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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
(2000 Census Estimate)
Philadelphia .
Allentown . .
Reading . . .
Bethlehem . .
Levittown. . .
Chester . . . .
Norristown . .
Easton . . . .
Hazleton . . .
Pottstown . .
West Chester
Lansdale . . .
Pottsville . . .
Coatesville . .
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. 5,248
. 4,874
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. 1,104

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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Barge on the Delaware River,
Philadelphia County.
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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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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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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.
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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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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.

Pottsville

LUZERNE

Delaware
Page 301

State Boundary

County Boundary

Reading

BERKS

Pottstown

New England
Province

CHESTER

Interbedded Sedimentary

Conglomerate

Carbonate

Bedrock

Coatesville
West Chester

Downingtown

PIKE

WV

Shale

Sandstone

Metamorphic/Igneous

OH

0

0

NY

10

15

NJ

N
N JY

Unconsolidated

MD

Miles

PA

50

VA

Miles

5

Levittown

Milford

Atlantic Coastal
Plain Province

Doylestown

BUCKS

East Stroudsburg

Philadelphia

Chester

DELAWARE

Media

Norristown

MONTGOMERY

Quakertown

Easton

NORTHAMPTON

Stroudsburg

MONROE

Honesdale

WAYNE

Bethlehem
LEHIGH
Allentown

Palmerton

P i e d m o n t
P r o v i n c e

Wyomissing

P E N N S Y LVA N I A
MARYLAND

Physiographic Province

Lehighton

Jim Thorpe

CARBON

LACKAWANNA

R i d g e
a n d
V a l l e y
P r o v i n c e

Tamaqua

Hazleton

SCHUYLKILL

LANCASTER

LEBANON

City/Town

YORK

NORTHUMBERLAND

COLUMBIA

SULLIVAN

WYOMING

A p p a l a c h i a n
P l a t e a u s
P r o v i n c e

BRADFORD

SUSQUEHANNA

MD
DE

NJ
PA

Delaware

NEW YORK

DE
NJ

Page 5
P E N N S Y LVA N I A

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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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%

Page 308
Page 4

Delaware

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

Page 312
Page 8

Delaware

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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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.
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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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Forested Areas

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

Page 326
Page 6

Delaware

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.

