53%
Row Crops 20%
Residential 6%
Active Mines/Mined Areas <1%
Institutional/Industrial/Commercial/Transportation 4%
Bare <1%

exist throughout the entire region, but is the dominant land
use in the southern half. The largest expanses of developed
areas are centered around Harrisburg, Lancaster, York
and Hollidaysburg.
The Land Cover Map on the following page shows the
various land uses and vegetative cover across the
Lower Susquehanna Region. Definitions for the land use
categories used in the Land Cover Map are as follows:

Development
Approximately 10 percent of the land in the Lower
Susquehanna Region is developed for residential,
commercial and industrial use. Developed areas are
categorized by the by the amount of land area covered by
impervious surfaces:
 Developed, Open Space – less than 20 percent of
the area is covered by impervious surfaces, mostly
vegetation in the form of lawn grasses (e.g., golf
courses, parks, single-family housing units and
vegetation planted in developed settings for recreation,
erosion control or aesthetic purposes)
 Developed, Low Intensity - 20 to 49 percent of the area
is covered by impervious surfaces (e.g., single-family
housing units)
 Developed, Medium Intensity – 50 to 79 percent of the
area is covered by impervious surfaces (e.g., singlefamily housing units)
 Developed, High Intensity – 80 to 100 percent
of the area is covered by impervious
surfaces, where
e people
pe
live and
work
k in
in high numbers
(e.g. apa
apartment
comp
complexes, row
hous
houses and
com
commercial/
indu
industrial areas)

Forest
More than half of the land
in the Lower Susquehanna
Region, 53 percent, is
covered by forests. Forest
lands are categorized by the
type of trees that dominate
the area:
 Deciduous Forest –
greater than 20 percent of
the area is dominated by
trees that are taller than 5
meters and shed leaves in
the autumn
 Evergreen Forest – greater than 20 percent of the area
is dominated by trees taller than 5 meters and maintain
their leaves all year round
 Mixed Forest – greater than 20 percent of the area is
dominated by trees taller than 5 meters but are not
dominated by deciduous or evergreen species

Agriculture
Approximately 40 percent of the land in the Lower
Susquehanna Region is used for farming. Agricultural
lands are categorized by the type of crop that is cultivated:
 Pasture/Hay – greater than 20 percent of the area is
covered by grasses and legumes planted for livestock
grazing or hay production
 Cultivated Crops – greater than 20 percent of the area
is covered by annual crops (e.g., soybeans, vegetables,
tobacco, cotton), orchards and vineyards and/or all land
that is actively being tilled

Other
Less than three percent of the land in the Lower
Susquehanna Region is covered by barren lands, open
water, wetlands, shrub/scrub and grassland/herbaceous
areas. These areas are categorized by the amount of land
covered by vegetation (other than trees) and/or by water:
 Barren Land (Rock/Sand/Clay) – Areas of accumulated
earthen material (e.g., bedrock, sand, glacial debris,
strip mines, gravel pits) with less than 15 percent
vegetation cover
 Open Water – all areas of open water with less than 25
percent of the area covered by vegetation or soil
 Wetlands – areas where the soil is periodically saturated
or covered with water and greater than 20 percent of the
area is covered with vegetation
 Shrub/Scrub – greater than 20 percent the area is
dominated by shrubs and young trees smaller than 5
meters tall
 Grassland/Herbaceous – greater than 80 percent of the
area is dominated by grasses and herbaceous vegetation

Wetlands <1%
Water 2%

Source: PADEP, 2003
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By the 1840s the Midwestern states could produce wheat
at a cheaper price than Pennsylvania. The commonwealth
ceased to be the grain belt of the nation, as it had been
in the late-18th and early-19th centuries. A shift toward
intensive agriculture, especially dairy farming, was
made possible by mechanized farm equipment that was
generally available by the 1850s. In the twentieth century,
technological advances in fertilizers and pesticides
helpedmaintain high agricultural production. However,
runoff from agricultural fertilizers and chemicals became
an ongoing source of nonpoint pollution, meaning
that pollutants from several sources are picked up and
deposited elsewhere.

Land Use: Past and Present, continued
How Land Use Affects Water Resources
The various uses of land affect water in different ways, some better
than others.

Importance of Forested Areas to Water Supplies
The Lower Susquehanna Region is comprised of the Central Appalachian
Ridge and Valley Region. This mid-Atlantic region supports hardwood
forests including pine-oak and oak-hickory forests, as well as coniferous
(that is, trees that produce cones and have needles such as pine trees)
forests, including Eastern hemlock. This area is mainly comprised of
deciduous (that is, trees with leaves that fall when autumn arrives) forest
type, with 46 percent deciduous, and an additional five percent mixed and
coniferous forest types.
Forested areas are critical to the supply and quality of water resources.
Tree canopies and the rich organic matter found in forest floors store, clean
and slowly release the majority of water that replenishes groundwater
and maintains streamflow. Areas of forested lands are reserves of clean
groundwater, and forested areas are often good locations for municipalities
to drill high-yield water wells.
Some forests are particularly effective at delivering water quality benefits.
Wooded buffers along streams trap sediment and transform nutrients and
other pollutants into less harmful forms. For example, properly managed
woodlands can remove 90 percent of the nitrates in stormwater runoff
given the right soil conditions.
With regard to drinking water, intact forests within wellhead protection
areas play a vital role in protecting the amount and quality of water
reaching public wells. In developed areas, urban forests are critical to
reducing stormwater runoff from small storms.

Did you know?
I the
In
th 1830s,
8
a minor
i
gold
l rush occurred in the Susquehanna
Basin when gold was discovered in several streams. Also,
one of the largest sources of gold was a byproduct of iron ore
p oduction at the Old Cornwall Mines in Lebanon County.
pr

Forests also protect local waterways by retaining nitrogen in air
deposition. An oak/hickory forest retains an average of 90 percent of
atmospheric deposition, while a spruce/fir forest retains 78 percent. In
general, coniferous forests use less nitrogen than deciduous forests (a
factor more of the soils than the tree itself). The exception is the Eastern
hemlock forest, which is highly efficient at retaining nitrogen. Forests also
sequester, or remove, carbon from the air helping to reduce the impact of
carbon dioxide on global warming.
Some of the most important forests for water resource protection are the
most threatened. Forests are vulnerable to development and other land
uses that can fragment high quality forests and expose woodlands to
invasive species. Parcelization is another threat – more people own forests
than ever before but many own less than 10 acres. As larger tracts of forest
land are subdivided, it is important that woodlot owners be educated about
sustainable forest management practices.
In addition, efforts to protect woodlands can be misguided and serve to
diminish forest health. Under the Municipalities Planning Code, forestry,
which includes timber harvesting, is a permitted use by right in all zoning
districts. Concerns over forest regeneration and wildlife habitat have led
to the adoption of local timber harvesting ordinances that are, in some
cases, overly restrictive in prescribing timber harvesting practices. Local
governments can benefit from knowledge of state regulations protecting
against poor timber harvesting practices and advice from a professional
forester when planning and adopting local ordinances.
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Above: Former site of Frederick Watts barn now contains a warehouse, 2008.
Photo courtesy of Ryan Hale.

NRCS
The U.S. Department of Agriculture’s (USDA)
Natural Resources Conservation Service (NRCS),
formerly known as the Soil Conservation Service, is a
federal agency within USDA, charged with assisting
America’s land owners and managers to conserve
their soil, water and natural resources. NRCS provides
leadership and technical assistance catering to the
specific needs of different locales. Environmental,
societal, financial and technical experts lend their
knowledge to NRCS to plan and implement effective
conservation systems.
There are hundreds of branches of NRCS throughout
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Top: Frederick Watts barn 1867 to 1988, Cumberland County.
Photo courtesy of Cumberland County Historical Society.

the country that localize services to area projects.
Districts of NRCS in the Lower Susquehanna Region
specialize in a variety of concentrations pertinent to
local environmental needs; rural development and
farm service are targeted in this region.
Farming is an important industry in the Lower
Susquehanna Region, and in some areas, such as
Lebanon County, agriculture employs two out of
every five people. The NRCS in these areas help in
farmland preservation projects, which in turn helps
the economy, makes farming more affordable for the
future, and assures affordable and accessible produce

in grocery stores. In addition to farm preservation,
local NRCS offices aid in the local Chesapeake Bay
Program to help with pollution control, take strides
to increase watershed education, and help with local
forestry and environmental education by having
annual seedling sales at affordable prices.
NRCS offices work with local County Conservation
Districts as the primary facilitator of conservation
programs. They set goals, identify funding sources,
prioritize needs, and implement plans to truly make a
difference in the community.
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Land Use: Past and Present, continued
Timbering
Timbering in Pennsylvania has economic benefits as well as ecological benefits.
Economically, Pennsylvania is the nation’s largest producer of hardwood lumber,
producing more than one billion board feet per year. The vast forested areas north
of the Lower Susquehanna Region as well as forested areas within the region itself
contribute a large amount to total production. Ecologically, timbering provides
habitat diversity and mimics natural disturbances that sustain forests.
Timbering companies work hand in hand with agencies such as DEP, DCNR,
EPA, U.S. Army Corps of Engineers and the U.S. Forest Service to protect water
resources. Strict permitting is required for stream crossings, wetland crossings,
and timbering near these resources. Timbering companies also are required to
develop extensive erosion and sedimentation control plans for areas they plan to
timber. Through these relationships between timbering companies and agencies,
the timber business continues to thrive while protecting our invaluable water
resources.

Agriculture
Farmers usually rely on groundwater wells or springs to provide drinking water
for both their families and livestock. Because groundwater is buried beneath
the earth’s surface, it is sometimes thought that groundwater is protected
from contamination. That is not the case. Activities on the land surface can
harm groundwater quality. On a farm, preventing pollution by nitrate (a form of
nitrogen), bacteria and pesticides deserves special consideration because sources
of these contaminants are often easily identified. Health problems for human
beings and livestock can arise when these contaminants pollute a water supply.
Animal manure, commercial fertilizers and pesticides can pollute local waterways
and groundwater if they are misused or applied in excess of crop needs. Much of
sediment pollution in streams comes from eroding and unprotected stream banks.
More than half of the nitrogen and the phosphorus entering the Susquehanna
River come from agricultural runoff. Improper storage, application or disposal of
pesticides can also pollute the groundwater.
Fencing stream banks and limiting livestock access with crossings promotes the
establishment of a healthy vegetative cover. Forested vegetation along streams,
called riparian forest buffers, helps stabilize stream banks in reducing erosion
and collapse. These buffers can also help trap soils and pollutants that may
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otherwise run off of adjacent fields into the waterways. Riparian buffers provide
food, cover and nesting sites for birds and small animals. By providing shade
from the sun and a food supply (leaves, etc.) to the stream, buffers can enhance
the aquatic habitat.

Forestland and Farmland Conversion to Developed Land
Only about 9,600 of Pennsylvania’s 58,000 farmers have sales of $100,000 or
more. The cost to produce quality agriculture goods consumes nearly 85 percent
of sales, leaving most farmers with a net farming income below $19,806, of
which a 12.4 percent self-employment tax must be paid. For a family of four, this
net income is below the poverty level (based on 2006 figures). As a result, many
farms in the southcentral part of the commonwealth have been sold to housing
developers in the past years. This movement is largely due to rising taxes and
land prices, reflecting a high demand for land.
A map showing future population projections is presented earlier in the Lower
Susquehanna Region Introduction pages of this atlas. This map depicts a
general trend of historically developed areas losing population while the areas
surrounding towns and cities are gaining population.
Many older towns and cities throughout Pennsylvania are currently losing
population as people continue to settle in suburban and rural housing in areas
that were once forest or farmland. During the 1990s, the total number of acres
developed in Pennsylvania increased by 53.6 percent, while Pennsylvania’s
population grew by only 3.4 percent. The aerial photographs on this page
illustrate the landscape changes that have occurred in the Lower Susquehanna
Region over time. Both photographs were taken in the borough of Dover, York
County at the intersection of PA-74 and PA-921. In the 1938 photograph, houses
edge the two roads and are surrounded by expansive farm fields. In the 2003
photograph, a lot of the area still remains agricultural fields, but the development
has expanded out from the intersection—particularly to the east—with housing
developments and schools.
The relationship between development patterns and water resources is complex.
Since Pennsylvania recommends a watershed approach to managing water
resources, it’s critical that the local decision-making framework consider water
resources and land uses within the entire watershed area when planning for
growth and development.

Borough of Dover, York County.
Top, 1938; above, 2003.
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Land Use: Past and Present, continued
A watershed approach broadens the geographic planning
area beyond political boundaries and extends it to the
hydrological boundaries of the watershed. Protecting and
managing water resources at the broader watershed scale
are likely to require inter-municipal cooperation.
Evaluating the percent of impervious cover in a watershed
can be a useful indicator in planning future growth and
development. Impervious surfaces, which prevent water
from flowing through them and into the groundwater
system, include roads, parking lots, rooftops, driveways
and sidewalks. The Impervious Cover Map on the previous

page shows impervious surfaces based on land use/
land cover in the Lower Susquehanna Region. With
the exception of Hollidaysburg near the western limit
of the region, developed lands are more prominent in
the southern half of the Lower Susquehanna Region.
Harrisburg, Lancaster and York are good examples
of developed lands with higher density development
originating in the center of the city and lower density
development expanding outward.
Research has shown a strong inverse relationship
between the percent impervious cover and water quality

and stream health. However, the location of impervious
cover within a watershed is another variable that needs
careful consideration. For example, in an attempt to
protect water quality by limiting impervious cover, many
local governments have mistakenly applied impervious
cover thresholds to individual sites within a watershed by
adopting low density zoning districts, thereby encouraging
scattered low density development.
Used alone, low density development consumes more
land and generates more stormwater runoff than the same
number of homes accommodated under a higher density

scenario in a given watershed. (See illustration). In other
words, when measured by the house, higher densities
produce less stormwater runoff.
When runoff is measured by the acre, limiting density
does minimize water quality impacts compared to higherdensity scenarios. However, when measured by the
house, higher densities produce less stormwater runoff.
(Source: Protecting Water Resources with Higher-Density
Development, EPA, 2006)
Higher density development — more people on less land

Average Annual Runoff - Lot Level Comparisons
Density of
Houses/Acre

Impervious
Cover
percent of total area

20%

Total
Runoff
ft3 per year

Runoff per
House
ft3 per year

149,600
18,700 ft3/yr x 8 acres

acres
on 8
8 houses

acres
on 2
8 houses

18,700

38%
49,600

6,200

24,800 ft3/yr x 2 acres

65%

8

houses
on
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39,600

18,700 ft3/yr x 8 acres

4,950

William H. Kain Park, York County.
Photo courtesy of Kelly Hildebracht.

Juniata River, Mifflin County.
Photo courtesy of Mifflin County Conservation District.

When planning for future growth
that will be protective of water
resources, it’s important that local
governments use a wide range
of land use strategies, based on
a sound understanding of local
watershed hydrology, assessment of
undeveloped lands and local housing
and infrastructure needs.

Land Use Planning for
Water Resources

— can effectively protect water resources if it occurs within the framework of a
more encompassing watershed strategy that considers other factors, such as
the location of old and new development, preservation of critical natural lands
and the use of site-specific stormwater management practices.
In some situations, low density development can be a tool to preserve
agricultural and forest lands if it too reflects a watershed strategy and includes
such elements as the protection of water supply protection areas, streamside

The Population Projection Map in
the Lower Susquehanna Region
Introduction predicts that most city
and town populations will either stay
constant or will decrease through
the year 2030. The central and
southern counties around Harrisburg,
Lancaster and York are predicted to
increase in population. The relocation
of people from urban areas to
suburban or rural areas will require
foresight into resource management
to meet the needs of the new
development. Planning for adequate
supplies of clean water is just as important as planning for roads, businesses
and schools. In recognition of this fact, the Municipalities Planning Code (MPC),
the enabling state legislation that empowers local governments to plan and
regulate land use, was amended in 2000 to require the inclusion of a plan for
the reliable supply of water in the preparation of local comprehensive plans.
Nearly 1,200 municipalities have adopted comprehensive plans to guide
future land uses. More importantly, the number of municipalities engaged in

cooperative, multi-municipal planning (permitted under the MPC since 2000)
is growing – 760 municipalities and counties were involved in 207 multimunicipal comprehensive plans in 2005.
Collaborative planning is essential to sound water use planning since water
almost always crosses political boundaries. By planning at a watershed scale,
local government leaders can take advantage of the many land use tools that
are particularly useful in protecting the long term supply and quality of water.
For example, a multi-municipal approach provides for joint zoning ordinances.
Instead of each municipal government providing for every land use, joint
zoning allows neighboring governments an opportunity to integrate land
uses. A joint overlay zone may protect a wellhead protection area that
crosses municipal lines. An agricultural district may make more sense in
one municipality where prime farmland dominates, while higher density
development can be better accommodated in another municipality where the
soils are less productive.
Many more land use planning tools, adopted jointly or individually, are at the
disposal of local government officials who recognize the need to protect water
resource lands and allow for growth and development. Examples include:
 Effective agricultural zoning
 Transfer of development rights
 Conservation easements on agricultural or forested land (purchased
or donated)
 Overlay zones to protect wellhead protection areas, streamside buffers
 Green infrastructure planning
 Conservation subdivision or open space design
 Traditional neighborhood development
 Infill and redevelopment incentives
 Site-level development regulations that reduce impervious cover and
infiltrate and/or treat stormwater runoff
All of these land use planning tools are most effective when applied within
the framework of local watersheds. It is up to municipal governments to
integrate watershed strategies in their comprehensive plans and development
regulations in order to truly protect our most precious natural resource – water.

Lower Susquehanna
Page 7

Page 223

Lower
Susquehanna

buffers and floodplains, or critical
ecological habitats.

Water Supply and Wastewater Treatment
History of Water Supply and
Wastewater Treatment in the
Lower Susquehanna Region

I

n the Lower Susquehanna Region, water resources
have historically played a critical role in the
development of the commonwealth and the nation.
As early European colonists moved into the region, the
Susquehanna River and its tributaries were thought to
provide excellent transportation routes into western
lands. William Penn envisioned building a city equal to
Philadelphia along the shores of the Susquehanna River,
and yet others saw the region’s water resources as an
opportunity to become wealthy.
Initial attempts to navigate the Susquehanna River were
often unsuccessful because of shallow waters, rocks and
waterfalls. This led businessmen, politicians and citizens
to the conclusion that canal systems were needed along
the river. In 1797, the construction of the Conewago
Canal just below York Haven allowed boats to bypass
the Conewago Falls. Several decades later in 1826, the
Pennsylvania Canal was started in Dauphin County. The
canals in conjunction with early railroad systems enabled
the transport of goods and materials from northern
Pennsylvania to cities like Baltimore and Philadelphia.
Early land development in the region occurred primarily in
Lancaster and York counties, but progressed to the north
and west with the canals and railroads.
As land in the Lower Susquehanna Region developed,
water resources became less of a concern for
Pennsylvania’s citizens. In 1852, the Pennsylvania Railroad
began, and along with it the decline of canal systems in
the commonwealth. As new forms of transportation were
developed, the Susquehanna River and its tributaries
became more widely used for disposal of industrial and
municipal waste and less used for transportation.

Did you know?
Wastewater disposal into streams and rivers occurred well
into the 20th century. The city of Harrisburg discharged
untreated wastewater into the Susquehanna River
until 1959. Later in 1970, Penn Central’s (Pennsylvania
Railroad) railroad yard in Enola, across the Susquehanna
River from Harrisburg, was rated the number one site for
water pollution in the state.
Water quality all over the region suffered and became
less suitable for aquatic life and human consumption.
Pennsylvania’s citizens and government, ignited by Rachel
Carson’s writings on the environment, began changing
the way water resources were looked at statewide. While
Rachel Carson’s work helped bring environmental issues
into the mainstream public’s view, many of Pennsylvania’s
outdoorsmen were already beginning to demand
government help to protect water quality in the state.
By the beginning of the 1970s, the Lower
Susquehanna Region began building
or improving wastewater treatment
plants along the Susquehanna River and
its tributaries. The region also worked
to reduce the amount of industrial
wastewater being discharge into its
streams. By the 1980s water quality in the
region had considerably improved.

The Susquehanna Region
Today
The Lower Susquehanna Region is
composed of the Lower Susquehanna,
Lower Central Susquehanna, Upper
Juniata and Lower Juniata subbasins. The
region has a wealth of water resources
in the form of groundwater, streams
Gunter Valley Reservoir, Franklin County.
Photo courtesy of DCNR.

Page 224
Page 8

Lower Susquehanna

and manmade reservoirs,
and do not
Seven Points Marina on Raystown Lake in Huntingdon County,
including those that flow by
represent
is the largest marina in the commonwealth with 800 boats.
the state capital, Harrisburg.
the exact
The region spans more than
location of
9,000 square miles, with nearly 2.5 million people. As the
people living in a township, town or city. As the map
region’s population continues to grow, so does the need
shows, densely populated areas, represented by dots
for smart development planning. Since development tends so close together that they form a solid color block, are
to follow the availability of public utilities, thoughtful
generally served by public water supplies. In addition to
planning of utilities can help conserve resources by
Harrisburg and surrounding communities, Lancaster, York
guiding where develpment occurs.
and Hollidaysburg are some of the boroughs that also
have concentrated service areas. The sources of public
The Public Water Service Map on the following page
water supplies are groundwater, lakes, reservoirs, rivers
depicts population density throughout the Lower
and streams. Sparsely populated areas, where the dots are
Susquehanna Region in relation to areas served by public
farther apart, are not included in the public supply service
water suppliers. Each dot on the map represents 500
areas and residents must find private sources of water,
people living in the municipality (2000 Census). The dots
such as residential wells that tap into groundwater, to
are randomly placed within the municipality boundaries
meet their water needs.

Public Water Service Areas
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Carlisle

Water Supply and Wastewater Treatment, continued
Public Water Resources
Large groundwater withdrawals in the Lower Susquehanna
Region occur primarily in the lower and western section
of the watershed. In parts of Blair, Cumberland, Dauphin,
Lancaster and York counties groundwater supplies can be
stressed. Groundwater use for public water supplies can
be found elsewhere throughout the Lower Susquehanna
Region. For example, the borough of Lewistown in Mifflin
County uses several groundwater wells for public
water supply.

by state agencies like the Pennsylvania Department
of Conservation and Natural Resources (DCNR) or the
Pennsylvania Fish and Boat Commission (FBC), and
federal agencies like the Army Corps. of Engineers. Lakes
such as the 340-acre manmade Pinchot Lake located
in York County or the 106-acre Speedwell Forge Lake
in Lancaster County are maintained by DCNR and FBC,
respectively. The U.S. Army Corps of Engineers maintains
Raystown Lake in Huntingdon County. The Dehart
Reservoir, created by the impoundment of Clark’s Creek
and other smaller tributaries, is the primary water supply
source for the city of Harrisburg.

Lakes and Reservoirs

Rivers and Streams

The Lower Susquehanna Region has lakes and reservoirs
that provide drinking water, flood control and recreational
use. Lakes throughout the watershed are maintained

The 9,215 square miles of the Lower Susquehanna Region
contains many streams and rivers that are utilized for
water supply and recreation. The city of Harrisburg in

Groundwater

Dauphin County has a secondary water supply intake in
the Susquehanna River. Other urban and suburban centers
in the region like the borough of Carlisle utilize streams,
such as the Conodoguinet Creek, for public water supply.

Drinking Water
Like all living organisms, humans need water to survive.
Whether a person lives in a single family home in the
country or a large metropolitan city, water supplies
support daily life. Public drinking water may be supplied
by a publicly-owned or privately-owned company while
private drinking water is usually supplied by an on-site
well. Water supplies require purification before human
consumption. This purification is done to ensure that all
harmful materials are extracted or minimized so not to
adversely affect human beings.

Public Water Treatment
Water treatment for most urban and suburban centers
involves a process of filtration, disinfection and
distribution of purified water. The first process in filtration,
coagulation, involves adding selected chemicals that
stick to particles in the water and make them heavy.
As the particles become heavy they drop to the bottom
which is known as precipitation. Water is then filtered to
remove the precipitate. During the filtering process, the
water passes through layers of sand, gravel and charcoal
that remove even smaller particles. Next, disinfection
is accomplished by injecting chlorine or ozone into the
filtered water.
Chlorine is the most common form of disinfection because
it has a residual effect, meaning it will remain in the
water through the distribution system. Depending on

Bedford Springs
In 1804, Dr. John Anderson began construction of the Bedford Springs Resort,
just south of Bedford, Penna. With a rich history, the Bedford Springs was
designated a National Historic Landmark in 1984, and was closed two years
later for renovation.
The eight natural springs that flow through the resort had been coveted to
have medicinal powers, and many wealthy aristocrats traveled to Bedford
to cure illnesses and relax in luxury. Bedford Springs was renowned in the
beginning of the 19th century as the fashionable place to recuperate.
Patients of Dr. Anderson and Dr. William Watson were prescribed to stay
at the Springs and eat a strict diet, routinely exercise, along with drinking
and wading in the spring waters. Of the eight springs, the Magnesia Spring
was believed to help stomach ailments and the Iron Spring was believed to
promote strong bones.
In the 1880s, the medical benefits of the spring water became in high demand.
The Bedford Springs actually began bottling and barreling water from the
springs to be shipped across the United States and Cuba.
The Springs were known to serve many American presidents, including
Presidents Polk, Taylor, Harrison and Eisenhower. In fact, President James
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Buchanan loved the relaxing atmosphere of the Bedford Springs so much that
it became the location of the Summer White House from 1857-1861.
The resort at the Springs also served as an internment camp for 180 Japanese
diplomats and families who were detained in World War II. Also, Bedford
Springs housed a United States Naval Radio School during the war, where
more than 6,000 men were trained.
After intensive renovation, Bedford Springs reopened in the summer of
2007 with a 30,000 square foot Springs Eternal Spa with mineral springs
treatments, along with an outdoor pool facility fed by the mineral springs. The
state of the art resort continues to provide unrivaled luxury, just as it has for
nearly 200 years.
The restoration efforts included a project to restore the Shober’s Run stream
and floodplain which runs through the historic golf course on the property.
Shober’s Run was impacted by streambank erosion. The restoration project
included installation of native plants and the creation of wetland areas. In
addition, the stream channel was restored to a more natural flow pattern and
the floodplain was excavated to its historical elevation. The stream system
was returned to full function and stability with improved wildlife habitat
and aesthetics.

Bedford Springs Hotel.
Photo courtesy of Lori Mohr.

Susquehanna River vista, Lancaster County.

Private Well Water Treatment
Homeowners with private wells have a variety of options for filtration and
water softening systems that remove mineral particles from well water. The
system selected usually depends on the amount of water a private residence
uses per day as well as the most common types of contaminants necessary
For more informati
f
tion on priivate
t well
ll water
t managementt
and protection, visit Penn State’s Master Well Owner
Network located at http://mwon.cas.psu.edu/.

to filter from the water source. Fortunately for most private well users, little
treatment is usually needed as a large portion of groundwater is unaffected by
contaminants that typically affect surface water. Information on home water
systems and contaminants can be obtained from the DEP, EPA, Center for
Disease Control and the National Sanitation Foundation International.

Source Water Protection
Pennsylvania, like all other states in the U.S., is
required to ensure that healthy drinking water
is available for its citizens through compliance
with the Safe Drinking Water Act (For more
information visit: http://www.epa.gov). Other
federal and state laws, including the Water
Resources Planning Act which prompted the
creation of this atlas, lay the groundwork for
water planning and protection. (Water laws
and regulations are discussed in the Statewide
Overview section of this atlas.)
Although federal and state level agencies are
creating new policies, source water protection
must literally begin at the source. Local
governments–counties and municipalities–have
the greatest opportunity to influence the future
of Pennsylvania’s water supply. By studying
their water sources, identifying areas of concern or hazards that threaten
those sources, developing water protection and conservation regulations, and
implementing those regulations, local governments can protect water supplies
for future generations. Many Pennsylvania counties in the Lower Susquehanna
Region are rising to this challenge.
 Cumberland County has updated its comprehensive plan which aims to
protect floodplains, wetlands and groundwater. Some major concerns
identified in this county are that of contamination of groundwater in karst
areas and stormwater impacts on county streams.
 Dauphin County is examining concerns of drought planning, groundwater
quality and stormwater issues. The county has also worked to develop
planned areas for growth to occur.
 Fulton County is located in a headwaters area and is working with almost all
of its local municipalities to develop a comprehensive plan that emphasize
water resources.

 Lancaster County has worked to update its strategies focusing on growth
management in the county. Growth management is a critical issue that
the county and municipalities are addressing to ensure that water supply
and wastewater infrastructure remains consistent with growth areas.
Since Lancaster County contains a high amount of agricultural and
livestock farming, surface water quality is still a major concern along with
groundwater contamination in karst areas.
 York County has emphasized watershed management through better land
management practices. The county continues to work to address negative
impacts from storm water, high nitrate levels in groundwater and aging
infrastructure.

Importance of Forested Areas to Water Supplies
Forested areas are critical to the water supply. Wetlands, vegetated areas and
forests along streams act as natural filters of soils and pollutants. Forests
sequester carbon, helping to reduce the amount of carbon dioxide in the
atmosphere. The forested areas that surround many streams and rivers also
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where the source water to the aquifer comes from, groundwater resources may
also require treatment for removal of organics and metals. The final aspect
of water treatment is distribution, in which the treated water is sent through
piping systems
to homes,
Did you know?
businesses and
“And when I asked the name
me of
o the
e rriver from
industries or to
the brakeman, and heard that it was cal
called
d the
he
a storage facility
Susquehanna, the beauty of the name seemed
ed to be
for later use.
part and parcel of the beauty of the land…That was
the name, as no other could be, for that shining river
For example,
and desirable valley.”
the Harrisburg
water treatment
–Robert Louis Stevenson
plant purifies
and delivers an
average of 12 million gallons per day to 60,000 residents in Harrisburg and
its surrounding communities. The treatment plant is gravity fed by the Dehart
Reservoir, where water is treated then pumped to Reservoir Park to a gravity
distribution system.

Water Supply and Wastewater Treatment, continued
Lower Susquehanna Region
Public Education Programs
provide benefits to the waterways. Specifically, hemlocks are common residents of
riparian areas that are beneficial by providing habitat and beneficial shade. Their dense
canopies provide shade to streams which regulates stream temperatures providing an
ideal ecosystem for many coldwater inhabitants, including brook trout. The loss of these
hemlocks would be detrimental to many aquatic species as well as the species that live in
and among the trees.
The Forested Areas Map on the following page shows the region’s forested areas which
are dominant in the northern half of the region. The Lower Susquehanna Region supports
hardwood forests including pine-oak and oak-hickory forests, as well as coniferous (that
is, trees that produce cones and have needles such as pine trees) forests, including
Eastern hemlock. This area is mainly comprised of deciduous (that is, trees with leaves
that fall when autumn arrives) forest type, with 46 percent deciduous, and five percent
mixed and coniferous forest types. More information about the Lower Susquehanna
Region’s forests is provided in the Land Use pages of this Lower Susquehanna Region
section of the atlas.

Wastewater Treatment
Long before mankind appeared on the earth, natural biological processes had already
found a means to deal with waste in streams. Once human beings began to evolve, they
created small communities, towns and cities. As these population centers grew larger so
did the amount of wastewater being generated by mankind. Natural biological processes
were easily overwhelmed by humankind’s high outputs of wastewater.
It was not uncommon for older cities to fall victim to outbreaks of disease caused
by pathogenic viral, bacterial or protozoan organisms from untreated wastewater
contaminating drinking water supplies. This was exemplified in 19th century London,
England’s outbreaks of cholera that contaminated drinking water supplies and resulted
in many deaths. It was because of harmful outbreaks like that in 19th century London
that biologists, scientists and engineers developed methods for the treatment of
wastewater.

any large debris from wastewater. The screened water is then aerated, which allows for
natural biological processes to decay organic matter. Any solid material left in the tanks
is then extracted and disposed of appropriately. The water is then disinfected, usually
with chlorine, to kill any microorganisms that may be harmful to streams and rivers.

Public Wastewater Treatment
Pennsylvania has learned from history that discharging untreated sewage or industrial
waste into the rivers and streams can have devastating results for its inhabitants and
the natural environment. Just as high volume water purification facilities are needed to
service urban centers and cities, so too are wastewater treatment facilities needed.
The state capital, Harrisburg, has a wastewater treatment facility that processes 37.7
million gallons of wastewater per day. The facility serves about 143,000 people in the
city of Harrisburg and neighboring communities. The wastewater treatment plant utilizes
methane gas from residual sludge to generate electricity which is then sold to a private
utility company. Heat that is created from the electrical generating process is also
used to heat the wastewater treatment plant’s buildings. The Harrisburg Wastewater
Treatment Facility has won the EPA’s First Place Award for its wastewater pretreatment
program, which is the top national award for water pollution control.

Private Wastewater Treatment
Private residences in some suburban and most rural areas of the Lower Susquehanna
Region generally use private septic systems. Typical private septic systems allow for
wastewater to flow to an underground tank. Once in the tank, heavy particles fall to the
bottom while water can flow out of the top of a tank and into a drain field pipe. Once
in the drain field pipe, the remaining wastewater is dispersed into a drain field where it
slowly permeates down through the soil. Unfortunately, malfunctioning on-lot septic
systems can be a significant source of groundwater pollution in these rural communities.
DEP is continually searching innovative technology that aids in the most effective way to
reduce pollution from private septic systems.

Did you know?

When water leaves a private residence or business through a drain or toilet it travels to
a septic tank or wastewater treatment facility. Wastewater treatment facilities follow a
series of processes that screen, aerate and disinfect water before discharging it back into
a stream or river or back into the groundwater. The treatment process starts by screening

O hundred
One
h d d forty-two
f t t major wastewater treatment
facilities discharge treated human sewage into the
Susquehanna River and its tributaries.

McCormick's Island on the Susquehanna River, Dauphin County.
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Municipality and community based organizations have become more
involved with increasing public awareness on Lower Susquehanna
Watershed issues. More information can be found through the
Pennsylvania Department of Environmental Protection or through the
Water Resource Education Network.
 Various organizations in Lancaster County townships like Penn
Township and Rapho Township in the Chiques Creek Watershed
published a newsletter with the results of their stream
monitoring programs.
 In Cumberland County, several partnering groups distributed
educational brochures on drinking water source protection in the
Yellow Breeches Creek and LeTort Spring Run areas.
 Swatara Township and West Hanover Township in Dauphin County
educated municipal officials on stormwater management to help
prevent nonpoint source pollution entering surface waters
and streams.
 York County townships such as Carroll Township and Franklin
Township created pamphlets on protecting groundwater quality for
the community.
 Juniata County worked with several groups to create the Juniata
Watershed Resource Center at Juniata College to serve
several counties.
 The Shermans Creek Watershed in Perry County saw the
development of a local newsletter with a fact sheet about the
watershed to be distributed throughout the communities. Also,
improvements were made to the water quality monitoring system
which published the data in the local newsletter.
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Water-Based Economy
Holtwood Dam, Lancaster County.

M

anufacturing, agriculture, electricity generation and recreation are major business sectors in the entire
Susquehanna River Basin. All of these sectors rely on water — either directly or indirectly — to support
their livelihood.

Manufacturing
The term “variety” describes the manufacturing industry in the Lower Susquehanna Region. The region is home
to wood, food processing, apparel
and specialty metal manufacturers.
Hydroelectric Dams
Producers of heavy equipment for
agriculture as well as motorcycles and
The Susquehanna River has a collection of hydroelectric dams,
all-terrain vehicles are also found in the
which are a significant source of power to surrounding residents.
region. Thanks to abundant agricultural
Approximately 1.6 percent of Pennsylvania’s electricity is produced
and livestock production in nearly
from hydro facilities. The four dams, located on the Susquehanna
every county, food manufacturing
River, are the Holtwood Dam, Safe Harbor Dam, York Haven Dam and
companies do not have to look far for a
Conowingo Dam. The York Haven Dam is the northernmost dam of the
raw product. Canning and processing
three, followed by the Safe Harbor Dam located in the middle, and the
companies, meat packaging plants
Holtwood Dam in the most southern region of the Lower Susquehanna.
and bakeries are found throughout the
The Conowingo Dam is located in Maryland just outside the boundaries
Lower Susquehanna Region.
of Pennsylvania’s Lower Susquehanna Region.

Agriculture
The Lower Susquehanna Region can
arguably be considered the richest
agricultural region in the state. Nearly
every county in the region produces
more than 100 million pounds of milk.
Three counties, including Cumberland,
Lebanon and Lancaster, produce
between 250 and 2,050 million pounds
of milk per year. This astonishing
amount is produced by many small and
large farms that are found in the region.
The location of the region within the
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Hydroelectric dams are built to block part of a river, where currents
put pressure against the dam. The moving water spins a turbine, which
then spins the rotor of a generator. The generator then changes the
kinetic, moving energy, to electricity. The dams supplement power for
communities in Pennsylvania, Maryland, and New Jersey.
An issue studied by the USGS and various state and local agencies is
the excess nutrients and sediments transported in the Susquehanna
River to the Chesapeake Bay. Since the Susquehanna eventually flows
into and contributes 50 percent of the freshwater of the Chesapeake
Bay, many are concerned with the load of nutrients that are also
brought in with the flow. To address these concerns, the Chesapeake
Bay Agreement, which called for a 40 percent reduction in controllable
nutrients, was formed. Steps were taken to reduce the amount of
nitrogen and phosphorous flowing into the bay, which included the
trapping of the nutrients in a reservoir system formed by the three dams
on the Susquehanna River. While this strategy proved to be effective
right away, it has been projected that the trapping of the sediments and
nutrients behind the dams will only be effective for 15 more years at
most. This has raised a need to institute additional control measures.

numerous fertile limestone
valleys also contributes to
the quality and quantity
of agricultural production.
Lancaster County alone is a top
producing agricultural-based
county in the commonwealth.
According to the USDA Census
of Agriculture, Lancaster
County ranks at the top out
of all counties in tobacco,
vegetables, cattle and calves,
milk and dairy products, hogs
and pigs, broilers and meat
chickens, egg-laying chickens,
and corn for silage.

Hydroelectricity Generation
The lower part of the Susquehanna River is a major producer of hydroelectricity. Three hydroelectric dams located
in Pennsylvania—York Haven Hydro Station, Safe Harbor Hydroelectric Station and Holtwood Hydroelectric Plant—
produces almost 550 megawatts of electricity for people within the watershed and beyond.
 The creation of the York Haven Hydro Station in 1904 created Frederic Lake along the Susquehanna River. The dam
is 8,000 feet long and 26 feet high. It is maintained by York Haven Power Co. and owned by Metropolitan Edison Co.
It generates an estimated 19 to 20 megawatts of
electricity.
Did you know?
 The Safe Harbor Hydroelectric Station was opened
in 1931. At 4,869 feet long and 75 feet high, the
“I started out thinking of America as highways and state lines.
dam creates Lake Clarke along the Susquehanna
As I got to know it better, I began to think of it as rivers. Most of
River. The hydroelectric station is maintained by
what I love about the country is a gift of the rivers… America is a
Safe Harbor Water Power Corp. and is co-owned by
great story, and there is a river on every page of it.”
PPL Holtwood LLC and Constellation Power Source
–Charles Kuralt, U.S. News Correspondent
Generation Inc. The facility generates more than
417 megawatts of electricity.

Fishing in the Lower Susquehanna Region.

Aquaculture is one
ne of Pennsylvania
P
ylvania’s oldest agricultural
sectors. The practice
ce of keepi
keeping
eping fish was
as brou
brought from
Europe to Philadelphia during
ring colonial
colonial
nial tim
times. Today,
day
the industry is one of the fastest-growing
growing agricul
agricultura
ricultural
niches in the United States. The increasing demand
emand ffor
low-calorie protein with Omega-3 fatty acids, which
help reduce the risk of heart disease, has led to an
increase in national per capita consumption of fish from
14.8 pounds in 2001 to 16.6 pounds today. Although
the United States as a whole is at a disadvantage
in the production of warm water species, the Lower
Susquehanna Region is home to two fish farms that
specialize in the production of temperate water and
warm water fish.
Though tilapia is native to Israel, the New Tilapia Co.
of Mahanoy Township in Schuylkill County has brought
this tropical fish to the northeastern United States and
Canada. Since 1998, the New Tilapia Co. has owned and
operated a fish farm in Pennsylvania, bringing down
former high supermarket prices of this light, exotic fish
as well as making it widely available to consumers. New
Tilapia sells to wholesalers and retail food stores that
purchase live fish catering to communities in major
metropolitan areas. A prolifically breeding fish, tilapia
has been farmed for about 2,500 years. Indonesians
once considered tilapia to be a national pest due to their

 The opening of the Holtwood Hydroelectric Plant in 1910
created Lake Aldred along the Susquehanna River. The
dam is 2,392 feet long and 55 feet high and produces
approximately 109 megawatts of electricity. The plant is
owned and maintained by PPL Corp.

extensive reproduction until locals began using them
as a food source. To provide suitable conditions for the
fish, New Tilapia regulates water temperatures
eratures betw
between
76 and 84
8 degrees
d
Fahrenheit
F h h t to ensure survival in
o tdoor ponds and indoor systems.
outdoor
systems At only 105
05 calories
per 3 ounce serving,
serving tilapia appeals
app
to health conscious
consumers. It is a mild flavored fish and has moderate
texture with a subtly sweet taste. When Susquehanna
Aquaculture of York Haven, York County first started
raising hybrid striped bass in 1989, the fish farm sold
56,000 pounds. Today, the fish farm is the only striped
bass farm in the northeast, and is responsible for
selling more than 385,000 pounds of the commodity to
restaurant suppliers in New York City, Philadelphia and
Toronto and for stocking lakes and ponds that attract
recreational anglers. The hybrid striped bass is a cross
between striped bass and white bass. Susquehanna
Aquaculture is located near the Pennsylvania Power
and Light’s Brunner Island Power Plant and diverts
the plant’s discharge to the fish tanks to keep winter
water at a constant 60 degrees Fahrenheit. In addition
to hybrid striped bass, Susquehanna Aquaculture
also raises trout, contributing to the commonwealth’s
$4 million trout industry, supported in large part by
stocking programs for recreational fishing.

Recreational
R
ti
lA
Areas
The Lower Susquehanna Region is dotted with outdoor
recreational destinations that rely on water resources, such
as golf courses, state forests and state parks. While each

Lower
Susquehanna

Aquaculture in the Lower Susquehanna Region

Did you know?
The York Haven fish ladder was the fourth, and final, fish passage
completed in the past decade at four Susquehanna River dams.
When it went into operation in 2000, it was the first time in nearly
a century that shad could freely return to most of the Susquehanna
Basin, historically their largest spawning grounds on the east coast.

Lower Susquehanna
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Water-Based Economy, continued
Fishing the Yellow Breeches Creek
Meandering from the South Mountains of Cumberland
County
Co
ty to the Susquehanna River
River, the Yellow
Yello Breeches
B ches
C k has
Creek
h become
b
one off the
th mostt popular fishing
streams in the commonwealth, especially for fly
fishing. The creek is fed by cold limestone springs and
freestone tributaries which help moderate summer
water temperatures. Fishing is open all year long as the
Pennsylvania Fish and Boat Commission and the Yellow
Breeches Anglers Club stock almost the entire length of
the creek, and wild trout populations are sustained due
to excellent spawning habitat within the stream banks.
The entire reach of the creek is open to fishing, but a
mile-long stretch between Boiling Springs Lake and
Allenberry is restricted to catch and release.
With central Pennsylvania credited as the location
where many fly-fishing techniques used worldwide were
developed, it is no surprise that avid anglers travel
to Yellow Breeches Creek to fish a waterway with a
reputation for professional fly fishing. For first-timers or
those looking to better their technique, opportunities
are available to learn from experienced and professional
fly fishermen. For instance, the Allenberry Resort Inn
and Playhouse, located on Yellow Breeches Creek offers
weekends of Fly Fishing School, taught by nationally
recognized instructors. Students of the weekend school
participate in activities that include: analyzing stream
conditions; individual casting instruction; techniques
and tactics with nymphs, wet flies, dry flies and
streamers; and leader construction and knots.
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of the numerous 18-hole golf courses in the region may be responsible for 200,000 gallons of water loss
per day due to evapotransporation, recreational activities at state forests and parks do not require the
consumptive use of water resources.
Fishing (including ice fishing), kayaking, canoeing, boating, skiing (water and snow), swimming and ice
skating are just a few recreational activities that take advantage of the water resources found in the region’s
state parks. The following
are examples of the
numerous recreational
For more information on these and other state parks, see DCNR’s
destinations that attract
“Pennsylvania State Parks” Web site:
anglers and boaters, as
http://www.dcnr.state.pa.us/stateparks/index.aspx
well as others seeking
For more information on recreational areas managed by the
relaxation and fun:
Pennsylvania Fish and Boat Commission, see the Commission’s
“Boating Near You” Web site: http://www.fish.state.pa.us/boatinf.htm
 The 3,983 acres of
Shawnee State Park
For more information on Pennsylvania’s Water Trails, see the
(Bedford County) include
Pennsylvania Fish and Boat Commission’s “Water Trails” Web site:
the 451-acre Shawnee
h tp
ht
p:///w
/ ww.fi
.fis
fish
sh.
h.st
h.st
stat
ate
at
e.pa
e.pa
e.
p .u
.us/
us//wa
wate
tert
te
rtra
rt
rail
ra
ilss
il
Lake. The lake is stocked
with warm water fish
such as small- and large-mouth bass, northern pike, walleye, muskellunge, pickerel, catfish, crappie, yellow
perch, bluegill, sunfish, sucker, bullhead and carp. Anglers share the lake with motorboats, rowboats,
canoes, paddleboats and swimmers. Winter activities include: snowmobiling, sledding, ice fishing
and ice skating.
 Poe Valley State Park (Centre County) is 620 acres surrounded by the 198,000-acre Bald Eagle State
Forest. The 25 acres of Poe Lake hosts swimmers, boaters and anglers fishing for brown and rainbow trout,
catfish, pickerel, sunfish and perch. Winter activities include: snowmobiling, ice fishing, ice skating and
cross-country skiing. Stream anglers can be found at nearby Penns Creek and Big Poe Creek.
 The 696 acres of Pine Grove Furnace State Park (Cumberland County) includes three fishing spots: the 25acre Laurel Lake, 1.7-acre Fuller Lake, and Mountain Creek. Both Laurel Lake and Fuller Lake are stocked
with pickerel, perch and trout while Mountain Creek is fished for brown, brook and rainbow trout. Both
lakes support swimming and Laurel Lake is used for boating. Ice fishing and ice skating are permitted on
Laurel Lake and cross-country skiing and snowmobiling are enjoyed on trails throughout the park.

Water Trails
Water trails are recreational corridors suitable for canoes,
kayaks and small motorized watercraft. These trails are
comprised of access points, boat launches, day use sites and
in some cases overnight camping areas. Each water trail is
designated by the Pennsylvania Fish and Boat Commission as
a unique reflection of the state’s diverse geology, ecology
and communities.
The Lower Susquehanna Region includes eight water trails:
 The Middle Susquehanna River Water Trail – 51 miles
between Sunbury to Harrisburg
 Lower Susquehanna River Water Trail – 52 miles from
Harrisburg to Mason-Dixon Line
 Juniata River Water Trail – 80 miles from Canoe Creek State
Park to Lewistown
 Conodoguinet Creek Water Trail – 40 miles from
North Middletown Township to the mouth of the
Susquehanna River
 Yellow Breeches Creek Water Trail – 3 sections totaling 13
miles from South Middletown Park to New Cumberland
Borough Park
 Swatara Creek Water Trail – 60 miles from Jonestown
to Middletown
 Conestoga River Water Trail – 60 miles from Caernarvon
Township to the mouth of the Susquehanna River
 Raystown Branch Juniata River Water Trail – 60 miles from
Bedford to Saxton

Did you know?
“Th landscape
“The
l d
along
l
parts of the Juniata and its
tributaries reflects what many people feel to be
a classic Pennsylvania image—a well-blended
scene of farms and forests, mountains and
streams, all together in a way that makes you feel
good again, like you’ve seen a part of the older
Penn’s Woods and not a land that gets remodeled
every twenty years.”
—Tim Palmer, author of Rivers of Pennsylvania

Raystown Lake
Located in Huntingdon County, Raystown
Lake is a premier site for recreational water
activities in Pennsylvania. The
e lake is the
largest within the state, with 118 miles
of shoreline and 8,300
8 300 acres of water.
The lake was created in 1973 when the
Army Corps of Engineers built a dam on
the Juniata River. Also managed by the
Army Corps of Engineers, the beauty of
the Raystown Lake is preserved by strict
development restrictions.
The lake is available to the public for a
variety of water sports and activities,
including boating, canoeing and kayaking,
scuba diving, jet skiing, swimming, water
skiing and cliff jumping. Eight launch
ramps are available for boaters who seek
adventure. Raystown Lake has no size or
horsepower restrictions, and shallow water
is not an issue for boaters, as the average
depth is 80 feet.

Lower
Susquehanna

 One of the main attractions in the 3,329 acres of
Codorus State Park (York County) is the 1,275-acre
Marburg Lake. The lake is a warm water fishery,
home to species such as yellow perch, bluegill,
northern pike, crappie, largemouth bass, catfish and
muskellunge. Motorboats, pontoon boats, canoes,
rowboats, sailboats and paddleboats all use Marburg
Lake. Winter sports enjoyed in the park run the gamut
of ice fishing, ice skating, ice boating, sledding, crosscountry skiing and snowmobiling.
 Speedwell Forge Lake (Lancaster County) is a 106acre impoundment owned by the commonwealth of
Pennsylvania and managed by the Pennsylvania Fish
and Boat Commission. Speedwell Forge is popular
with canoers and kayakers. The lake is fished for trout,
bass and panfish.

Camping and hiking areas around the lake
add to its tourist appeal. Surrounding
beaches are a favorite of those who like
to get tan in the summer months. There
are also waterparks, houseboat and
cabin rentals and boat tours in the lake’s
surrounding area. A hidden Pennsylvania
charm, Raystown Lake has something to
interest anyone.

Lower Susquehanna
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Introduction
Marsh Creek covered bridge, Adams County.
Photo courtesy of C. Dalpra.

The committee members represent a broad range of interests in their region
– business and industry, agriculture, local government and the environment.
Each committee has identified and given consideration to a broad set of water
resources issues and concerns specific to their region. The water resource
management goals and objectives of the Potomac Regional Water Resources
Committee include:
 Address land use planning by developing a strategy that allows growth and

development while maintaining adequate water quantity and quality
 Develop land use programs that protect water quality and quantity and
preserve the ecological integrity of groundwater and surface water,
including springs, streams, lakes and wetlands
 Support a statewide inventory of waters to identify sources and quantity
of quality water to meet human and ecological needs and encourage local
municipal governments to do an inventory
 Develop, maintain and protect recreational water use and assess the instream and groundwater flow needs to support recreational water use
 Protect existing commercial agribusiness and industrial uses of water and
allow opportunities for growth
 Protect stream habitat and groundwater recharge areas from the loss of
native trees, shrubs and other vegetation along stream banks
 Increase compliance with existing regulations that minimize pollution and
reduce erosion of stream banks and channels, and prevent impairment of
groundwater recharge areas
 Promote nitrogen, phosphorus, etc. removal technologies and strategies at
all effluent discharge points
 Minimize nutrient loading in water resources caused by nonpoint source
pollution, such as septage applications and improper agricultural practices

on agricultural
fields
 Develop
educational
programs for the
general public
and elected
officials to present
the tools and
information that
support informed
decisions about
policies and
actions for water
resource and land
use management
 Implement
programs to train local elected and appointed officials on the use of
comprehensive water conservation plans as a means to ensure adequate
water resources for present and future needs
 Establish regulatory authority in the Potomac River Basin for reviewing and
approving significant water withdrawals, i.e. 10,000 gallons per day (gpd)
(similar to SRBC and DRBC requirements), including groundwater

The Potomac River’s entire basin encompasses 14,670 square miles over four
states—Pennsylvania, Virginia, Maryland and West Virginia—and the District
of Columbia. The 1,584 square miles of Somerset, Bedford, Fulton, Franklin,
Adams, Cumberland and Perry counties that drain into the Potomac River is
only 3.5 percent of the state’s land area, but accounts for 11 percent of the
total basin. Approximately 5.35 million people live in the Potomac Region,
180,000 of them in Pennsylvania.

The regional committee members will continue to work with DEP and other
partners to make recommendations for attaining these goals.

Potomac River Facts

The Potomac Region at a Glance

European spelling of Native American name meaning “place where people
trade” or “the place to which tribute is brought.”

The Potomac River—nicknamed the “Nation’s River” because it flows through
the nation’s capital—meanders 383 miles from Fairfax Stone, W. Va. to Point
Lookout, Md. where it contributes the second largest amount of freshwater
to the Chesapeake Bay. Although it comes within one or two miles of the
southern Pennsylvania border, not one drop of water in the Potomac River
flows through Pennsylvania. Pennsylvania is important to the watershed
because many headwater streams that contribute to the Potomac or the
Monocacy River form in one of seven counties in southcentral Pennsylvania.

Basin Area:
Total – 14,670 square miles
Pennsylvania – 1,584 square miles
Headwaters: Fairfax Stone, W. Va.
Mouth: Chesapeake Bay, at Point Lookout, Md.
Potomac River Length:
Total – 383 miles
Pennsylvania – 0 miles

Potomac

E

ach of Pennsylvania’s major drainage basins has an array of individual
characteristics that distinguish it from other regions of the state.These
include diverse geographic and geologic features as well as major
differences in historical settlement, economic and land use patterns. To reflect
these variations, six regional water resources committees were created by the
Water Resources Planning Act to ensure that individual regional priorities
were developed and highlighted in the plan. The priorities and actions of the
Potomac Regional Water Resources Committee are significant and influence
not only local streams and rivers, but also the Chesapeake Bay.

Potomac
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Introduction, continued
Major Tributaries (in Pennsylvania)
Wills Creek
Evitts Creek
Town Creek
Sideling Hill Creek
Tonoloway Creek
Licking Creek

Conococheague Creek
Antietam Creek
Toms Creek
Marsh Creek
Rock Creek

Populations Throughout the Region
(2000 Census Estimate)
Chambersburg
Gettysburg . . .
Littlestown . . .
Mercersburg . .

.
.
.
.

.
.
.
.

17,862
. 7,490
. 3,947
. 1,540

McConnellsburg . . . . 1,073
Hyndman . . . . . . . . 1,005
Wellersburg . . . . . . . . 176

Population and Future Projections
The maps on pages 238 and 239 show populations in the year 2000
and population projections for 2000 through 2030 for the Potomac
Region. As illustrated in the Population 2000 Map, the western
half of the region is rural while the more populated areas include
Chambersburg, Gettysburg, Littlestown and the areas surrounding
these communities. The highest populations of the region are found
along Interstate 81, which is used as a corridor to Pennsylvania’s
capital region and Maryland, and along State Routes 30 and 15,
which provide commuters with connections between the cities and
towns of the region as well as those outside the region.
Generally, the populations in the eastern half of the region are
expected to increase, with major population growth in Adams
County. Population expansion in the areas around Adams and
Franklin counties is occurring as individuals are choosing to leave
the more populous areas of Maryland in search of quieter, less
crowded neighborhoods. Adams County and Franklin County are
serviced by several major highways, such as Interstate 81 and State
Route 15. These highways provide easy access as well as quick
commutes to the populated areas where many individuals may
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continue to work after relocating. Predictions for the western half
of the region are that the population will either remain constant or
slightly decrease with a noticeable population decline in the area
along the Bedford/Somerset County border.

Watersheds in the Potomac Region
“Watershed” is a generic term used to identify an area of land that
drains to a particular waterbody. Watersheds can vary in size, from
the acreage that drains to a brook to a major river. For purposes of
this atlas, watersheds are classified by a nested hierarchy based
on landscape scale. A watershed is the land area that drains into a
stream or river (or in some cases, two streams) and is the smallest
in size in the classification hierarchy. Pennsylvania’s original
State Water Plan divided the commonwealth into 104 watersheds,
ranging in size from approximately 100 to 1,000 square miles,
named for the major streams of the watershed. A subbasin includes
all of the watersheds that drain into a particular reach of a larger
watercourse. A basin encompasses all of the subbasins that drain
into a major waterway.

Monument on the site of Buchanan’s Birthplace,
Buchanan State Park, Franklin County.

In Pennsylvania, there are six basins—Erie, Genesee, Ohio,
Susquehanna, Potomac and Delaware—each with a different
outlet. The Erie Basin empties into Lake Erie, the Genesee Basin
contributes to Lake Ontario, the Ohio Basin drains into the
Mississippi River, the Susquehanna Basin and Potomac Basin drain
into the Chesapeake Bay, and the Delaware Basin drains into the
Delaware Bay.

Did you know?
Although
l
the Mason-Dixon Line is often thought of as the
divider between Northern and Southern states during the
Civil War, the line was actually created before the war,
in 1763, when Charles Mason and Jeremiah Dixon were
hired to settle a land dispute between the Calvert family of
Mary
yland and the Penn family
y of Pennsy
ylvania.

Pennsylvania Memorial, Gettysburg
National Military Park, Adams County.

Snowboarders at Whitetail Mountain Resort,
Franklin County. Photo courtesy of Matt See.

While mostt of the
he sta
stat of Pennsy
state
Pennsylvania
is prone to flooding,
ng, a 1996
996 st
storm that
hat hit
Gettysburg exemplifies the
he ter
term
rm
“flash flood.”
Flash flood events generally occur when
slow moving storms cause flooding in a
particular area to the point that water rises
at an extreme rate. Particularly, flash floods
appear quickly with little notice, and heavy
rainfall is concentrated in an area for a
significant period of time.
On June 19, 1996, major flooding occurred
in the Potomac Region. Rain poured down
at such a rate that Gettysburg received
nearly 11 inches of rainfall in just three
hours. Nearly four feet of water overflowed
from creeks and streams into the town,
flooding businesses and homes. All major
roads in the area were closed and more
than 60 people were evacuated, including
many water rescues. The Gettysburg
mayor declared a disaster emergency after
assessing the severity of the storm and its
affect on the town. Damages from the storm
surpassed $16 million in just Adams County.
A frontal event triggered unusually fierce
storm clouds and significant rainfall, making
the 1996 flood of Gettysburg a model flash
flood in history.

A particular tract of land can belong in multiple watersheds, depending on the
scale of the landscape. For example, in Fulton County, Barnetts Run is a tributary
to Tonoloway Creek, which is a tributary to the Potomac River. The land that
drains into Barnetts Run is part of the Licking – Tonoloway Creeks Watershed,
which, in turn is part of the Potomac Subbasin/Basin. The Water Planning Area
Map on the next page depicts the four watersheds found in the only Pennsylvania
subbasin of the Potomac Basin.

Points of Interest in the Region
 Gettysburg National Military Park – Gettysburg, Adams County
 Eisenhower National Historic Site – Gettysburg, Adams County
 Natural and Wild Areas surrounding Buchanan State Forest

(Sweet Root Natural Area, Pine Ridge Natural Area, Martin Hill
Wild Area) – Bedford County
 US 30/Lincoln Highway Heritage Corridor, the first transcontinental highway in the U.S. –
Fulton County
 Buchanan’s Birthplace State Park – Cove Gap, Franklin County
 John McFadden Model Railroad Museum – Mercersburg, Franklin County

(with May being the wettest month). Winter precipitation consists of a mix of snow, freezing
rain and rain. Average annual precipitation for the Potomac Region ranges between 34
and 49 inches—the eastern half of the region generally receives more precipitation than
the western half. The area surrounding the Franklin/Adams County border receives the
greatest amounts of precipitation, averaging between 42-43 inches up to 46-49 inches of
precipitation per year.

Land Cover (Percent of Watershed)
Forest . . . . . . . . . . . . .
Agriculture (crop/pasture)
Developed . . . . . . . . . .
Wetlands . . . . . . . . . . .
Open Water . . . . . . . . .
Barren (rock/sand/clay) . .

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.54.6%
.35.8%
. 8.3%
. . <1%
. . <1%
. . <1%

Regional Climate
The Potomac Basin experiences a moderate climate pattern, marked by cold winters and
warm, humid summers. A majority of the region has a mean minimum temperature of 18 to
19 degrees Fahrenheit and a mean maximum temperature of 82 to 85 degrees Fahrenheit.
Temperature regimes remain relatively constant throughout the region with the Somerset
and Bedford County areas exhibiting the greatest variance between minimum and maximum
average annual temperatures. Precipitation in the region is normally adequate to plentiful
throughout the year. The region receives half of its precipitation during the growing season

The maps on pages 242 to 244 show Annual Precipitation, Average Minimum Temperature
and Average Maximum Temperature, averaged from 1971 to 2000, for the Potomac Region.

Regional Water Use
The demand for water throughout the region can be measured in part by compiling and
mapping data contained in the registry of water users maintained by DEP. All public water
supply agencies and hydropower facilities as well as anyone withdrawing more than 10,000
gallons of water per day are to register and report their usage to the DEP. There are no fees
associated with registering and reporting.
Although this registry information does not account for all water demands of the region, it
provides useful information to predict areas of higher and lower demand, as shown by the
Registered Water Withdrawals Map on page 245. Consumptive water use, as defined by U.S.
Geological Survey (USGS), is “that part of water withdrawn that is evaporated, transpired,
incorporated into products or crops, consumed by humans or livestock, or otherwise

Potomac
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Extreme Weather
Conditions: Flash Floods
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Introduction, continued
removed from the immediate water environment.” The amount of water consumed in a
region becomes an important consideration for resource management during times of
drought or water shortages. On the Registered Water Withdrawals Map, the pie chart
within each subbasin depicts the percentage of each major sector of water use.
The pie chart below provides a breakdown of both consumptive and non-consumptive
water users by sector for the Potomac Region. Approximately 61 percent of water
is used by public water suppliers, 19 percent by commercial facilities, 13 percent
by agriculture, six percent by mining, and one percent by industry and utility/
thermoelectric plants. This data is based on information available primarily from the
registrations submitted to DEP in 2003.

Potomac River Basin Water Use
Public Water Supply 61%
Thermoelectric <1%
Commercial 19%
Agriculture 13%
Industry 1%
Mining 6%

Source: PADEP, 2003

“[The Potomac is] frequented by otters, beavers, martens and
sables. Neither better fish, more plenty, nor more variety for small
fish had any of us ever seen in a place.”
–Captain John Smith, 1608
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The Chesapeake Bay
The
T
he Chesap
Chesapeake B
Bay Basin is made up of thousands of miles of rivers
and streams that supply freshwater to the Chesapeake.
 The Chesapeake Bay Basin stretches from upstate New York to
the Tidewater Region of Virginia. The drainage area covers 64,000
square miles or 41 million acres.
 Pennsylvania makes up more than one-third of the entire
Chesapeake Bay Basin, more than any other state.
 About half of Pennsylvania (52 percent) lies within the Chesapeake
Bay Basin.
 Within Pennsylvania’s portion of the Chesapeake Bay Basin, the
Susquehanna River drains 92 percent of the watershed and the
Potomac River drains another seven percent. The remaining one
perrcent of the watershed drains from the Elk Creek and Northeast
Rivver in Chester County, and Deer Creek and Gunpowder River in
Yorrk County.
 Thrree million people, or about one-quarter of the entire
Chesapeake Bay Basin population, live in Pennsylvania.
The P
Potomac River flows 383 miles from Fairfax Stone, W. Va. to
Point Lookout, Md. and into the Chesapeake Bay. Although none of
the river lies in Pennsylvania, the commonwealth provides headwater
stream
ms to the Potomac River.
 The Potomac River is the second largest source of freshwater to
the Chesapeake Bay.
 Pennsylvania’s Potomac Region does not include the river itself,
but headwater streams flow into the Potomac at Harper’s Ferry
or into the Monocacy River, one of the larger tributaries of the
Potomac.
 Almost 86 percent of the basin’s population receives its drinking
water from public water suppliers while 13 percent uses well water.
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P

ennsylvania occupies nearly 11 percent
of the land area drained by the Potomac
River. The Potomac Region of Pennsylvania
contains headwaters of the Potomac River, a federally
recognized American Heritage River.

A map showing the larger streams, lakes and wetlands
within the Potomac Region is provided on page
249. Streams and rivers can be classified according
to their size based on a hierarchy of its tributaries.
The hierarchy designates headwater streams as
a first order stream. When two first order streams
meet, the waterway becomes a second-order stream.
When two second-order streams meet, the waterway
becomes a third-order stream and so on. If a lowerorder stream flows into a higher-order stream, the
order designation does not change. For instance, if
a first-order stream meets a second-order stream,
the waterway designation remains second-order. For
purposes of making the map readable, only higher
order streams of the Potomac Region are shown in the
Surface Waters Map.

Streams
Headwaters of the Potomac River in Pennsylvania
include, from west to east, Wills Creek, Licking
Creek, Conococheauge Creek and Marsh Run.
Tributaries to Wills Creek include Hillegas Run,
Shaffers Run and Brush Creek. Contributors
to Licking Creek include Patterson Run, Cove
Creek and Little Cove Creek. Streams feeding
Conococheague Creek include Campbell Run, Rocky
Spring Branch and Cold Spring Run. Tributaries to
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Marsh Run include Willoughby Run, Rock Creek and
Littles Run.
These surface waters are part of the four watersheds
in the Potomac Basin, which together make up the
Potomac Region. These watersheds are shown on
the Water Planning Area Map in the Potomac Region
Introduction Section of this atlas.
Two U.S. Geological Survery (USGS) gaging stations
that monitor peak stream flow conditions, water
levels, discharge and water temperature are located
in the Potomac Region. One gaging station is located
on Wills Creek south of Hyndman, Bedford County,
while the other is on Tonoloway Creek near Needmore,
Fulton County.

Lakes and Dams
Several lakes and reservoirs exist within the Potomac
Region. Most lakes throughout the region are created
by dams, many of which have formed reservoirs for
public water supply such as Lake Koon and Lake
Gordon, which were both formed by the construction
of the Thomas W. Koon Dam on Evitts Creek. The two
lakes collectively provide drinking water for residents
in Pennsylvania and Cumberland, Md.
Chambersburg Reservoir and Long Pine Run
Reservoir, both located near Chambersburg in
Franklin County, also provide drinking water for
residents in and around the Chambersburg area.
Both Koon and Gordon lakes provide recreational
opportunities such as boating and fishing that are

open for public access. Long Pine Run Reservoir offers
limited public recreational opportunities as it is closed
to most recreational activities.
In Fulton County, Meadow Grounds Lake, within State
Gamelands 53, offers public fishing and boating, as
well as hiking trails around its perimeter.

Wetlands
Wetlands are areas where water covers the soil
or remains at or near the surface for an extended
period of the year. These habitats provide a
hydrologic link between land and water resources
(either surface water, groundwater or both).
Wetland types differ according to characteristics
such as topography, climate, hydrology, water
chemistry and vegetation.
The U.S. Fish and Wildlife Service (USFWS)
provides information on the nation’s wetlands and
deepwater habitats—including location, type and
status—through the National Wetlands Inventory
(NWI). There are two general categories of wetlands:
coastal (including estuaries) and inland (including
rivers, lakes and riparian areas). The NWI classifies
inland waters according to the amount and type of
vegetation present:
 Open water (rivers and lakes)
 Emergent/herbaceous (marshes, wet meadows,
fens)
 Scrub-shrub (swamps and bogs)
 Forested (swamps and bogs)

The Potomac River
Deemed the “Nation’s River” because it flows through
Washington D.C., the Potomac River flows for about 380
miles and measures nearly 11 miles wide where it meets
the Chesapeake Bay at Point Lookout, Md. The river has
tributaries in Pennsylvania, Virginia, West Virginia
and Maryland.
The Potomac River serves as one of the nation’s most
historic and celebrated rivers. Named for the Algonquian
tribe inhabiting the area, the Potomac has been home to the
building of the nation’s capitol in 1800 and many battles of
the Civil War in Gettysburg and Antietam.
Today, many people flock to the battlefields near the Potomac
to view reenactments of Civil War battles, along with the
various recreational activities and attractions in the area.
The Potomac Region has brought together various cultures
throughout the basin, including coal miners, prestigious law
makers and watermen in Virginia.
Over time, the river has faced many pollution issues. Mining
and agricultural runoff, along with urban sewage have been
issues of concern with the waters over time. Abraham Lincoln
even noted that he would escape to the highlands to get
away from the river’s stench on summer nights and Lyndon
Johnson once declared the river to be a “national disgrace.”
In the 1960s, restoration efforts were put into effect, with
long-term efforts to reduce sewage pollution and bring
back the beauty of the river. Since then, recreation on the
river has come back. Concerns with the Potomac’s flow into
the Chesapeake have also been voiced, and many plans to
monitor the river’s sediment levels have been developed.

Fishing derby on Tom’s Creek, Carroll Valley, Adams County.
Photo courtesy of William Devlin.

Wetlands provide unique habitat to many species of plants and animals
and also serve as natural filters for surface and groundwater supplies. Many
wetlands in the region have the ability to eliminate contaminants such as
nitrates and phosphorus as water flows through the wetland. The vegetation
present in the wetland utilizes the excess waste, eliminating it from the water
and reducing negative impacts to the environment. Wetlands also have the
excellent ability to remove sediment from surface runoff. The vegetation plays
a large role in reducing sediment as the sediment particles are captured and
slowly removed as the water progresses through the wetland. These traits of
wetlands have led some scientists to describe wetlands as “nature’s kidneys.”
Wetlands of the Potomac Region are illustrated on the Surface Waters Map
on page 249.

Special Protection Waters
Certain water bodies are designated special protection to prevent activities
that could degrade water quality and therefore prevent these waters from
meeting their uses. These special designations include federal or state Scenic/
Recreational Rivers, High Quality and Exceptional Value Waters, and Class A
Wild Trout Waters.

Scenic Rivers
Scenic rivers in Pennsylvania are designated for their exceptional aesthetic,
pastoral or recreational value and must be maintained for these values. There
are no scenic rivers in the Potomac Region. More detailed information about
this program is included in the Statewide section of this atlas.

HQ and EV Waters
There are two types of special protection water classifications according to

guidelines listed in Pennsylvania Code Title 25, Chapter 93 Water Quality
Standards: High Quality (HQ) and Exceptional Value (EV). The Special
Protection Waters Map on the next page shows the HQ and EV waters in
the region.
 HQ waters are designated as such based on the water chemistry and
the presence of a high quality aquatic community. Approximately
36 streams or stream sections are designated as HQ in the Potomac
Region. A majority of these HQ streams are found in the forested Wills Town Creeks Watershed.
 EV waters are designated based on water quality and are waters
of substantial recreational or ecological significance. There are
approximately eight streams or stream sections designated as EV in the
Potomac Region. A majority of EV waters in the Potomac Region are
found in the Licking – Tonoloway Creeks Watershed. Many waters are
designated as EV based on the fact that they are classified as Class A Wild
Trout Waters.
The classification of EV or HQ to a stream requires that new or expanded earthdisturbance does not degrade existing water quality. It is important to know
that this does not mean that development will stop, but proposed projects will
undergo a more detailed permit review by DEP and may result in meeting more
stringent requirements to protect water quality.

Wild Trout Streams
Currently, the Pennsylvania Fish and Boat Commission reports that six waters
in the Potomac Region are designated as Class A Wild Trout Waters. These
waters support a population of naturally-produced trout of sufficient size and
abundance to support a long-term and rewarding sport fishery. These streams
are not stocked but are supported in full by the spawning of the wild trout
populations, further illustrating their outstanding quality and protection they
receive. Class A Wild Trout Waters include wild brook trout fisheries, wild brown
trout fisheries, mixed wild brook/brown fisheries and wild rainbow
trout fisheries.
The following Class A Wild Trout Waters list provides the county location, name
of the water body and the type of trout found in the stream.

Somerset Two sections of Laurel Run (brook trout)
Franklin

One section of West Branch Antietam Creek (brook trout)
Two sections of Broad Run (brook trout)
One section of Falling Spring Brook (rainbow trout)

Adams

One section of East Branch Antietam Creek (brook trout)
One section of Carbaugh Run (brook trout)

The Special Protection Waters Map on the previous page 251 shows the
locations of Class A Wild Trout Waters within the Potomac Region. For more
information on wild trout streams in Pennsylvania, visit the Pennsylvania Fish
and Boat Commission’s Web site at www.fish.state.pa.us/.

Impaired Waters
Stream health assessments are complex and time consuming efforts put
forth by many individuals. Assessments can include individual studies on the
living organisms and habitat within and around the stream, studies on water
chemistry and measurement of physical characteristics. There are also simple
visual indicators one can look for to determine a stream’s general health.
Impaired streams may have eroded or undercut banks, low water clarity, foul
odors, large amounts of algae or have deep deposition of sediments that cover

Potomac
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Wetlands exist throughout the Potomac Region, typically forming in floodplains
and adjacent areas of streams. Wetlands are prevalent in the areas of the
Conococheague-Antietam Creeks Watershed. Several projects have been
implemented to further increase the quality of the wetlands and surrounding
streams. Also, several acres of a scrub/shrub wetland exist at the headwaters
of Shobers Run in Bedford County. Restoration plans have been implemented
to improve wildlife habitat, which will also aid in improving water quality to the
stream itself.

Water Resources, continued
Back Creek, Franklin County.
Photo courtesy of J. Ducnuigeen.
larger rocks on the bottom of the stream. All of these results
help determine overall stream health. Restoring impaired
streams requires plenty of time and effort combined with the
most recent water quality evaluations available.
The Pennsylvania Department of Environmental Protection
(DEP), under Section 303(d) of the federal Clean Water Act,
implements a program that assesses the water quality of
state waters and identifies waterbodies that do not meet
the standards for their designated uses. These designated
uses—including aquatic life, recreation and drinking water—
are characterized by the in-stream levels of parameters (e.g.,
dissolved oxygen, pH, metals, siltation, etc). If a waterbody
does not meet the standards for its designated use, it is
identified as “impaired” on the Pennsylvania Integrated Water
Quality Monitoring and Assessment Report. This report also
identifies the cause of the impairment, which may be one or
more point sources (like industrial or sewage discharges)
or nonpoint sources (like abandoned mine discharge or
agricultural runoff).

Did you know?
Thaddeus Stevens, a prominent 19th century
abolitionist, attorney and politician spent part of his
life living and working in Adams and Franklin counties.
During his time in the region, Stevens helped secure
free public schools for rural Pennsylvanians.

Did you know?
The Potomac River and its sister river in Japan, the
Arakawa River, share a historic tie: the Arakawa River
was the source of the cherry trees that grow along the
Potomac in Washington, D.C.

Lousy Run surrounded by a forested
riparian buffer, Adams County.
Photo courtesy of Pat Naugle.
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Water Resources, continued
Muskrat Run, Adams County.
Photo courtesy of J. Ducnuigeen.

Once impaired waters and their reasons for impairment are established, the state determines what conditions are
necessary to return the water to the quality that meets its designated use. DEP and the United States Environmental
Protection Agency (EPA) work in conjunction with other organizations, such as Pennsylvania State University, to
develop a Total Maximum Daily Load (TMDL) for each impaired waterbody. A TMDL defines the allowable pollutant
loads a waterbody can receive from point and nonpoint sources and still be able to maintain its designated water
quality standards.

Conococheague-Antietam
Creeks Watershed
The Conococheague-Antietam Creeks Watershed drains
approximately 609 square miles in southern Franklin and
Adams counties. The Conococheague Creek is the largest
contributor to the watershed draining approximately 503
square miles.
The watershed’s headwaters generally form in the rugged
areas of Blue Mountain and South Mountain. The streams
that originate in these mountainous regions have greater
acidity until they flow through valley regions that are
dominated by limestone, which neutralizes acid. Once
reaching the valleys, the acidity is alleviated and the streams
are buffered, supporting a greater abundance of aquatic life.
The largest contributors to degradation of the watershed
are areas of development and agriculture. Development
along the I-81 corridor is a factor resulting in increases of
stormwater runoff, stream bank erosion and sedimentation.
Agriculture in the region has existed for many years and
contributes some pollution to the watershed, such as
nutrient loading and sedimentation.
Restoration initiatives have been developed for the
watershed to improve water quality and help restore the
overall health of the area. Best management practices
within the watershed include installing cattle crossings,
wetland replacement and administering stormwater
management programs.
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Although a majority of the Potomac Region’s
surface waters are healthy, several impaired
streams exist within the region that require
attention and best management practices,
as seen in the Impaired Waters Map on
page 252. Willoughby Run, a tributary of the
Marsh Creek Watershed, and Rock Creek
are two streams located in Adams County
that suffer from degraded water quality.
Like many streams and watersheds in the
commonwealth, growing populations are
creating new sources of nonpoint pollution.
Problems that these streams and watersheds
are facing include increases in stormwater
which leads to stream bank erosion and siltation, loss of
riparian buffers and turbid waters. The loss of riparian buffers
creates waters with increased temperatures which in turn can
lead to algae blooms. This ripple effect creates problems that
will be felt their entire length to their confluence creating the
Monocacy River located in Maryland.
In response to these concerns, several organizations such as
the Watershed Alliance of Adams County (WAAC) have taken
efforts to restore and protect these watersheds from further
degradation. Monitoring sites, protocols and data collection sites
have been set up by volunteers and professionals to increase
public awareness of the water quality in the area. With their
efforts, the watersheds have a first line of defense in protecting
their water resources. For more information, visit the Marsh
Creek Watershed Web site at www.marshcreekwatershed.org.

Stream Releaf Program
Pennsylvania DEP initiated the Stream Releaf
Program in 1996 to restore streams and riparian
areas in order to reduce and prevent stream bank
erosion and sedimentation. The Stream Releaf
Program has helped to create riparian buffers
(vegetated areas along stream banks) along Big
Cove Creek in Fulton County, East Branch Antietam
Creek in Franklin County, and Marsh Creek in Adams
County. These are just a few of approximately 322
projects found in the Stream Releaf database for
this region. For more information on this program,
see “Stream Releaf” under “DEP Programs” at www.
depweb.state.pa.us.
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Stormwater and Flooding

South Mountain and part of the Marsh Creek Watershed,
Adams County. Photo courtesy of Pat Naugle.

Stormwater as a Resource
Stormwater runoff and flooding are natural events that have helped shape our watersheds and
rivers. Human activities on the landscape routinely alter natural drainage patterns. Because
of this, stormwater runoff is now being examined as to its effects on water quality, stream
morphology, base flow and recharge. If not managed, these changes may increase localized
flooding, stream bank erosion and loss of groundwater recharge. In addition to its physical impact
on the environment, stormwater may carry a variety of pollutants.
By managing stormwater runoff as a resource rather than as a waste, a host of opportunities
are available to protect the environment and complement water resource management. Since
clean and abundant water is a vital resource, effective stormwater management provides for
the protection and maintenance of the commonwealth’s essential water resources. Stormwater
management affects and involves all of the possible avenues precipitation might follow after
falling to the ground: runoff from the surface of the land; groundwater by infiltrating (or soaking)
into the ground; evapotranspiration by evaporating directly into the atmosphere or by transpiring
through plant processes and then evaporating; or stored water for various uses.
Human activities that result in land development or changes in land cover, or land use, often
dramatically affect the quantity and quality of stormwater runoff from the land surface. These
changes can produce potentially harmful impacts on water resources, such as increases in
damages from flooding; diminished stream flows and groundwater recharge; degradation of
streams and stream channels from scour, erosion or deposition; and deterioration of water quality
from pollution. These effects can be minimized, or avoided, through the careful preparation
and implementation of comprehensive stormwater management plans and other planning or
regulatory efforts.

Problems Associated with Stormwater and Flooding
Stormwater can have a detrimental effect on the agricultural lands, developed areas
and the water quality of streams and rivers that flow through the 1,500-plus square
miles of land that makes up the Potomac Region.

Flooding
Flooding is a localized temporary condition of partial or complete inundation of
normally dry land from the overflow of streams or rivers. This potentially hazardous
condition is generally the result of excessive precipitation. Generally, floods can be
classified into two categories: flash floods, the product of heavy localized precipitation

Like all regions,
egions flooding
flooding can create
c eate problems
p oblems
in the Potomac Region. In response to these
problems, many local communities and
municipalities have created flood control
measures to help control flooding, such as
reservoirs. Although the Potomac Region
does not have any flood control measures
managed and maintained by the U.S.
Army Corps of Engineers, local regulating
committees and township supervisors have
t ken on the respo
ta
p nsibility
y of protecting
g their

communities. Although these reservoirs and
other emergency flood control measures exist
in the region, occasionally heavy rains can
overwhelm the flood controls.
Flood control measures and emergency
reservoirs are now being augmented by
improved stormwater management practices
to prevent flooding. Flood mitigation measures
are continually being refined by Pennsylvania
and have helped reduce the overall impacts

of major flood events. Flood hazards are also
being addressed in Hazard Mitigation Plans
that are being prepared by each county in
the state. Also, the Pennsylvania Emergency
Management Agency (PEMA) uses the Federal
Emergency Management Agency’s (FEMA)
hazard identification tool, HAZUS, to assist
counties and local communities in assessing
flood risks and preparing mitigation plans.
More information can be gathered by visiting
the PEMA Web site at www.pe
p ma.state.p
pa.us.
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Local Flooding Occurrence

Stormwater and Flooding, continued
in a short time period over a given location; and general floods, caused by
precipitation over a longer time period over the river basin.
Flash floods can occur within a few minutes or several hours of heavy
amounts of rainfall, rapid snow melt or from a sudden release of water held
back by an ice jam. Flash floods can damage buildings and bridges, uproot
trees and scour new drainage channels. Although flash flooding often occurs
along small rural streams, it is also common in urban areas where much
of the ground is covered by impervious surfaces. The impervious surfaces
created by roads and buildings generate greater amounts of runoff than
would typically occur over vegetated areas. As land is converted from fields
and woodlands to impervious surfaces, it loses its ability to absorb rainfall.
Urbanization greatly increases the quantity and velocity of runoff over what
would occur naturally on vegetated and forested terrain. Fixed drainage
channels in urban areas may be unable to contain the runoff that is generated
by relatively small, but intense, rainfall events.
The severity of a flooding event is determined by a combination of river basin
terrain, local thunderstorm movement, past soil moisture conditions and the
degree of vegetative clearing. Abnormal weather patterns may also contribute
to flooding of a local area.

Urban and Suburban Runoff
Stormwater runoff from developed areas in Pennsylvania is the third leading
cause of stream impairment. Pollution in the Potomac Region can result
from suburban development and impervious surface expansion, resulting in
potential runoff of petroleum products, nutrients, etc. The trend of population
spreading out from towns and cities into areas that were previously rural is
expected to continue into the future.
These population changes can result in development and an increase in
impervious surfaces (surfaces that water cannot drain through such as
concrete pavement, asphalt and roofing materials). As impervious surfaces
increase so can the amount of pollutant-carrying stormwater from new
developed areas. Soils washed away from exposed building sites during
construction also contribute to the excess sedimentation of streams.
Chambersburg in Franklin County is expected to continue to see development
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expanding
outward.
Dennis Creek Streambank Restoration, Franklin County
Stormwater
The Dennis Creek Watershed originates in Hamilton Township, Franklin County, near Chambersburg in the pristine headwaters of the
runoff in this area
Kittatinny Mountain Ridge. Historically the land was forested but was cleared for use as fuel for the iron industry. Eventually the iron
affects water
industry gave way to agriculture which now dominates land use in the area. Some agricultural practices have led to erosion problems,
quality in the
cattle waste pollution, overgrazing and unprotected streambanks.
Conococheague
Creek Watershed.
DEP partnered with the Franklin County Watershed Association, an informal cooperative group of local citizens, to restore the Dennis
Future land
Creek Watershed. The partnership started by constructing fencing to prevent cattle from directly entering streams or impacting
development
stream banks. Fencing the streambanks alone led to immediate water quality improvements in the creek.
can increase
The partnership then worked on restoring riparian areas in the watershed by planting trees and native vegetation along streambanks
stormwater runoff
that had been left with little to no vegetation from past land practices. DEP and the Dennis Creek Watershed Association also worked
and streambank
to restore wetlands in the watershed to control stormwater runoff. The final step in the Dennis Creek Watershed restoration project
erosion
is maintaining the health of the watershed. This is being accomplished by implementing a water quality monitoring program that
throughout the
involves government agencies, school students and others in monitoring the health of the watershed.
watershed and
groundwater
pollution. The
general increase in population in Franklin County as well as Adams County
animals, can also be washed away with stormwater runoff. Excess nutrients,
has created concern that the new development will create impacts if intensive
sediments and pollutants in this watershed not only impair Pennsylvania’s
stormwater management techniques are not applied. This shift from
waters but also the Chesapeake Bay.
agricultural runoff to urban runoff created from impervious surfaces such as
parking lots and housing developments creates new issues that will need to
Stormwater Association with Forestry
be addressed.
Forestry management techniques are also important to the protection of
streams and creeks in the region. Timbering companies work hand in hand
Increased stormwater can cause sewer overflows in older towns that channel
with agencies such as DEP, EPA, U.S. Army Corps of Engineers and the U.S.
stormwater runoff to wastewater treatment facilities or worse yet, combined
Forest Service to protect water resources. Strict permitting is required for
stormwater and wastewater can overflow into surface waters. Increased
stream crossings, wetland crossings and timbering near these resources.
stormwater also destabilizes stream banks, disperses litter, distributes
Timbering companies also are required to develop extensive erosion and
unnaturally warm water from developed surfaces into streams and reduces
sedimentation control plans for areas they plan to timber. Through these
groundwater recharge.
relationships between timbering companies and agencies, the timber
business continues to thrive while protecting our water resources.

Agricultural Runoff
Water quality degradation and impairment in the Potomac Region can also
be caused by stormwater runoff from some agricultural lands. As stormwater
flows over agricultural lands, it can wash away excess nutrients like nitrogen
and phosphorous from commercial fertilizers and manure. Soils from plowed
fields and unstable stream banks, sometimes exposed in part by grazing

Karst Areas
Karst environments typically occur in areas where carbonate (limestone and
dolomite) bedrock dominates the subsurface features. Natural breaks and
fractures occur in carbonate bedrock which allows precipitation to infiltrate
quite easily.

land and developed land like Conococheague-Antietam
Creeks Watersheds.
In the Conococheague Creek Watershed in Franklin County,
most new development is taking place around Chambersburg
and along I-81. The Conococheague Creek Watershed is largely
underlain with carbonate bedrock. Development in the area can
alter the land’s natural state and ability to absorb precipitation,
which can concentrate stormwater runoff and accelerate the
formation of sinkholes.

The effects of stormwater on
karst geology are of concern
The Antietam Creek
for the Potomac Region.
Watershed located in
Carbonate bedrock, which
Franklin and Adams counties
allows for sinkholes to form,
is experiencing similar
is common throughout much
stormwater problems as the
of Franklin County and parts
Conococheague Creek. This
of Adams County. Conversely,
watershed is also underlain
the effects of sinkholes are
with carbonate bedrock and
a concern for groundwater
has seen development growth
quality. Water is naturally
occurring in the Waynesboro
purified of contaminants as it
area and along I-81 north to
passes through soil. Surface
Chambersburg.
Spotted Salamander
water that enters a sinkhole
passes directly into existing groundwater supplies without
In
the western section of the Potomac Region, in Bedford
ith t any
I th
filtration, thereby contaminating groundwater resources.
County, Evitts Creek and its watershed flow into Koon and
Gordon lakes. These lakes provide drinking water for 50,000
residents in the city of Cumberland, Md. located just over
Stream Impairment and Stormwater
the Mason-Dixon Line. Land surrounding the Evitts Creek
In the Potomac Region, water quality degradation of streams,
Watershed is primarily used for timbering and agricultural
rivers and groundwater has occurred in all counties found in the operations like dairy and cattle farming. Poorly managed
basin. The region is home to Conococheague, Antietam, Wills,
timbering and agricultural practices in the past have
Marsh, Licking and Evitts creeks watersheds. Several of these
contributed to stormwater runoff carrying excess nutrients and
watersheds have high amounts of agricultural
sediment into Evitts Creek, Koon Lake and Gordon Lake.

Throughout South Mountain and Michaux State
Forest, vernal ponds (seasonal wetlands that
often dry up by late summer) provide critical
habitat for numerous species of protected, yet
extremely vulnerable plants and animals.

Potomac

Water is a major reason for sinkhole collapses in Pennsylvania.
Karst areas form over long periods of time as groundwater
moves through breaks in the bedrock dissolving the rock and
creating caverns and spaces below the surface. The spaces may
be filled with soil material or may be open. A sinkhole forms
as soil material is flushed through the underground spaces in
the bedrock causing the surface to collapse. If more water is
collected and redirected into a karst area this increases the
potential for a sinkhole to occur.
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Geology and Groundwater

T

he Potomac Region is the second smallest region in Pennsylvania
found in sections of Somerset, Bedford, Fulton, Franklin, Cumberland,
Perry and Adams counties. Geology and groundwater supplies vary
throughout the region as different physiographic provinces are encountered.

Although the region is relatively small, it still contains three of the six major
physiographic provinces found in the commonwealth. From west to east
these provinces include the Appalachian Plateaus Province, Ridge and Valley
Province and Piedmont Province. Within each province, differing bedrock
regimes control groundwater aquifer recharge and groundwater supplies to
residents in those areas. A discussion of these provinces and their origins is
provided in the Overview Section and can be located on the map shown in
that section.

Bedrock Geology
The varying provinces and bedrock regimes within the Potomac Region
control groundwater supplies. In order to properly predict groundwater
resources, an understanding of the relationship between bedrock geology and
groundwater supply is needed. Aquifers within these provinces recharge at
different rates depending on the bedrock geology. As the provinces transition
throughout the region, the bedrock geology associated with the provinces
changes as well.
The sandstone, shale, metamorphic and carbonate formations in the Potomac
Region are consolidated rocks that comprise the majority of aquifers in the
region. Groundwater is contained within and moves through fractures, spaces
and partings in the consolidated rock. Aquifers exist here under two different
conditions. Where water only partly fills the aquifer and is free to rise and fall,
it is referred to as an unconfined aquifer or water table aquifer. Where water
completely fills a rock unit and the aquifer is under a low-permeable feature
or confining layer, this aquifer is said to be confined. This confining layer helps
protect this kind of aquifer from contaminated water migrating from above.
The carbonate bedrock formations in this region are comprised of limestone
and dolomite. Limestone bedrock formations in the region are prone to
chemical dissolution, or dissolving, and form a landscape called “karst.”
These voids may be filled with water, soil materials or air. Interconnected
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pathways can exist through the rock to allow water to be quickly transported
in high volumes. If a contaminant reaches the void spaces, it easily enters the
groundwater and can be transported extensive distances to other water supply
or discharge areas. The creation of these interconnected voids in limestone
bedrock can produce sinkholes, closed depressions and disappearing streams;
common features of a karst environment. For more information on karst
environments, see the Lower Susquehanna Region section of this atlas.
The connection between surface water and the aquifers that store and
discharge groundwater is often misunderstood. The water table, which is the
boundary below which all the spaces and cracks in the soil and bedrock are
completely saturated, is often times a reflection of the surface topography. As
the topography changes due to hills, mountains or valleys, the water table’s
elevation and depth will often times change with it reflecting the changes
occurring at the surface.
Streams, wetlands, springs or rivers will often form in areas where the water
table intersects the land surface. These features form where the groundwater
discharges from groundwater storage and becomes surface water. This
discharge of groundwater into surface water is also known as base flow. Base
flow can be thought of as the sustained low flow of a stream because it is
supplied by the groundwater that is discharging from underground storage.
Dry streambeds or springs that no longer supply water are a result of the
water table being lower than the land surface.

Appalachian Plateaus Province
Beginning in the western area of the Potomac Region, a small portion of
the Allegheny Front Section of the Appalachian Plateaus Province is found
in the region. This area, which includes lands around Hyndman and Buffalo
Mills, is characterized with small rounded hills that are separated with narrow
valleys. This section commonly has erosion-resistant sandstone uplands, and
lowlands consisting of sedimentary shale and siltstone bedrock. The Bedrock
Geology Map on page 258 shows these bedrock formations of the Appalachian
Plateaus Province.
Groundwater aquifer recharge will typically occur in the lowland areas
where the sedimentary bedrock has a higher concentration of fractures than

The Great Valley
The Great Valley is one of the
th major landform features of eastern North
America. It is made up of a chain of valley lowlands and is the central feature
of the Appalachian Mountain system.
em. This area stretches about 700 miles from
Canada
anada to Alabama and
a has been an important north
north-south
south route o
of travel
since
ce prehistoric
ric times. In Pennsylvania, the Great Valley – also referred to
t as
the Lehigh
Le
Vall the Lebanon Valley and the Cumberland Valley – is cut by the
Valley,
Susquehanna and Schuylkill rivers.
Rocks that characterize this region include limestone, dolomite, slate, shale,
sandstone, siltstone and some scattered metamorphic and igneous rocks. Many
of the rocks in the Great Valley in Pennsylvania date from the Ordovician period,
about 443 to 490 million years ago. Limestone and dolomite of this area has been
extensively mined in the Great Valley in Pennsylvania for more than a century;
many large quarries still operate. These carbonate rocks are used for a variety
of purposes including crushed stone, cement manufacturing, fertilizers, paints,
plastics and pharmaceuticals.
Overall land use in the Great Valley is about 75 percent agricultural, 15 percent
forested, and 10 percent urban development. The prime agricultural soils have
been farmed since settlers first arrived in the area. The Great Valley is a leading
agricultural region for Pennsylvania. Dairy and livestock operations are the chief
agricultural activities, but orchard produce and animal feed are also important
contributors to the industry. The majority of Franklin County is within the Great
Valley and is generally undeveloped, with 93 percent of the county devoted to
agricultural uses and forested land. A significant amount of the development
within Franklin County occurs along the major transportation routes of Interstate
81, U.S. Routes 11 and 30, and PA Route 16.
the slopes and highlands. These fractures allow for greater transport of
precipitation and surface water into the aquifers. The lowland areas also
contain deeper soil which will absorb water and allow it to slowly enter
the aquifers.

Ridge and Valley Province
The Ridge and Valley Province makes up the largest physiographic province
in the Potomac Region. Chaneysville, McConnellsburg, Mercersburg,
Chambersburg and surrounding areas are located within the
physiographic province.
The ridges and valleys are a recognizable geographic feature found in
Pennsylvania. The Appalachian Mountain chain, which makes up the Ridge and
Valley Province, is a series of uplands and lowlands. The current topographic
features of these uplands and lowlands are the end result of 65 million years of
intense deformation and erosion.

The Ridge and Valley Province in the Potomac Region is comprised of
sedimentary, carbonate, shale and sandstone bedrock. The upland areas are
formed from tough, erosion-resistant sandstone bedrock, while the valleys
and lowlands contain shale, siltstone and carbonate bedrock as shown on the
Bedrock Geology Map.
Runoff caused by precipitation is likely to be directed to the lowland valleys
where groundwater recharge occurs easier due to the large amount of fractures
in the bedrock. Karst environments will occur in the carbonate-dominated
areas of the Ridge and Valley Province. Lowland areas in Fulton and Franklin
counties with carbonate bedrock have notable concentrations of karst features
such as sinkholes, depressions and disappearing streams. The Karst Geology
Map on page 259 illustrates karst features found in the Potomac Region. The
callout box on the map shows a close up view of the frequency at which these
features occur within the carbonate bedrock areas. Additional information of
karst environments and its features can be found in the Lower Susquehanna
Region section of this atlas.

The upland areas of the Piedmont Province are composed of mainly
metamorphic and sandstone bedrock with some igneous features. Aquifer
recharge is solely dependent on joints, which are cracks in the bedrock, and
fractures found in these areas. Highland areas of relatively impermeable
bedrock encourage precipitation runoff into the limestone and sedimentary
bedrock valleys.
Lowland areas of the Piedmont Province are underlain with sedimentary and
carbonate bedrock. Like all lowland areas, aquifer recharge is highly prevalent
due to the high concentrations of fractures in the bedrock. Also, the soil mantle
of the Piedmont Province’s lowlands absorbs precipitation releasing it into the
aquifer below.

Coal and Natural Gas Resources

Aquifer recharge occurs readily in the lowlands that contain sedimentary
bedrock. Fractures and cracks in the rock encourage surface water infiltration,
and deeper soils absorb precipitation and surface water.

The Potomac Region contains few coal and natural gas resources when
compared to the other regions in the commonwealth. The only coal resources of
the region are located in Somerset and Bedford counties. Georges Creek Coal
Field is a coal field that contains low-volatile bituminous coal. The majority of
the field itself resides in western Maryland while only a small northern portion
is located in Pennsylvania.

Piedmont Province

Mining in the Georges Creek Field began in the early 1800s and was marketed
via the arrival of transportation lines such as B&O and Pennsylvania railroads.
Bedford County is the only county in the region that contains natural gas

Mineral Resources
Mineral resources found within the Potomac Region occur throughout the
region with larger operations in Franklin and Adams counties.
Crushed aggregate, most commonly limestone or dolomite, is produced from
bedrock found in the Ridge and Valley Province of the Potomac Region. Crushed
stone (aggregate) is an essential material used in road construction, concrete and
asphalt plants and construction material manufacturing. Pennsylvania’s crushed
aggregate commodity is currently worth approximately $635 million per year.
Another resource being extracted in the region is metabasalt. Metabasalt is
a metamorphosed igneous rock used in the production of roofing granules
for asphalt roofing shingles. Metabasalt is preferred because of several
characteristics, including toughness and resistance to weathering. A large
quarry in southwestern Adams County, located in the Ridge and Valley Province,
is the primary producer.

Potomac

As illustrated in the Bedrock Geology Map on the next page, significant
variation occurs in the bedrock and consequently the groundwater regimes of
the Piedmont Province in the Potomac Region. This physiographic province
contains many different types of bedrock including carbonate, metamorphic,
sandstone and shale. Carroll Valley, Gettysburg and their surrounding areas are
located within the Piedmont Province.

fields and underground natural gas storage. Underground gas storage is
performed by pumping natural gas into depleted natural gas reservoirs
from past operations. Since they originally contained natural gas, operators
have little concern about gas escaping because of the presence of natural
confining layers surrounding the reservoir. Pennsylvania contains more
underground storage facilities (49) than any other state in the U.S. Gas and
gas storage fields occur in the southeastern areas of Bedford County along
Route 26 south of Clearville.

Headwaters of the Conodoguinet Creek’s west branch in the
Ridge and Valley Province. View northeast from Route 30,
Metal Township, Franklin County.
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Land Use: Past and Present
Eroding skid trails and logged-over area. Photo courtesy of
American Environmental Photographs, University of Chicago Library.

History of the Potomac Region
Studying the change in land use over time can offer
insight into the development patterns that may influence
the future landscape of an area.

Pennsylvania’s Forests
Pennsylvania’s water resources are closely tied to its
forests. The vast forests of Penn’s woods provided clean,
pure water not only for Native Americans, but also for
the state’s founder, by acting as a natural filter. However,
William Penn might not recognize his property today.

the area as a thoroughfare and hunting ground, there
is no conclusive evidence they made their permanent
residence in this region. A few Europeans began coming
into the country in the 1730s and 1740s, but the Potomac
Region of Pennsylvania remained largely unsettled by
Europeans until after the French and Indian War. In 1750,
Robert MacRay established a trading post in the area that
would one day become Bedford County, but raids from
hostile Native Americans pressured MacRay to abandon
his Raystown outpost.
Following the defeat of the French at Montreal in 1760,
the Cumberland Valley soon began to increase in
population. Pioneers used the Forbes Road to settle in
the lush valleys and timber-rich mountains. Many of the
early settlers in the region were Scots-Irish and Scottish
immigrants who pushed through the Cumberland Valley
and then into central and western Pennsylvania. Other
prominent groups included the English and Germans.

moved to a
new location.
It was not until
the 1790s that
a crop rotation
system
alternating
corn, wheat
and clover
was widely
adopted.

During the
early 1800s,
lime and
gypsum
fertilizer came
into general
use. A large portion of the Potomac Region is very rich in
limestone. This limestone was burned in
kilns and spread on the fields to increase
know?
fertility.
During
D
i the
th 1794 Whiskey
Whi k Rebellion, President George Washington made Fort
The post-colonial changes to the forest were
Bedford in Bedford County his headquarters. The Whiskey Rebellion was the result
significant. At one time, the predominant tree
By the 1840s the Midwestern states
of an excise tax placed on all distilled spirits which angered western settlers.
species in the mid-Atlantic deciduous forest
could produce wheat at a cheaper price
was the American chestnut. Unfortunately,
than Pennsylvania. The state ceased to
with the accidental introduction of a fungus (Endothia
dothia
A
Ag
Agriculture
gri
ricu
icult
ltur
lt
ure
e
be the grain belt of the nation, as it had been in the lateparasitica) to the area in 1904, most American chestnut
The Potomac Region of Pennsylvania provided early
18th and early-19th centuries. A shift toward intensive
fell to this disease. The fungus survives in stumps and
farmers with fertile soils. Early colonial farmers initially
agriculture, especially dairy farming, was made possible
saplings affecting any trees approaching maturity. The
concerned themselves with feeding their own families,
by mechanized farm equipment that was generally
great oak-chestnut forests of the mid-Atlantic have been
not with producing quantities for sale. Early colonial
available by the 1850s. In the 20th century, technological
replaced by other forest types.
agricultural practices depleted the soil. Farmers
advances in fertilizers and pesticides helped maintain
cleared the land and burned the trees or left them to
high agricultural production.
Early Settlement
rot. Principles of crop rotation and fertilization were not
The section lying between the Susquehanna and Potomac
Industry
well understood, and soil fertility quickly declined. Early
rivers has historically been known as the Cumberland
The streams draining into the Potomac River supplied
farmers let the land lie fallow (uncultivated) for up to
Valley. Although Native American groups including the
the water power for milling and manufacturing for
seven years while other fields were farmed. Other settlers
Delaware, Shawnee and Iroquois Confederacy used
early settlers. As with other areas of the state, early
farmed their fields until the soil was exhausted and then
When colonists first arrived in the mid-Atlantic, more
than 90 percent of the landscape was forested. By the
mid-1800s, most of the region’s trees had been cut down
to clear land for cities, towns and farms or to provide
lumber. Once dominated by virgin pine hemlock and
chestnut forests, the forests regenerated into current
day second-growth mixed deciduous and
evergreen forests.
Did you
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industries included logging, sawmills, grist mills and
tanneries. The timber industry was an important one for
the early inhabitants of the Potomac Region. Originally,
the timber was used for lumber, but the forest also
furnished fuel, potash, bark for tanning acid, wood for
furniture and coopering, rifle stocks, shingles, household
utensils, charcoal and other uses. Vast tracts of land
were deforested. By the 1920s, the lumber was gone and
the lumbermen moved to other states, leaving behind
thousands of treeless acres that were subject to soil
erosion, resulting in further degradation of the land and
the silting of streams and rivers.
As the colonies pushed for independence, coal was
discovered in Broad Top in Huntingdon County to the
north. Bedford County possessed great quantities of
iron ore. Iron foundries were established in the area
after the American Revolution. The Mont Alto Iron Works
first began operations in 1807-1808. In 1811, additional
iron works were erected along East Antietam Creek. To

Somerset County maple syrup production. Photo courtesy of
Pennsylvania Historical and Museum Commission.

reach markets, iron was hauled by wagon to the Potomac River at
The Cumberland Valley Railroad was the first railroad in this
Williamsport, Md. to be taken downriver on flat boats. In later years,
region. Chartered by the Legislature of Pennsylvania in 1831, it
much of the iron was taken to Baltimore
ran from Carlisle
by wagon. Other furnaces included the
to Chambersburg
Did you know?
Caledonia Iron Works (1837), Mount
in present-day
Gettysburg, in Adams County, will forever be famous for its threePleasant Iron Works (1783), Carrick
Franklin County. In
day Civil War battle which took place in July 1863. An est
estimated
Furnace and Richmond Furnace.
1841 the Franklin
170,000
170,0
00 soldiers fou
ffought in the battle which ended with more than
Railroad connected
40,000 killed,
lled, wounded or missing.
i
The
Th battle
b ttl was the
th turning
turnin
t i
Transportation
the Cumberland
point in the struggle which ended in Northern victory in 1865.
Early roads followed the Native American
Valley Railroad
paths and were improved only to the point
to Hagerstown,
necessary to guide pack horses. Military
Md. By 1882, the
necessity was the most common reason for road improvements in
Shenandoah Valley Railroad was opened from Hagerstown to a
the pioneer days. When in 1759, the British removed the French from
connection with the Norfolk & Western Railroad, at Roanoke, Va.
Fort Duquesne, a new road was cut to Raystown. A new garrison at
Raystown was named Fort Bedford. The new road became known as
the Forbes Road. This road originally began at Carlisle and ended at
Land Use in the Potomac Region Today
Pittsburgh. It was the first road to go into the western interior of the
new nation. The Forbes Road is now part of U.S. Route 30 and the
As the pie chart on this page indicates, more than half of the land
Pennsylvania Turnpike.
area in the Potomac Region consists of forestlands, particularly
in the western portion of the region. Deciduous species make up
U.S. Route 30, also known as the Lincoln Highway, was the first road
the majority of the forest types throughout the region. Agricultural
across America. The Lincoln Highway was originally promoted by Carl
lands account for more than one-third of land use, and are prevalent
G. Fisher, who, in 1912, began seeking funding from friends in the
in the eastern half of the region. Pasture and hay are a substantial
automobile industry. Substantially completed by 1915, the Lincoln
part of the agricultural sector. In addition to McConnellsburg,
Highway was 3,389 miles long. The road inspired a movement for
Chambersburg and Gettysburg, developed areas are notable in
better roads in America for the new automobile.
southern Franklin and Adams counties. Commuters have developed
the southern reaches of these two counties for its easy access to
Maryland.

Potomac River Basin Land Use

The
e La
Land Cove
Cover Map on page 264
shows the various land uses
and veg
vegetative cover across
the Po
Potomac Region.
Defin
nitions for the land
use categories used in
the Land Cover Map are
as follows:
fo

Potomac

Forest 57%
Pasture/Grass 25%
Row Crops 9%
Institutional/Industrial/Commercial/Transportation 4%
Residential 4%
Active Mines/Mined Areas <1%
Bare <1%
Wetlands <1%
Water <1%
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Land Use: Past and Present, continued
Apple orchards, Adams County. Photo courtesy of
Pennsylvania Historical and Museum Commission.

Development

Other

Approximately 8 percent of the land in the Potomac Region is developed for
residential, commercial and industrial use. Developed areas are categorized
by the by the amount of land area covered by impervious surfaces:
 Developed, Open Space – less than 20 percent of the area is covered by
impervious surfaces, mostly vegetation in the form of lawn grasses (e.g.,
golf courses, parks, single-family housing units and vegetation planted in
developed settings for recreation, erosion control or aesthetic purposes)
 Developed, Low Intensity - 20 to 49 percent of the area is covered by
impervious surfaces (e.g., single-family housing units)
 Developed, Medium Intensity – 50 to 79 percent of the area is covered by
impervious surfaces (e.g., single-family housing units)
 Developed, High Intensity – 80 to 100 percent of the area is covered by
impervious surfaces, where people live and work in high numbers (e.g.,
apartment complexes, row houses and commercial/industrial areas)

Less than two percent of the land in the Potomac Region is covered by barren
lands, open water, wetlands, shrub/scrub and grassland/herbaceous areas.
These areas are categorized by the amount of land covered by vegetation
(other than trees) and/or by water:
 Barren Land (Rock/Sand/Clay) – Areas of accumulated earthen material
(e.g., bedrock, sand, glacial debris, strip mines, gravel pits) with less than 15
percent vegetation cover
 Open Water – all areas of open water with less than 25 percent of the area
covered by vegetation or soil
 Wetlands – areas where the soil is periodically saturated or covered with
water and greater than 20 percent of the area is covered with vegetation
 Shrub/Scrub – greater than 20 percent the area is dominated by shrubs and
young trees smaller than 5 meters tall
 Grassland/Herbaceous – greater than 80 percent of the area is dominated
by grasses and herbaceous vegetation

Forest
More than half of the land in the Potomac Region, 57 percent, is covered by
forests. Forest lands are categorized by the type of trees that dominate the
area:
 Deciduous Forest – greater than 20 percent of the area is dominated by
trees that are taller than 5 meters and shed leaves in the autumn
 Evergreen Forest – greater than 20 percent of the area is dominated by trees
taller than 5 meters and maintain their leaves all year round
 Mixed Forest – greater than 20 percent of the area is dominated by trees
taller than 5 meters but are not dominated by deciduous or
evergreen species

Agriculture
Approximately 34 percent of the land in the Potomac Region is used for
farming. Agricultural lands are categorized by the type of crop that is
cultivated:
 Pasture/Hay – 25 percent of the area is covered by grasses and legumes
planted for livestock grazing or hay production
 Cultivated Crops – 9 percent of the area is covered by annual crops (e.g.,
soybeans, vegetables, tobacco, cotton), orchards and vineyards and/or all
land that is actively being tilled

How Land Use Affects Water Resources
The various uses of land affect water in different ways, some better than
others.
 Importance of Forested Areas to Water Supplies
The Potomac River Basin drains into the Chesapeake Bay and is comprised
of the Central Appalachian Ridge and Valley region. This mid-Atlantic
region supports a mix of hardwood and coniferous forests.
This region shares a balance of composition between
the oak forests of exposed, dry, infertile sites and the
richer moist mixed coniferous forests of the sheltered,
fertile sites located in the cool moist uplands. Northern
hardwoods such as sugar maple (Acer saccharum),
yellow birch (Betula alleghaniensis) and American beech
(Fagus grandifolia) are characteristic, either forming
a deciduous canopy or mixed with Eastern hemlock
(Tsuga canadensis), or in some cases Eastern white pine
(Pinus strobus). Other common and sometimes dominant
trees include chestnut oak (Quercus prinus) and red oak
(Quercus rubra). Associated canopy species include

The agricultural fruit belt region of western Adams County is
inextricably linked to South Mountain rising to its west, as the
groundwater is recharged from precipitation falling on the forested
uplands. Photo courtesy of DCNR.
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tulip tree (Liriodendron tulipifera), red maple (Acer rubrum), pignut hickory
(Carya glabra), red hickory (Carya ovalis), mockernut hickory (Carya alba),
American basswood (Tilia americana) and black birch (Betula lenta). The
tall shrub layer is characterized by American witchhazel (Hamamelis
virginiana) and striped maple (Acer pensylvanicum). The lower shrub layer
is often patchy and contains a mixture of scrambling vines and highbush
blueberry (Vaccinium corymbosum) plants. Forests comprise more than half
of the region, with 50 percent deciduous species and five percent evergreen
and mixed forest.
Forested areas are critical to the supply and quality of water resources.

of local timber harvesting ordinances that, in some cases, are overly restrictive
in prescribing timber harvesting practices. Local governments can benefit
from knowledge of state regulations protecting against poor timber harvesting
practices and advice from a professional forester when planning and adopting
local ordinances.

Some forests are particularly effective at delivering water quality benefits.
Wooded buffers along streams trap sediment and transform nutrients and
other pollutants into less harmful forms. For example, properly managed
woodlands can remove 90 percent of the nitrates in stormwater runoff given
the right soil conditions.

Agriculture

With regard to drinking water, intact forests within wellhead protection areas
play a vital role in protecting the amount and quality of water reaching public
wells. In developed areas, urban forests are critical to reducing stormwater
runoff from small storms.
Forests also protect local waterways by retaining nitrogen in air deposition. An
oak/hickory forest retains an average of 90 percent of atmospheric deposition,
while a spruce/fir forest retains 78 percent. In general, coniferous forests use
less nitrogen than deciduous forests (a factor more of the soils than the tree
itself). The exception is the Eastern hemlock forest, which is highly efficient
at retaining nitrogen. Forests also sequester, or remove, carbon from the air
helping to reduce the impact of carbon dioxide on global warming.
Some of the most important forests for water resource protection are the most
threatened. Forests are vulnerable to development and other land uses that
can fragment high quality forests and expose woodlands to invasive species.
Parcelization is another threat – more people own forests than ever before but
many own less than 10 acres. As larger tracts of forest land are subdivided,
it is important that woodlot owners be educated about sustainable forest
management practices.
On occasion, efforts to protect woodlands can be misguided and serve to
diminish forest health. Under the Municipalities Planning Code, forestry, which
includes timber harvesting, is a permitted use by right in all zoning districts.
Concerns over forest regeneration and wildlife habitat have led to the adoption

Farmers usually rely on groundwater wells or springs to provide drinking water
for both their families and livestock. Because groundwater is buried beneath
the Earth’s surface, it is sometimes thought that groundwater is protected from
contamination. That is not the case. Activities on the land surface, including
improper agricultural practices, can harm groundwater quality. Pollution by
nitrate (a form of nitrogen), bacteria and pesticides can cause health
problems for human beings and livestock when these contaminants pollute a
water supply.
Animal manure, commercial fertilizers and pesticides can also pollute surface
waters if they are misused or applied in excess of crop needs. Much of
sediment pollution in streams comes from eroding and unprotected stream
banks. Fencing stream banks and limiting livestock access with crossings
promotes the establishment of a healthy vegetative cover. Forested vegetation
along streams, called riparian forest buffers, helps stabilize stream banks
in reducing erosion and collapse. These buffers can also help trap soils and
pollutants that may otherwise run off of adjacent fields into the waterways.

Forestland and Farmland Conversion to Developed Land
Only about 9,600 of Pennsylvania’s 58,000 farmers have sales of $100,000
or more. The cost to produce quality agriculture goods consumes nearly
85 percent of sales, leaving most farmers with a net farming income below
$19,806, from which a 12.4 percent self-employment tax must be calculated.
For a family of four, this net income is below the poverty level (based on 2006
figures). As a result, many farms in the commonwealth have been sold to
housing developers in the past years. This movement is largely due to rising
taxes and land prices, reflecting a high demand for land.
A map showing future population projections is presented earlier in the
Potomac Region Introduction pages of this atlas. This map depicts a

general trend of historically urban areas losing population while the areas
surrounding towns and cities are gaining population. Many older towns and
cities throughout Pennsylvania are currently losing population as people
continue to settle in suburban and rural housing in areas that were once
forest or farmland. During the 1990s, the total number of acres developed
in Pennsylvania increased by 53.6 percent, while Pennsylvania’s population
grew by only 3.4 percent. The aerial photographs on page 265 illustrate the
landscape changes that have occurred in the Potomac Region over time.
Both photographs were taken in the area of Lake Heritage, Adams County.
The 1937 photograph shows sparse houses among farm fields and orchards
with a small tributary flowing along a rural road. The landscape is drastically
different in the 2003 photograph. The small tributary has become Lake
Heritage and the farm fields and orchards of 1937 were replaced with roads
encircling the lake and connecting the numerous houses that have developed
along the lakefront property.
The relationship between development patterns and water resources is
complex. Since Pennsylvania recommends a watershed approach to managing
water resources, it’s critical that the local decision-making framework consider
water resources and land uses within the entire watershed area when planning
for growth and development.
A watershed approach broadens the geographic planning area beyond political
boundaries and extends it to the hydrological boundaries of the watershed.
Protecting and managing water resources at the broader watershed scale are
likely to require inter-municipal cooperation.
Evaluating the percent of impervious cover in a watershed can be a useful
indicator in planning future growth and development. Impervious surfaces,
which prevent water from flowing through them and into the groundwater
system, include roads, parking lots, rooftops, driveways and sidewalks. The
Impervious Map on page 267 shows impervious surfaces based on land use/
land cover in the Potomac Region. Areas of impervious cover are centered
around cities and towns as well as corridors connecting these locations.
Developed lands are more prominent in the eastern half of the Potomac
Region, especially around I-81 which provides convenient access
to Maryland.

Potomac Page 263
Page 7

Potomac

Tree canopies and the rich organic matter found in forest floors store, clean
and slowly release the majority of water that replenishes groundwater
and maintains streamflow. Areas of forested lands are reserves of clean
groundwater, and forested areas are often good locations for municipalities to
drill high-yield water wells.
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Land Use: Past and Present, continued
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passed the Conservation
rvation
on Distr
District
D
Law
w abo
about
50 years ago. With this, county
y con
conserv
onservation
districts were established. Bedford,
ord, So
Somerset,
merset,
et
Fulton, Franklin, Cumberland and Adams
counties all have their own conservation districts
within the region.
Each conservation district is led by a board of
directors made up of constituents from various
occupations and backgrounds who volunteer
their time to make a difference. These leaders
explore their county’s natural resources and
determine the issues that need to be addressed
to enhance and protect their communities,
as well as preserve the land’s natural beauty.
Neighboring district board members often
collaborate before taking action on projects that
would make an impact across county lines.
Initiatives within the districts include
environmental education, forest management,
storm water management, floodplain
management, dirt and gravel roads, nutrient
management, Chesapeake Bay Program,
abandoned mine reclamation, biosolids, stream
encroachments and wetlands, agricultural
preservation, erosion and sedimentation
pollution control and wildlife management.
For more information on the conservation
districts, visit: www.pacd.org or
www.agriculture.state.pa.us

Research has shown a strong inverse relationship between the percent impervious cover
and water quality and stream health. However, the location of impervious cover within a
watershed is another variable that needs careful consideration. For example, in an attempt to
protect water quality by limiting impervious cover, many local governments have mistakenly
applied impervious cover thresholds to individual sites within a watershed by adopting low
density zoning districts, thereby encouraging scattered low density development.
Used alone, low density development consumes more land and generates more stormwater
runoff than the same number of homes accommodated under a higher density scenario in
a given watershed. (See illustration on page 267.) In other words, when measured by the
house, higher densities produce less stormwater runoff.
When runoff is measured by the acre, limiting density does minimize water quality impacts
compared to higher-density scenarios. However, when measured by the house, higher
densities produce less stormwater runoff. (Source: Protecting Water Resources with HigherDensity Development, EPA 2006)
Higher density development—more people on less land—can effectively protect water
resources if it occurs within the framework of a more encompassing watershed strategy that
considers other factors, such as the location of old and new development, preservation of
critical natural lands and the use of site-specific stormwater management practices.
In some situations, low density development can be a tool to preserve agricultural and
forest lands if it too reflects a watershed strategy and includes such elements as the
protection of water supply protection areas, streamside buffers and floodplains or critical
ecological habitats.
When planning for future growth that will be protective of water resources, it’s important that
local governments use a wide range of land use strategies, based on a sound understanding
of local watershed hydrology, assessment of undeveloped lands and local housing and
infrastructure needs.

Potomac

Conservation Districts

For more information on smart growth techniques, EPA’s Protecting Water Resources with
Smart Growth provides an excellent overview of how communities have minimized the
impacts of new development on water resources through effective planning policies and sitelevel practices. Visit www.epa.gov/smartgrowth.

Lake Heritage, Adams County.
Top, 1937; above, 2003.
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Land Use Planning for Water Resources
Planning for adequate supplies of clean water is just as important
as planning for roads, businesses and schools. In recognition of
this fact, the Municipalities Planning Code (MPC), the enabling
state legislation that empowers local governments to plan and
regulate land use, was amended in 2000 to require the inclusion
of a plan for the reliable supply of water in the preparation of local
comprehensive plans.
Nearly 1,200 municipalities have adopted comprehensive
plans to guide future land uses. More importantly, the number
of municipalities engaged in cooperative, multi-municipal
planning (permitted under the MPC since 2000) is growing – 760
municipalities and counties were involved in 207 multi-municipal
comprehensive plans in 2005.
Collaborative planning is essential to sound water use planning
since water almost always crosses political boundaries. By
planning at a watershed scale, local government leaders can take
advantage of the many land use tools that are particularly useful
in protecting the long term supply and quality of water.
For example, a multi-municipal approach provides for joint zoning
ordinances. Instead of each municipal government providing
for every land use, joint zoning allows neighboring governments
an opportunity to integrate land uses. A joint overlay zone may
protect a wellhead protection area that crosses municipal lines.
An agricultural district may make more sense in one municipality
where prime farmland dominates, while higher density
development can be better accommodated in another municipality
where the soils are less productive.
Many more land use planning tools, adopted jointly or individually,
are at the disposal of local government officials who recognize
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the need to protect water resource lands and allow for growth and
development. Examples include:
 Effective agricultural zoning
 Transfer of development rights
 Conservation easements on agricultural or forested land
(purchased or donated)
 Overlay zones to protect wellhead protection areas,
streamside buffers
 Green infrastructure planning
 Conservation subdivision or open space design
 Traditional neighborhood development
 Infill and redevelopment incentives
 Site-level development regulations that reduce impervious
cover and infiltrate and/or treat stormwater runoff
All of these land use planning tools are most effective when
applied within the framework of local watersheds. It is up to
municipal governments to integrate watershed strategies in their
comprehensive plans and development regulations in order to
truly protect our most precious natural resource – water.

Average Annual Runoff - Lot Level Comparisons
Density of
Houses/Acre

Impervious
Cover
percent of total area

20%

Total
Runoff
ft3 per year

Runoff per
House
ft3 per year

149,600
18,700 ft3/yr x 8 acres

acres
on 8
8 houses

acres
on 2
8 houses

18,700

38%
49,600

6,200

24,800 ft3/yr x 2 acres

65%

8

“[It is] not uncommon to pull 4,000 shad or
300,000 herring in one seine haul. One haul of
450 rockfish with an average weight of 60 pounds
was documented. Hundreds of sturgeon were
captured on a single night near the US Arsenal in
Washington.”
Niles Weekly Registerr ca. 1830s
referring to the Potomac River

Back Creek, Franklin County. Photo courtesy of J. Ducnuigeen.
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Water Supply and Wastewater Treatment
History of Water Supply and Wastewater
Treatment in the Potomac Region

living in a township, town or city. As the map shows, densely populated areas
like Chambersburg, Gettysburg and McConnellsburg, represented by dots
so close together that they form a solid color block, are generally served by
public water supplies. The sources of public water supplies are groundwater,
lakes, reservoirs, rivers and streams. Sparsely populated areas, where the
dots are farther apart, are not included in the public supply service areas and
residents must find private sources of water, such as residential wells that tap
into groundwater, to meet their water needs.

Historically, the Potomac Region offered settlers plentiful land and water
resources. The region’s water resources attracted the attention of many early
settlers and colonists because they contained bountiful fish like shad and
pristine drinking water. The Potomac Region also contained a great deal of
forested land that would eventually
become a major industry in the
Did you know?
region. The region has seen industry
Wastewater treatment service areas typically
Founded in 1940, the Interstate Commission on the Potomac
like iron give way to agriculture
mimic those of public water service areas.
River Basin is the oldest of Pennsylvania’s compact commissions
which now dominates Franklin and
Typically, public service areas are highly
(Pennsylvania joined in 1945).
Adams counties. Industries both past
urbanized and cannot accommodate on lot
and present have had their effects
private septic systems. Limited
on water quality in the region. Past agricultural practices have allowed for
available open space and high concentrations of people nearly always
pesticides, herbicides and nutrient-laden sediment to migrate into surface
require the need of public wastewater treatment.
and groundwater.

Public Water Resources

The Potomac Region Today

Groundwater

It was because of past problems that Pennsylvania has worked hard with its
neighbors to help restore the Potomac Basin to a healthy state. Today the
Potomac Basin is responsible for supplying more than five million people
throughout Pennsylvania and neighboring states with water for drinking and
industrial use. Pennsylvania alone accounts for 1,584 square miles of the
Potomac Basin’s 14,670 square miles and 180,000 of the five million people
in the region. The commonwealth is home to several major tributaries to the
Potomac River such as Conococheague and Antietam creeks. Along with
large tributaries to the Potomac River, Pennsylvania’s portion of the Potomac
Region also contains many groundwater resources, lakes, reservoirs, streams
and rivers.
The Public Water Service Areas Map on the following page depicts population
density throughout the Potomac Region in relation to areas served by
public water suppliers. Each dot on the map represents 500 people living in
the municipality (2000 Census). The dots are randomly placed within the
municipality boundaries and do not represent the exact location of people

In the Potomac Region, groundwater is used to supply some urban
and suburban areas including Gettysburg in Adams County and
Greencastle in Franklin County. In the region, private residences in
rural areas also use groundwater as a source of drinking water.

Lakes and Reservoirs
The Potomac Region has lakes and reservoirs that provide drinking
water, flood control and recreational use. Lakes throughout the region
are maintained by state agencies like the Pennsylvania Fish and Boat
Commission (FBC). Lakes, such as the 204-acre Meadow Grounds
Lake in Fulton County, are maintained by the FBC. The Evitts Creek
Water Co. owns the 268-acre Koon Lake and 120-acre Gordon Lake
which supply water to the city of Cumberland, Md.

Rivers and Streams
The 1,584 square miles of the Potomac Region contains many
streams and rivers that are utilized for water supply and recreation.

Pesticide spraying in Adams County orchard, 1890s.
Photo courtesy of Pennsylvania Historical and Museum Commission.
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Antietam Creek and Rattlesnake Run in Franklin County are equipped with
public water intakes that supply Waynesboro. Gettysburg in Adams County
draws water from Marsh Creek, and Rock Spring supplies Centerville in
Bedford County.

Drinking Water
Like all living organisms, humans need water to survive. Whether a person
lives in a single family home in the country or a large metropolitan city,
water supplies support daily life. Public drinking water may be supplied by a
publicly-owned or privately-owned company while private drinking water is
usually supplied by an on-site well. Depending on its source, water supplies
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Water Supply and Wastewater Treatment, continued
may require purification before human consumption. This purification is done
to ensure that all harmful materials are extracted or minimized so not to
adversely affect human beings.

Public Water Treatment
Water treatment for most urban and suburban centers involves a process
of filtration, disinfection and distribution of purified water. The first process
in filtration, coagulation, involves adding selected chemicals that stick to
particles in the water and make them heavy. As the particles become heavy
they drop to the bottom which is known as precipitation. Water is then filtered
to remove the precipitate. During the filtering process, the water passes
through layers of sand, gravel and charcoal that remove even smaller particles.
Next, disinfection is accomplished by injecting chlorine or ozone into the
filtered water. Chlorine is the most common form of disinfection because it has
a residual effect, meaning it will remain in the water through the distribution
system. Depending on
where the source water
to the aquifer comes
from, groundwater
resources may also
require treatment for
removal of organics and
metals. The final aspect
of water treatment is
distribution in which
the treated water is sent
through piping systems
to homes, businesses and
industries or to a storage
facility for later use.
Chambersburg Borough,
the largest urban center
in the Potomac Region,
treats and purifies water
from the East Branch
of the Conococheague
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Creek. The 18.5 square mile watershed that feeds the East Branch is largely
located in the Michaux State Forest. This has kept the public water supply to
Chambersburg in near pristine condition. Other urban centers and cities in the
Potomac Region like McConnellsburg, Gettysburg and Waynesboro use similar
methods of water treatment.

Private Well Water Treatment
Rural areas, more common in the northern section of the Potomac Region,
extract water from private wells. Homeowners with private wells have a variety
of options for filtration and water softening systems that remove mineral
particles from well water. The system selected usually depends on the amount
of water a private residence uses per day as well as the most common types
of contaminants necessary to filter from the water source. Fortunately for
most private well users, little treatment is usually needed as a large portion
of groundwater is unaffected by contaminants that typically affect surface
water. Information on home water systems and contaminants can be obtained
from the DEP, the EPA, Centers for Disease Control or the National Sanitation
Foundation International. For more information on private well water
management and protection, visit Penn State’s Master Well Owner Network
located at http://mwon.cas.psu.edu/.

Source Water Protection
Pennsylvania, like all other states in the U.S., is required to ensure that
healthy drinking water is available for its citizens through compliance with
the Safe Drinking Water Act (For more information visit www.epa.gov). Other
federal and state laws, including the Water Resources Planning Act which
prompted the creation of this atlas, lay the groundwork for water planning
and protection. (Water laws and regulations are discussed in the Statewide
Overview Section of this atlas.)
Since the Potomac Region supplies people with drinking water, protecting
these resources has become paramount for the commonwealth. Groundwater,
rivers and lakes in the region face potential contamination from a number of
sources such as development, agriculture, old septic systems, waste disposal
sites and abandoned mines. Pennsylvania state agencies are working with
organizations in the Potomac Region to help assess the health of surface

water and groundwater, identify point and nonpoint sources of pollution,
prevent contamination, restore degraded waters, preserve pristine waters,
increase public awareness of existing problems and help the public utilize best
management practices.
Although federal and state level agencies are creating new policies, source
water protection must literally begin at the source. Local governments –
counties and municipalities – have the greatest opportunity to influence
the future of Pennsylvania’s water supply. By studying their water sources,
identifying areas of concern or hazards that threaten those sources,
developing water protection and conservation regulations, and implementing
those regulations, local governments can protect water supplies for future
generations. Many Pennsylvania counties in the Potomac Region are rising to
this challenge.
 The Adams County Conservation District has created a Chesapeake Bay
Tributary Strategy in order to combat excess nutrients in surface waters.
The strategy focuses on increasing no-till farming practices and managing
manure applications to agricultural lands. The strategy emphasizes the use
of grass buffer strips and nutrient management programs to protect
water quality.
 Franklin County’s Conservation District has created a watershed program
that is administered by a watershed specialist. The watershed specialist
works with local organizations, citizens and municipalities to implement
projects that improve local water quality. The program specialist also utilizes
the Pennsylvania Growing Greener Grants to help farmers implement
agricultural best management practices.
 The Adams County Water Supply and Wellhead Protection Plan was
developed to address concerns for water conservation and protection. The
addition of new industries coupled with rapid population increase has
created strain on the available water sources. The purpose of the plan is
to provide water conservation and protection assistance to several water
supply systems and use those as examples for other municipalities in the
county. Contact the Adams County Office of Planning and Development
for specific details and obtain a copy of the water supply and wellhead
protection plan.

Forested areas are critical to the water supply. Wetlands, vegetated areas
and forests along streams act as natural filters of soils and pollutants. The
importance of these vegetated areas along streams, known as riparian buffers,
is largely overlooked. These areas, along with natural filtration, provide
protection from erosion, allow excess water to be reabsorbed, and provide
unique habitat to many plants and animals. Forests sequester carbon, helping
to reduce the amount of carbon dioxide in the atmosphere. The forested
areas that surround many streams and rivers also provide benefits to the
waterways. Specifically, hemlocks are common residents of riparian areas that
are beneficial by providing habitat and beneficial shade. Their dense canopies
provide shade to streams which regulates stream temperatures providing an
ideal ecosystem for many coldwater inhabitants, including brook trout. The
loss of these hemlocks would be detrimental to many aquatic species as well
as the species that live in and among the trees.
The map on the following page shows the region’s forested areas. The Potomac
Region supports hardwood forests including pine-oak and oak-hickory forests,
as well as coniferous (that is, trees that produce cones and have needles
such as pine trees) forests, including Eastern hemlock. This area is mainly
comprised of deciduous (that is, trees with leaves that fall when autumn
arrives) forest type, with 55 percent deciduous, and five percent coniferous and
mixed forest types. The most densely forested areas of the region are found
in the areas around Somerset, Bedford and Fulton counties as shown by the
Forested Areas Map. More information about the Potomac Region’s forests
is provided in the Land Use: Past and Present pages of this Potomac Region
section of the atlas.

Wastewater Treatment
Long before mankind appeared on the earth, natural biological processes
had already found a means to deal with waste in streams. Once human
beings began to evolve, they created small communities, towns and cities. As
these population centers grew larger so did the amount of wastewater being
generated by mankind. Natural biological processes were easily overwhelmed
by humankind’s high outputs of wastewater.

It was not uncommon for older cities to fall victim to outbreaks of disease
caused by pathogenic, viral, bacterial or protozoan organisms from untreated
wastewater contaminating drinking water supplies. This was exemplified
in 19th century London, England’s outbreaks of cholera that contaminated
drinking water supplies and resulted in many deaths. It was because of harmful
outbreaks like that in 19th century London that biologists, scientists and
engineers developed methods for the treatment of wastewater.
When water leaves a private residence or business through a drain or toilet it
travels to a septic tank or wastewater treatment facility. Wastewater treatment
facilities follow a series of processes that screen, aerate and disinfect water
before discharging it back into a stream or river or back into the groundwater
supplies. The treatment process starts by screening any large debris from
wastewater. The screened water is then aerated, which allows for natural
biological processes to decay organic matter. Any solid material left in the
tanks is then extracted and disposed of appropriately. The water is then
disinfected, usually with chlorine, to kill any microorganisms that may be
harmful to streams
and rivers.

Public
Wastewater
Treatment
Pennsylvania has
learned from history
that discharging
untreated sewage
or industrial waste
into the rivers and
streams can have
devastating results
for its inhabitants
and the natural
environment. Just
as high volume
water purification

facilities are needed to service urban centers and cities, so too are wastewater
treatment facilities needed.

Private Wastewater Treatment
Private residences in some suburban and most rural areas of the Potomac
Region commonly use private septic systems. Typical private septic systems
allow for wastewater to flow to an underground tank. Once in the tank, heavy
particles fall to the bottom while water can flow out of the top of a tank and
into a drain field pipe. Once in the drain field pipe the remaining wastewater is
dispersed into a drain field where it slowly permeates down through the soil.
Unfortunately, malfunctioning on-lot septic systems can be a significant
source of groundwater pollution in these rural communities. DEP is continually
searching for innovative technology that aids in the most effective way to
reduce pollution from private septic systems. For more information on the
latest technology, see www.depweb.state.pa.us under “DEP Programs–
Wastewater Information.”
Old Bedford Village, Bedford County.

Potomac Region Public Education Programs

Potomac

Importance of Forested Areas to Water Supplies
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Water-Based Economy

Whitetail Mountain Resort
Mercersburg, Franklin County.
Photo courtesy of Matt See.

State Forests of the Potomac Region
Michaux State Forest

Agriculture
The Potomac Region is in the heart of the agriculture and dairy community
in Pennsylvania. With three counties producing between 250 million to
nearly 210 billion pounds of milk per year, it easily is considered one of the
top dairy producing regions within the commonwealth. Within the region,
Franklin County leads the way in dairy production, cattle herds and corn
silage production. These factors add up to a region with a strong heritage in
agriculture and subsequently a strong source of revenue.
The region also boasts large production numbers of fruit tree produce
and land used for forage purposes. Forage is land used for all hay and
haylage, grass silage and greenchop. The productive and fertile limestone
valleys that are present in the region help support such an abundance of
agricultural produce. Many fruit orchards, such as apple tree orchards, are
found throughout the region. Bedford, Franklin and Adams counties all
contribute greatly to the fruit tree production within the region. Those three
counties combined produce nearly 392 million pounds of apples per year.
Adams County alone produces the greatest amount of apples in the state,
producing nearly 291 million pounds per year.

Manufacturing
Although small compared to other regions in the state, the Potomac Region
has several significant manufacturing industries within its geographical
boundaries. Food production, metal manufacturing and apparel
manufacturing are region leaders in production. The vast apple orchards
and produce farms throughout the region help fuel the food production
industry, such as Knouse Foods. Their plant in Chambersburg, Franklin
County is a sole producer of one food – apple sauce. Knouse Foods also
has another plant in the region located in Orrtanna, Adams County. Here,
applesauce, apple juice and other bulk juices are packed and shipped.

Michaux State Forest provides ample opportunities for recreational pursuits, including
small game and deer hunting, fishing, camping, hiking, horseback riding, bicycling and
snowmobiling. In addition, 130 miles of state forest roads are maintained for pleasure
driving and sightseeing. The Appalachian Trail stretches diagonally across eastern
Pennsylvania covering a distance of nearly 230 miles. Forty-five of these miles are
located on state forest lands. About 40 miles are in the Michaux State Forest located just
north of the Maryland state line. The remaining six miles are divided between the Weiser
and Delaware state forests. Three state parks – Caledonia, Pine Grove Furnace and Mont
Alto – are located within Michaux State Forest boundaries.

Buchanan State Forest
Located in the Allegheny Mountains, Buchanan State Forest is named in honor of James
Buchanan, the 15th and only U.S. President from Pennsylvania. The area comprises
75,000 acres divided into several units located in Bedford, Fulton and Franklin counties.
The forest was established as a direct result of the depletion of Pennsylvania’s forests
that took place during the mid- to late 1800s. Environmentalists such as Dr. Joseph
Rothrock were concerned that the forests would not regrow unless they were
managed properly.
Buchanan State Forest is rich with remnants from the American and Pennsylvanian past,
including Buchanan’s Birthplace Historical Park, pre-Civil War cemeteries, and German
prisoner of war facilities from 1944. During the 1970s, youth groups, including the
Youth Conservation Corps (YCC), Neighborhood Youth Corps and others, constructed
foot trails, stream crossings, stream improvement devices, parking areas and outdoor
learning stations within the forest. The improvements, covering approximately 40 acres
of the tract, have helped to make the area more accessible and attractive to the public.
Today, recreational opportunities include multiple picnic areas, hiking and sightseeing.
The 42-acre Cowans Gap Lake provides swimming, boating and fishing. The Redbud
Valley, otherwise known as the Kerper Tract, is a 514-acre area that was cultivated by
amateur naturalist Edmund Kerper, who purchased the property in 1934 and built a
frame house with native materials. Today, the area is popular for birdwatchers and
wildflower enthusiasts.

Muskrat Run, Adams County.
Photo courtesy of J. Ducnuigeen.
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T

he major industries of the Potomac Region include agriculture,
manufacturing and recreation. All of these sectors rely on water—
either directly or indirectly—to support their livelihood.

Michaux State Forest is located in Adams,
dams, Cumberland and Franklin counties. It is
named in honor off Andre Mic
Michaux, a French
nch botanist, sent by the King and Queen of
France
ce in 1785
178 to gather plants for the Royal
al Gardens. He and his son, Francois Andre
Michaux, are noted
M
oted fo
for discoverin
discovering
iscovering and identifying a host of flowers, shrubs and trees.
The 85,00085,000-acre
acre
cre forest
fore produces a variety of wood products, but the most valuable
resource
ource iis potable (drinking) water. Numerous local communities depend on its pure
water for their municipal water supplies.

Water-Based Economy, continued
Large manufacturing firms are also headquartered out of the
Potomac Region. Several industry leaders that produce mobile
aerial platforms were originally developed within the region. These
companies, like many others, have since branched throughout the
nation and worldwide. Other manufacturing industries that produce
wood cabinetry, furniture and veneer also found their home in the
Potomac Region.

Electricity Generation
Although not solely water-based like other regions, electricity
generation in the Potomac Region still depends on a dependable
source of water. One plant in particular, the Hunterstown
Generating Station operated by Reliant Energy located northeast of
Gettysburg has managed to dramatically reduce water consumption.
The generation station uses natural gas-fired turbines and has a
capacity rating of 839 megawatts to serve consumers in the area.
Unlike many other generating stations, the Hunterstown plant uses
an air-cooled condenser during the steam cycle, thus eliminating
the need for vast amounts of water in typical wet cooling towers.
It is estimated that this type of facility uses less than one-tenth of
the normal amount of water consumed in generating facilities with
water-cooled condensers.

Did you know?
The Star Theater, located in Mercersburg, Franklin County and
built in 1912, was originally used by Franklin & Marshall College.
During the Great Depression, canned goods were accepted by
the theater for admission to help supply a local soup kitchen.

Adams County Apples
Scotch
Scotch-Irish
cotch-Irish
I
settlers
set
established farms in the Biglerville
area before 1740, followed later by German families which
stimulated agriculture practices. Railroads accelerated
fresh fruit shipping after 1880, and fruit processing after
1900. Today, the area is one of the most intensive fruit
regions in the country, with nationally known processors
and a variety of support industries. Pennsylvania
ranks fifth in the nation for apple production. The
commonwealth produces more than 13 million bushels of
apples per year. Of the more than 500 million pounds of
apples grown in the state, one quarter is sold fresh and the
remaining three quarters are sold for processing products
such as juices and sauces.
Within Adams County alone, close to 8 million bushels are
produced, making it the top fruit producing county in the
state. The county is nicknamed Apple Capital, USA, because
it is one of the largest apple producers in the nation, with
20,000 acres dedicated to fruit production. The continued
popularity and prominence of apples in Adams County has
created the annual Apple Harvest Festival held every year
during the first two weekends of October in Arendtsville. In
Biglerville, the National Apple Museum provides historical
background of the crop. The museum is owned and operated
by the Biglerville Historical and Preservation Society. It
opened in 1990 and resides in a restored Civil War-era barn.

Miscellaneous Apple Facts
 There are 7,500 different apple varieties worldwide. This
means that you could eat a different apple every day for
more than 19 years, and never eat the same kind twice!
 Of the 2,500 apple varieties that grow in the U.S., only
100 are grown commercially.
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Apple orchard in Adams County.
 Apples float
because 25 percentt off their
th i volume
l
is
i air.
i
 The “Delicious” apple variety is the most widely grown
variety in the United States.
 An apple tree has to grow four or five years before it will
produce an apple.
 It takes nearly 40 apples to make one gallon of cider.
 The largest apple, according to the Guiness Book of
World Records, weighed three pounds and two ounces.
 Bobbing for apples started as a Celtic New Year’s
tradition to determine who you would marry.
 In ancient times, apples were thrown at weddings
(instead of rice or birdseed, like today ... ouch!).
 It’s said that Isaac Newton thought of the “law of gravity”
while sitting under an apple tree and having an apple fall
on his head.
 The apple belongs to the rose family.

Recreation
Between Chambersburg and Gettysburg in Franklin County, Caledonia State Park
is not only a recreational attraction, but also boasts
sts rich h
historical roots. The
he park
was named for Thaddeus Stevens’ charcoal
harcoal iro
iron furnace, the Caledonia
ledonia Furnace,
urnace,
rnace,
that was built on site. Stevens w
was a member of the U.S. Ho
House
use of Re
Repre
Representatives
and
d was noted to be the father
er of the publi
public school syst
system in Pennsylvania. As the
Civil War swept
p through
th gh the
e region, Con
Confederate
Confeder
troops destroyed the furnace.
Hi t i
Historians
believe the destruction symbolized their disapproval of Stevens’ views
opposing slavery. Also, the park served as a field hospital during the Battle of
Gettysburg in 1863. After being rebuilt and sold to the state, Caledonia State Park
opened in 1903.
Today, Caledonia State Park is a huge attraction in the region for its many
recreational activities. The park provides amenities for campers, including two
campgrounds with showers, restroom facilities, fire pits and picnic tables. Also,
cabins are available with modern conveniences.
Fishing, hunting and hiking are very popular in the park, along with summertime
swimming and golfing. One of the most famous attractions in the park is the Totem
Pole Playhouse that is a summer stock theater and puts on many plays. Actors
including
John Ritter,
Sandy Dennis
S
and Curtis
a
Armstrong
A
have worked
h
with the
w
rresident
ccompany in
the past.
Caldeonia State
Park:
Walking Dogs;
Camping;
The Pavilion

Recreational opportunities in the Potomac Region are largely dominated
by sport fishing, although ski resorts such as Ski Liberty and Richmond
Hill also contribute to the economic wealth of the region. The following
is a sample of some of the popular locations for recreational fishing:
 The 1,125 acres of Caledonia State Park (Franklin and Adams
counties) are a popular destination for fishing. Anglers can catch a
variety of trout species and some warm water game fish in the East
Branch of the Conococheague Creek, Rocky Mountain Creek and
Carbaugh Run.
 The Pennsylvania Fish and Boat Commission manages Meadow
Grounds Lake (Fulton County) for boating and fishing activities. The
204-acre lake is located in state game lands and supports largemouth
bass, pumpkinseed and walleye fishing.
 Falling Springs Branch Creek (Franklin County), near Chambersburg,
attracts anglers for recreational fishing of trout and panfish. Falling
Springs is a small, limestone tributary to Conococheague Creek, which
is a wild trout habitat.
 Koon Lake (Bedford County) is a 268-acre impoundment owned by
Evitts Creek Water Co., used to supply water to the city of Cumberland,
Md. The lake supports both shoreline and boat fishing of trout,
largemouth bass and panfish.

Did you know?
President Dwight D. Eisenhower and his wife, Mamie,
retired to a farmhouse in Gettysburg. Although President
Eisenhower retired from service to his country, he would
continue to work, raising Angus cattle on his farm and
serving on the University board at Gettysburg College. In
1967 Dwight and Mamie Eisenhower donated their home to
the National Park Service.
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Caledonia State Park

Water-Based Economy, continued
 Gordon Lake (Bedford County) is located immediately south of Koon Lake.
The 120-acre waterbody is owned by Evitts Creek Water Company and
supplies water to the city of Cumberland, Md. The lake is also a local fishing
spot for walleye, largemouth bass, muskellunge, pickerel and panfish.
For more information on state parks, see DCNR’s “Pennsylvania State Parks”
Web site: www.dcnr.state.pa.us/stateparks/index.aspx
For more information on recreational areas managed by the Pennsylvania Fish
and Boat Commission, see the commission’s “Boating Near You” Web site:
www.fish.state.pa.us/boatinf.htm

Koon and Gordon Lakes
Located in Bedford County, both Koon and Gordon lakes provide
premier fishing opportunities for anglers across the region. Fishing
is very popular in Bedford County, and the two lakes bring in anglers
from all over the northeast. Koon Lake covers 268 acres and Gordon
Lake covers 120 acres, and both are owned by Evitts Creek Water
Company and supply water to the city of Cumberland, Md.
Recent field reports indicated that both lakes deserve quality panfish
reputations. Both Koon and Gordon lakes are popular for yellow
perch, bluegills, brown bullheads and black crappie at considerable
sizes. Anglers have enjoyed better access to the fish, as motorized
boats are now permitted in the lakes. In addition, fishing is permitted
on the shores and in the reservoir area, other than near the dam.
The Pennsylvania Fish and Boat Commission; Cumberland, Md.
officials; and local anglers from Pennsylvania and Maryland are
working together to provide increased angling opportunities on
Koon Lake and Gordon Lake.
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Whitetail Mountain Resort
Located in
n Mercersbu
M
Mercersburg
cersburg, Franklin
Fran
County, Whitetail Mountain Resort has become a premier
ski resort
reso for vacationers and locals in recent years. Located near the Pennsylvania/
Maryland
border, the
resort offers
excellent
skiing on
its 19 trails.
The highest
vertical
descent on
the mountain
measures in at
935 feet while
the highest
elevation of
the resort is
nearly 1,800
feet. Recent
improvements
on the
mountain include a new enclosed
l
d Magic
M i Carpet
C
t Conveyor
C
Lift att the
th tubing
t bi
facility, increased snow making capacities and Burton snowboard rental
equipment. An onsite resort provides lodging at Liberty Mountain Hotel with
luxury accommodations.
During the summer months, the resort offers golf and fly fishing amenities.
Dusty Wissmath’s Fly Fishing School is a wonderful resource for new anglers
interested in learning the sport. Lessons are also available at the Whitetail Golf
Resort, where many outings are planned each summer.
Whitetail Mountain Resort is affiliated with Snow Time Inc. which also owns
Ski Liberty in Adams County, Ski Roundtop in York County and Ski Windham
in New York.
Whitetail Ski Resort at night (top) and snowboarding
at the resort (left). Photos courtesy of Matt See.

Pennsylvania's Watershed Regions
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Introduction
Delaware River

E

ach of Pennsylvania’s major drainage basins has an array of individual characteristics that distinguish
it from other regions of the state. These include diverse geographic and geologic features as well as
major differences in historical settlement, economic and land use patterns. To reflect these variations, six
regional water resources committees were created by the Water Resources Planning Act to ensure that individual
regional priorities were developed and highlighted in the plan. The priorities and actions of the Delaware Regional
Water Resources Committee are significant and influence not only local streams and rivers, but also the
Delaware Bay .
The committee members represent a broad range of interests in their region — business and industry, agriculture,
local government and the environment. Each committee has identified and given consideration to a broad set of water
resources issues and concerns specific to their region. The water resource management goals and objectives of the
Delaware Regional Water Resources Committee include:
 Link land use decisions and water resources management to sustain and enhance the quality of life in the Delaware
River Basin
 Improve management of water resources (including stormwater and wastewater) and waterway corridors to reduce
damages from extreme conditions (floods and droughts)
 Identify in-stream flow needs and protect and restore in-stream flows
 Identify, protect and restore ecologically sensitive areas, including trout streams Class A, B and C and 303(d)
impaired streams
 Institute operational practices that would help to ensure an adequate supply of potable water for public/private
water supplies and suitable water for commercial, industrial, agricultural and power generation needs
 Encourage local/county/regional plans consistent with the State Water Plan
 To make state infrastructure investments consistent with the State Water Plan. Promote sustainable use and supply
of water resources
 Promote use of DEP tools and principles of sustainable use and supply among the general public, students,
developers, engineers, planners, businesses and industries within the Delaware Basin
 Control nonpoint source pollution from agriculture, mining, quarrying and abandoned mines, and forestry
 Reduce point source discharges of toxics and wastewater and promote land application and appropriately scaled
wastewater treatment systems
 Encourage the alignment of public infrastructure investments and private development activities with water
resource planning
 Identify opportunities to improve the Municipalities Planning Code relative to local government authority over and
responsibilities for matters relating to water resource management
 Coordinate with and help define the roles of DRBC, DEP, PUC, DCED, PEMA, CCD and PennDOT in water
resource planning
 Enhance appropriate water-based recreation in and along the Delaware River and its tributaries
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The Delaware Region
at a Glance
The 330 miles that make up the
Delaware River constitute the longest
un-dammed river east of the Mississippi
River. Nicknamed “Penn’s River” for its
importance as a major commerce route in
colonial days, today the Delaware River
remains an important transportation
corridor to some of the largest U.S. ports.
The river starts at the confluence of the
East and West Branches in Hancock, N.Y., serves
es as part of the Pennsylvania-New
Penns l ania Ne York border,
border all of the PennsylvaniaPenns l ania
New Jersey border, and all of the New Jersey-Delaware border, before transitioning into the Delaware Estuary near
Morrisville, Penna. For more information on the Delaware Estuary, see the Delaware Region Water Resources section.
The Delaware River’s entire basin encompasses 13,539 square miles over four states—Pennsylvania, New York, New
Jersey and Delaware—and includes 782 square miles of the Delaware Bay. The 6,422 square mile area of Pennsylvania
that drain into the Delaware River is not only the largest contributor of the basin, but also accounts for half of the
basin’s land area and 42 percent of Pennsylvania’s population. Approximately 15 million people (5 percent of the U.S.
population) rely on the Delaware Basin for drinking water and industrial use, including 7 million residents of New York
City and northern New Jersey who live outside of the watershed. Although the Delaware River itself is free-flowing,
some of its tributaries have been dammed to create reservoirs that provide New York City with about half of its potable
water. Of the 216 tributaries that flow into the Delaware, the two largest—the Schuylkill and Lehigh rivers—are found
in Pennsylvania.

Delaware River Facts
Named for Lord De La Warr, a colonial governor of Jamestown
Basin Area:
Total - 13,539 square miles;
Pennsylvania - 6,422 square miles
Headwaters: West Branch, Mount Jefferson, Schoharie County, N.Y.
and East Branch, Grand Gorge, Delaware County, N.Y.
Mouth: Delaware Bay, at Cape Henlopen, Del. and Cape May, N.J.
Delaware River Length: 330 miles

Lackawaxen River
Lehigh River
Tohickon Creek
Neshaminy Creek

Pennypack Creek
Schuylkill River
Crum Creek
Brandywine Creek

Watersheds in the Delaware Region

Regional Climate
The Delaware Basin has a humid continental climate pattern, marked by
normal variations in weather from a series of high- and low- pressure systems.
Mean minimum temperature increases from 9 degrees Fahrenheit in the north
to 25 degrees Fahrenheit in the south. The mean maximum temperature ranges
between 76 and 87 degrees Fahrenheit, with a majority of the region ranging
between 84 and 85 degrees Fahrenheit. Average annual precipitation for most
of the watershed ranges from 42 to 49 inches per year, with the southern
two-thirds of the region receiving more precipitation than the northern third.
Precipitation in the Delaware Basin is usually distributed evenly throughout
the year. Variations in temperature and precipitation are a result of differences
in elevation and exposure to wind direction within the watershed.

“Watershed” is a generic term used to identify an area of land that drains to
a particular waterbody. Watersheds can vary in size, from the acreage that
drains to a brook to a major river. For purposes of this atlas, watersheds are
classified by a nested hierarchy based on landscape scale. A watershed is the
land area that drains into a stream or river (or in some cases, two streams) and
is the smallest in size in the classification hierarchy. Pennsylvania’s original
The maps on pages 283 to 285 show Annual Precipitation, Average Minimum
State Water Plan divided the commonwealth into 104 watersheds, ranging
Temperature and Average Maximum Temperature, averaged from 1971 to 2000,
in size from approximately 100 to 1,000 square miles, named for the major
for the Delaware Region.
streams of the watershed. A subbasin includes all of the watersheds that drain
into a particular reach of a larger watercourse. A basin encompasses all of
As illustrated on these maps, the greatest amounts of precipitation generally
the subbasins that drain into a major waterway. In Pennsylvania, there are six
basins—Erie, Genesee, Ohio, Susquehanna, Potomac and Delaware—each with fall in the areas including and surrounding Schuylkill, Carbon and Monroe
counties. These mostly mountainous areas in the region tend to receive more
a different outlet. The Erie Basin empties into Lake Erie, the Genesee Basin
precipitation as air is forced to rise and cool resulting in precipitation events
contributes to Lake Ontario, the Ohio Basin drains into the Mississippi River,
as atmospheric moisture condenses to form a liquid. As
the Susquehanna Basin
one would expect, the cooler temperatures within the
and Potomac Basin drain
Did
you
know?
region occur in the north and the warmer temperatures
into the Chesapeake Bay,
to the south. Locations within Wayne and Pike counties
and the Delaware Basin
Four off the
F
th 10 mostt populated cities in Pennsylvania are found
experience the lowest temperatures of the region, with
drains into the
in the Delaware River Basin: Philadelphia (1), Allentown (3),
some areas averaging an annual minimum temperature
Delaware Bay.
Reading (5), and Bethlehem (7).
of nine degrees Fahrenheit. On the other hand, locations
in the southern extents of the region average an annual
A particular tract of land
maximum temperature of 86-87 degrees Fahrenheit, the
can belong in multiple
highest in the region.
watersheds, depending
on the scale of the landscape. For example, in Lehigh County, Jordan Creek is
Land Cover (Percent of Watershed)
a tributary to the Lehigh River, which is a tributary to the Delaware River. The
land that drains into Jordan Creek is part of the Lower Lehigh River Watershed
in the Central Delaware Subbasin, which in turn is part of the Delaware Basin.
Forest . . . . . . . . . . . . . . . . . . . . . . . . . . . 48.3%
The Water Planning Area Map on page 282 depicts the 22 watersheds found in
Agriculture (crop/pasture) . . . . . . . . . . . . . . 26.8%
the three subbasins of the Delaware Basin.
Developed . . . . . . . . . . . . . . . . . . . . . . . . 19.1%

Wetlands . . . . . . . . .
Open Water . . . . . . .
Barren (rock/sand/clay)
Shrub/Scrub . . . . . . .
Grassland/Herbaceous
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Scenic Rivers
Total: 693.35 miles
Upper Delaware River . . . . . . . . 73.4 miles
Scenic – 23.1 miles
Recreational – 50.3 miles
Middle Delaware River . . . . . . . 35.0 miles
Lower Delaware River . . . . . . . . 67.3 miles
Scenic – 25.4 miles
Recreational – 41.9 miles
Lehigh River . . . . . . . . . . . . . 63.95 miles
Schuylkill River . . . . . . . . . . . 126.3 miles
Tulpehocken Creek . . . . . . . . . 28.8 miles
French Creek . . . . . . . . . . . . . 42.75 miles
Lower Brandywine Creek . . . . . . .65.85 miles
White Clay Creek. . . . . . . . . . . 190.0 miles
Scenic – 24.0 miles
Recreational – 166.0 miles
(Includes miles of creek in the state of Delaware)

Points of Interest in the Region
 Route 6, the longest U.S. transcontinental highway - Wayne and Pike
counties
 Bushkill Falls, "The Niagara of Pennsylvania"– Pike County
 Whitewater rafting on the Lehigh River, Lehigh Gorge State Park – Luzerne
and Carbon counties
 Skiing at Big Boulder, Split Rock and Jack Frost – Carbon County
 Tannersville Cranberry Bog – Monroe County
 Delaware Water Gap National Recreational Center – Monroe County
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Major Tributaries (in Pennsylvania)

Introduction, continued
Extreme Conditions - Floods and Droughts
Pennsylvanians are blessed with the
opportunity to experience the weather
conditions of all four seasons. Fresh
spring-time
p
weather with blossoming
flowers is typical
yp
for March through
g May;
y;
hott summers,
h
s mmers perfect for swimming
are common from June to August; cool
autumns with an array of leaves changing
shades are distinctive for September
through November; cold, snowy skies
generally occur from December through
February. Along with the changing
seasons and variety of climate conditions,
Pennsylvania also experiences some of
the negative weather conditions as well.
Most notably, droughts and floods sweep
the region, creating difficulties for many
Delaware Region residents.
Historically, Hurricanes Diane and Connie
hit the eastern half of the state five days
apart in 1955 resulting in some of the
worst flood conditions ever recorded. Most
of the Delaware Basin flooded, initiating
federal action for the aftermath of the
hurricanes. The violent and swollen waters
of the Delaware Basin washed out bridges,
eradicated homes and caused the death of
almost 100 people. Many residents were
evacuated, and some children were even
airlifted from their schools to safer areas.
Millions of dollars of damages devastated
the area, and a variety of memoirs were
published, showing individual damages of
the flood.
Pennsylvania has one of the most
extensive flood protection programs in
the nation. The Pennsylvania Department
of Environmental Protection becomes
aware of flood protection needs based
on requests from flood-prone areas or by
firs
rstt ha
hand
nd obs
obser
erva
vati
tion
on fro
from
m se
seve
vere
re flo
flood
ods.
s.
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Feasibility studies are then performed to
weigh the benefits and costs of different
protection measures. Across the
he state
there are many flood walls
w ls and other
protective devices
devic s to
o lessen the e
effec
effects
off fl
flood
oods
d on communities. Restricting
development in flood-prone areas has
also reduced the devastating effects
of floods.
Historical droughts have also plagued
the Delaware Region. Droughts that
are declared disasters by the governor
of Pennsylvania or the President of the
United States, have fortunately occurred
less than floods. Disaster-declared
droughts have occurred in 1963, 1965 and
1980, affecting many counties within the
Delaware Region.
One of the more recent extreme drought
conditions occurred in 1999, when the
third driest period in 105 years swept
the state. This drought was the number
one climate impact in “Top 9 of ‘99”
conducted by the Northeast Regional
Climate Center at Cornell University.
Many farmers lost revenue in the Delaware
Region due to dried up soils and crops.
However, in Kutztown, Penna., farmers
at the Rodale Institute began innovative
organic farming practices that performed
incredibly, despite the drought conditions
of 1999. Yields for organic soybeans
rounded out at about 30 bushels per acre
at the Rodale Institute compared to only
16 bushels per acre on conventionally
farmed soil. The Rodale Institute, a nonprofit organization, lent its innovative
practices to struggling Tennessee
farmers, along with communities in Kenya
and Somalia, to reduce the instance of
drou
dr
ough
ghtt ba
base
sed
d fa
fami
mine
ne..

Did you know?
I November
In
Novembe
N
mber
b 1978,
8 th
the
h Schuylkill
S
River was the first waterway
designated in the state scenic rivers system.

 Crayola Factory – Easton, Northampton County
 Dorney Park and Wildwater Kingdom – Allentown, Lehigh County
 Lehigh County Velodrome – Trexlertown, Lehigh County
 Yuengling Brewery, the oldest brewery in the U.S. – Pottsville,
Schuylkill County
 Hawk Mountain Sanctuary – Kempton, Berks County
 Daniel Boone Homestead – Birdsboro, Berks County
 Sesame Place – Langhorne, Bucks County
 Moravian Pottery and Tile Works – Doylestown, Bucks County
 Longwood Gardens – Chester County
 Kennett Square, Mushroom Capital of the World – Chester County
 The Swedish Log Cabin, possibly the oldest log cabin
in North America – Drexel Hill, Delaware County
 Tyler Arboretum – Media, Delaware County
 Liberty Bell and Independence Hall – Philadelphia,
Philadelphia County
 Fairmount Park, one of the largest urban parks in the country –
Philadelphia, Philadelphia County
 Washington Crossing Historic Park – Washington Crossing, Bucks
County
 Valley Forge National Historic Park – Montgomery and
Chester counties

For more information on droughts and flood
protection, see DEP’s Web site:
www.depweb.state.pa.us
keywords: drought, flood and flood protection

Populations throughout the Region
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Population and Future Projections
The maps on pages 287 and 288 show populations in the year 2000
and population projections for 2000 through 2030 for the Delaware
Region. As illustrated in the Population 2000 Map, the most populated
areas are found in the southern third of the region, particularly in and
around Philadelphia and Allentown. The northern counties—Wayne and
Pike—and areas in the western portion of the region are the
least populated.
In recent decades, urban centers have lost population while previously
rural areas surrounding towns and cities, such as suburban Bucks,
Chester and Montgomery counties, have gained population. The coal
mining regions of Schuylkill and Carbon counties also have shown a
decline in population. Northeastern counties like Monroe, Pike and
Wayne have seen rapid growth attributed to the influx of residents that
commute to New York City and northern New Jersey. Generally, these
population trends are expected to continue, as shown by the Population
Projection Map.

Did you know?
Nearly
Nearly
l oneone-third
thi d off Pe
Pennsylvania’s
P
population lives within the
1,700 square
uare miles of the
e Schu
Schuylkill River Watershed.

Regional Water Use
The demand for water throughout the region can be measured in part
by compiling and mapping data contained in the registry of water users
maintained by the DEP. All public water supply agencies and hydropower
facilities, as well as anyone withdrawing more than 10,000 gallons of water
per day, are to register and report their usage to DEP. There are no fees
associated with registering and reporting.
Although this registry information does not account for all water demands
of the region, it provides useful information to predict areas of higher and

lower demand, as shown by the Registered Water Withdrawals Map on page
286. Consumptive water use, as defined by U.S. Geological Survey (USGS),
is “that part of water withdrawn that is evaporated, transpired, incorporated
into products or crops, consumed by humans or livestock, or otherwise
removed from the immediate water environment.” The amount of water
consumed in a region becomes an important consideration for resource
management during times of drought or water shortages. On the Registered
Water Withdrawals Map, the pie chart within each subbasin depicts the
percentage of each major sector of water use.
The pie chart at right provides a breakdown of consumptive and nonconsumptive water use by sector for the Delaware Region. Approximately
65 percent of water is used by utility and thermoelectric plants, 23 percent
for public water suppliers. The remaining 11 percent of water use in the
region is for industry, mining, commercial and agriculture. This data is based
on information available primarily from the registrations submitted to
DEP in 2003.

Delaware River Basin Water Use
Thermoelectric 65%
Commercial 2%
Agriculture <1%
Industry 5%
Mining 4%
Public Water Supply 23%

Source: PADEP, 2003
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Registered Water Withdrawals
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Population Projections

Water Resources
Tannersville Cranberry Bog

E

very stream, creek or river in the Delaware Region discharges into the Delaware
River before reaching the Atlantic Ocean. The Delaware River, which is within a
two hour drive for 10 percent of the United States population, is one of the last
free-flowing rivers left in America, accommodating numerous water vessels transporting
countless goods and products while supporting a tremendous shad run, all due in part
because no dams exist on the river. Since 1913, the Delaware River has had an average
yearly discharge of 11,821 cubic feet per second (cfs) while draining 13,539 square miles
over its entire basin.
A map showing the larger streams, lakes and wetlands within the Delaware Region is
provided on the next page. Streams and rivers can be classified according to their size
based on a hierarchy of its tributaries. The hierarchy designates headwater streams as a
first order stream. When two first order streams meet, the waterway becomes a secondorder stream. When two second-order streams meet, the waterway becomes a thirdorder stream and so on. If a lower-order stream flows into a higher-order stream, the
order designation does not change. For instance, if a first-order stream meets a secondorder stream, the waterway designation remains second-order. For purposes of making
the map readable, only higher order streams of the Delaware Region are shown in the
Surface Waters Map.

Streams
The Delaware River flows north to south from its headwaters in New York to the
Delaware Estuary at Morrisville, Bucks County and Trenton, N.J. The major tributaries
to the Delaware River in the Delaware Region from north to south are the Lackawaxen
River, Lehigh River, Tohickon Creek, Neshaminy Creek, Pennypack Creek, Schuylkill
River and Crum Creek. The tributaries to the Lackawaxen River include Lake
Wallenpaupack, Middle Creek, Dyberry Creek and Wangum Creek. Tributaries flowing
into the Lehigh River include Bear Creek, Mud Run, Pohopoco Creek, Buckwheat Creek
and Hokendauqua Creek. The Schuylkill River is supplied by Northkill Creek, Manatawny
Creek, Rock Run Creek, Perkiomen Creek and Wissahickon Creek.
These surface waters are part of the 22 watersheds in the Upper Delaware, Central
Delaware and Lower Delaware subbasins, which together make up the Delaware Region.
The subbasins and watersheds in the region can be located on the Delaware Region
Watershed Map in the Introduction Section of this region.
Approximately 81 U.S. Geological Survey (USGS) gaging stations that monitor peak
stream flow conditions, water levels, discharge and water temperature are located in
the Delaware Region. Some gaging stations, including Tohickon Creek near Pipersville,
Tobyhanna Creek near Blakeslee, and French Creek near Phoenixville also monitor
water quality.

Bogss receive all of their moisture from
precipitation
ecipitation
pitation and do not have a connection
to groundwater. Although named a bog,
Tannersville Cranberry Bog is technically
an acid fen because it contains water that
originates from groundwater sources.
Tannersville Cranberry Bog, located in the
Pocono Mountains along Cranberry Creek, is
home to the southernmost low-altitude boreal
bog in the eastern United States. The National
Park Service designated the bog as a National
Natural Landmark in 1974. Tannersville
Cranberry Bog encompasses approximately
775 acres and was formed by glacial melting.
This has led to an accumulation of about 40
feet of peat, partially decayed organic matter
that has a tendency to build up in wetland
areas that are poorly drained.

Lakes and Dams

Did you know?
The Lehigh River was the only river in the
United States to ever be privately owned.
From 1827 until 1966 the river was owned by
the
th
e Le
Lehi
high
g Coa
gh
Coall an
and
d Na
Navi
viga
g ti
ga
tion
on Co
Co.
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Wetlands on Delaware River near
Philadelphia. Photo courtesy of
Partnership for the Delaware Estuary Inc.

Lakes are a prominent feature in the Delaware Region. Many lakes throughout the region
are created by dams; many of which have formed reservoirs for public water supply such
as the Lake Ontelaunee Reservoir in Berks County, Green Lane Reservoir in Montgomery
County, and Rock Run Reservoir in Chester County. Some dams have been created for
recreational purposes such as Scotts Run Lake and Hope Lake at French Creek State
Park in Berks County, Big Boulder Dam in Carbon County, and Cementon Reservoir in
Lehigh County. Other dams have been created for flood control such as the Beltzville
Dam in Carbon County, Blue Marsh Dam in Berks County, and the Francis E. Walter Dam
in Luzerne and Carbon counties. For more information on the Francis E. Walter Dam, see
Delaware Region Stormwater and Flooding section of this atlas.
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Surface Water

Water Resources, continued

Aerial photograph of wetlands
near the Delaware River.

Wetlands
Wetlands are areas where water covers the soil or remains at or near the
surface for an extended period of the year. These habitats provide a hydrologic
link between land and water resources (either surface water, groundwater or
both). Wetland types differ according to characteristics such as topography,
climate, hydrology, water chemistry and vegetation.
The U.S. Fish and Wildlife Service (USFWS) provides information on the
nation’s wetlands and deepwater habitats—including location, type and
status—through the National Wetlands Inventory (NWI). There are two general
categories of wetlands: coastal (including estuaries) and inland (including
rivers, lakes and riparian areas). The NWI classifies inland waters according to
the amount and type of vegetation present:
 Open water (rivers and lakes)
 Emergent/herbaceous (marshes, wet meadows and fens)
 Scrub-shrub (swamps and bogs); and
 Forested (swamps and bogs)

As illustrated in the Surface Waters Map, the northern portions of the region
have a high concentration of wetlands. These wetlands, as described, provide
a natural defense against harmful contaminants in water supplies. Precaution
should be taken to eliminate the destruction of these wetland areas. Allowing
them to remain will protect our water sources and provide habitat for many
plants and animals.

Scenic Rivers
Scenic rivers in Pennsylvania are designated for their exceptional aesthetic,
pastoral or recreational value and must be maintained for these values. Of
all the regions, the Delaware Region has the greatest number of scenic river
miles—a combined 690-plus miles among nine scenic rivers (including some
miles in Delaware). More detailed information about this program is included in
the Overview section of this atlas.

HQ and EV Waters
There are two types of special protection waters classifications according
to guidelines listed in Pennsylvania Code Title 25, Chapter 93 Water Quality
Standards: High Quality (HQ) and Exceptional Value (EV). The Special
Protection Waters Map on the next page shows the HQ and EV waters in the
region. Many of these streams are in the northeastern counties of the region.
 HQ waters are designated as such based on the water chemistry and the
presence of a high quality aquatic community. Approximately 215 streams or
stream sections are designated as HQ in the Delaware Region.

Like wetlands, coastal and estuarine marshes also have superior benefits
when it comes to water quality protection. Although marshes may have a
particularly bad smell, like that of rotten eggs due to the bacteria that live
in oxygen-depleted soils, their benefits to the environment greatly outweigh
the unpleasant smell. Marshes contain an abundance of denitrifying bacteria
that eliminate excess nitrates. These bacteria thrive in the anaerobic (lacking
oxygen) mud that is present and the constant source of nitrates from surface
runoff. Their ability to rid surface water of these excess nutrients has resulted
in marshes being described by many as “nature’s kidneys.” In fact, their
outstanding ability to do so has caused many water treatment plants to
construct man-made marshes to help treat waste water. (Refer to the wetland
areas on the Surface Water Map on page 290.)

The classification of EV or HQ to a stream requires that new or expanded earthdisturbance does not degrade existing water quality. It is important to know
that this does not mean that development will stop, but proposed projects will
undergo a more detailed permit review by DEP and may result in meeting more
stringent requirements to protect water quality.

Special Protection Waters

Wild Trout Waters

Certain water bodies are designated special protection to prevent activities
that could degrade water quality and therefore prevent these waters from
meeting their uses. These special designations include federal or state Scenic/
Recreational Rivers, High Quality and Exceptional Value Waters, and Class A
Wild Trout Waters.

Approximately 87 waters in the Delaware Region are designated by the
Pennsylvania Fish and Boat Commission as Class A Wild Trout Waters. These
waters support a population of naturally-produced trout of sufficient size
and abundance to support a long-term and rewarding sport fishery. These
streams are not stocked but are supported in full by the spawning of the wild
trout populations, further illustrating their outstanding quality and protection

 EV waters are designated based on water quality and are waters of
substantial recreational or ecological significance. There are approximately
53 streams or stream sections designated as EV in the Delaware Region.
Many waters are designated as EV based on the fact that they are classified
as Class A Wild Trout Waters.

Delaware
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Wetlands provide unique habitat to many species of plants and animals
and also serve as natural filters to surface and groundwater supplies. Many
wetlands in the region including bogs, swamps and estuarine wetlands, have
the ability to eliminate contaminants such as nitrates and phosphorus as water
flows through the wetland. The vegetation present in the wetland utilizes the
excess waste, eliminating it from the water and reducing negative impacts to
the environment. Wetlands also have the excellent ability to remove sediment
from surface runoff. The vegetation plays a large role in reducing sediment
as the sediment particles are captured and slowly removed as the water
progresses through the wetland.
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Special Protection Waters

Water Resources, continued
Fly fishing in the Delaware Region.

The Delaware
ware River Basin
B n Com
Commission (DRBC) was
created in 1961 when Pres
Preside
President Kennedy
ennedy and the
governors of Delaware, New Jersey
Jersey,
rsey, P
Pennsylvania
ania
and New York signed concurrent
nt com
compact
pact
ct leg
legislation
legisla
into law to bring together a regional body
dy to ove
oversee
see
a unified approach to managing the Delaware River
system without regard to state boundaries. The
commission members are the four state governors,
along with the president of the United States, and
each of the five commissioners appoints alternate
commissioners. Business meetings and hearings
are held periodically to act on issues pertaining
to the Delaware River Basin and are open to the
public. Together, they work to ensure water quality
protection, water supply allocation, regulatory
review (permitting), water conservation initiatives,
watershed planning, drought management, flood
control and recreation.
A larger staff comprised of various state, interstate
and federal agencies work together to divide power
and duties within the watershed. The DRBC has been
globally recognized for its ability to successfully work
together, share command and manage a common
resource despite being from five separate government
institutions. Officials from countries including
Sri Lanka, Indonesia, South Korea and Uganda,
along with many others, have visited the DRBC’s
headquarters in West Trenton, N.J. to seek assistance
and hear the story of unified government.
More information about the DRBC can be found at:
http://www.drbc.net

they receive. Class A Wild Trout Waters include wild brook trout
fisheries, wild brown trout fisheries, mixed wild brook/brown trout
fisheries and wild rainbow trout fisheries. A little less than half
of the Class A Wild Trout Waters are classified as brown trout
fisheries. The only wild rainbow trout fishery in the entire region is
Faulkner Brook, located in Wayne County, near the Pennsylvania/
New York border.

Coastal Resources
In September 1980, the U.S. Department of Commerce approved Pennsylvania’s
Coastal Resources Management Plan under the authority of the federal Coastal Zone
Management Act of 1972. DEP’s Water Planning Office coordinates and implements the
Coastal Resources Management Program (CRM) to execute sound coastal management
program policies in Pennsylvania’s two coastal areas, the Delaware Estuary and Lake
Erie. The CRM manages policies for coastal hazard areas, fisheries, wetlands, public
access for recreation and dredging and spoil disposal, just to name a few. The National
Oceanic and Atmospheric Administration (NOAA) provides federal funding for the CRM,
which is matched by state and local funding.
The Delaware Estuary coastal zone includes 57 miles of coastline between Philadelphia,
Bucks and Delaware counties. The coastal zone also contains islands, marshes and
shorelands of tributary streams that are tidally influenced. The combined facilities of the
Delaware Estuary comprise the largest freshwater port in the world.

Impaired Waters

The P
Pennsylvania
Department
Th
l
i D
t
t off Environmental
E i
t l Protection
P t ti (DEP),
(DEP) under
d Section
S ti
303(d) of the federal Clean Water Act, implements a program that assesses the water
quality of state waters and identifies waterbodies that do not meet the standards for
their designated uses. These designated uses—including aquatic life, recreation and
drinking water—are characterized by the in-stream levels of parameters (e.g., dissolved
oxygen, pH, metals, siltation, etc). If a waterbody does not meet the standards for its
designated use, it is identified as “impaired” on the Pennsylvania Integrated Water
Quality Monitoring and Assessment Report. This report also identifies the cause of
the impairment, which may be one or more point sources (like industrial or sewage
discharges) or non-point sources (like abandoned mine discharge or agricultural runoff).
Once impaired waters and their reasons for impairment are established, the state
determines what conditions are necessary to return the water to the quality that meets
its water quality standards. DEP and the United States Environmental Protection Agency
(EPA) work in conjunction with other organizations, such as DRBC and Pennsylvania
State University, to develop a Total Maximum Daily Load (TMDL) for each impaired
waterbody. A TMDL
Stream Releaf Program
defines the allowable
pollutant loads a
Pennsylvania DEP initiated the Stream Releaf Program
waterbody can receive
in 1996 to restore streams and riparian areas in
from point and nonorder to reduce and prevent stream bank erosion and
point sources and still
sedimentation. The Stream Releaf Program has helped
be able to maintain its
to create riparian buffers (vegetated areas along stream
designated water quality
banks) along Mahoning Creek in Schuylkill County,
standards.
Saucon Creek in Northampton County, and Darby Creek

Stream health assessments are complex and time-consuming efforts put forth by many
individuals. Assessments can include individual studies on the living organisms and
habitat within and around the stream, studies on water chemistry, and measurement
of physical characteristics. There are also simple visual indicators one can look for to
determine a stream’s general health. Impaired streams may have eroded or undercut
banks, low water clarity, foul odors, large amounts of algae or have deep deposition of
sediments that cover larger rocks on the bottom of the stream. All of these results help
determine overall stream health. Restoring impaired streams requires a great deal of
time and effort combined with the most recent water
For more information on wild trout streams in
quality evaluations available.
Pennsylvania, visit the Pennsylvania Fish and Boat
Commission's Web site at http://www.fish.state.pa.us

in Delaware County. These are just a few of approximately
700 projects found in the Stream Releaf database for this
region. More than 150 of the stream bank stabilization
projects have helped to restore Chester County streams.
For more information on this program, see “Stream Releaf”
under “DEP Programs” at http://www.depweb.state.pa.us.

Delaware Page 293
Page 5

Delaware

Delaware River Basin
Commission

Page 294
Delaware

NEW YORK

YORK

NORTHUMBERLAND

Pottsville

River/Stream

P E N N S Y LVA N I A
MARYLAND

Wyomissing

SCHUYLKILL

LACKAWANNA

Waterbody

Doylestown

County Boundary

Impaired Waters

Chester

Media

Norristown

PIKE

OH

WV

Milford

0

PA

50

VA

Miles

MD

Miles
NY

10

State Boundary

0

5

Levittown

Philadelphia

East Stroudsburg

BUCKS

MONTGOMERY

Quakertown

Easton

NORTHAMPTON

DELAWARE

City/Town

West
Chester

CHESTER

Downingtown

Coatesville

Honesdale

Stroudsburg

MONROE

WAYNE

Bethlehem
LEHIGH
Allentown

Pottstown

Lehighton
Palmerton

CARBON
Jim Thorpe

Reading

BERKS

Tamaqua

Hazleton

LUZERNE

WYOMING

LANCASTER

LEBANON

COLUMBIA

SULLIVAN

BRADFORD

SUSQUEHANNA

MD
DE

NJ
PA

DE
NJ

Page 6
P E N N S Y LVA N I A

15

NJ

N
N JY

Impaired Waters

Water Resources, continued
The Impaired Waters Map on page 294 shows the location of impaired streams
and waterbodies in the Delaware Region. These streams are located mainly in
the area of Philadelphia and surrounding counties. In addition, a few coal region
streams are affected by acid mine drainage.

Efforts to Address Impairment
Many impaired waters exist within the Delaware Region. DEP supports local
watershed groups, conservation districts and municipalities in developing
Watershed Implementation Plans, which identify pollution sources in these
areas and recommend best management practices (BMPs) for cleaning them
up. These plans are submitted to the EPA to provide a “road map” for future
stream restoration efforts and funding. Currently within the Delaware Region,
two Watershed Implementation Plans have been completed: Core Lake/
Lake Luxembourg Watershed and Upper Schuylkill River Watershed. Specific
examples of watershed cleanup projects in the Delaware Region include:

Neshaminy Creek Watershed
The Neshaminy Creek Watershed, which drains approximately 232 square
miles of west central and southern Bucks County and a portion of Montgomery
County, is an area that has been greatly affected by the outward expansion of
development from urban centers into previously rural areas.
The effects of development, including municipal point-source discharge and
increased runoff from storm sewers, collectively account for approximately
43 percent of the stream impairment within the watershed. Fifteen municipal
wastewater treatment plants exist in the watershed and contribute the bulk of
the nutrient phosphorus to the watershed. At extremely low flow periods, the
streamflow within Neshaminy Creek is largely discharge from the municipal
wastewater treatment plants.
Sedimentation in streams results from stream bank erosion and stormwater
flowing across development sites under construction. In developed areas, the
increase of impervious material, such as
blacktop and concrete, causes stormwater to
flow off at a much greater rate than a natural
groundcover such as grass or woodlands.
This increases stream bank erosion, further
increasing sediment loads within the stream.
Best management practices have been
implemented to help begin restoring the
watershed back to a healthy state. For
example, sediment control at construction
sites where original ground cover is
disturbed or removed is an area that
has been addressed and continues to
be monitored. With continued funding
and implementation of best management
practices for stormwater control, the
watershed’s health will continue to improve.

Satellite photograph of Neshaminy Creek
discharge into Delaware River, Bucks County.

Did you know?
The Brandywine Valley Association, created
in 1945, was the first small watershed
association in the country. The organization
was responsible for enacting the first floodplain
zoning in Pennsylvania.
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Choke Creek Falls, Luzerne County.
Photo Courtesy of Vance Packard.

Water Resources, continued
Delaware River.
Photo courtesy of Bharat N. Bham.

Delaware Estuary
A unique habitat that is one of the most vital and productive
areas of our natural world,
world an estuary is not only important
import
to animal populations,
populations but also to human life.
life Estuaries
aries
are classified as the areas surrounded by land where rivers
meet the sea. The Delaware Estuary spans from Morrisville,
Penna. all the way to Cape Henlopen, Del., and includes all of
the Delaware Bay and segments of the Delaware River. The
estuary provides drinking water, industry, food production
and recreation to surrounding residents.
The Delaware Estuary is a central environment for wildlife,
providing homes to more than 130 species of finfish, along
with clams, oysters and crabs. Along with many bird species,
the estuary includes the largest population of spawning
horseshoe crabs in the world. Pond lily, wild rice and other
remarkable plants grow naturally in estuarine environments.
In addition to being a natural sanctuary for plants and
animals, the Delaware Estuary serves as the largest
freshwater port in the world; it is home to five of the biggest
East Coast refineries, with millions of gallons of crude
oil being transported on the Delaware River every day.
Unfortunately, poor management practices prior to the
development of regulations have led to the pollution of the
estuary. From the time Philadelphia was founded in 1682,
agriculture, industry and residential areas grew. By the late
1800s, drinking water had been contaminated by sewage,

For more information, visit the Partnership for Delaware
Estuary's Web site at www.delawareestuary.org
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and fisheries were
e going out of b
business
iness due
d to th
the polluted
waters Eventually
waters.
Evventually,
tually, p
people avoided
av
the estuarine areas
completely, as disease became a result of contact with the
comp
water. Environmental issues were voiced to the government,
but not until the 1970s was action taken with the Clean Water
Act of 1972. Though estuarine tidal habitat was lost prior
to the 1970s, 184 acres—particularly non-tidal emergent
habitat—have been lost since passage of the Clean Water Act.
Today, many groups have partnered to save and preserve
the Delaware Estuary. For example, the Partnership for
the Delaware Estuary (PDE), along with other non-profit
groups, have made significant efforts to save the oyster
population of the estuary, and success has been found in
the oyster shell-planting programs. The PDE was created in
1996 when interested parties from the consulting, private
industry, academic and government sectors of Delaware,
New Jersey and Pennsylvania joined together to promote
conservation and management of the Delaware Estuary.
Through education, action projects and consensus building,
the Partnership works with all levels of government, business,
environmental organizations, community groups, academia
and citizens to enhance and preserve the Estuary’s living
resources through agendas including habitat protection,
pollution reduction and water supply management.

Unami Creek at Musser Scout Reservation, Montgomery County.
Photo courtesy of Montgomery County Planning Commission.

Stormwater and Flooding
Stormwater as a Resource

evapotranspiration by evaporating directly into the atmosphere or by transpiring
through plant processes and then evaporating; or stored water for various uses.

Stormwater runoff and flooding are natural events that have helped shape our
watersheds and rivers. Human activities on the landscape routinely alter natural
drainage patterns. Because of this, stormwater runoff is now being examined as
to its effects on water quality, stream morphology, base flow and recharge. If not
managed, these changes may increase localized flooding, stream bank erosion and
loss of groundwater recharge. In addition to its physical impact on the environment,
stormwater may carry a variety of pollutants.
By managing stormwater runoff as a resource rather than as a waste, a host of
opportunities are available to protect the environment and complement water resource
management. Since clean and abundant water is a vital resource, effective stormwater
management provides for the protection and maintenance of the commonwealth’s
essential water resources. Stormwater management affects and involves all of the
possible avenues precipitation might follow after falling to the ground: runoff from
the surface of the land; groundwater by infiltrating (or soaking) into the ground;

Human activities that result in land development or changes in land cover, or land
use, often dramatically affect the quantity and quality of stormwater runoff from
the land surface. These changes can produce potentially harmful impacts on water
resources, such as increases in damage from flooding; diminished stream flows and
groundwater recharge; degradation of streams and stream channels from scour,
erosion, or deposition; and deterioration of water quality from pollution. These effects
can be minimized, or avoided, through the careful preparation and implementation of
comprehensive stormwater management plans and other planning or regulatory efforts.

Problems Associated with Stormwater and Flooding
Stormwater can have a detrimental effect on the agricultural lands, developed areas
and the water quality of streams and rivers that flow through the 6,400-plus square
miles of land that makes up the Delaware Region.

Flooding
Flooding is a localized temporary condition of partial or
complete inundation of normally dry land from the overflow
of streams or rivers. This potentially hazardous condition is
generally the result of excessive precipitation. Generally, floods
can be classified into two categories: flash floods, the product
of heavy localized precipitation in a short time period over a
given location; and general floods, caused by precipitation over a
longer time period over the river basin.

Francis E. Walter Dam
B
Built
Bui
in 1960, the Francis E. Walter Dam is located in
Pennsylvania’s Carbon and Luzerne counties. With
dimensions of 3,000 feet by 234 feet by 30 feet, the dam
serves a vital role in the Lehigh River’s flood control plan.
The dam serves a 25-mile stretch of the Lehigh River and
protects nearby towns, including White Haven, Penna.
An access road that cuts across a portion of the reservoir
was built behind the dam when it was constructed.
Utilized today by sports enthusiasts, tourists, commuters
and emergency vehicles, the road serves a purpose to
many people. Unfortunately, the road was built in an area
prone to flooding. Even during moderate rain showers,
the road floods and can be especially dangerous to
drivers at night and those who unknowingly drive into the
hazard. Thankfully, in 2003 federal funding was allotted
to relocate the access road.
The dam is monitored by the Army Corps of Engineers,
and limited recreational activities are permitted in and
around the dam. While whitewater rafting can be enjoyed
downstream, swimming is not permitted in or around the
dam. Many visit the watershed above the dam to view
the glaciated formations, including scoured summits and
valley walls, along with various swamps and ponds.

Flooding along the Schuylkill River in
Royersford, Montgomery Co. Photo courtesy of
Montgomery Co. Planning Commission.
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Flash floods can occur within a few minutes or several hours
of heavy amounts of rainfall, rapid snow melt or from a sudden
release of water held back by an ice jam. Flash floods can
damage buildings and bridges, uproot trees and scour new
drainage channels. Although flash flooding often occurs along
small rural streams, it is also common in urban areas where
much of the ground is covered by impervious surfaces. The
impervious surfaces created by roads and buildings generate
greater amounts of runoff than would typically occur over
vegetated areas. As land is converted from fields and woodlands

Stormwater and Flooding, continued
to impervious surfaces, it loses its ability to absorb rainfall. Urbanization
greatly increases the quantity and velocity of runoff over what would occur
naturally on vegetated and forested terrain. Fixed drainage channels in urban
areas may be unable to contain the runoff that is generated by relatively small,
but intense, rainfall events.
The severity of a flooding event is determined by a combination of river basin
terrain, local thunderstorm movement, past soil moisture conditions and the
degree of vegetative clearing. Abnormal weather patterns may also contribute
to flooding of a local area.

Urban and Suburban Runoff
As the Delaware Region witnesses an expansion of development, stormwater
runoff in the region is being scrutinized along with its effects on water quality.
Stormwater runoff from developed areas in Pennsylvania is the third leading
cause of stream impairment. Pollution in the Delaware Basin can result
from suburban development and impervious surface expansion, resulting in
potential runoff of petroleum products, nutrients, etc. The trend of population
spreading out from towns and cities into areas that were previously rural is
expected to continue into the future.
These population changes can result in development and an increase in
impervious surfaces (surfaces that water cannot drain through such as
concrete pavement, asphalt and roofing materials). As impervious surfaces
increase, so can the amount of pollutant-carrying stormwater from new
developed areas. Soils washed away from exposed building sites during
construction also contribute to the excess sedimentation of streams.
Increased stormwater can cause sewer overflows in older towns that channel
stormwater runoff to wastewater treatment facilities, or worse yet, combined
stormwater and wastewater can overflow into surface waters. Increased
stormwater also destabilizes stream banks, disperses litter, distributes
unnaturally warm water from developed surfaces into streams and reduces
groundwater recharge.

Agricultural Runoff
Water quality degradation and impairment in the Delaware Region can also be
caused by stormwater runoff from agricultural lands. As stormwater flows over
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agricultural lands,
it can wash away
excess nutrients
like nitrogen and
phosphorous
from commercial
fertilizers and
manure. Soils from
plowed fields and
unstable stream
banks, sometimes
exposed in part by
grazing animals,
can also be
washed away with
stormwater runoff.
Excess nutrients
and sediments
in this region
impair not only
Pennsylvania’s
waters but also the
Delaware Bay.

Karst Areas

Stormwater Best Management Practices: Green Roof Technology
Recently, new stormwater control
technology called “green roofs” has
been utilized all over the world to slow
rainfall runoff. Applied to roofs to slow or
completely absorb rainfall, green roofs
are vegetative covers that contain four
to six inch deep plants. The goal of this
technology is essentially to replace the
absorptive ability of the land on which
a building was constructed. The United
States Environmental Protection Agency
(EPA) has conducted research on green roof
technology and has generally found it to be
an effective stormwater control system.
While Germany is the leader in green
roof systems, the Southeast Regional
DEP's Southeast Regional Headquarters
Office of the Pennsylvania Department of
roof, Montgomery County.
Environmental Protection in Norristown,
Penna. has established a green building.
In addition to reducing energy costs of the
building from $1.12 per square foot to $0.72
per square foot and using recycled material
to construct cubicles and floor tiles, DEP has
installed a green roof. A system of trays holding six different species of sedum plants are arranged on the roof, and unlike other green
roof systems, the trays can be removed. Through evapotransporation, the plants decrease stormwater runoff. Excess runoff is stored
in a cistern, which is displayed as a focal point in the building’s atrium. The 5,000 gallon cistern filters rainwater to be used to flush
toilets and water plants.

Karst environments
typically occur
in areas where
carbonate
(limestone and
dolomite) bedrock dominates the subsurface features. Natural breaks and
fractures occur in carbonate bedrock which allow precipitation to infiltrate
quite easily. Water is a major reason for sinkhole collapses in Pennsylvania.
Karst areas form over long periods of time as groundwater moves through
breaks in the bedrock, dissolving the rock and creating caverns and spaces
below the surface. The spaces may be filled with soil material or may be open.
A sinkhole forms as soil material is flushed through underground spaces in the
bedrock causing the surface to collapse. If water is collected and redirected

into
t a karst
k t area this
th increases the
th potential
t t l for
f a sinkhole
kh l to
t occur.
The effects of stormwater on karst geology are of concern in the Delaware
Region. Carbonate bedrock, which allows for sinkholes to form, is common
throughout much of the Lower Delaware Subbasin. Conversely, the effects of
sinkholes create concern regarding groundwater quality. Water is naturally
purified of contaminants as it passes through soil. Surface water that enters
a sinkhole passes directly into the groundwater without any filtration, thereby
contaminating groundwater resources.

Stream Impairment and Stormwater
In the Delaware Region, water quality degradation of streams, rivers and
groundwater has occurred primarily in the mid and lower sections of the basin.
These sections of the Delaware Region are home to the Schuylkill and
Lehigh rivers.
Water quality is very important in the Schuylkill River Watershed because half
of Philadelphia’s drinking water is pumped from the Schuylkill River. Recent
estimates from studies conducted by the USDA have placed the Schuylkill
River Watershed at 34 percent agricultural, 32 percent forested and 28 percent
developed. The Schuylkill River Watershed is projected to see more growth,
particularly in the counties closer to the city of Philadelphia. This means that
stormwater will likely increase with impervious surface development.

The greatest percentage of stream impairment in the Schuylkill River Watershed
can be found in the Wissahickon Creek, Middle Schuylkill and Lower Schuylkill
watersheds. Stream impairment here could be exacerbated by stormwater from
increased suburban development and poor agricultural practices.
The Lehigh River Watershed is currently 67 percent forested, 24 percent
agricultural, 7 percent developed and 2 percent mining. Although land use is
primarily agricultural, developed areas have been increasing and therefore
generating more stormwater runoff.
As the Schuylkill and Lehigh watersheds have experienced moderate growth, the
Pocono Region including Pike, Monroe and Wayne counties in the Upper Delaware
Subbasin have experienced the fastest growth. This is attributed to the influx of
residents commuting to jobs in New York City and northern New Jersey.

Villanova Urban Stormwater Partnership
Recognizing the need to implement new practices in the stormwater
management field, Villanova University collaborated with the
Pennsylvania Department of Environmental Protection (DEP) to create
the Villanova Urban Stormwater Partnership in 2002. In addition
to researching new methods to advance the field of stormwater
management, this partnership hopes to educate the public and guide
others to implement effective practices to improve the environment.

been written on the research and a large amount of information
has already been collected. Also, representatives from the various
partners meet periodically to discuss the direction of the program.
A complementary partnership with Temple University’s Center for
Sustainable Communities has increased the power of the initiative
and opened up endless possibilities.
Bio-infiltration island, Villanova.

Four urban Best Management Practices (BMPs) including stormwater
wetlands, a bio-infiltration traffic island, a large scale porous concrete
infiltration bed, and an infiltration trench were installed on Villanova’s
campus and have been monitored and researched. These different
technologies are being studied to determine the most efficient ways
to manage stormwater runoff. Researchers observe their effectiveness
in terms of capacity, pollution control, drainage and various other
measures.
Flooding event in Yardley, Bucks County.
Photo courtesy of DRBC.
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The research has been recognized as a National Monitoring Program,
which has increased awareness of the project. Master’s theses have

Geology and Groundwater

T

he Delaware Region in eastern Pennsylvania contains the largest variety of physiographic provinces found in the
state. A discussion of these provinces and their origins is provided in the Statewide Overview Section and can
be located on the map shown in that section. From north to south, the Delaware Region encompasses parts of
the Appalachian Plateaus Province, Ridge and Valley Province, New England Province, Piedmont Province and a small
portion of the Atlantic Coastal Plain Province.

soil materials or air. Interconnected pathways can exist through the rock to allow water to be quickly transported in high
volumes. If a contaminant reaches the void spaces, it easily enters the groundwater and can be transported extensive
distances to other water supply or discharge areas. The creation of these interconnected voids in limestone bedrock can
produce sinkholes, closed depressions and disappearing streams—common features of a karst environment. For more
information on karst environments, see the Lower Susquehanna Region atlas section on Geology and Groundwater.

The changing topography and changing rock type that occurs as one travels the region is a result of the different
physiographic provinces. Beginning in the northern areas of the region, explorers are granted with sights of expansive
ridges, rugged hills and broad uplands that typify the Appalachian Plateaus Province. Moving south into the Ridge
and Valley Province and the New England Province, steep ridges and valleys are encountered. The Piedmont Province
is located further south where the land is characterized by gently rolling lowlands and broad uplands. At the region’s
southernmost point, travelers will find the Atlantic Coastal Plain Province which is relatively flat as it transitions from
the Piedmont Province.

The connection between surface water and the aquifers that store and discharge groundwater is often misunderstood.
The water table, which is the boundary below which all the spaces and cracks in the soil and bedrock are completely
saturated, is often times a reflection of the surface topography. As the topography changes due to hills, mountains or
valleys, the water table’s elevation and depth will often times change with it reflecting the changes occurring at
the surface.

Bedrock Geology
The varying provinces and bedrock regimes within the Delaware Region make water planning and
budgeting difficult. In order to properly predict groundwater resources, an understanding of the
relationship between bedrock geology and groundwater supply is needed. Aquifers within these provinces
recharge at different rates depending on their bedrock geology. The Bedrock Geology Map on page 301
shows the large variation of bedrock formations within the region. The greatest variation occurs in the
Piedmont Province, where seven different bedrock formations exist within approximately one third of
the region. As the provinces transition throughout the region, the bedrock geology associated with the
provinces changes as well.
The sandstone, shale and carbonate formations in the Delaware Region are consolidated rocks that
comprise the majority of aquifers in the region. Groundwater is contained within and moves through
fractures, spaces and partings in the consolidated rock. Aquifers exist here under two different conditions.
Where water only partly fills the aquifer and is free to rise and fall, it is referred to as an unconfined aquifer
or water table aquifer. Where water completely fills a rock unit and the aquifer is under a low-permeable
feature or confining layer, this aquifer is said to be confined. This confining layer helps protect this kind
of aquifer from contaminated water migrating from above. Another key difference between the two is the
varying pressure regimes. The unconfined aquifers are only under atmospheric pressure while confined
aquifers are at a greater pressure due to the confining layer overhead.
The carbonate bedrock formations in the Delaware Region are comprised of limestone and dolomite.
Limestone bedrock formations in the region are prone to chemical dissolution, or dissolving, and form a
landscape called “karst.” These
voids may be filled with water,
Did you know?
The remains of mastodons dating back to 10,000 B.C. have
been found at Marshall’s Creek near the Delaware Water Gap.
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However, streams, wetlands, springs or rivers will often form in areas where the water table intersects the land surface.
These features form where the groundwater discharges from groundwater storage and becomes surface water. This
discharge of groundwater into surface water is also known as base flow. Base flow can be thought of as the sustained low

Hickory Run Boulder Field
As with many state parks within the commonwealth, the local
geology typically has had a large influence on why the area is
now considered a state park and more importantly, how the area
itself was formed. Hickory Run State Park in Carbon County is no
exception with its most unique and studied feature, the
boulder field.
The boulder field at Hickory Run State Park is a result of glacier
movement in the past. The last glacial period occurred in
Pennsylvania approximately 20,000 years ago. Termed
the Wisconsin glacial period, the glacier that encroached
into the state stopped approximately one mile north and
east of the boulder field. As the glacier melted, water
that permeated the ridges surrounding the boulder field
would freeze and thaw with the changing of the seasons,
creating large boulders where the bedrock would crack.
These boulders eventually broke off and slowly began
moving as thawing occurred. This process took place over
a period of thousands of years creating the large boulder
field within the park today.
The boulder field is approximately 400 feet wide by 1,800
feet in length and approximately 12 feet deep in most
areas. The field contains boulders that are generally four feet

across but some are as large as 25 feet across. One of the most
unique characteristics of the field in comparison with other boulder
fields in the United States is its sheer size and its low, flat gradient.
The National Park Service officially designated the Hickory Run
Boulder Field as a National Natural Landmark in November
of 1967. It is one of 26 National Natural Landmarks found in
Pennsylvania designated by the U.S. Department of the Interior.

Hickory Run State Park boulder field, Carbon County.
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Bedrock Geology

Geology and Groundwater, continued
flow of a stream because it is supplied by the groundwater that is discharging
from underground storage. Dry streambeds or springs that no longer supply
water are a result of the water table being lower than the land surface.

Appalachian Plateaus Province
Nearly half of the Delaware Region is dominated by sandstones and
interbedded sedimentary rock of the Appalachian Plateaus Province in the
central and northern areas of the region. Interbedded sedimentary rock occurs
where different types of rock alternately exist within different layers of bedrock.
This section of the Appalachian Plateaus was one portion of Pennsylvania that
was covered by at least three glaciers known to geologists. The most recent
glacier arrived only 24,000 years ago. The advance of glaciers in the region
created one of the best examples of boulder fields in the eastern United States.
Hickory Run Boulder Field, located in Carbon County, is classified as a National
Natural Landmark and attracts visitors year-round.
Groundwater resources in the glaciated portion of the region benefit in large
part from the glacial deposits and glacial till region. Glacial till is the mixture
of differently sized soil, rocks and other material deposited by a glacier after it
stops advancing and melts.
The glacial till in the Appalachian Plateaus Province is an unconsolidated
material that can absorb and store water that will slowly enter the aquifers
in the region. The ability of this region to efficiently recharge its groundwater
results in wells that produce significant amounts of water. Some large wells
have been known to yield 400 to 750 gallons per minute and in some cases up
to 1,300 gallons per minute.
The province is also home to vast areas of swamps and peat bogs that are a

Did you know?
The lowest point in Pennsylvania is the Delaware River
south of Marcus Hook, Delaware County.
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result of the glaciers scouring the surface and creating depressions in the
Earth’s surface. Also unique to these areas are the numerous natural lakes
created by the same past glaciation. Some areas of the province also have
a fragipan, a technical term for a layer of soil in glacial regions beneath the
Earth’s surface where water moves very slowly and is held above the bedrock.
These fragipan areas also contribute to the formation of swamps and bogs if
the soil is very dense and water is held long enough to saturate the surface
layers of soil.

Ridge and Valley Province
The Delaware Region contains a portion of the Ridge and Valley Province. Karst
environments typically develop in carbonate bedrock areas of this province.
The Karst Geology Map on the next page clearly shows the correlation between
karst features and carbonate bedrock. The mapped karst features, sinkholes
and surface depressions are densely located within the valley areas of the
province where the carbonate bedrock is dominant. The callout box on the
map more clearly shows the density at which these features occur. These
karst features, because of the natural cracks and voids that develop, create an
environment in which large amounts of water can be transported to other areas
in short amounts of time.

through the ground caused by gravity and the pressure from the water above
cause water to discharge into streams and creeks or as springs in the valley
and low lying areas.

Piedmont Province
The bedrock regimes around West Chester, Norristown, Doylestown and
Pottstown are combinations of metamorphic, igneous and sedimentary
rocks. This large diversity is also identified as the Piedmont Province. These
areas have varying groundwater geology between its uplands and lowlands.
The lowlands and valleys typically are formed of carbonate, shale and
sandstone rock.
Aquifer recharge in the Piedmont Province varies and is reflective of the
rock units found in certain areas. Joints and fractures in the igneous and
metamorphic rocks are the only openings by which water can flow through the
bedrock. The carbonate bedrock areas contain openings created by dissolution,
or dissolving and are typically referred to as “karst” areas. In most cases, the
groundwater flows to the low-lying valley areas and discharges into streams,
creeks or springs due to the affects of gravity and the pressure created by the
groundwater above.

The carbonate bedrock and shale bedrock areas of the province are principal
recharge areas for local aquifers. Fractures occur frequently in the erosionresistant areas of the province found on the ridge and upland areas. For
more information on karst environments, see the Lower Susquehanna Region
Geology and Groundwater Section.

Recharge in these areas is greater where there is a large amount of regolith
overlaying the consolidated bedrock. Regolith is simply the unconsolidated,
weathered material typically found between the bedrock and Earth’s surface.
Thick areas of regolith act as a sponge, holding water and allowing it to slowly
enter the groundwater aquifers.

New England Province

Atlantic Coastal Plain Province

The New England Province is found only in the Delaware Region and exhibits
traits similar to the upland sections of the Piedmont Province. The Reading
Prong Section, the section of the New England Province which resides in
Pennsylvania, is comprised of erosion-resistant metamorphic/igneous
bedrock. The province forms the highland area of rounded hills that lie to
the south of Easton and Bethlehem and to the east of Reading. Like nearly
all areas that have a hilly landscape, the highlands receive a majority of the
aquifer recharge and discharge in the valley areas. This downward flow of water

The unconsolidated bedrock area of the southern portions of the Delaware
Region is where the Atlantic Coastal Plain Province is found. Consistently
made up of sands and gravels, this area has easily rechargeable aquifers
that are confined only by clay-based soils that restrict water movement. In
Pennsylvania, however, this area is highly developed by Philadelphia and
surrounding communities, so recharge is decreased due to the abundance
of impervious surfaces that water cannot flow through, such as paved roads,
parking lots, rooftops, driveways and sidewalks.
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Karst Geology

Geology and Groundwater, continued
Coal Resources
Anthracite coal mining traces its roots back to the
early mining efforts in Carbon, Lehigh and Schuylkill
counties. Mining in these areas, also known as Panther
Valley, has occurred nearly non-stop for over 200 years.
The accompanying map provided by the Pennsylvania
Department of Conservation and Natural Resources
(DCNR) shows the southern anthracite coal fields in
these areas. Schuylkill County contains the largest
portion of the coal field within the Delaware Region.
Revived interests have occurred in the mining industry
within the region as new processes for coal-based energy
have emerged. Advances in technology have allowed
power plants to convert anthracite coal mining waste into
power. They now use circulating fluidized bed boilers that
produce energy while disposing of coal mining waste,
also known as culm. Waste coal energy qualifies for Tier 2
credits under Pennsylvania’s Alternative Energy
Portfolio Standards.
Although the anthracite coal industry in this area has
decreased since its heyday in the early 1900s, it is still
mined and the rich coal mining heritage lives on in
the mining towns of Schuylkill, Carbon and Luzerne
counties. The extraction of coal from beneath the Earth’s
surface can unfortunately result in degradation of the
surrounding environment and local water sources.
Sedimentation that occurs during heavy rain events from
coal dust and exposed earth creates multiple problems
to stream morphology and water chemistry. Other
environmental challenges include groundwater depletion,
mine collapse and landslides. Another prevalent problem
that is easily recognized is acid mine drainage.
The formation of AMD is primarily a function of the
geology, hydrology and mining technology employed
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for the mine site. AMD is formed by a series of complex
geochemical and microbial reactions that occur when
water comes in contact with pyrite (iron disulfide
minerals) in coal, refuse or the overburden of a mine
operation. The resulting water is usually high in acidity
and dissolved metals. The metals stay dissolved in
solution until the pH rises to a level where precipitation
occurs. Solubility charts for the various metals show
the pH at which precipitation begins and the pH at
which maximum insolubility occurs. Neutralization
with limestone addition and bioremediation are some
solutions to alleviate these symptoms, but the problem
still persists.
Surface water in many watersheds has been inadvertently
diverted by open mine pits and refuse piles into large
underground mine pools. These pools are connected by
many tunnels allowing water to flow freely from mine to
mine and become further degraded. The Upper Schuylkill
River Watershed is just one example in which the waters
have been severely altered by past and present mining
ventures. AMD alone contributes the highest percentage
of impairment to the Upper Schuylkill River Watershed,
producing 25 percent of the impairment to the watershed.

Mineral Resources
Crushed aggregate is one of the largest non-fuel
minerals produced in Pennsylvania. The Delaware Region
contains a significant number of these producers and
quarries. Dimension stone producers also make their
living in the region tapping into the shale formations and
metamorphic rock formations located throughout
the region.
 The concrete and cement industry in Pennsylvania
is important to the state’s economy. The value of the
cement industry, which includes masonry and Portland

Distribution of Pennsylvania Coals

Source: Pennsylvania
Department of
Conservation and Natural
Resources

USGS Stoddartsville Station
Home
me to
o one
on
ne of the
e old
oldest stream gages in the state, Stoddartsville is located
along the Lehigh
gh River
Rive
Riv in Luzern
Luzerne County. The stream gaging station is
monitored by the USGS
GS to me
measure
e water stage and volume of the river.
Records from this station
n hav
have
ve been
bee kept
k
since
ce 1943.
At the station in Stoddartsville, equipment
pment iss installed
nstalled to telemeter water
levels and volumes to hydrologists and records are made by tthe
e USGS
Pennsylvania Water Science Center. The information is represented in a graph
form where a rating curve relates the water stage and the discharge. The site
at Stoddartsville is visited routinely to ensure the rating curve is accurate
and is monitored closely during droughts and floods. Once the rating curve
is established, it is used with various other measurements collected from the
station to determine the volume of water that passes by the stream gage.
Additionally, the velocity of the streamflow can be determined with similar
calculations.
Data collected from the site is pertinent to many groups of people. In addition
to hydrologists and weather historians, those who enjoy water recreation and
activities in and around the Lehigh River rely on the water stages and volumes
to plan trips. Kayaking on a shallow stream or camping next to a flooded
stream is not always fun or safe, so it is important to learn the appropriate
water levels for recreational activities. Records from the gaging station at
Stoddartsville can be accessed online at the USGS Web site.
For more information visit:
http://waterdata.usgs.gov/usa/nwis/uv?site_no=01447500.

cement, is estimated to be more than $600 million according to a 2005 U.S. Geological Survey Minerals
Yearbook report. The Delaware Region is home to several major producers due to the large and abundant
supply of crushed aggregate, mainly limestone and dolomite, which is the backbone of the cement
industry. According to the American Concrete Pavement Association Pennsylvania Chapter, concrete
is among the most recycled construction products in the nation and is completely recyclable. Concrete
that is crushed can be reused in new batches of concrete or can be used as crushed aggregate for many
construction projects. The concrete’s alkali-rich carbonate components can also be used to treat acid
mine drainage, providing the medium that will help neutralize the impaired water sources.
 Crushed Aggregate producers are found throughout the Delaware Region with the majority
concentrated in the middle and lower areas of the region. Limestone continues to be a major
contributor of the crushed aggregate for the region. Dolomite, a close relative of limestone,
and sandstone are also mined and crushed within the Delaware Region. The Delaware Region
includes some of the most productive crushed stone providers in Pennsylvania. According
to the U. S. Geological Survey (USGS) and the U.S. Department of the Interior, the Delaware
Region, in 2005, was home to approximately 11 of the 15 major producers of crushed stone
in Pennsylvania. These producers account for a significant portion of the crushed stone
commodity in Pennsylvania, currently worth approximately $635 million.
 Dimension Stone producers have also become established within the region thanks to the
geology of the region. These types of stone, quarried from the sandstone, shale and slate
common in the Delaware Region, can be cut to specific sizes and polished to create monuments or used
in the construction of buildings. Deposits of sandstone in the southern areas of the Delaware Region
are extracted by producers in Bucks, Montgomery and Chester counties. Several granite producers are
located in the metamorphic bedrock regions. Further north around Lehigh and Northampton counties,
dimension stone is produced from the shale and slate deposits that underlie the region.

Limestone quarriesTop: Northampton County.
Above: Chester County.
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A 1995 Mineral Industry Survey published by the USGS and the U.S. Department of the Interior listed the
major producers of dimension stone in Pennsylvania. According to their findings, at least five of the seven
listed major dimension stone producers were found within the Delaware Region. These producers, like the
crushed stone producers, make up a large part of Pennsylvania’s current dimension stone commodity worth
approximately $10 million.

Land Use: Past and Present
History of the Delaware Region
Studying the change in land use over time can offer insight into the development patterns that may influence the future
landscape of an area.

Pennsylvania’s Forests
Pennsylvania’s water resources are closely tied to its forests. The vast forests of Penn’s Woods provided clean, pure
water not only for Native Americans, but also for the state’s founder, by acting as a natural filter. However, William Penn
might not recognize his property today.
When colonists first arrived in the mid-Atlantic, more than 90 percent of the landscape was forested. By the mid-1800s,
most of the region’s trees had been cut down to clear land for cities, towns and farms or to provide lumber. Once
dominated by virgin pine hemlock and chestnut forests, the forests regenerated into current day second-growth mixed
deciduous and evergreen forests.
The post-colonial changes to the forest were
significant. At one time, the predominant tree
species in the mid-Atlantic deciduous forest was
the American chestnut. Unfortunately, with the
accidental introduction of a fungus (Endothia
parasitica) to the area in 1904, most American
chestnut fell to this disease. The fungus survives
in stumps and saplings affecting any trees
approaching maturity. The great oak-chestnut
forests of the mid-Atlantic have been replaced by
an oak-hickory mix.

Early Settlement and Agriculture
Before European settlement, the Delaware
Basin was predominantly occupied by the
Native American Lenni Lenape, or Delaware
tribe. Native Americans made conservative use
of the Delaware Basin to serve their needs for
about 1,200 years before colonial times. The
Lenni Lenape lived, fished and farmed along the
Delaware River.
Inclined Plane No. 1 at Mauch Chunk. (Present day Jim Thorpe, Carbon County.)
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First visited by Henry Hudson in 1609, the Delaware Bay
and Delaware River were named in
1610 by English Captain Samuel Argall
after Thomas West, Lord De La Warr,
the governor of the Virginia colony.
Scandinavian settlers (Swedes and
Finns) sailed in through the bay area
and established villages in Lewes and
New Castle (formerly Fort Casimir) in
Delaware; Salem and Greenwich in New
Jersey; and Upland (now Chester) in
Pennsylvania. They controlled the region
until about 1663, when the English took
control of the Delaware.

Rural family and farm in Pennsylvania in the 1900s
Photo courtesy of Pennsylvania State Archives.

Settlement occurred first along the
Delaware River, then moved to the
interior stream valleys as roads were constructed throughout the 1700s. The English settlers created counties,
townships, boroughs and cities, as well as villages and hamlets with less rigid boundaries. The clearing of these great
expanses of wooded areas left formerly tree-covered land open and vulnerable to erosion. Soil and sediment ran off into
the rivers.
Development of the region began, particularly in the Philadelphia area following the city’s founding by William Penn in
1682. Settlers, mostly of German-speaking heritage but also including English and Ulster Scots, began moving into the
region after 1710.
Early Pennsylvania German farmers did not apply the principles of crop rotation any better than other groups of
the period, but they did apply manure as a fertilizer, allowing them to farm intensively without exhausting the soil.
Commitment to and care of the land has always been especially important among the German Plain Sects (Amish and
Mennonite), for whom farming continues to be the preferred occupation.
By the 1840s the Midwestern states could produce wheat at a cheaper price than Pennsylvania. The commonwealth
ceased to be the grain belt of the nation, as it had been in the late-18th and early-19th centuries. A shift towards
intensive agriculture, especially dairy farming, was made possible by mechanized farm equipment that was generally
available by the 1850s. The use of mechanized agricultural equipment reduced the need for many workers. In the 20th
century, technological advances in fertilizers and pesticides helped maintain high agricultural production. However,
runoff from agricultural fertilizers and chemicals became a potential source of nonpoint pollution, meaning that
pollutants from several sources were picked up and deposited elsewhere.

Industrial
Development

Mushroom Farms
As the largest cash crop in Pennsylvania, mushrooms can be found in farms
all across the southeastern region of the state. Pennsylvania leads the
nation in mus
mushroom production, supplying 45 percent of the nation’s total.
The ma
majo
majority
of the
he state’s mushroom farms are located in Chester and
Berks
ks cou
counties,
nties,
es, ac
accou
accounting for about 330 million pounds per year.
year
The boom of mushroom
room farming in
n Pennsylvania
P
l
i occurred
d early
l in the 1900ss
when many Italians immigrated to the United States. While many Italians
flocked to Pennsylvania to grow flowers, mushroom farming became a large
part of their heritage. Hard labor and long hours proved to yield success,
and it is estimated that approximately 75 percent of the mushroom farms in
Chester County are owned by Italian-Americans.

By the 1770s, the
Though the number of mushroom growers has decreased in recent years,
Delaware Region, from the
production has steadily increased every year since 1970. Pennsylvania’s
bay area up to presentrolling hills, rich land, accessible manure and compost, and excellent supply
day Trenton, had become
of groundwater attribute to the predominance of mushroom farms in the
the focus of industry in
area. The Pennsylvania State University even opened a mushroom research
America. The economy of
center in 1925 to gain more knowledge in crop growing.
the area gradually shifted
Today, Pennsylvania leads the nation’s supply of mushrooms, producing
from agriculture to a more
portabella, crimini, shiitake, oyster, yellow oyster, pompom, woodear,
manufacturing-based
maitake and enoki loose mushrooms.
system. In addition to
tanneries, glass works
and brickyards, soon
leather, lumber, paper, textile and coal mills appeared along the river. The waste from nearly all industry was
dumped into the Delaware River and its tributaries. Rivers polluted with human and industrial waste were held
responsible for cholera outbreaks. A yellow fever epidemic killed 10 percent of Philadelphia’s population in one
year alone in the 1790s, and outbreaks of typhoid fever inflicted urban areas in the 1890s.
Anthracite coal was abundant in the eastern section of the Delaware Region, especially in Schuylkill and
Carbon counties. Coal was discovered at the headwaters of the Delaware in the late 1700s. In the 11 years
between 1860 and 1871, approximately 300,000 acres of coal lands were bought or leased by the leading coal
companies. The coal was shipped down canals on the Susquehanna and Schuylkill rivers, over land via wagons,
or by rail on the Lehigh Valley Railroad to eastern markets in cities like Philadelphia for use in the rapidly
developing iron and steel industries, as well as for the new trains, which required large amounts of fuel. Waste
from the mines that contained sulfur was dumped or leaked into the rivers making the water highly acidic.

Old Rail Mine tunnel on the Lehigh River near Jim Thorpe,
Carbon County. Photo courtesy of Bharat N. Bham.

Did you know?
Thi t th
Thirty-three
million
illi tons
t
of anthracite coal and six million
tons of miscellaneous goods were transported on the
Delaware Canal during its active operation.
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Today, Pennsylvania
ranks 19th overall in
agricultural production
in the United States, and
the commonwealth ranks
first in mushrooms, third
in Christmas trees and
layer chickens, and fourth
in nursery and sod, milk,
corn for animal feed, and
horse production.

Land Use: Past and Present, continued
The production of iron became an important industry for the region at an early
date. In 1728, after rich iron ore deposits were discovered in Bucks County,
the Durham Iron Works Company was established near Durham Township.
Settlement near such industrial centers grew in response to employment
opportunities. One iron works, Bethlehem Iron, eventually became the only
iron maker in the Lehigh Valley to successfully convert to steel production. By
the late 1800s, the company was making generator motors for the nation’s
first electric power plants and was considered the world’s largest armaments
maker. In the early 1900s, Bethlehem Iron changed its name to Bethlehem
Steel and started making structural steel I and H beams. By the 1930s, the
company was known as a major erector of bridges and buildings; its steel
products were used in famous projects such as the George Washington Bridge
over the Hudson River, the Golden Gate Bridge in San Francisco, the Brooklyn
Bridge, the Gateway Arch in St. Louis, and Madison Square Garden in New
York City. In the late 1950s, the steel boom began to decline and Bethlehem
Steel found it increasingly more difficult to compete with lower-priced foreign
steel, eventually leading to the plant’s closure in the 1990s.
The cement industry also has a strong history in the Delaware Region. The
Atlas Portland Cement Co. was constructed in Northampton, Northampton
County, in 1895 and at one time was considered the largest cement
manufacturer in the world. The company was responsible for providing all of
the cement used in the construction of the Panama Canal and contributed to

Delaware Region Land Use
Forest 51%
Pasture/Grass 9%
Row Crops 9%
Institutional/Industrial/Commercial/Transportation 8%
Residential 15%
Bare 3%
Active Mines/Mined Areas <1%
Wetlands 2%
Water 2%
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other famous projects such as the Empire State Building and the Hoover Dam.
Once considered the birthplace of the cement industry, Pennsylvania is still a
strong concrete and cement producer.
The earliest avenues of transportation in eastern Pennsylvania were the
waterways and Native American trails. The King’s Highway, which ran along
the western bank of the Delaware River, began as a heavily traveled Native
American trail. The first highway improvement program was established in
1698, with each community responsible for constructing and maintaining
their own roads. Turnpike companies were established out of the need for
private maintenance of the roads and were responsible for the upkeep of
roads in and around townships and villages.
The 19th century brought extensive deforestation of the area. The loss
of the ancient forests in the Delaware Basin resulted in a vast decrease
in the storage capacity of the land and led to massive flash flooding and
modifications of the natural flows in the basin. Increased runoff caused
flood peaks that, combined with soil erosion, resulted in heavy siltation and
wider and shallower stream channels. Reduced groundwater inputs, loss of
vegetation and an altered channel shape led to much higher summer water
temperatures. The rivers were impaired by discharge of chemicals into the
rivers, while heavy angling pressure and stocking of domestic brook, rainbow
and brown trout decimated the native fisheries.
In addition to turnpikes, canals and railroads were
constructed during
the first half of the 19th
d
century. During the years 1829-1832, the
Delaware
Division of the Pennsylvania
Delaw
Canal
had
been completed as far north
Ca
as Easton, and the Lehigh Canal from
Easton
to the coal mining center
Ea
of Mauch Chunk (present-day Jim
Thorpe),
as well as the Morris Canal
Th
extending
from the other side of the
exte
Delaware
to
the
city of New York, all of
Delaw
these
enhancing Easton’s role in commerce
th
and transportation.

The Delaware Division of the Pennsylvania Canal was operational along its
full length by 1832. Completed in 1834, it ran from Easton to Bristol and
provided a fast and reliable outlet for the movement of goods to and from
Philadelphia. This canal became vital to the economies of many towns
along its route. The canal operated for 99 years, but was eclipsed in later
years by the faster and cheaper transportation afforded by the railroads.
The construction of railroad networks during the mid- and late-19th century
facilitated the movement of products and enabled migration and trade to
Pittsburgh and beyond. Finally, with the invention of the automobile in
the early 20th century, came renewed attention to the roads in
southeastern Pennsylvania.
Efficient travel, enabled by the automobile and the railroad, facilitated the
development of industry outside Philadelphia. Following the industrial
boom of the early 20th century, population began spreading outward from
Philadelphia, and Bucks County was a locus of urban expansion. Suburban
developments and the shift of businesses to areas outside Philadelphia led to
a decline of the city’s industrial base during the early to mid 20th century and
further encroached upon the agricultural land. The remaining farms turned
exclusively to specialized crops and dairy production.

Land Use in the Delaware Region Today
As the pie chart on this page indicates, almost half of the region’s land
area consists of forestlands. Deciduous species make up the majority of
the forest types throughout the region. Agricultural lands are nearly evenly
split between pasture/hay and cultivated crops. The southern half of the
region has prominent developed areas centered around cities and towns like
Philadelphia, Norristown, Reading and Allentown. Development has notably
spread out from these areas to surrounding communities and along corridors
that connect these population centers. Although wetlands account for only
three percent of the land use in the Delaware Region, wetlands in the forested
areas of Monroe and Pike counties are very noticeable on the Land Cover Map.
The Land Cover Map on the following page shows the various land uses and
vegetative cover across the Delaware Region. Definitions for the land use
categories used in the Land Cover Map are as follows:
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Land Cover

Land Use: Past and Present, continued
Constructed wetland for mitigating acid mine drainage,
Schuylkill County Photo courtesy of DRBC.

Development

 Developed, Open Space – less than 20 percent of the area is covered by
impervious surfaces, mostly vegetation in the form of lawn grasses (e.g.,
golf courses, parks, single-family housing units and vegetation planted in
developed settings for recreation, erosion control or aesthetic purposes)
 Developed, Low Intensity - 20 to 49 percent of the area is covered by
impervious surfaces (e.g., single-family housing units)
 Developed, Medium Intensity – 50 to 79 percent of the area is covered by
impervious surfaces (e.g., single-family housing units)
 Developed, High Intensity – 80 to 100 percent of the area is covered by
impervious surfaces, where people live and work in high numbers (e.g.,
apartment complexes, row houses and commercial/industrial areas)

 Pasture/Hay – greater
than 20 percent of
the area is covered by
grasses and legumes
planted for livestock
grazing or hay
production
 Cultivated Crops
– greater than 20
percent of the area
is covered by annual
crops (e.g., soybeans,
vegetables, tobacco,
cotton), orchards and
vineyards and/or all
land that is actively
being tilled.

Forest

Other

Forests account for the largest land cover in the Delaware Region at 51 percent.
Forest lands are categorized by the type of trees that dominate the area:

Less than eight percent
of the land in the
Delaware Region is covered by barren lands, open water, wetlands, shrub/scrub
and grassland/herbaceous areas. These areas are categorized by the amount of
land covered by vegetation (other than trees) and/or by water:

Approximately 23 percent of the land in the Delaware Region is developed for
residential, commercial and industrial use. Developed areas are categorized by
the by the amount of land area covered by impervious surfaces:

 Deciduous Forest – greater than 20 percent of the area is dominated by trees
that are taller than 5 meters and shed leaves in the autumn
 Evergreen Forest – greater than 20 percent of the area is dominated by trees
taller than 5 meters and maintain their leaves all year round
 Mixed Forest – greater than 20 percent of the area is dominated by trees
taller than 5 meters but are not dominated by deciduous or
evergreen species

Agriculture
Approximately 18 percent of the land in the Delaware Region is used for
farming. Agricultural lands are categorized by the type of crop
that is cultivated:
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 Barren Land (Rock/Sand/Clay) – Areas of accumulated earthen material
(e.g., bedrock, sand, glacial debris, strip mines, gravel pits) with less than 15
percent vegetation cover
 Open Water – all areas of open water with less than 25 percent of the area
covered by vegetation or soil
 Wetlands – areas where the soil is periodically saturated or covered with
water and greater than 20 percent of the area is covered with vegetation
 Shrub/Scrub – greater than 20 percent the area is dominated by shrubs and
young trees smaller than 5 meters tall
 Grassland/Herbaceous – greater than 80 percent of the area is dominated by
grasses and herbaceous vegetation

How Land Use Affects Water Resources
The various uses of land affect water in different ways, some better than others.

Importance of Forested Areas to Water Supplies
The Delaware Basin is comprised of the Central Appalachian Ridge and Valley
and the Piedmont regions. The ridge and valley mid-Atlantic Region supports
a mix of hardwood and coniferous forests. This region shares a balance of
composition between the oak forests of exposed, dry, infertile sites and the
richer, moist mixed coniferous forests of the sheltered, fertile sites located in
the cool moist uplands.
Considered the nonmountainous portion of the old Appalachian Highlands,
the northeast-southwest trending Piedmont Region comprises a transitional
area between the mostly mountainous regions of the Appalachians to the

Some forests are particularly effective at delivering water quality benefits.
Wooded buffers along streams trap sediment and transform nutrients and
other pollutants into less harmful forms. For example, properly managed
woodlands can remove 90 percent of the nitrates in stormwater runoff given
the right soil conditions.
With regard to drinking water, intact forests within wellhead protection areas
play a vital role in protecting the amount and quality of water reaching public
wells. In developed areas, urban forests are critical to reducing stormwater
runoff from small storms.
Forests also protect local waterways by retaining nitrogen in air deposition. An
oak/hickory forest retains an average of 90 percent of atmospheric deposition,
while a spruce/fir forest retains 78 percent. In general, coniferous forests use
less nitrogen than deciduous forests (a factor more of the soils than the tree
itself). The exception is the Eastern hemlock forest, which is highly efficient
at retaining nitrogen. Forests also sequester, or remove, carbon from the air
helping to reduce the impact of carbon dioxide on global warming.
Some of the most important forests for water resource protection are the most
threatened. Forests are vulnerable to development and other land uses that
can fragment high quality forests and expose woodlands to invasive species.
Parcelization is another threat – more people own forests than ever before but
many own less than 10 acres. As larger tracts of forest land are subdivided,
it is important that woodlot owners be educated about sustainable forest
management practices.
In addition, efforts to protect woodlands can be misguided and serve to

diminish forest health. Under the Municipalities Planning Code, forestry, which
includes timber harvesting, is a permitted use by right in all zoning districts.
Concerns over forest regeneration and wildlife habitat have led to the adoption
of local timber harvesting ordinances that, in some cases, are overly restrictive
in prescribing timber harvesting practices. Local governments can benefit
from knowledge of state regulations protecting against poor timber harvesting
practices and advice from a professional forester when planning and adopting
local ordinances.

figures). As a result, many farms in the southeastern part of the commonwealth
have been sold to housing developers in the past years. This movement is
largely due to rising taxes and land prices, reflecting a high demand for land.

Agriculture

Many older towns and cities throughout Pennsylvania are currently losing
population as people continue to settle in suburban and rural housing in areas
that were once forest or farmland. During the 1990s, the total number of acres
developed in Pennsylvania increased by 53.6 percent, while Pennsylvania’s
population grew by only 3.4 percent. The aerial photographs on the following
page illustrate the landscape changes that have occurred in the Delaware
Region over time. Both photographs were taken around the Doylestown
Country Club. In the 1938 photograph, the borough of Doylestown is already
established on the northern and western sides of the intersection of State
Street and Main Street. The Doylestown Country Club, which was established
in 1916, is a nine-hole golf course surrounded by agricultural fields. In the 2005
photograph, the golf course has expanded to 18 holes and the farmlands have
been converted to housing developments and the US-202 Bypass. In addition
to the houses and roads, the area surrounding the golf course has more tree
cover compared to the open fields of the 1938 photograph.

Farmers usually rely on groundwater wells or springs to provide drinking water
for both their families and livestock. Because groundwater is buried beneath
the earth’s surface, it is sometimes thought that groundwater is protected from
contamination. That is not the case. Activities on the land surface, including
improper agricultural practices, can harm groundwater quality. Pollution by
nitrate (a form of nitrogen), bacteria and pesticides can cause health problems
for human beings and livestock when these contaminants pollute a
water supply.
Animal manure, commercial fertilizers and pesticides can also pollute surface
waters if they are misused or applied in excess of crop needs. Much of sediment
pollution in streams comes from eroding and unprotected stream banks.
Fencing stream banks and limiting livestock access with crossings promotes
the establishment of a healthy vegetative cover. Forested vegetation along
streams, called riparian forest buffers, helps stabilize stream banks in reducing
erosion and collapse. These buffers can also help trap soils and pollutants that
may otherwise run off adjacent fields into the waterways.
Riparian buffers provide food, cover and nesting sites for birds and small
animals. By providing shade from the sun and a food supply (leaves, etc.),
buffers can enhance the aquatic habitat.

Forestland and Farmland Conversion to Developed Land
Only about 9,600 of Pennsylvania’s 58,000 farmers have sales of $100,000
or more. The cost to produce quality agriculture goods consumes nearly
85 percent of sales, leaving most farmers with a net farming income below
$19,806, of which a 12.4 percent self-employment tax must be calculated from.
For a family of four, this net income is below the poverty level (based on 2006

A map showing future population projections is presented earlier in the
Delaware Region Introduction pages of this atlas. This map depicts a general
trend of historically urban areas losing population while the areas surrounding
towns and cities are gaining population.

The relationship between development patterns and water resources is
complex. Since Pennsylvania recommends a watershed approach to managing
water resources, It is critical that the local decision-making framework
consider water resources and land uses within the entire watershed area when
planning for growth and development.
A watershed approach broadens the geographic planning area beyond political
boundaries and extends it to the hydrological boundaries of the watershed.
Protecting and managing water resources at the broader watershed scale are
likely to require inter-municipal cooperation.
Evaluating the percent of impervious cover in a watershed can be a useful
indicator in planning future growth and development. Impervious surfaces,
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northwest and the flat coastal plain to the southeast. Once largely cultivated,
much of this region has reverted to pine and hardwood woodlands. This region
supports hardwood forests including pine-oak and oak-hickory forests, as well
as coniferous forests, including Eastern hemlock (Tsuga canadensis). Forested
areas are critical to the supply and quality of water resources. Tree canopies
and the rich organic matter found in forest floors store, clean and slowly release
the majority of water that replenishes groundwater and maintains streamflow.
Areas of forested lands are reserves of clean groundwater, and forested areas
are often good locations for municipalities to drill high-yield water wells.

Land Use: Past and Present, continued
Ben Franklin Bridge, Philadelphia.
Photo courtesy of DRBC.

which prevent water from flowing
through them and into the groundwater
system, include roads, parking lots,
rooftops, driveways and sidewalks. The
Impervious Cover Map on page 315
shows impervious surfaces based on
land use/land cover in the Delaware
Region. Areas of impervious cover are
centered around cities and towns as well
as corridors connecting these locations.
Developed lands are more prominent
in the southern half of the Delaware
Region, especially around Allentown
and Reading and outgrowth from
Philadelphia. Of particular interest is the
medium and high density development
along the Delaware River in Delaware,
Philadelphia and Bucks counties.
Research has shown a strong inverse
relationship between the percent
impervious cover and water quality and
stream health. However, the location of
impervious cover within a watershed
is another variable that needs careful
consideration. For example, in an
attempt to protect water quality by
limiting impervious cover, many
local governments have mistakenly
applied impervious cover thresholds to
individual sites within a watershed by
adopting low density zoning districts,
thereby encouraging scattered low
density development.
Used alone, low density development
consumes more land and generates
more stormwater runoff than the same
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Doylestown Country Club, Bucks County
Top: 1935; Above, 2005.

number of homes accommodated under a higher density scenario in a given
watershed. (See illustration below.) In other words, when measured by the
house, higher densities produce less stormwater runoff.
When runoff is measured by the acre, limiting density does minimize water
quality impacts compared to higher-density scenarios. However, when
measured by the house, higher densities produce less stormwater runoff.
(Source: Protecting Water Resources with Higher-Density Development, |
EPA, 2006)

Higher density development — more people on less land — can effectively
protect water resources if it occurs within the framework of a more
encompassing watershed strategy that considers other factors, such as the
location of old and new development, preservation of critical natural lands, and
the use of site-specific stormwater management practices.
In some situations, low density development can be a tool to preserve
agricultural and forest lands if it too reflects a watershed strategy and includes
such elements as the protection of water supply protection areas, streamside
buffers and floodplains, or critical ecological habitats.

When planning for future growth that will be protective of water resources, it
is important that local governments use a wide range of land use strategies,
based on a sound understanding of local watershed hydrology, assessment of
undeveloped lands and local housing and infrastructure needs.
For more information on smart growth techniques, EPA’s Protecting Water
Resources with Smart Growth provides an excellent overview of how
communities have minimized the impacts of new development on water
resources through effective planning policies and site-level practices. Visit
www.epa.gov/smartgrowth.

Average Annual Runoff - Lot Level Comparisons
Density of
Houses/Acre

Impervious
Cover
percent of total area

20%

Total
Runoff
ft3 per year

Runoff per
House

Lake Nockamixon, Bucks County.
Photo courtesy of DRBC.

ft3 per year

149,600
18,700 ft3/yr x 8 acres

acres
on 8
8 houses

acres
on 2
8 houses

18,700

38%
49,600

6,200

24,800 ft3/yr x 2 acres

65%

1

acre

39,600

18,700 ft3/yr x 8 acres

4,950
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Land Use: Past and Present, continued
Land Use Planning for Water Resources
Planning for adequate supplies of clean water is just as important as planning
for roads, businesses and schools. In recognition of this fact, the Municipalities
Planning Code (MPC), the enabling state legislation that empowers local
governments to plan and regulate land use, was amended in 2000 to require
the inclusion of a plan for the reliable supply of water in the preparation of local
comprehensive plans.
Nearly 1,200 municipalities have adopted comprehensive plans to guide
future land uses. More importantly, the number of municipalities engaged in
cooperative, multi-municipal planning (permitted under the MPC since 2000)
is growing – 760 municipalities and counties were involved in 207 multimunicipal comprehensive plans in 2005.

Many more land use planning tools, adopted jointly or individually, are at the
disposal of local government officials who recognize the need to protect water
resource lands and allow for growth and development. Examples include:

Collaborative planning is essential to sound water use planning since water
almost always crosses political boundaries. By planning at a watershed
scale, local government leaders can take advantage of the many land use
tools that are particularly useful in protecting the long term supply and
quality of water.

 Effective agricultural zoning
 Transfer of development rights
 Conservation easements on agricultural or forested land (purchased or
donated)
 Overlay zones to protect wellhead protection areas, streamside buffers
 Green infrastructure planning
 Conservation subdivision or open space design
 Traditional neighborhood development
 Infill and redevelopment incentives
 Site-level development regulations that reduce impervious cover and
infiltrate and/or treat stormwater runoff

For example, a multi-municipal approach provides for joint zoning ordinances.
Instead of each municipal government providing for every land use, joint
zoning allows neighboring governments an opportunity to integrate land
uses. A joint overlay zone may protect a wellhead protection area that

All of these land use planning tools are most effective when applied within
the framework of local watersheds. It is up to municipal governments to
integrate watershed strategies in their comprehensive plans and development
regulations in order to truly protect our most precious natural resource – water.
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crosses municipal lines. An agricultural district may make more sense in
one municipality where prime farmland dominates, while higher density
development can be better accommodated in another municipality where the
soils are less productive.

Delaware

Gifford Pinchot
Gifford Pinchot, born in 1865 in Connecticut, was a leader in the
conservation movement along the side of other prominent individuals,
including President Theodore Roosevelt. His interest in forestry and
conservation was evident at a young age when he traveled to France to
become trained in forestry after graduating from Yale. At the time, no
other institution in the United States offered training in forestry.
By 1898, he was named the first Chief Forester of the U.S. Division
of Forestry. He went on to serve until 1910, by which time more
than 200 million acres of national forests had been placed under
land management practices. Even to this day, policies and practices
developed by Pinchot are still used to help guide a majority of national
forests and state forests in management decisions.
Gifford Pinchot eventually became governor of Pennsylvania in 1922. He
was a governor of the people and fought for them and their needs. He
even had office hours several times a week when anyone could visit and
talk with him. He contributed to the paving of roads in rural areas to
take “the farmer out of the mud” and was the first governor to have two
women on his cabinet.
In honor of his service and commitment to the conservation of
forestland, the previously named Columbia National Forest was
renamed to Gifford Pinchot National Forest in 1949. The forest includes
more than 1.3 million acres of land and also includes the Mount St.
Helens National Volcanic Monument established by congress in 1982.
Pennsylvania also recognizes Pinchot’s commitment to conservation
with the Gifford Pinchot State Park, a 2,338-acre full service park
located in northern York County.
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Impervious Cover

Water Supply and Wastewater Treatment
History of Water Supply and Wastewater
Treatment in the Delaware Region
Historically, the Delaware Region supplied early colonists with abundant
water resources that were necessary for settlement. Clean drinking water was
plentiful from the region’s many tributaries and groundwater sources. These
very resources enabled rapid development, which ultimately led to water
quality degradation in the Delaware Region.
Early colonial settlers did not possess the knowledge for water purification
and wastewater treatment. Since water purification techniques were not yet
invented, it was not uncommon for people to become ill from waterborne
infections such as dysentery, typhoid or cholera. Philadelphia was one of the
first urban centers to develop in the Delaware Region and experience
infectious outbreaks.

both the natural and manmade environments in the basin. Fisheries that once
thrived in the region saw a decline as human sewage and industrial wastewater
depleted water oxygen levels necessary to support aquatic life.
During the 19th century, the city of Philadelphia made other efforts to protect
the watershed surrounding its water supply, the Schuylkill River. Having
established an impressive water supply system in the early 19th century
known as the Fairmount Water Works, the city recognized the need to protect
the watershed surrounding the public water supply intake on the river. Over
time, Philadelphia acquired 8,900 acres of land on both sides of the Schuylkill
River surrounding its public water intake. This land and the water works would
become Fairmount Park, the largest urban park in the world.

The first half of the 20th century was the pinnacle for water quality degradation
in the Delaware Basin. During this time the basin became highly industrialized,
mainly to supply the U.S. military during World War II. In the 1940s industrial
Colonial Philadelphians were able to meet their water supply needs mostly
wastewater was not the only major source of pollution; Philadelphia was
through the use of groundwater resources. When in the late 18th century
estimated to have discharged 85 percent of residential wastewater directly
a yellow fever epidemic struck the city because of buried wastewater that
into the Lower Delaware Subbasin streams. It was because of wastewater
contaminated groundwater supplies, the
discharging and contamination of
colonists started searching for other means
drinking water sources that during the
Did you know?
to discharge their wastewater. The result was
mid 20th century Pennsylvania and
sewage discharged directly into rivers and
the surrounding states began working
In 1812 Philadelphia became the first city in North
streams which had disastrous consequences
together on restoring the Delaware Basin.
America, and only the second in the world, to provide fresh
to the Delaware Basin’s health.
drinking water to its citizens as a government service.
The late 20th century also saw
th
In the 19 century, population centers in the
revitalization in Fairmount Park and its
water works. The U.S. Department of the
Delaware Region began utilizing primitive
Interior declared the park a National Historic Landmark and today is home to a
forms of water purification systems such as allowing water to settle in still
9,000 square foot environmental center known as the Fairmount Water Works
reservoirs. It wouldn’t be until the early 20th century when water treatment
Interpretive Center (FWWIC). The FWWIC is currently Philadelphia’s premier
facilities in the Delaware Basin began injecting chlorine for water purification
eco-tourism attraction consisting of high tech interactive exhibits, a classroom,
that waterborne infections on an epidemic level ended. Untreated sewage was
a water lab and a small theater for presentations.
not the only problem the basin faced; as industrialization increased so did the
amount of wastewater.

The Delaware Region Today

Tanneries and lumber, paper and textile mills sprang up all over the region
and began discharging their wastewater into nearby rivers and streams. It
was during the 19th century that wastewater began to take devastating tolls on
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It was because of historical problems that Pennsylvania has worked hard with
its neighbors to help restore the Delaware Basin’s health. Today the Delaware

Basin is responsible for supplying 15 million people throughout Pennsylvania
and neighboring states with water for drinking and industrial use. Pennsylvania
alone accounts for 6,422 square miles of the Delaware Region’s 13,539 square
miles. The commonwealth is also home to the largest tributaries to the
Delaware River: the Schuylkill and Lehigh rivers. Along with the two largest
tributaries to the Delaware River, Pennsylvania’s portion of the Delaware
Region also contains many groundwater resources, lakes, reservoirs, streams
and rivers.
The Public Water Service Areas Map on page 317 depicts population
density throughout the Delaware Region in relation to areas served by
public water suppliers. Each dot on the map represents 500 people living in
the municipality (2000 Census). The dots are randomly placed within the
municipality boundaries and do not represent the exact location of people
living in a township, town or city. As the map shows, densely populated areas,
represented by dots so close together that they form a solid color block, are
generally served by public water supplies. This service area is concentrated
mostly in southeastern Pennsylvania within urban and suburban communities.
Allentown, Easton, Pottsville and Reading also have concentrated
service areas.
The sources of public water supplies are groundwater, lakes, reservoirs, rivers
and streams. Sparsely populated areas, where the dots are farther apart, are
not included in the public supply service areas and residents must find private
sources of water, such as residential wells that tap into groundwater, to meet
their water needs. Wastewater treatment service areas typically mimic those of
public water service areas. Typically, public service areas are highly urbanized
and cannot accommodate on-lot private septic systems. Limited available open
space and high concentrations of people nearly always require the need of
public wastewater treatment.

Public Water Resources
Groundwater
Pennsylvanians in the Delaware Region average 65 gallons per day from
groundwater sources. Large groundwater withdraws in the Delaware Region
occur primarily in the lower section of the basin. In parts of Chester, Bucks,
Montgomery, Berks and Lehigh counties groundwater is protected from over-
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Public Water Service Areas

Water Supply and Wastewater Treatment, continued
withdrawals. This area, designated as the Southeastern Pennsylvania Ground
Water Protected Area, is regulated by the Delaware River Basin Commission.
Groundwater use for public water supplies can be found elsewhere through the
middle and upper portions of the Delaware Region but to a lesser extent than
the southeastern counties.

Public Water Treatment

Water treatment for most urban and suburban centers involves a process
of filtration, disinfection and distribution of purified water. The first process
in filtration, coagulation, involves adding selected chemicals that stick to
particles in the water and make them heavy. As the particles become heavy
they drop to the bottom, which is known as precipitation. Water is then filtered
Lakes and Reservoirs
to remove the precipitate. During the filtering process, the water passes
The Delaware Region has many lakes and reservoirs that provide drinking
through layers of sand, gravel and charcoal that remove even smaller particles.
water, flood control and
Next, disinfection is accomplished by injecting chlorine
recreational use. Lakes
or ozone into the filtered water. Chlorine is the most
For
more
information
on
private
well
water
management
throughout the basin are
common form of disinfection because it has a residual
and protection, visit Penn State’s Master Well Owner
maintained by state agencies like
effect, meaning it will remain in the water through the
Network
located
at
http://mwon.cas.psu.edu/.
the Pennsylvania Department
distribution system. Depending on where the source water
of Conservation and Natural
to the aquifer comes from, groundwater resources may
Resources (DCNR) or the
also require treatment for removal of organics and metals.
Pennsylvania Fish and Boat Commission (FBC). Lakes such as the 535-acre
The final aspect of water treatment is distribution in which the treated water
manmade Marsh Creek Lake located in Chester County and the 175-acre White
is sent through piping systems to homes, businesses and industries or to a
Oak Lake in Wayne County are maintained by DCNR and FBC, respectively. The storage facility for later use.
U.S. Army Corps of Engineers maintains several lakes and Pennsylvania Power
Philadelphia, the largest metropolis in the Delaware Region, treats and purifies
and Light owns reservoirs for electrical generation in the basin.
more than 360 million gallons a day from the watershed. Water treatment
for the city of Philadelphia involves three main water treatment facilities
Rivers and Streams
that purify anywhere from 40 million gallons a day to 200 million gallons a
The 6,422 square miles of the Delaware Region contains many streams and
day. These water treatment facilities follow the same basic form of treatment
rivers that are utilized for water supply and recreation. The Philadelphia Water
for filtering, disinfecting and distributing clean water. For Philadelphia the
Department draws about 361 million gallons per day from the Delaware and
clean water flows through a distribution system that contains 3,300 miles of
Schuylkill rivers. The Lehigh River is also used for water supply to hundreds of
pipes. Other urban centers and cities in the Delaware Region like Allentown,
thousands of residents throughout its watershed.
Bethlehem, Easton and Reading use similar methods of water treatment.

Drinking Water

Like all living organisms, humans need water to survive. Whether people live in
a single family home in the country or a large metropolitan city, they depend on
water to support daily life. Public drinking water may be supplied by a publiclyowned or privately-owned company while private drinking water is usually
supplied by an on-site well. Depending on its source, water supplies may
require purification before human consumption. This purification is done to
ensure that all harmful materials are extracted or minimized so not to adversely
affect human beings.
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Private Well Water Treatment
Rural areas, more common in the northern section of the Delaware Region,
extract water from private wells. Homeowners with private wells have a variety
of options for filtration and water softening systems that remove mineral
particles from well water. The system selected usually depends on the amount
of water a private residence uses per day as well as the most common types
of contaminants that need to be filtered from the water source. In order to
maintain high quality groundwater resources, new private well owners may
be required to meet certain standards that have been put in place to ensure

proper well construction. Bucks, Chester and Montgomery counties all have
private well standards that are enforced by the local health department aimed
at protecting the homeowner as well as the water resource. Fortunately for
most private well users, little treatment is usually needed as a large portion
of groundwater is unaffected by contaminants that typically affect surface
water. Information on home water systems and contaminants can be obtained
from the DEP, EPA, Center for Disease Control, or the National Sanitation
Foundation International.

Source Water Protection
Pennsylvania, like all other states in the U.S., is required to ensure that healthy
drinking water is available for its citizens through compliance with the Safe
Drinking Water Act (For more information visit: www.epa.gov.) Other federal
and state laws, including the Water Resources Planning Act which prompted
the creation of this atlas, lay the groundwork for water planning and protection.
(Water laws and regulations are discussed in the Overview Section of this
atlas.)
Since the Delaware Region supplies many people with drinking water,
protecting these resources has become paramount for the commonwealth.
Groundwater, rivers and lakes in the region face potential contamination from a
number of sources such as development, agriculture, old septic systems, waste
disposal sites and abandoned mines. Pennsylvania state agencies are working
with organizations in the Delaware Region to help assess the health of surface
water and groundwater, identify point and nonpoint sources of pollution,
prevent contamination, restore degraded waters, preserve pristine waters,
increase public awareness of existing problems, and help the public utilize best
management practices.
Although federal and state level agencies are creating new policies, source
water protection must literally begin at the source. Local governments –
counties and municipalities – have the greatest opportunity to influence
the future of Pennsylvania’s water supply. By studying their water sources,
identifying areas of concern or hazards that threaten those sources,
developing water protection and conservation regulations, and implementing
those regulations, local governments can protect water supplies for future
generations. Many Pennsylvania counties in the Delaware Region are rising to
this challenge.

 Bucks County established the Bucks County Natural Areas Program,
which is part of their Open Spaces Initiative. This program aims to
preserve land and water resources that harbor plants and animals
mostly native to Bucks County. Bucks County commissioners are
recommending measures that require municipalities to enforce and
implement storm water management ordinances.
 Chester County has published Landscapes and Watersheds
which are comprehensive land and water use planning guides.
Each guide offers different tools that can be employed in either
land development or water source protection. Landscapes and
Watersheds are available through municipalities and public libraries
located within Chester County. The county also provides copies of
both manuals for a fee.

 Delaware County has been working with local municipalities and
volunteers at the Southeastern PA Resource Conservation and
Development Council to mark storm drains that discharge directly to
streams. By marking each storm drain, the county is attempting to
curb dumping of harmful pollutants that would otherwise discharge
directly into surface waters.
 Monroe County created a plan that aims to control development and
growth through the next decade and a half. The comprehensive plan
works to preserve land and water resources. Monroe County has
several plans for protecting water resources, including Water Supply
and Wellhead Protection Plan, Municipal Waste Management Plan,
Tobyhanna Watershed Stormwater Management Plan, Brodhead
Stormwater Management Plan and McMichaels Stormwater
Management Plan.

Wetlands in Delaware region aiding
in source water protection.

Fairmount Water Works Interpretive Center
and Fish Ladder
Fairmount Water Works, Philadelphia. Photo courtesy
of Partnership for the Delaware Estuary Inc.
The
T
Philadelphia
lphia
Water
Depar
Dep
Department
opened the
Fairmount
Water Works
Interpretive
Center
to make
public water
education
fun and
interactive.
Located
along the
Schuylkill
River at the Water Works in Philadelphia, the center is full of exhibits, theaters and real life displays
of the way water from the river becomes the water in faucets.
Visitors can learn about watersheds and how human activity affects rivers and streams. The
Interpretive Center’s mission is to educate the community on the connection between daily life and
the natural environment, especially in terms of water quality. By providing the youth of the region
with this resource, the Philadelphia Water Department hopes to convey interest in water quality so
that it will be ensured in the future.
Special programs are available for school field trips, but parents are encouraged to bring their
children to learn the importance of water protection. The Interpretive Center is open six days a week
and is free to the public.
One exhibit at the Fairmount Water Works Interpretive Center is the Fish Ladder, which was installed
next to the Fairmount Dam in 1979. The fish ladder was built to allow migrating fish to freely navigate
around the dam. Previously without the fish ladder, the dam blocked fish traveling from the Atlantic
Ocean to spawning grounds upriver.

The Fish Ladder at Fairmount Dam includes a live webcam that allows online viewers and biologists
to observe the different species using the ladder. Footage from the online camera can be accessed
at: www.fairmountwaterworks.org/fishcam.php.

Delaware
Page 7

Page 319

Delaware

The fish ladder consists of a series of relatively low steps, allowing fish to swim into waters on the
other side of the dam. Fish ladders have to be constructed so the velocity of water falling over
the steps is great enough to attract fish, but not so great that it washes fish back downstream or
exhausts their energy. Fish move through the ladder 24 hours a day, but late afternoon and early
morning are the most active times. Also, the heaviest months of fish migration are April, May and
June. Twenty-four species of fish have been recorded passing through the Fish Ladder at Fairmount
Dam by aquatic biologists. In addition to fish, muskrat, turtles, snakes and even a river otter have
been seen using the ladder.

Water Supply and Wastewater Treatment, continued
 Montgomery County has developed the Guidebook to Riparian Corridor
Protection to assist municipalities with protecting and conserving riparian
forest. Several communities have adopted versions of the guidebook’s zoning
models that have protected nearly 430 miles of stream.
Glen Onoko Falls, Carbon County.

Importance of Forested Areas to Water Supplies
Forested areas are critical to the water supply. Wetlands, vegetated areas
and forests along streams act as natural filters of soils and pollutants. The
importance of these vegetated areas along streams, known as riparian buffers, is
largely overlooked. These areas, along with natural filtration, provide protection
from erosion, allow excess water to be
reabsorbed and provide unique habitat to
many plants and animals.
Forests sequester carbon, helping to
reduce the amount of carbon dioxide
in the atmosphere. The forested areas
that surround many streams and rivers
also provide benefits to the waterways.
Specifically, hemlocks are common
residents of riparian areas that are
beneficial by providing habitat and
beneficial shade. Their dense canopies
provide shade to streams which regulates
stream temperatures providing an ideal
ecosystem for many coldwater inhabitants,
including brook trout. The loss of these
hemlocks would be detrimental to many
aquatic species as well as the species that
live in and among the trees.
The map on page 322 shows the region’s
forested areas. The Delaware Region
supports hardwood forests including
pine-oak and oak-hickory forests, as
well as coniferous (that is, trees that
produce cones and have needles such
as pine trees) forests, including Eastern
hemlock. This area is mainly comprised of
deciduous (that is, trees with leaves that
fall when autumn arrives) forest type, with
43 percent deciduous, and five percent
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Delaware Region Public Education
Programs
Municipality and community based organizations have become
more involved with increasing public awareness on Delaware Region
issues. More information can be found through the Department of
Environmental Protection or through the Water Resource
Education Network.

 In Lehigh County several partnering groups worked to organize
the county’s recommendations from source water assessment
programs, comprehensive plans and other local water oriented
documents into a user-friendly format. This final format could
later be used by local officials in creating public policy to reduce
nonpoint source pollution.
 Bushkill Stream Conservancy and other partners in Northampton
County developed a visitor’s guide to inform tourists on the
Bushkill Creek Watershed and how to protect it.
 Roamingwood Sewer and Water Association, in Wayne County,
worked with local townships and watershed groups on developing
groundwater protection workshops. The workshops focused on
providing tools for teachers to develop groundwater protection
lessons in their schools.
 Pike County’s Conservation Department has partnered
with Delaware Townships Supervisors and Delaware
Highlands Conservancy to create an eight page newspaper
insert to encourage residents to protect surface and
groundwater resources.
 Wildlands Conservancy in Carbon County is working with the
borough of Weissport to create a workshop for educating local
officials on managing stormwater to reduce the impact of
nonpoint source pollution.
 The Berks County Conservation District in cooperation with
other organizations worked to create a calendar highlighting best
management practices utilized in local watersheds. The goal was
to create a tool for agricultural groups and government agencies
to help educate residents on source water protection.

mixed and coniferous forest types. The most densely forested areas, as shown on
the Forested Areas Map, exist in the northern half of the region. When compared
to the Delaware Region Population 2000 Map, it is clearly illustrated that the
dense forested regions occur in the least populated areas. More information about
the Delaware Region’s forests is provided on the Land Use pages of the Delaware
Region section of the atlas.

Wastewater Treatment
Long before humans appeared on the earth, natural biological processes had already
found a means to deal with waste in streams. Once human beings began to evolve,

they created small communities, towns and cities. As these population
centers grew larger so did the amount of wastewater being generated.
Natural biological processes were easily overwhelmed by humankind’s high
outputs of wastewater.
It was not uncommon for older cities to fall victim to outbreaks of disease
caused by pathogenic, viral, bacterial or protozoan organisms from
untreated wastewater contaminating drinking water supplies. This was
exemplified in 19th century London, England’s outbreaks of cholera that
contaminated drinking water supplies and resulted in many deaths. It
was because of harmful outbreaks like that in 19th century London that
biologists, scientists and engineers developed methods for the treatment of
wastewater.
When water leaves
a private residence
or business through
a drain or toilet it
travels to a septic
tank or wastewater
treatment facility.
Wastewater treatment
facilities follow a
series of processes
that screen, aerate and
disinfect water before
discharging it back into
a stream or river or back

Municipal Wastewater and
Spray Irrigation
In New
N w Garden
Garde Township, Chester County, the U.S. Geologic
Survey (USGS) over the course of three years, studied spray
Surv
Su
irrigation using treated wastewater. This relatively new method
of wastewater disposal was examined to determine if treated
wastewater impacted water quality and recharged groundwater in
a 38-acre watershed.
Spray irrigation is a technique where secondary treated municipal
wastewater is sprayed onto a land surface. The distributed
wastewaters can then evaporate into the air or infiltrate into the
soil and recharge groundwater.
The USGS found that on an annual basis spray irrigation
increased groundwater recharge to the watershed and increased
base flow leaving the watershed. Using wastewater in the spray
irrigation did not affect the stream water quality leaving the
watershed but did affect groundwater quality. Despite minimal
concentration increases of some nutrients in some groundwater,
samples of the measured concentrations were lower than the
contaminant concentrations of the applied municipal wastewater.
Biological processes and vegetation played a critical role by
utilizing a majority of the nutrients from wastewater.
Studies showed that spray irrigation filtered nutrient levels better
than directly discharging treated wastewater into a stream or
river. Spray irrigation using wastewater could potentially offer an
environmentally friendly method of dispersing wastewater.
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Stockton Bridge crossing
the Delaware River and
Delaware Canal, Easton,
Northampton County.
Photo courtesy of DRBC.
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Water Supply and Wastewater Treatment, continued
into the groundwater supplies. The treatment process starts
by screening any large debris from wastewater. The screened
water is then aerated, which allows for natural biological
processes to decay organic matter. Any solid material left in
the tanks is then extracted and disposed of appropriately.
The water is then disinfected, usually with chlorine, to kill any
microorganisms that may be harmful to streams and rivers.

Public Wastewater Treatment
Pennsylvania has learned from history that discharging
untreated sewage or industrial waste into the rivers and
streams can have devastating results for its inhabitants
and the natural environment. Just as high volume water
purification facilities are needed to service urban centers and
cities, so too are wastewater treatment facilities needed.

Private Wastewater Treatment
Private residences in some suburban and most rural areas of
the Delaware Region commonly use private septic systems.
Typical private septic systems allow wastewater to flow to
an underground tank. Once in the tank, heavy particles fall
to the bottom while water can flow out of the top of a tank
and into a drain field pipe. Once in the drain field pipe the

remaining wastewater is dispersed into a drain field where
it slowly permeates down through the soil. Unfortunately,
malfunctioning on-lot septic systems can be a significant
source of groundwater pollution in these rural communities.
DEP is continually researching innovative technology that
aids in the most effective way to reduce pollution from private
septic systems. For more information on the latest technology,
see http://www.depweb.state.pa.us under “DEP ProgramsWastewater Information.”

Delaware River at the Narrowsburg Bridge,
separating New Jersey (left) from Pennsylvania
(right), Atco, Wayne County. Photo courtesy of
DRBC.
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Philadelphia’s wastewater treatment facilities currently treat
471 million gallons of wastewater a day before discharging
the water into the Delaware River. The majority of wastewater
treatment facilities in the Delaware Region are in the mid
to lower section of the basin, as is the case for public water
supply. Typically, these treatment facilities are found in the
same areas as public water supply since the need for water
supply and wastewater treatment is equally important in
urbanized areas.

Water Supply and Wastewater Treatment, continued
Lock 60 on the Schuylkill Canal, Phoenixville, Chester County.
Photo courtesy of DRBC.

Southeastern Pennsylvania Groundwater Protected Area
The
he Delaware River
Ri
Basin Commi
Commission (DRBC) established the
Southeastern Pennsylvania Groundwater Protected Area in 1980
Southea
to help reduce and regulate groundwater withdrawals in the area
where development was having a negative effect on groundwater
levels. The DRBC adopted the regulations to prevent further
depletion of groundwater resources and also protect those who
use the underlying groundwater sources. On June 23, 1999, the
DRBC amended its regulations of withdrawal limits to include all
subbasins within the protected area.
The protected area was established as a result of over-pumping
which lowered water tables and reduced baseflows of streams
within the area. In extreme cases, entire streams dried up as
baseflows of the area’s water tables dropped below the stream bed.
Lowered baseflow levels alter biological ecosystems downstream,
reduce capacity of the streams to deal with pollution and
ultimately affect downstream water use by others.
The protected area was designed to operate as a two-tiered system
to help guide water withdrawal limits.

SOUTHEASTERN PENNSYLVANIA
GROUND WATER PROTECTED AREA

Lehigh River, Monroe County.
Photo courtesy of Vance Packard.
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Tier 1
The first tier warns water users within a particular watershed that
the watershed’s subbasin is “potentially stressed.” Potentially
stressed situations simply describe areas that have the possibility
to become over-pumped. Groundwater users in these locations
must apply programs designated by the DRBC to help reduce
additional water usage within the area. These programs include:
 Combined use of groundwater and surface water
 Expanded water conservation programs
 Programs to promote groundwater infiltration
 Using spray irrigation of wastewater to increase aquifer recharge

Tier 2
The second tier is applied to areas that are beyond the “potentially
stressed” stage. These areas have maximum limits applied to the
amount of groundwater that can be withdrawn. Within the Tier 2
regulated areas, groundwater withdrawals cannot exceed the limits
established within that particular area.

Water-Based Economy

Transportation
The Delaware River and Bay serve as a gateway to the largest freshwater port
in the world. The Delaware River Port Complex includes major ports in three
states—Philadelphia, Penna.; Camden, Gloucester City, and Salem, N.J.; and
Wilmington, Del.—and is responsible for generating $19 billion annually in
economic revenue. Each year 70 million tons of goods are shipped up and down
the river, making it the largest North American port for steel, paper and meat
imports as well as the largest importer of cocoa beans and fruit on the East
Coast. As home to the third largest petrochemical port and five of the largest East
Coast refineries, the Delaware River and Bay is a major transportation route for
approximately 42 million gallons of crude oil every day.
When colonists settled Pennsylvania, Philadelphia was determined to be an
ideal port city due to its proximity to the Delaware River to the east and the
Schuylkill River to the west. Coal, iron, gunpowder, textile mills, shipbuilding
factories, tanneries and chemical industries all established themselves along the
Delaware River for its convenient transportation route and port. Today, the Port
of Philadelphia is one of the busiest ports of the Atlantic Coast and the second
largest in volume in the North Atlantic. Every year 3,000 ships dock at one of
seven piers and terminals to import or export steel, meat, fruits and vegetables,
cocoa, forest products (paper, wood pulp, lumber) and automobiles. In
addition, the Port of Philadelphia is one of 14 Military Ports for the U.S. Defense
Department, granting it the authority to process military cargoes for various
global destinations.

its surrounding communities because of its port. The Delaware River is freeflowing, without any dams or obstructions, and provides first-class shipping
opportunities to worldwide markets. Several large refineries are located on the
waterfront of the Delaware Region. Accessible raw materials and convenient
shipping routes for finished products are the most attractive features the region
offers to manufacturers. In turn, the success of these industries rely on the water
resources of the Delaware Region.

Agriculture
Although a large portion of the Delaware Region is highly urbanized, some highly
productive agricultural counties are located within the region. The dairying
industry has a strong impact in Chester and Berks counties, with both counties
producing more than 250 million pounds of milk per year. Wayne County also has
numerous dairy operations, producing more than 100 million pounds of milk per
year. These dairy operations are supported by neighboring counties within the
region, such as Lehigh County, which produce abundant amounts of grain. Lehigh
and Berks counties are large producers of corn and wheat for grain, placing them
in the top five producers of these crops in the state. These local operations make
the Delaware Region overall a very productive agriculture region.
Other agricultural businesses are thriving as well. Schuylkill County is presently
the state’s largest producer of potatoes, producing more than 495,000
hundredweight or 4.95 million pounds per year! Other areas, including Carbon
and Northampton counties, are abundant producers of cut Christmas trees.

Recreational Areas
The Delaware Basin is rich in water-based recreational activities that cover
the gamut from historical/cultural to outdoor adventure to environmental
conservation to just plain fun. Highlights of some of the recreational
opportunities within the basin include:

Manufacturing
 The preserved Lehigh-Delaware Canal System presents a window into the
Manufacturing industries are typically centered around urban areas where
transportation routes are easily accessible. Many industry leaders—from home
products to pharmaceuticals—have established themselves in Philadelphia and

economic history of the region. Canals were built along waterways that could
not be navigated—such as the Schuylkill, Lehigh and Delaware rivers—as
a means of delivering goods to inland areas. The Lehigh Canal was used to

The Delaware and Lehigh Canal System is an integral attribute
to the history and development of the Delaware Region. Built
in the 1800ss to provide waterway transportation of natural
resources to more
resour
e urban areas, the Delaware and Lehigh
Canals
nals were
wer connected
nnected
ected and sspanned
ann 150 miles from WilkesBarre
rre in the
th northeast to Bristol in the southeast.
Lehigh Coal and Navigation Co. first built the Lehigh
Navigation System, including the Lehigh Canal, which
connected White Haven to Easton. The canal allowed for
a large boom in industrial development for the region, as
many businesses thrived due to the transportation of goods.
Later, the commonwealth of Pennsylvania constructed the
Delaware Canal to extend traffic from Easton to Bristol in
1827. Unfortunately, due to poor construction, the canal leaked
shortly after it was opened in 1832. The Pennsylvania County
Commissioners then hired Josiah White, co-founder of the
Lehigh Coal and Navigation Co., to rebuild the canal. Due to
restrictions, the two canals did not connect as smoothly as
White had hoped, as he was not allowed to widen the Delaware
Canal’s 11 locks to match the Lehigh Navigation system’s 22
locks. This issue limited cargo on passing vessels to 100 tons.
Also, a dam on the Lehigh River was erected, in addition to
a waterwheel near New Hope, to supplement water supply
for the Delaware Canal. Construction was completed and the
Delaware Canal was reopened in 1834.
The Delaware Canal proved to be the only profitable part of the
state-owned canal system, and its peak traffic volume reached
792,000 tons in 1860. Unfortunately, due to the new railroad
technology that transported cargo more efficiently, the canals
closed in 1931. In 1978 the canal system became a National
Historic Landmark.
Today, the Delaware and Lehigh National Heritage Corridor is
home to a beautiful stretch of land hugging the canal system
that provides a variety of outdoor recreational activities. A
visitor center in New Hope provides mule-drawn canal boat
rides to teach visitors about life on the canal in the 1860s. Tour
guides dress in costume to interpret historic stories.
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W

ater is used in every major industry of the basin: tourism and dairy
farming in the Upper Delaware Subbasin; oil refineries, the chemical
industry and pharmaceutical companies in the Middle Delaware
Subbasin; and poultry and fishing in the Lower Delaware Subbasin. The Delaware
River and its tributaries are vital to water-based businesses, serving as an
important resource for drinking water, transportation, industry and recreation.

Delaware and Lehigh Canals

Water-Based Economy, continued
Lake Wallenpaupack
Located in the Pocono Mountains near Hawley, Wayne County, the
Wallenpaupack Hydroelectric Dam provides power for many
many nearby
residents Leni-Lenape
residents.
Leni-Lena
Leni Lenape Native Americans named
nam it Wallenpaupack
Wallenpaupack,
meaning “the stream
t
off swift
ft and
d slow water.” The Wallenpaupack Creek
was dammed in 1926 by the Pennsylvania Power and Light Co. (PPandL) for
hydroelectric power and further created the largest manmade lake in
the state.
Before construction began on the creek, about 100 acres of surrounding
land was bought for about $20 an acre. Also, a dike was created in nearby
Tafton to complete the lake bed, and the stream was diverted while the
dam was built. The project included building the dam, powerplant and a
flow line to carry water from the lake to the plant location 3.5 miles away.
Construction took 2,700 men and nearly two years to be completed.
The dam measures 1,275 feet long and 70 feet high and can generate 44
megawatts of power. In 1926, PPandL’s generating capacity increased 25
percent due to the creation of the dam and power plant.
Today, the 5,700-acre Lake Wallenpaupack is a popular recreation area,
including camping, fishing, boating and water-sport attractions. In the
winter, ice fishing and ice skating draws many people to the lake.

transport anthracite coal from Mauch Chunk (present-day Jim Thorpe) to
Easton while the Delaware Canal transported coal, lumber and agricultural
products from Easton to Philadelphia and other markets along the way.
Today, portions of the canal system have been preserved or restored,
with many of the sites listed on the National Register of Historic Places.
Visitors can enjoy museums, towpath trails and mule-drawn canal boat
rides at various locations along the canals.
 Washington Crossing Historic Park in Washington Crossing, Penna.
marks the location where George Washington and his troops crossed
the Delaware River on December 25, 1776 to win the Battle of Trenton,
which eventually led to the victory of the Revolutionary War. Every
Christmas Day, spectators arrive at the park to witness the reenactment
of Washington’s crossing. Throughout the year visitors come to the park
to view the historic town of Taylorsville, soldiers’ graves who perished
during Washington’s encampment along the river, and the Bowman’s Hill
Wildflower Preserve and Tower, which offers a 125-foot high view of the
Delaware River and surrounding countryside.
 The Lehigh and Delaware rivers are popular water resources for kayaking,
canoeing, whitewater rafting and tubing. Lehigh Gorge State Park and
Delaware Water Gap National Park are two preferred destinations for
kayaking and whitewater rafting. The Delaware Canal and Tyler State Park
are recommended spots for canoeing.
 The Upper Delaware River is the largest remaining wild trout river in the
Northeast. The entire Delaware River offers ample fishing opportunities
White water rafting on the Delaware River
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for shoreline anglers, fly fishermen and boaters. In addition to trout, the
Delaware Basin is known for striped bass, smallmouth bass, walleye and
shad. In fact, several communities along the Delaware River such as
Bethlehem, Easton and New Hope hold shad festivals to celebrate the
historical significance of the fish species to the region.
 The John Heinz National Wildlife Refuge at Tinicum was established to
protect the last 200 acres of tidal marsh in Pennsylvania. When land
acquisitions are complete, the refuge will protect a total of 1,200 acres of
habitat used by wildlife, including the state endangered red-bellied turtle
and southern leopard frog. In addition to protecting wildlife, the refuge
also welcomes visitors to enjoy all that the habitat has to offer, including
hiking, biking, canoeing Darby Creek and fishing the creek and other
lagoons or impoundments.
 Ride the Ducks is an amphibious tour that combines Philadelphia’s history
with its most notable water resource. The tour passes significant historical
landmarks like the Liberty Bell, Betsy Ross’ house and Benjamin Franklin’s
grave before plunging into the Delaware River for a perspective of the city
from the water.
 Several manmade water parks are also popular recreational attractions,
including Dorney Park and Wild Water Kingdom in Allentown and
Camelbeach and Great Wolf Lodge in the Poconos.

Philadelphia Regional Port Authority
The city of Philadelphia has capitalized on its
geograph
raphical location to become a thriving port city
ass well
we as a center for international commerce. The
w
Philade
hiladelphia
elphia
hia Regional
R
Port Auth
Authority (PRPA) was
not created
ed unt
until
il 1990,
90 but other organizations
anizations have
overseen the development
lopment and
d advancement
advanccement of the
port throughout its 300-year history.
It was not until the 20th century that the Department of Wharves, Docks
and Ferries was created to oversee construction and overall maintenance of
Philadelphia’s rapidly expanding port. As growth increased, expenses became
too great for the city to undertake on its own. In 1965, the Philadelphia Port
Corp. was established to issue bonds to raise funds for port upkeep and
improvements. Through the 1960s and 70s, major improvements, terminal
construction and marina construction occurred. As the need for financial
support grew, new sponsorship was needed as well.

The PRPA has many responsibilities within the Philadelphia regional
gional
maritime industry. Several duties the PRPA assumes
es includ
include:
 Aggressively assisting its terminal operators
perators in marketing the port aro
around
nd
the world.
 Overseeing major improvementss to the port.
port
 Working with other port agencies
encies
es and po
port-rela
port-related entities along the
Delaware Rive
River on shared concern issues.
 Being the nation’s 14th Strategic Military Port by the U.S. Defense
Department and handling military cargoes shipped throughout the world.
 Maintaining a Foreign-Trade Zone (FTZ) that allows for a duty-free, quotafree “port of entry” that is considered outside the U.S. Customs territory
and saves or eliminates duty payments if utilized.
 Managing over-ground cargo travel including 400 trucking companies
(approximately 20,000 trucks) and three class-one railroads which
include CP Rail, CSX, and Norfolk Southern connecting the port to many
destinations.

The State of Pennsylvania recognized the need for support as well as the
importance of the Philadelphia port to the region and the world. As a result,
the commonwealth created the PRPA, an independent state agency, in 1990
to oversee and manage activities throughout the port.

Sailing on the Delaware River.
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Port on Delaware River in Philadelphia Region.

Water-Based Economy, continued
Canoeing on the Delaware River.

John Heinz National Wildlife Refuge at Tinicum
One of two national wildlife refuges in Pennsylvania, the John Heinz
inz National Wi
Wildlife
life Refuge at
Tinicum extends through Philadelphia and Delaware counties
nties and serves to
o protect
otect the sstate’
state’s largest
remaining freshwater tidal marsh.
marsh
The Tinicum Marsh was partially diked and drained by settlers in the early 1600s. At that time, the
tidal marshes measured in at more than 5,700 acres; however, since then rapid development of
the area reduced the marsh to only 200 acres. In 1955, the Gulf Oil Corp. donated the marsh to the
city of Philadelphia to be governed for the benefit of the wildlife and people. In 1969, the marsh
area was threatened by plans to run Interstate 95 through it, but after staunch efforts of private
and public groups, the plans were terminated. Congress passed legislation in 1972 to establish the
Tinicum National Environmental Center by the Secretary of the Interior. Later, in 1991, the refuge was
renamed as the John Heinz National Wildlife Refuge at Tinicum to honor the senator who worked to
preserve the marsh.
Despite its urban location, the refuge is home to a variety of wildlife and habitats. More than 300 bird
species and other wildlife flock to the varied habitats of the refuge, including the freshwater tidal
marsh, woods, meadow, impounded water and field. Many wild fish fill Darby Creek and Hoy’s Pond
in the refuge. Deer, fox, muskrat, turtles, frogs and a plethora of wildflowers live free of harm in the
protected area.
The John Heinz National Wildlife Refuge at Tinicum is a wonderful place for city-dwellers and tourists
to escape and take in natural surroundings. With more than 10 miles of hiking trails, a canoeing
segment of Darby Creek and designated fishing waters, there are many recreational activities to be
enjoyed at the refuge.
In addition to federal support, the Friends of the Heinz Wildlife Refuge at Tinicum (FOHR Tinicum)
provide assistance to the refuge and the national wildlife refuge system. The group works closely with
the U.S. Fish and Wildlife Service to provide local support for the refuge at Tinicum. Of their many
efforts, FOHR Tinicum sponsors a photo group to document the beauty of the refuge, supports a trail
maintenance crew and develops educational materials to support refuge missions.

Did you know?
Philadelphia hosts an estimated 60 regattas annually on the Schuylkill River,
including the Dad Vail, the largest collegiate rowing event in the nation.
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Kayaking the Lehigh Gorge
For adventure seekers looking for a challenge in the water, the Delaware Region provides many waterways that are great for
water sports. Nestled in western peaks of the Pocono Mountains and 100 miles north of Philadelphia, the Lehigh Gorge State
Park is a great place to kayak. Spanning from the Francis E. Walter Dam at the northern end to the town of Jim Thorpe at the
lower end, the Lehigh Gorge covers 30 miles of the Lehigh River.
Kayakers can enjoy paddling through the deep gorge which is home to great scenery, including steep walls and thick vegetation,
interesting rock formations and a variety of waterfalls. The Lehigh Gorge is classified as type III-whitewater and also is a popular
area for rafting and canoeing. Along the river, there are designated sites for recreational vessels to enter and leave. The U.S.
Army Corps of Engineers controls river flow at the northern end of the gorge, allowing challenging flow rates for professional
kayakers and gentler flow rates for beginners.
There are many retailers surrounding the gorge that not only sell equipment for kayaking but also offer kayaking schools and
lessons. Beginners are encouraged to take lessons before conquering the Lehigh Gorge, because it is important to not only learn
appropriate technique for whitewater kayaking, but also be knowledgeable of different river flows and safety precautions.

Pocono Mountains

Dorney Park and Wildwater Kingdom
Offering two exciting parks for the price of one, Dorney Park and
Wildwater Kingdom located just outside of Allentown,
wn, Lehig
Lehigh County
provides fun for visitors of all ages. The
e park wa
was officially created
by Solomon Dorney in
n 1884 after h
he added rides, games
mes and hotel
accommodations
d
to his original trout resort. S
Since
nce then,
hen, tthe o
original
“Dorney’s
y Trout Ponds and
d Summer Reso
Resort” has
ha evolved into a
200-acre resort, boasting some of the best rides in the northeast
200
United States.

A southwestern extension of the Catskills encompassing 2,500
square miles, the Pocono Mountain Region is a popular outdoor
recreation and resort location in Pennsylvania. The Poconos,
which translates to “stream between two mountains”, are
located in Carbon, Monroe, Pike and Wayne counties of
northeastern Pennsylvania.
Anyone and everyone can find something to do in the Poconos,
as the region offers a variety of diverse attractions and activities.
With seven state parks, 17 state game lands and one national
park, the outdoorsy tourist can enjoy the natural beauty of the
Poconos. Hunting and fishing are popular in the region. Also,
many people flock to the Pocono Mountains for great skiing
in the winter.
The Pocono Region contains more than 80 percent of the state’s
resorts, offering luxurious and fun getaways for vacationers and
honeymooners. In summertime, many water sports can be enjoyed
in the region’s lakes and rivers. Golf courses also attract a number
of patrons to the area, and NASCAR enthusiasts can take in races
in June and July at Pocono Raceway. Additionally, a number of
summer camps, including Camp Pocono Ridge, are settled in the
mountainous region of the Poconos.

Wildwater Kingdom was added to the park in 1985 and immediately
became popular. With 18 water slides, two wave pools, aquatic
playlands and tubing rivers, Wildwater Kingdom has been voted one of
the top seasonal water parks in the country.
Dorney Park and Wildwater Kingdom has come a long way from Solomon Dorney’s original trout resort, and continues to expand with bigger and better rides each
season. Guests of all ages can enjoy its classic charm synched with an exciting and fun atmosphere.

For more information on national and state parks, see DCNR’s
“Pennsylvania State Parks” Web site:
www.dcnr.state.pa.us/stateparks/index.aspx
and the National Park Service Web site: http://www.nps.gov
For more information on recreational areas managed by the
Pennsylvania Fish and Boat Commission, see the Commission’s
“Boating Near You” Web site: www.fish.state.pa.us/boatinf.htm
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Camelback Ski Resort, Monroe County.

The attractions of Dorney Park were vastly known to be classic, with
historic carousels, train rides and penny arcades. However, in 1983, a
devastating fire burned down many of the old rides, prompting the park
to update and expand. In recent years, many roller coasters and thrill
rides were added to attract adventure seeking guests, and elevated the
park’s status as one of the best in the country.

Water-Based Economy, continued
Bushkill Falls

Water Trails

Deep within the Pocono Mountains in northeastern
Pennsylvania lie the majestic Bushkill Falls.
Falls Deemed
the “Niagara
Niagara of Pennsylvania
Pennsylvania”, Bushkill Falls draws
d
many visitors each
h year and
d is one of the state’s
most famous natural attractions.

Water
ater trails are re
recreational
eational corrid
corridors
ridors suit
suitable for ccanoes,
kayaks and small
all motorized
motorize w
watercraft. These trails are
comprised of access points, boat launches, day use sites
compris
comp
and in some cases overnight camping areas. Each water
trail is designated by the Pennsylvania Fish and Boat
Commission as a unique reflection of the state’s diverse
geology, ecology and communities.

Totaling eight unique waterfalls, Bushkill Falls offers
many scenic hiking trails for those who want to
discover its natural beauty. Wildflowers and towering
trees add to the brilliance surrounding the falls. At
100 feet, the Main Falls is the tallest waterfall of the
eight. Other activities on the grounds of Bushkill
Falls include the Pennsylvania Wildlife Exhibit,
Native American Exhibit, fishing at Twin Lakes,
miniature golf and paddleboat rides.
Charles E. Peters opened the falls in 1904, when only
a single path and bridge over the Main Falls was
opened to the public. Since then, many more trails
and bridges have opened, and the park is still owned
by the Peters family.
Bushkill Falls is open to the public seven days a
week, April through October with a small
admission price.
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The Delaware Region includes three water trails:
 Lehigh River Water Trail – 75 miles from Francis E.
Walter Dam to the mouth of the Lehigh River
 Schuylkill River Water Trail – the entire 147 miles of
the Schuylkill River to its confluence with the Delaware
River in Philadelphia
 Delaware River Water Trail – 250 miles from Hancock,
N.Y. to Trenton, N.J.

For more information on Pennsylvania’s Water Trails, see
the Pennsylvania Fish and Boat Commission’s “Water
Trails” Web site: www.fish.state.pa.us/watertrails

Paddling on the Delaware River Water Trail.
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