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INTRODUCTION

PURPOSE
This report was prepared under and in accordance with a grant from the PADEP for Pike County
to conduct an Act 167 Stormwater Management Plan Phase | for all the watersheds within the
County. This report presents the final results of the Phase | effort, which includes:

= A summary of watershed characteristics

= Aninventory of relevant problems

= A proposed Scope of Study, schedule and budget for completion of Phase Il of the Act

167 Plan project.

The purpose of an Act 167 Study is to assess the current and future runoff conditions within a
designated watershed and develop stormwater management standards, criteria and other
ordinance provisions for adoptfion by the municipalities within the County to minimize adverse
impacts from stormwater runoff associated with new or future development.

STORMWATER RUNOFF - ITS PROBLEMS AND ITS SOLUTIONS

The water that flows across the ground from precipitation is referred to as stormwater. Human
activities in a watershed change the way that water flows. The volume of stormwater resulting
from a particular rainfall event increases along with the rate the stormwater flows. This is due to
several factors including the reduction of pervious land area (i.e., natural land covered by
pavement, concrete, or buildings), changing the contour of the ground and alterations of
floodplains. This alteration of natural land cover and land contours by residential, commercial,
industrial, forestry, and farmland uses also results in decreased infiltiration of rainfall. This leads to
the lowering of the groundwater table and reduced baseflow in streams.

The need to plan and manage the impacts of stormwater throughout Pennsylvania has been
demonstrated repeatedly in the past. As the population of an area increases, land
development is required tfo meet the needs of the population. As a result of confinued
development, the volume and rate of stormwater runoff increases causing environmental
impacts including flooding, stream channel erosion and siltation, water quality degradation, and
reduced groundwater recharge. In addition, removal of frees and other vegetation during
development decreases evapotranspiration which further contributes to an increase in the
volume and rate of runoff. Cumulative effects of development in some areas of a watershed
can result in flooding of natural watercourses with associated costly property damages.

History has shown that individual land development projects are often viewed as separate
incidents and not necessarily part of the bigger picture of urbanization. This has also been the
case when the individual land development projects are scattered throughout a watershed
(within many different municipalities). However, it is now observed and verified that this
cumulative nature of individual land surface changes dramatically affects runoff and flooding
conditions. This cumulative effect of development in some areas has resulted in flooding of both
small and large streams, resulfing in property damage, stream bank erosion, and destfruction of
habitat, and even causing loss of life. Therefore, given the distributed and cumulative nature of
the land alteration process, a comprehensive approach must be taken if a reasonable and
practical management and implementation approach or strategy is to be successful.

PENNSYLVANIA STORMWATER MANAGEMENT ACT (ACT 147)

Recognizing the need to deal with the serious and growing problem of extensive damage from
unconfrolled stormwater runoff, the Pennsylvania General Assembly enacted Act 167. The
statement of legislative findings at the beginning of the Pennsylvania Stormwater Management
Act (Act 167) sums up the crifical interrelationship among development, accelerated runoff,
and floodplain management.
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Specifically, this statement points out that:

“Inadequate management of accelerated runoff of stormwater resulting from
development throughout a watershed increases flood flows and velocities, contributes to
erosion and sedimentation, overtaxes the carrying capacity of streams and storm sewers,
greatly increases the cost of public facilities to carry and control stormwater, undermines
floodplain management and flood control efforts in downstream communities, reduces
groundwater recharge, and threatens public health and safety. A comprehensive
program of stormwater management, including reasonable regulation of development
and activities causing accelerated runoff, is fundamental to the public health, safety
and welfare and the protection of the people of the Commonwealth, their resources,
and the environment.”

In past years, stormwater management was oriented primarily toward addressing the increase in
peak runoff rates discharging from individual development sites to protect property immediately
downstream. Minimal attention was given to the effects on groundwater recharge and channel
stability, flooding, and water quality in locations further downstream (frequently because they
were located in another municipality) or to designing stormwater controls within the context of
an entire watershed. Management of stormwater has typically been regulated on a municipal
level with little or no consistency among adjoining municipalities in the same watershed
regarding the types or degree of conftrol to be practiced.

Act 167 changed this approach by instituting a comprehensive program of stormwater planning
and management on a watershed level. The Act requires Pennsylvania counties to prepare and
adopt stormwater management plans for each watershed located in the county, as designated
by the Pennsylvania Department of Environmental Protection (PADEP). Most importantly, these
plans are to be prepared in consultation with municipalities located in the county, working
through a Watershed Plan Advisory Committee (WPAC). Due to a recent change in PADEP Act
167 policy, in lieu of providing plans for each designated watershed, Act 167 plans are now
being created on a county-wide basis. The plans are intended to provide uniform technical
standards and criteria throughout the county for the management of stormwater runoff from
new land development sites. The new PADEP policy also stresses the opportunity for
municipalities to retfrofit existing sites to improve existing water quality impairments, problem area
flooding and erosion and to maintain or increase groundwater recharge rates. Furthermore, the
plan’s goals and objectives will be developed and implemented to also be consistent with the
anti-degradation criteria of the PA Clean Streams Law, the Delaware River Basin Commission
(DRBC) non-point source (NPS) pollution requirements, and the federal National Pollutant
Discharge Elimination System (NPDES) Phase Il requirements.

The types and degree of control that are prescribed in the stormwater management plan must
be based on the expected development patterns and hydrologic characteristics of each
individual watershed within the county. The PLAN, more specifically the standards and criteriq,
are to be developed from the technical evaluations performed in the analysis process, in order
to respond fto the “cause and effect” nature of existing and potential storm runoff impacts in
each watershed. The final product of the Act 167 planning process will be a comprehensive
stormwater management plan, to be developed and implemented with a firm sensitivity to the
unique water resources and the overall needs (e.g., environmental, financial, legal, political,
technical, etc.) of the municipalities in Pike County.
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ACT 167 PLANNING FOR PIKE COUNTY

Given the above history and information, the county-wide watershed planning process for Pike
County must be designed with the individual watershed characteristics in mind, as well as the
political and economic structure of the County and municipalities. This is particularly important
since most of the watersheds in the County have been designated as Special Protection Waters
either by PA DEP or the DRBC. The Phase | - Scope of Study presents the concept and approach
that has been developed to fully meet these requirements, as well as the specific requirements
of Act 167, for this county-wide watershed stormwater management project.

BENEFITS OF THE PLAN
The purpose and benefit of the study and plan is to provide all of the municipalities in Pike
County with an implementation strategy and procedures for:

a comprehensive program of stormwater management

uniform standards throughout the County

ensuring that existing problem areas are not exacerbated by future development
encouraging infilfration of stormwater to maintain groundwater recharge, to prevent
degradation of surface and groundwater quality, and to protect water resources, and

¢ meeting legal water quality requirements under State law.

Currently, there is a great deal of variance among the municipalities regarding implementation
and enforcement of stormwater management regulations. There are also a number of other
regulations (e.g., NPDES Phase Il and the DRBC NPS requirements) that impact development and
land use. It is important that the Act 167 Storm Water Management Plan be developed in a
manner consistent with these other regulations so that, given the nature of storm runoff and its
impacts, it provides for consistency of stormwater management requirements throughout Pike
County. Therefore, the primary objective of the technical study and planning process is to
develop a fechnical and institutional support document to encourage and/or support the
consistency of regulations based on county-wide and watershed-wide consideration. The
primary goal of those regulations would be to preserve the high quality and exceptional value of
the streams in Pike County and prevent any increase in flooding or erosion due to confinued
development.

The technical and institfutional county-wide planning approach recommended by PADEP also
provides the municipalities with a considerable amount of useable technical information, such
as detailed watershed runoff simulation models, that can be used for other stormwater
management purposes. Therefore, as a result of developing the PLAN, municipalities and Pike
County will realize benefits and/or products that are useable for other planning and engineering
purposes. For example, land use updates and environmental data management are necessary
for effective planning in a specific watershed. The technical component of the PLAN will
provide unique environmental database management benefits for both the county and
municipal use. Another example of the associated benefits of the PLAN relates to basic public
works and/or engineering functions, primarily at the municipal level.

In addition, technical support information provided as a part of specific watershed modeling
effort can be used by municipal officials in the design and regulatory permitting efforts for
bridge replacement and floodplain management analysis. Further, the stream encroachment
permit process, which involves the need to supply detailed stream flow data as a part of the
application process, can be more efficiently and cost-effectively developed using the
subwatershed model developed for selected problem areas. Therefore, the benefits of the
watershed planning process are extensive, even beyond the important functions of developing
comprehensive stormwater management strategies and ordinance provisions.
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A new initiative from PADEP indicates that the PLAN may investigate and provide conceptual
solutions to correct existing problems. Specifically, the PLAN will identify and summarize problem
areas; provide hydrology for selected areas that will be required in the design of proposed
solutions; provide potential conceptual solutions to correct these problems; and will specify
possible funding streams for project implementation.
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APPROACH FOR THE DEVELOPMENT OF THE STORMWATER MANAGEMENT PLAN

In order to implement county-wide comprehensive planning and management of stormwater
runoff, it was necessary to review the major watersheds within Pike County during Phase I. Since
the Act itself is very dependent on municipal coordination to provide for the planning and
management of stormwater throughout their respective municipalities, it is important to get
involvement and endorsement from each municipality early in the planning process.

As required by the Act and the County’s Agreement with PADEP, a Watershed Plan Advisory
Committee (WPAC) was formed and consists of the Pike County Planning Commission, the Pike
County Conservation District, the 13 municipalities in the County, and other interested
organizations. As stated previously, it was deemed critical to initiate municipal level involvement
in the overall development of the PLAN. Two meetings with the WPAC were held during Phase |
to obtain their general commitment to the project and to distribute questionnaires. The intent of
the first meeting was to provide additional public awareness and education as well as to
disseminate and obtain information from the municipal representatives and other participants.
Discussions from this meetfing and an evaluation of the questionnaires, in conjunction with in-
house knowledge from Pike County planning staff, County Conservation District staff and PADEP,
determined to what level this PLAN should be created. The second meeting was for discussing
the questionnaire responses and review of the draft Phase | report, which included the proposed
plan of study for Phase Il.

THE NEED FOR A COMPREHENSIVE APPROACH FOR STORMWATER MANAGEMENT

The goal of Pike County’s Act 167 planning process is to provide a county-wide comprehensive
program fo assist in the planning and management of stormwater. With input from the thirteen
(13) municipalities in Pike County, the resulting stormwater management ordinance will address
ongoing stormwater related problems throughout the County. The Plan will also address flood
control, stream channel stability, protection of property and infrastructure, and groundwater
recharge. Furthermore, cooperating member municipalities will be able to adopt stormwater
management controls that will have a collectively beneficial impact on the waters of Pike
County and will include design standards in accordance with anti-degradation goals for the
County’s high quality and exceptional value watersheds.

Another key element for consideration is coordination with Wayne and Monroe Counties in their
Act 167 planning activities. Since Pike County shares significant portions of the Lackawaxen
River and Wallenpaupack Creek watersheds with Wayne County and the Bushkill Creek
watershed with Monroe County, it is critical that the county plans be developed in a
coordinated manner to ensure consistent goals, regulations, and implementation techniques.

The Plan itself is divided into two phases of which Pike County has received Phase | funding from
PADEP and is highly dependent on gaining support from the municipalities in the early stages of
plan development. Phase Il will result in the final stormwater management plan and model
ordinance. More specifically, the development process for the stormwater management plan is
as follows:

Phase | - Scope of Study - Establishing procedures used to prepare the PLAN. These procedures
are determined by an overall survey of:

= Specific watershed characteristics and hydrologic conditions.
= Stormwater related problems and significant obstructions.
= Alternative measures for control.
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Phase Il - The PLAN - The technical assessment and development of the model ordinance that
includes:

Watershed modeling and planning.

Development of technical standards and criteria for stormwater management.
Conceptual solutions to identified problem areacs.

Identification of administrative procedures for implementation of the PLAN.
Adoption by Pike County.

Approval by PADEP.

Municipal implementation.

PREVIOUS PLAN EFFORTS
There have been three previous Act 167 Plans prepared for watersheds that impact Pike County:

1.

2.

3.

Wayne County, Lackawaxen River Act 167 Watershed Storm Water Management Plan,
June 1994.

Wayne County, Wallenpaupack Creek Act 167 Watershed Storm Water Management
Plan, December 1989.

Pike County, Sawkill Creek Watershed Act 167 Stormwater Management Plan, July, 1992.

In addition, the following relevant documents have been prepared and will provide a valuable
source of information for the development of the PLAN:

Pike County Office of Community Planning, Pike County Comprehensive Plan,
November, 2006.

Pike County Office of Community Planning and Office of Emergency Management, Pike
County Hazard Mitigation Plan, November, 2006.
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GENERAL COUNTY DESCRIPTION

Pike County was formed in 1814 and a portion was cut off in 1836 to form Monroe County. Pike
County’s boundaries have remained unchanged since 1836. The County consists of
approximately 567 square miles or approximately 362,880 acres. There are thirteen (13)
municipalities in Pike County with the County Seat in Milford. Pike County is bounded on the
east by Sullivan and Orange Counties, NY and Sussex County, NJ; on the north and west by
Wayne County, PA; and, on the south by Monroe County, PA. See Figure 1 for a map of the
political boundaries.

The County is located in northeast Pennsylvania, approximately 60 miles north of Philadelphia
and approximately 90 miles west of New York City. Pike County’s population was estimated to
be 46,302 according fo the 2000 census. A significant portion of Pike County’s residents
commute outside of the County to work, with the metropolitan areas of New York and New
Jersey as their primary commuter destination.

Much of Pike County remains wooded to this day. The industrial heritage of the County involved
the lumber, coal fransportation, bluestone quarrying, and railroad industries, all of which
affected and still affect the role of the County. Currently, tourism has become a major activity in
the County based on the significant hunting, fishing, camping resources as well as the water-
and snow-based recreational activities available.  Significant acreage in the County is
protected from development due to state forests, national and state parks, and state game
lands. Figure 2 shows the locations of the dedicated lands and the following table provides
estimated acreages:

NAME AREA (ACRES)
Delaware State Forest 77,438
Promised Land State 3,000
Park
Delaware Water Gap 18,535
National Recreation
Areq
State Game Lands 23,043

POLITICAL JURISDICTIONS

In Pennsylvania, much of the governmental control is on the local level, i.e. municipalities. As
such, municipalities are the primary agencies to regulate stormwater through land use conftrols.
Pike County is comprised of 13 municipalities. The political jurisdictions include 11 townships and
2 boroughs. The 13 municipalities in Pike County are as follows:

TOWNSHIPS BOROUGHS
Bloomlr?g Grove Miford Township Matamoras
Township Borough
Delaware Township Polmyrg Milford Borough
Township
Dingman Township Porter Township
. Shohola
Greene Township Township
Lackawaxen Township WeSTfOu
Township
Lehman Township
Herbert, Rowland & Grubic, Inc. 7
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TRANSPORTATION

The many traffic routes traversing the County have influenced the hydrology of the watersheds
within the County. The County is linked by a network of highways. Interstate 84 bisects Pike
County in an east-west direction with six inferchanges with major highways. -84 provides easy
access to the County from the New York City and Scranton/Wilkes-Barre metropolitan areas. US
Route 209 provides a north-south corridor between Milford and the Stroudsburg area to the
south. Other major roadways include US Routes 6 and 6/209, and State Routes 390, 402, 507,
590, 739 and 2001.

These major thoroughfares and crossroads provide a critical fransportation and commuting link
for County residents and for the significant tourist trade that takes advantage of summer and
winter attractions in the County. However, these routes have created an increase of impervious
surfaces throughout the County. These impervious surfaces create more surface runoff and are
a source of pollution during precipitation events. The resulting effect is an increase of stress on
the stormwater drainage systems in the watershed, a reduction of water quality, and an
increase in streambank erosion, especially at already-known problem areas.

GENERAL DEVELOPMENT PATTERNS

The General Development Patterns are critical to Stormwater Management Planning. While
development is important to the County, the impacts of development could have a negative
effect on the existing infrastructure as well as the environment. As described previously,
development causes runoff problems that need to be managed. Identifying major
development patterns is the first step to managing their effects.

Pike County has been the fastest growing county in Pennsylvania in terms of percentage growth
for several years. Growth between 1990 and 2000 was over 65 percent, with the County’s
population exceeding 46,300 in 2000. The County's 2006 Comprehensive Plan anficipates a
continuation of this growth trend and identified areas in the County that are more likely to
experience increased development, due to their location, which provides access to population
centers, transportation networks and infrastructure. Some of the residential growth is expected
to focus on in-filling existing subdivisions where pre-approved open lots exist. This type of
development can cause addifional problems for storm water management systems that are
already feeling the pressure of increased runoff rates and volumes. Also, some homeowners
associations, rather than municipalities, are taking the lead on addressing stormwater issues in
those cases.

Other areas in the County have residential and commercial/industrial development potential.
The Route 6/209 corridor has been a growth center and is experiencing increasing congestion.
Other corridors, such as Route 6, 507, and 739, will also see increased development patterns due
to residential and commercial expansion.

WATER RESOURCES

Pike County lies within the Delaware River Basin. All precipitation which falls in Pike County is
channeled by gravity info seven (7) major drainages subbasins. The PA DEP designated
watersheds throughout the state for which Act 167 studies would be prepared. The Designated
Watershed in Pike County include:

PA DEP DESIGNATED WATERSHEDS

Wallenpaupack Creek Brodhead Creek
Shohola Creek Lackawaxen River
Sawkill Creek Delaware River

Bushkill Creek
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The watershed boundaries are shown on Figure 3. Each of these basins drains surface water into
the maijor streams and rivers running through the County.

IMPOUNDMENTS

There are many small lakes and ponds throughout the County but only one major
impoundment. The PPL Inc. impoundment is Wallenpaupack Lake, a 5,700 acre lake
situated along the western border of the County. It is operated as an auxiliary electric
generating facility, but is open to the public for recreation purposes. Other impoundments

include:
MUNICIPALITY IMPOUNDMENT NAME
Blooming Grove | Pecks Pond, Hemlock Lake, McConnell
Township Pond, Shohola Lake
Delaware Township Silver Lake, Wild Acres Lake
Dingman Township Gold Key Lake, Log Tavern Pond, Sawkill
Pond, Shohola Lake

Greene Township Promised Land Lake, Lake Paupack

Lackawaxen Township | Westcolang Pond, Fawn Lake, Forest
Lake

Lehman Township Lake Maskenoza, Tamiment Lake

Milford Township Sawkill Pond

Palmyra Township Lake Wallekpaupack, Fairview Lake

Porter Township Twelvemile Pond, Porters Lake, Pecks
Pond

Shohola Township Twin Lakes, Walker Lake, Shohola Lake

SURFACE WATER QUALITY

The Pennsylvania Chapter 93 Water Quality Standards classify all surface waters according
to their water quality criteria and protected water uses. Selected waterbodies that exhibit
exceptional water quality and other environmental features are referred to as “Special
Protection Waters.” Certain activities in those watersheds that could adversely affect surface
water are more stringently regulated to prevent degradation.

All of the watersheds in Pike County, with the exception of land areas draining directly to the
Delaware River, have been assigned either a "high quality” or “exceptional value”
designation by PADEP. The following is a list of the streams within the County and their
protected use classification:

PROTECTED USE
STREAM REACH DESIGNATION

1 - Delaware River* Main Stem, PA 652 Bridge to Lackawaxen River WWEF, MF

2 - Unnamed Tributaries to | Basins, PA 652 Bridge to Lackawaxen River HQ-CWF
Delaware River

2 - Lackawaxen River Main Stem, Confluence of West Branch HQ-TSF, MF

Lackawaxen River and Dyberry Creek to Mouth

3 - Wallenpaupack Creek Basin, Source to Lake Wallenpaupack Dam HQ-CWF

3 - Wallenpaupack Creek Basin, Lake Wallenpaupack Dam to Mouth HQ-WWF

3 - Swamp Brook Basin HQ-CWF, MF

3 - Tinkwig Creek Basin HQ-CWF, MF

3 - Decker Creek Basin HQ-CWF, MF

3 - Teedyuskung Creek Basin HQ-CWF, MF

3 - Blooming Grove Creek Basin HQ-CWF, MF

3 - Little Blooming Grove Basin HQ-CWF, MF
Creek
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PROTECTED USE
STREAM REACH DESIGNATION

3 - Grassy Island Creek Basin HQ-CWF, MF
3 - Kirkham Creek Basin HQ-CWF, MF
3 - West Falls Creek Basin HQ-CWF, MF
3 - Mill Creek Basin HQ-CWF, MF
3 - O'Donnell Creek Basin HQ-CWF, MF
3 - Lords Creek Basin HQ-CWF, MF
1 - Delaware River Main Stem, Lackawaxen River to Tocks Island WWEF, MF
2 - Unnamed Tributaries to Basins, Lackawaxen River to Tocks Island HQ-CWF

Delaware River
2 - Panther Creek Basin HQ-CWF
2 - Shohola Creek Basin HQ-CWF
2 - Twin Lakes Creek Basin HQ-CWF
2 - Pond Eddy Creek Basin HQ-CWF
2 — Bush Kill (Millrift) Basin EV
2 - Rosetown Creek Basin HQ-CWF, MF
2 - Cummins Creek Basin HQ-CWF
2 - Crawford Branch Basin HQ-CWF, MF
2 - Vandermark Creek Basin, Source to Deep Brook HQ-CWF
3 - Deep Brook Basin EV
2 - Vandermark Creek Basin, Deep Brook to Mouth HQ-CWF
2 - Sawkill Creek Basin, Source to Vantine Brook EV
3 - Vantine Brook Basin HQ-CWF
2 - Sawkill Creek Basin, Vantine Brook to Mouth EV
2 — Raymondskill Creek Basin HQ-CWF
2 - Conashaugh Creek Basin HQ-CWF
2 - Dry Brook Basin HQ-CWF
2 - Adams Creek Basin EV
2 - Dingmans Creek Basin HQ-CWF
2 - Hornbecks Creek Basin HQ-CWF
2 - Toms Creek Basin EV
2 - Bushkill Basin, Source to Saw Creek HQ-CWF
3 -Saw Creek Basin HQ-CWF
2 - Bushkill Main Stem, Saw Creek to Mouth HQ-TSF
4 - Litfle Bushkill Basin, Source to Unnamed Tributary 05067 EV
5 - Unnamed Tributary Basin EV
05067 to Little Bushkill
4 - Little Bushkill Basin, Unnamed Tributary 05067 to Unnamed HQ-CWF

Tributary 05059
5 - Unnamed Tributary Basin EV
05059 to Little Bushkill
4 - Little Bushkill Basin, Unnamed Tributary 05059 to Unnamed EV
Tributary 05057

5 - Unnamed Tributary HQ-CWF
05057 to Little Bushkill
4 - Litfle Bushkill Basin, Unnamed Tributary 05057 o Mouth EV
2 - Brodhead Creek Main Stem, Source fo LR 45060 Bridge HQ-CWF
3 - Unnamed Tributaries to | Basins, Source to LR 45050 Bridge HQ-CWF

Brodhead Creek

* NOTE: Although the Chapter 93 designation for the Delaware River is
WWE, MF, the DRBC has classified the main stem of the Delaware River
in Pike County as “Special Protection Waters”, making discharges subject
to Special Protection Waters regulations.

PROTECTED USE DESIGNATION LEGEND

CWF - Aquatic Life — Cold Water Fishes MF — Aquatic Life — Migratory Fishes

EV - Special Protection — Exceptional Value Waters | WWF — Aquatic Life — Warm Water Fishers

HQ - Special Protection — High Quality Waters

Herbert, Rowland & Grubic, Inc.
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IMPAIRED STREAMS

Pollution of Pike County’'s waterways primarily occurs from unmanaged stormwater runoff,
sedimentation, and industrial operations. The Stream Integrated List represents stream
assessments in an infegrated format for the Clean Water Act Section 305(b) reporting and
Section 303(d) listing. Streams are bodies of flowing surface water that collectively form a
network that drains a catchment or basin. PADEP protects 4 stream water uses:

PROTECTED WATER USES
Aquatic Life

Fish Consumption

Potable Water Supply

Recreation

The 305(b) stream segments have been evaluated for attainment of those uses. If a stream
segment is not aftaining any one of its 4 uses, it is then considered impaired. In Pike County,
slightly less than one (1) mile of stream segments have been identified as being impaired.
The following are the two stream segments in the County listed as impaired streams and their

causes:
IMPAIRED STREAM SEGMENTS
LENGTH

STREAM NAME (ML) CAUSE LOCATION
Bushill 0.57 Mercury Between Sugar Mill Rd. and mouth of Bushkill
Lackawaxen Industrial Just upstream of Kimble on border between Palmyra and

; 0.366 :
River Discharge Lackawaxen Twps.
CLIMATE

Climate is a critical component of stormwater — precipitation, its source. Pike County is
characterized by a humid, continental climate with warm summers and cold winters.
Precipitafion is adequate and normally well distributed. Winds prevail from the west and bring
most of the major pressure systems that affect the area. Air currents are mostly from the polar
region, with the exception of currents from the Gulf of Mexico during the summer months.

Summers are generally warm with daytime high temperatures averaging in the high 70° and
low 80°. Occasionally, higher tfemperatures occur when warm air moves into the area from the
southwest. The annual precipitafion is approximately 42" with thunderstorms occurring in the
summer months. Heavy rainfall associated with severe storms causes damage to both soils and
plants and may cause flash flooding.

Winter is characterized by cold temperatures and cloudy skies. Daytime temperatures average
in the mid to upper 20°s. Winter precipitation is frequent and sometimes heavy, averaging
between 40 and 50 inches of seasonal snowfall. The ground is generally covered with snow for
more than half of the winter. Spring and fall are characterized by rapidly changing weather
patterns. Alternate periods of freezing and thawing are common during both seasons.
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GEOLOGY

The land surface has been created through millions of years of tectonic and weathering forces.
The geological characteristics are reflected in ferms of groundwater, drainage and excavation

conditions.

Geological formations are categorized in groups, with eleven (11) present in the

County. Figure 4 shows the major formations in the County and the following paragraphs
describe their characteristics:

Buttermilk Falls Limestone (Dbe) of Devonian age consists of medium gray, fine to
coarsely crystalline, fossiliferous, partly argillaceous limestone, gray, calcareous, silty
shale, and dark gray chert. It is deeply leached in the western part of the outcrop
belt. Maximum thickness of the formation is 270 feet, thinning westward to 40 feet.
The rock is irregularly to evenly bedded. The beds are generally thin to medium, 1
inch to 2 feet thick. The formation forms fairly steep ridge flanks of moderate relief
in the east and more genftly ridge flanks of low relief in the west. Aquifer potential is
moderate to high in unweathered rock. Reported groundwater yields range from
10 fo 200 gpm.

Catskill Formation (Dck) of Devonian age is a complex unit consisting of shale,
siitstone, sandstone, and conglomerate. The thickness of the exposed rocks
decreases to the west. The relative amount of red beds decreases to almost zero in
northwestern Pennsylvania. Bedding is well developed in most places. Thicknesses
range from less than 1 foot to 10 to 16 feet in coarser beds. The overlying mantle is
thick (>30') in the glaciated areas of northern Pennsylvania and variable in thickness
elsewhere. The formation has moderate to good surface drainage. In glaciated
regions, drainage is poor.

Long Run Member of the Catskill Formation (Dclr) of Devonian age consists of a
gray, greenish gray, and some grayish red, crossbedded sandstone alternating with
grayish red to greenish gray siltstone and shale. Thickness of the member is
approximately 3,175 feet. The rock is well bedded. Sandstone is thick (2-4') to
slabby and sometimes flaggy. Groundwater yields range from 3 to over 100 gpm,
and the median is 20 gom. Primary porosity occurs in sandstone. The member has
good surface drainage.

Packerton Member of the Catskill Formation (Dcp) of Devonian is composed of a
medium gray, greenish gray, and brownish gray sandstone and conglomerate,
often having a reddish finge. It has fine grained to very coarse grained pebble
conglomerate. Maximum thickness of the member is about 500 feet. The rock is
well bedded, medium (2"-2') to very thick (2-4'), and crossbedded. The member is
generally a poor aquifer. Groundwater yields of less than 10 gpm have been
reported. This may be due to an adverse topographic position. The member has
good surface drainage.

Poplar Gap Member of the Catskill Formation (Dcpg) of Devonian age is composed
of a medium gray and light olive gray, fine to coarse grained sandstone and
conglomerate having interbedded pale red and grayish red silistone and shale,
and some pebble conglomerate. Thickness of the member is about 850 feet. The
rock is well bedded. Sandstone and conglomerate are thick (2-4') to very thick
bedded. Shale and siltstone are medium (2'-2') to thick. The member has good
surface drainage.
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Towamensing Member of the Catskill Formation (Dct) of Devonian age consists of
very fine to medium grained sandstone having interbedded shale and siltstone. It is
medium light gray to medium dark gray. Ripple marks and crossbedding are
present. It is fossiliferous. Maximum thickness of the member is about 600 feet.
Rock is well bedded, medium (2"'-2') to thick (2-4'). The maximum potential yield of
the member is about 50 gom. The median yield is 10 gom. The member has
excellent surface drainage.

Walcksville Member of the Catskill Formation (Dcw) of Devonian age consists of
alternating fine to medium grained, red sandstone, siltstone, and shale. It includes
gray and greenish gray sandstone. Maximum thickness of the member is about
2,500 feet. Sandstone is predominantly medium (2'-2') bedded, but some
sandstone is thick (2-4') bedded and some thin (1/2-2") bedded. The shale is mostly
nonbedded and massive (>4'), however, some shale is thin bedded. Drainage
maintenance is required. Groundwater may be under artesian conditions. Near
maximum groundwater potential is 35 gom. The member has fair to good surface
drainage.

Esopus Formation (Dbe) of Devonian age is composed of very fine to coarse
grained, gray to olive gray, hard siltstone and medium to dark gray silty shale.
Thickness of the formation is 180 feet, thinning westward to 43 feet. The rock is well
bedded, having sharp bedding plane contacts. The formation has good surface
drainage.

Mahantango Formation (Dmh) of Devonian age consists of medium gray, olive
weathering, fine to coarse-grained sandstone and numerous dark gray to brown
shale interbeds. It includes the "Centerfield coral reef" in eastern Pennsylvania. It
also includes the following members in descending order: Tully Limestone, Sherman
Ridge Sandstone, Montebello Sandstone, Fisher Ridge Sandstone, Dalmatia Shale,
and Turkey Ridge Sandstone. Maximum thickness of the formation is approximately
1,100 feet. Median groundwater yield is 20 gom. The formation has good surface
drainage.

Marcellus Formation (Dm) of Devonian age consists of black, carbonaceous shale.
Limestone (Purcell Member) occurs locally. It may contain abundant pyrite and
siderite concretions and nodules. Tioga bentonite is included at the base in eastern
Pennsylvania. Approximate maximum thickness of the formation is 350 feet. The
formation has good surface drainage.

Trimmers Rock Formation (Dir) of Devonian age consists of light gray to olive, fine
grained sandstone and siltstone with olive gray shale interbeds. Maximum thickness
of the formation is about 3,000 feet. Median groundwater yield is 30 gom. The
formation has good surface drainage.

SLOPES

The slope of the land not only delineates drainage patterns, but it is an indication of the
capability of the land to accommodate different types of development. Pike County’s land
area is comprised of varying degrees of slope, ranging from nearly level plateaus to severe
slopes. The general characteristics and development potentials and limitations of each
category of slope are described as follows:
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0-8% slope: 321.9 square miles; 56.83% of the County. Flat to moderate; capable of all
normal development for residential, commercial, and industrial uses; involves minimum
amount of earth moving; suited to row crop agriculture, provided that terracing, contour
planting, and other conservation practices are followed. In Pike County, a significant portion
of the land in this slope range is wetland and would most likely be restricted from normal use
or development.

9-15% slope: 148.3 square miles; 26.19% of the County. Rolling terrain and moderate slopes;
generally suited only for residential development; site planning requires considerable skill;
care is required in street layout to avoid long sustained gradients; drainage structures must
be properly designed and installed to avoid erosion damage; generally suited to growing of
perennial forage crops and pastures with occasional small grain plantfings.

16-24% slope: 41.9 square miles; 7.40% of the County. Steep slopes; generally unsuited for
most urban development; individual residences may be possible on large lot areas,
uneconomical to provide improved streets and utilities; overly expensive to provide public
services; foundation problems and erosion usually present; agricultural uses should be limited
to pastures and tree farms.

> 24% slope: 54.2 square miles; 9.58% of the County. Severe and precipitous slopes; no
development of an intensive natfure should be aftempted; land not to be cultivated;
permanent tree cover should be established & maintained; adaptable to open space uses
(recreation, game farms, & watershed protection).

SOILS

Soils affect the manner precipitation is transformed into stormwater runoff. Different soils absorb
and infiltrate precipitation at varying rates. Soils also play a hand in land use planning including
the selection of building sites, construction limitations, agricultural production and forest
management. A significant property of soil is its ability fo absorb rainfall through infiliration. This
property has been extensively studied by soil scientists and a rafing system was developed
referred to as the Hydrologic Soil Grouping. The following table identifies the four Hydrologic Sail
Groups and provides a description of their infiltfration potential:

HYDROLOGIC SOIL GROUPS

SOIL GROUP
DESIGNATION SOIL CHARACTERISTICS AND INFILTRATION POTENTIAL
A Low runoff potential; high infiliration rates even when thoroughly wetted. Generally,
sand, loamy sand, or sandy loam.
B Moderate infiltration rates when thoroughly wetted; well drained. Consist of silt loams
and loams.
C Low infilfration rates when thoroughly wetted with a layer that impedes downward

movement of water. Consist of sandy clay loames.

High runoff potential; very low infiltration rates; consist of clayey soils with a high swelling
D potential, soils with a permanent high water table, and soils with a claypan or clay
layer at or near the surface.

Soils are grouped into associations which have a distinctive proportional pattern of soils.
Associations usually consist of one or more maijor soils and at least one minor soil, and it is named
for the major soils. The soils in one association may occur in another, but in a different pattern.
There are ten major soil associations in Pike County:

Wurisboro-Swartswood-Oquaga Association: These are nearly level to very steep, very
deep and moderately deep, moderately well drained and well drained soils formed in
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loamy and sandy glacial till. This mapunit is throughout all but the western part of the
county. The unit is located on glaciated uplands.

Wellsboro-Lackawanna-Oquaga Association: These are nearly level to very steep, very
deep and moderately deep, moderately well drained and well drained soils formed in
red loamy and sandy glacial fill on uplands. This mapunit is in the western part of the
county. The unit is located on glaciated uplands.

Mardin-Manlius-Arnot Association: These are nearly level to very steep, very deep to
shallow, moderately well to somewhat excessively drained soils formed in glacial till on
uplands. This mapunit is in the eastern part of the county. The unit is located on
glaciated uplands.

Oquaga-Arnot-Rock Outcrop: These are gently sloping to very steep, shallow fo
moderately deep, well drained and somewhat excessively drained soils formed in
glacial till. This mapunit is throughout all but the eastern part of the county. The unit is
located on glaciated uplands.

Manlius-Arnot-Rock Outcrop: These are sloping to very steep, shallow to moderately
deep, well and somewhat excessively drained soils formed in glacial till. This mapunit is
in the eastern part of the county. The unit is located on glaciated uplands.

Skytop-Wasnot-Rock Outcrop: These are nearly level to very steep, shallow to
moderately deep, well to somewhat excessively drained soils formed in glacial fill. This
mapunit is in the southwestern part of the county. The unit is located on glaciated
ridges.

Freetown-Paupack-Edgemere: These are nearly level, very deep, very poorly drained
soils formed in organic deposits and glacial till.  This mapunit is throughout the
southcentral part of the county. The unit is located in swamps, bogs and uplands.

Kimbles-Gleneyre-Freetown: These are nearly level, very deep, very poorly drained
soils formed in medium texture lacustrine sediments, underlying lacustrine sediments
and local alluvium. This mapunit is in the central part of the county. The unit is located
on old glacial lake plains.

Delaware-Chenango-Unadilla: These are nearly level to moderately steep, very deep,
well drained soils formed in gravelly loamy and sandy and silty sediments that are
derived from weathered sandstone, siltstone and shale. This mapunit is in the eastern
part of the county. The unit is located on river terraces.

Wyoming-Chenango-Barbour: These are nearly level to moderately steep, very deep,
well to somewhat excessively drained soils formed in sandy outwash and loamy
alluvium. This mapunit is in the central part of the county. The unit is located on glacial
outwash terraces and floodplains.

Hydric Soils; The analysis of hydric soils has recently become an important consideration
when performing almost any kind of development review. These soils are important to
identify and locate because they provide an approximate location where wet areas may
be found. Wetland areas are lands where water resources are the primary controlling
environmental factor as reflected in hydrology, vegetation, and soils. Thus, the location of
hydric soils is one indication of the potential existence of a wetland area. Wetland areas are
now protected by the Pennsylvania Department of Environmental Protection and should be
examined before deciding on any type of development activity. Refer to the Pike County
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Soils Survey which graphically depicts the approximate location of hydric soils throughout
Pike County.

FLOODPLAIN DATA

A review of the Federal Emergency Management Agency (FEMA) flood insurance maps and
digitized data base revealed that 100-year floodplains exists within Pike County for the main
streams draining the County. Figure 5 depicts the floodplains that have been delineated in the
County and the following table lists streams in the County that have either generalized or
detailed studies:

STREAMS WITH FEMA DEFINED FLOODPLAINS

Balliard Creek
Billings Creek
Blooming Grove Creek
Bridge Creek
Bushukill

Decker Creek
Delaware River
Dingmans Creek
Dwarfskill Creek
East Branch Wallenpaupack Creek
Egypt Creek
Freeling Run
Gates Run

Gum Brook
Hornbecks Creek
Kintz Creek
Lackawaxen River
Little Bushukill
Masthope Creek
McConnell Creek
Mozette Creek

Poison Brook

Pond Eddy Creek
Rattlesnake Creek
Raymondskill Creek
Rock Hill Creek
Saw Creek

Sawkill Creek
Shohola Creek
Spruce Run

Spruce Run

Sugar Hill Creek
Taylor Creek

Toms Creek

Twin Lakes Creek
Vandermark Creek
Vantine Brook
Walker Lake Creek
Wallenpaupack Creek
West Falls Creek
Wilson Creek

York Creek

Panther Creek

Floodplain management is a key issue in managing stormwater within the County. It is important
to realize the function of a floodplain as a natural buffer for streams during significant storm
events and to understand that unmanaged development typically increases flooding levels
and, thereby, the floodplain boundary. Two goals of the Phase Il plan will be to manage
development and its associated storm runoff so that flooding levels will not increase and to
preserve the existing floodplain areas to minimize potential for property damage in future storm
events.

LAND USE

Land use is also important to stormwater planning. The way in which the land is used directly
impacts the way stormwater is transformed into runoff. As cited in the County Comprehensive
Plan, roughly two-thirds of the County is undeveloped (vacant and forest). Conversely, the
remaining one-third of the County is developed. Some of the crifical land uses (industry,
agriculture) are analyzed below:
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INDUSTRY

Industrial uses occupy 2% of the County land surface. Although it is a relatively small portion
of the County, this area can be a potential source of stormwater runoff and water pollution
due to typically high percentages of impervious surfaces.

FOREST AND PARK LAND

State and Federal forest and park lands and other municipal public lands represent over 32%
of the land surface. Forest lands are important resources that, when properly managed, can
preserve surface water quality and prevent stream bank erosion and sediment pollution.
Recreation/tourism is an important industry to the County as is forestry. A focus of many
within the County is the protection and preservation of the forest resource while managing
the economic needs of forestry operations. A concern is the impact of the forestry
operations on the environment, including runoff and pollution.

The Commonwealth of Pennsylvania owns considerable acreage in Pike County, especially
in the northern section. The Delaware State Forest contains over 77,438 acres including the
Promised Land State Park and the Delaware Water Gap National Recreation Area occupies
over 18,535 acres. In addition, there are 23,043 acres of State Game Lands located
throughout the county. Both publicly and privately owned forest lands are important in
stformwater management and water quality protection.

AGRICULTURE

Agriculture represents a relatively small portion of the County’s land. Agriculture is an
important land use with respect to stormwater management as it limits development and
the impervious cover of the land. However, agriculture can also be a source of pollution
through siltation and nutrient runoff.

RESIDENTIAL SUBDIVISIONS

Residential development in the County has been mainly associated with large residential
subdivisions that, according to the Comprehensive Plan, were mostly recorded in the 1960's
and 1970's. The subdivisions were not initially completed to full-development potential and
have been experiencing infill development as the population growth in the County has
continued. Difficulties arise because the original developments were not required fo
incorporate comprehensive stormwater management facilities and, as the developments fill
out, the storm runoff is causing flooding, erosion, and water quality degradation problems.
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