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Created in 1965, the Delaware Valley Regional Planning Commission (DVRPC) is an
interstate, intercounty and intercity agency that provides continuing, comprehensive and
coordinated planning to shape a vision for the future growth of the Delaware Valley region.
The region includes Bucks, Chester, Delaware, and Montgomery counties, as well as the
City of Philadelphia, in Pennsylvania; and Burlington, Camden, Gloucester and Mercer
counties in New Jersey. DVRPC provides technical assistance and services; conducts
high priority studies that respond to the requests and demands of member state and local
governments; fosters cooperation among various constituents to forge a consensus on
diverse regional issues; determines and meets the needs of the private sector; and
practices public outreach efforts to promote two-way communication and public awareness
of regional issues and the Commission.

Our logo is adapted from the official DVRPC seal, and is designed as a stylized image of
the Delaware Valley. The outer ring symbolizes the region as a whole, while the diagonal
bar signifies the Delaware River. The two adjoining crescents represent the
Commonwealth of Pennsylvania and the State of New Jersey.

DVRPC is funded by a variety of funding sources including federal grants from the U.S.
Department of Transportation’s Federal Highway Administration (FHWA) and Federal
Transit Administration (FTA), the Pennsylvania and New Jersey departments of
transportation, as well as by DVRPC'’s state and local member governments. The authors,
however, are solely responsible for its findings and conclusions, which may not represent
the official views or policies of the funding agencies.
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l. EXECUTIVE SUMMARY

This report examines congestion along the road network within the PA 413 corridor in Bucks
County, Pennsylvania. Thecorridor coversan areaof approximately 44 square mileslocated within
an areathat variesfrom urban in the eastern section, first generation suburbsin thewest, torural in
thefar west. The CM Sstudy areaincludesmany parallel, adjacent, and intersecting arterialsthat are
connected to PA 413. Thisstudy evaluated congested areas and devel oped improvement strategies
which would improve the mobility of goods and people.

By way of travel time surveys, travel conditions at all intersections within the study network were
evaluated during the peak periods. A total of eight approaches at seven intersections experienced
100 seconds or more of delay during the peak periods. The most congested intersections based on
approach delay were examined in detail, and improvement measuresto reduce congestion and delay
wereidentified. These measuresincluded adjusting traffic signal timing and coordination, installing
protected left turn signal's, constructing pedestrian facilities, incorporating additional turninglanes,
upgrading poor pavement conditions, and restriping pavement markings.

Within the study area, there arefive intersection approaches with more than 120 seconds of average
delay. Thehighest delay was experienced on the southbound approach on PA 413 at the Winchester
Avenue intersection with adelay of 230 seconds. Thisisfollowed by the northbound approach on
Durham Road at the Trenton Road intersection with 225 seconds of delay, and the southbound
approach on Woodbourne Road (Edgel ey Road) at the New FallsRoad i ntersection with 191 seconds
of delay.

In addition to the intersection analysis, ten arterial sections were identified and analyzed based on
their congested speed vs. the free-flow speed. This analysis included a Level of Service
determination for al arterial sections by direction within the AM and PM peak traffic flow. Five
of the arterial sections performed at aLevel of Service F in either the AM or PM peak, while two
performed at Level of ServiceE. Recommendationsfor reducing congestion onthe arterial sections
include traffic signal coordination, road widening, shoulder improvements, and Travel Demand
Management measures.

The study areais served by two regiondl rail lines, SEPTA’s R-3and R-7. Theselinesare oriented
towards Center City Philadel phiaand by themselves, are not suited for suburb to suburb commuting
patterns, which is the dominant trip pattern in the area. The feasibility of acirculatory bus service
for all typesof development inthe study areashould be explored. Timely and appropriate headways,
convenient routing for buses along with better coordination with regional rail service, could result
inincreased transit usage.
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Based on DVRPC's 2025 forecast, Journey-To-Work travel patterns indicate several major
destinations for highway person trips within the study area. Eastern Middletown, Northern
Middletown, Falls, Newtown and Bristol Townships were the primary destinations. Based on the
sameforecadt, transit persontripsare primarily concentrated in areasin close proximity to commuter
rail lines.

While no single strategy will be the panacea for congestion within the study area, the combination
of strategies will have an impact on congestion reduction. Travel Demand Management (TDM) is
a group of actions which, when combined together, can have a marked affect. An increasingly
popular TDM measureis TransitChek . Thisisacommuter benefit program that enables employers
of any size to offer financial vouchers for use on all modes of public transportation. Another
effective TDM measureisthe Mobility Alternatives Program (MAP). This isan outreach program
that provides commuters with information on Share-a-Ride, car and vanpools, and flexible work
hours. Other initiatives that can reduce emissions and relieve congestion are telecommuting
(telework), park and ridefacilities, compressed work weeks, subscription buses, and improvements
to pedestrian and bicycle facilities.
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. PURPOSE

A Congestion Management System (CMYS) is a systematic process that provides information on
transportation system performance and alternative strategiesto all eviate congestion and enhancethe
mobility of persons and goods. The CMS, developed by the Delaware Valley Regiona Planning
Commission (DVRPC) for the Pennsylvania portion of its region, (Pennsylvania Congestion
Management System - Phase 2 Report, July 1997), represents a comprehensively planned regional
approach to managing the area s transportation infrastructure and improving the efficiency of the
transportation system.

Three goals have been established for the CMS. The CMS seeks to: (1) ease traffic congestion
through the reduction of single occupant vehicles (SOV’s), (2) optimize the efficiency of existing
transportation systems by reducing traffic congestion along travel corridors and at critical
intersections through incident management, access control, needed highway improvements, and
advanced technol ogy systems, and (3) improve access and proficiency of the transportation network
to improve mobility.

The CMS consists of five components: (1) performance measures, (2) data collection and system
monitoring, (3) identificationand eval uation of proposed strategies, (4) implementation of strategies,
and (5) evaluation of implemented strategies. In Transportation Management Areas (urban areas of
over 200,000), no significant widening project can be implemented unlessit is part of an approved
CMS study.

DVRPC's Year 2020 Long Range Plan identifiesindividual CM S studies from the region’s major
travel corridorsthat serveasconnectorsfor major activity centers. Creatingacorridor specificCMS
is an effective extension of theregional CMS. The Year 2020 Transportation Plan presents an
extensivelist of policies and strategies, aswell asthe actions required by each agency to carry them
out. The Year 2025 Transportation Plan incorporates most of these policies but makes some
additions and modifications consistent with the vision statements. These include congestion
reduction policiesthat would (1) implement a coherent strategy for delivering more transit options
for commuters, and (2) use transportation demand management techniques for corridor and system
planning.

The PA 413 Corridor was chosen from those corridors in the Year 2020 Long Range Plan and the
PennsylvaniaCMS. The corridor is particularly suitable for a CM S study, due to recurring traffic
congestion, future growth pressures on the traffic system, and the potential for improved public
transportation.
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The PA 413 Corridor CMS study is designed to:

Identify locations that experience traffic congestion and document the severity and duration

Identify causes of congestion

Identify, document, and analyze alternatives to manage traffic congestion including:
- traffic operations
- transit service and related elements
- programs and policies that reduce traffic within the corridor

Develop a program of recommended improvements to reduce traffic congestion

The PA 413 Corridor CM S allowstransportation projectsin agiven areato be devel oped according
to a cohesive plan and programmed in a prioritized manner.




Pennsylvania Congestion Management System - PA 413 Corridor Page 5

1. STUDY AREA DESCRIPTION

PA 413 is an arteria highway which forms the east-west spine of Bucks County from the Bristol
Bridge at the New Jersey border to the northwestern reaches of the county. Land use along the
corridor variesfrom urban in the eastern section, first generation suburbsin the west, to rural inthe
far west. Much of the rural areas have in recent years been converted to low density suburban
development, consisting of single family housing and office parks. In general, the areato the east
of US 1ismore densely developed than the area to the west. With the exception of Newtown and
Langhorne Boroughs, the western area has low density development.

The CM S study areaincludes PA 413 and the many parallel, adjacent, and intersecting arterialsthat
are connected to PA 413 (see Map 1). The study area extends from Bristol Township in the
southeast to Newtown Township in the northwest, while Lower Makefield and Middletown
Townships form the northern and southern limits, respectively. The areaincludes major highway
facilities such as the Pennsylvania Turnpike, 1-95, and US 1. Arterial facilitiesinclude US 13, PA
413, Oxford Valley Road, PA 213, PA 332, Woodbourne Road, PA 532, and US 1 Business. The
study areaincludes all or part of the following municipalities: Bristol Borough, Bristol Township,
Middletown Township, Hulmeville, Penndel Borough, Langhorne Borough, the Borough of
Langhorne Manor, Falls Township, Newtown Township, Newtown Borough, Lower Makefield
Township and Northampton Township.

M ap 2 showsthe current and forecasted 2025 land use patternsfor the study area. Large sections of
the study area are already developed or are expected to grow in the future. Thisis particularly
evident in areas adjacent to the transportation arteries of 1-95, US 1, and PA 532 (Newtown By-
Pass), where large tracts of commercia and office development are proposed. Large residential
developments are proposed for the northern reaches of PA 413 and PA 532 in Newtown Township.

The PA 413 areais served by several public transportation services. The SEPTA R3 and R7 arethe
commuter rail lines that link southeastern Bucks County to Center City Philadelphia and Trenton,
New Jersey. Several SEPTA busroutesalso servethearea, including Routes 14, 127, 128, 129, and
130.
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V. HIGHWAY NETWORK

Designation of Arterial Sections

The PA 413 study area is served by an intricate and extensive network of interstate highways,
freeways, and arterials, which provide mobility and access to both freight and vehicular traffic
traveling through the area. The highway network where travel times were conducted for the study
areais comprised of approximately 50 miles of roadway. Map 3 shows the PA 413 study area
highway network with the Federal Functional Classification. Below is a listing of the primary
highways within the study areawith a brief description of their function.

Pennsylvania Turnpike (I-76)

The Turnpikeisan interstate highway that spansthe length of Pennsylvania, from New Jersey to the
Ohio border. It isafour-lane, limited-access toll road, with the Bristol / US 13 interchange being
the only point of ingress or egress within the study area. The Turnpike cuts across the south end of
the study area, providing direct accessto the New Jersey Turnpike and to pointswest. It isnot used
for travel inside the study area.

1-95

[-95 isaninterstate highway which parallelsthe Delaware River from New Jersey. It extendsacross
Bucks, Philadelphia, and Delaware Counties in Pennsylvania, and then into Delaware. Where it
traverses the study area, it is primarily a four-lane divided highway. It isamajor access road for
suburban commuters traveling to Center City Philadelphia. There arefour 1-95 interchangesin the
study areac  PA 413 near several industria parks in Bristol, US 1, US 1 Business (Levittown /
Penndel), and PA 332 (Newtown / Yardley). Thel-95/ US 1 interchange is a significant highway
intersection withinthe study areabecause of high volumesand regional importance of bothfacilities.

USi

US 1 is a multi-lane limited access freeway that runs from Trenton to Philadelphia and across
Delaware County into the State of Delaware. It isthe primary east-west facility through the center
of the study area, and provides access to major employment centers along its route. There is an
interchange with 1-95 within the study area, and another with the Turnpike just outside the study
area. Therefore, US 1 provides direct access between 1-95 and the Pennsylvania Turnpike. In
addition, the Bellevue Avenue (PA 413) exit of US 1 (southbound only) provides access to the
Langhorne Train Station.

US 1 Business (Lincoln Highway)

US 1 (Lincoln Highway) is the alternate or business route of US 1 which cuts across the center of
the study areaon an east-west axis. It splitsfrom US 1 at the western edge of the study areanear the
[-276/US 1 interchange and rejoins US 1 several miles east of the study areain Falls Township. It
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isaprincipal arteria facility, mostly four lanes with no shoulder, and has many access and egress
pointsthat carrieslocal traffic within Bucks County. It isthe main street through Penndel Borough
and many businesses border itsroute. The Langhorne Train Station in Penndel can also be accessed
from US 1 Business. In the west, it provides a connection to Old Lincoln Highway and, via Old
Lincoln Highway, to Bristol Road and the Neshaminy Falls Station.

UsS13

US 13isafour-lane divided roadway that traverses the south end of the study area, running parallel
to the Delaware River. It isawell-traveled principal arterial roadway. Furthermore, a number of
industrial parks are located along US 13 and benefit from its access to major facilities. It provides
direct access to 1-95 (from aramp just south of the study area) and to the Pennsylvania Turnpike
(from aramp in the southeastern section of the study area). US 13 provides accessto PA 413, and
to SEPTA’s R7 Croydon and Bristol Regional Rail Stations.

PA 413

Thisisaprincipal arterial with apredominantly north-south orientation which formsthe spine of the
study area. From Durham Road to points southward, it is afour-lane facility which provides direct
accessto the Bristol Bridge. PA 413 isatwo-laneroadway serving mostly residential areasthrough
Middletown Township and Langhorne Boroughinthe heart of thestudy area. Inthenorthern section
of the study area, PA 413 becomes the Newtown By-Pass, a high-speed four-lane divided highway.
In combination with US 13, PA 413 provides direct access between the Pennsylvania Turnpike and
[-95. Itisaso the primary access road to SEPTA’s R-3 Langhorne Regional Rail Station.

PA 432 (Old Lincoln Highway)

PA 432 is an urban collector that cuts across Middletown Township on the west side of the study
area. It also provides access between two important east-west facilities: US 1 and PA 213. It
originates at PA 213 in the north, parallels US 1, then parallels Neshaminy High School, and
terminates at the SEPTA R-3 railroad right-of-way.

PA 213

PA 213 (Maple Avenue and Old Lincoln Highway) isaminor arterial that cuts through the center
of the study area on an east-west axis. It originatesat US 1 to the east and terminates at PA 532 in
Lower Southampton to thewest. The PA 213/ US 1 interchange connects anumber of Middletown
Township commercial, business, and residential areasto US 1 and 1-95. The eastern section of PA
213 isafour-lane undivided highway, while much of the western half isatwo-lane arterial.
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PA 332

PA 332 (Newtown By-Pass) isaprincipal arterial that cut through the north end of the study area.
This divided highway sweeps south and then east around Newtown Borough. It isamajor access
route to 1-95 at the interchange in Lower Makefield. The roads that feed into PA 332 include PA
413, PA 532, and Woodbourne Road. Throughout the Newtown By-Pass corridor, PA 332 hasfour
travel lanes with a shoulder.

PA 532

PA 532 extends from Philadel phia to Washington Crossing on the Delaware River. It cuts across
the north end of the study area on a southwest-northeast axis, and it isthe only arterial that provides
access to / from large sections of Northampton, Newtown, and Upper Makefield Townships. Itis
aprincipal arterial through Newtown and becomes a minor arterial from just north of Newtown to
Washington Crossing. It is aso a major access road for the Newtown By-Pass and to Newtown
Borough. Withinthe study area, PA 532 isprimarily atwo-lane roadway with either aturf shoulder
or no shoulder.

Durham Road

This as an urban collector which extends from PA 413 in Bristol Township to US 1 Business
(Lincoln Highway) in Penndel Borough. Durham Road runs parallel to PA 413 through much of
Middletown Township. Itisamajor accessroadto SEPTA’s R-3 Regional Rail Langhorne Station.

Woodbourne Road

Thisis atwo-lane principal arterial that runs on a north-south axis through the eastern half of the
study area, providing access to nearby business parks and shopping centers. Thereis direct access
from Woodbourne Road to SEPTA’ sR3 Regional Rail Woodbourne Station. Withinthestudy area,
Woodbourne Road extends from PA 332 (Newtown By-Pass) in the north to New Falls Road in the
south.
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Transportation I mprovement Projects (T1P) in the PA 413 Study Area

The TIP isthe regionally agreed upon list of priority projects, as required by federal law. The TIP
document must list all projects that intend to use federal funds, along with non-federally funded
projectsthat areregionally significant. The TIP also includes all other State funded capital projects.
The projects are multi-modal. They include bicycle, pedestrian, freight related projects, innovative
air quality projects, aswell as traditional highway and public transit projects.

Thefollowingisalist of theregionally significant Transportation Improvement Projects to the PA
413 Congestion Management Study, derived from DVRPC FY 2003 Transportation |mprovement
Program for New Jersey and Pennsylvania.

TIP#5020 PA 413, New Rogers Road- Thisproject involvesreconstructing the PA 413/ US 13
intersection with jughandles, widening PA 413tofivelanes between US 13 and 1-95
spur, and widening to four lanes between 1-95 spur and Ford Road.

TIP #5533 PA 332, Richboro Road Bridge Replacement- The existing two lane bridge will be
replaced over Neshaminy Creek.

TIP#5582  Woodbourne Road- At Langhorne-Yardley Road, add left turn lanes to all
approaches.

TIP#5615  Stoney Hill Road, Heacock Road to Oxford Valley Road- Thisproject will eliminate
asubstandard curve. It involves widening to eight feet wide minimum shoulderson
both sides of the street, right turn lanes as needed, and a sidewalk / bikeway on the
north side of the street.

TIP#5669  1-95 Delaware Expressway Interchange- Interchange upgrade: A new ramp will be
constructed from PA 332 eastbound to I-95 northbound and rel ocate the existing 1-95
northbound off-ramp to PA 332.

TIP#5651  PA 413, New Rogers Road- Widen four feet on each side to accommodate a center
lane between Lincoln Highway and Bath Road.

TIP#5699  US 13, Bristol Pike- This project involves installing a closed loop traffic signa
system for approximately 16 intersections. The improvement is intended to
accommodate the additional traffic anticipated during the rehabilitation of 1-95.

TIP#5726 US 1 Business- Closed |oop traffic signal interconnection between Hulmeville Road
and Oxford Valley Road.
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TIP#5740

TIP #5753

TIP #5757

TIP #5783

TIP#B11

Pedestrian Bikeway Interconnect Project- Thisproject consistsof road improvements
for bicycle facilities on Newtown-Y ardley Road (PA 332).

Woodbourne Road and East Lincoln / Old Lincoln Highway- Widening of both
intersectionsto provide additional through laneson Woodbourne Road, dual | eft turn
lanes on East Lincoln Highway, right turns on Old Lincoln Highway, and traffic
signal upgrades.

Sycamore Street- Reconstruct Sycamore Street from Newtown By-Pass to Durham
Road to include new drainage, pavement, signals, and curbing.

Sycamore Street Streetscape in Newtown- Enhancements include trees, pedestrian
facilities, ornamental lighting, street banners, benches, waste receptacl es, bikeracks,
planters, hanging baskets, bollards, and ornamental traffic signal poles.

Swamp Road Corridor- Between PA 413 and Rushland Road, minor roadway
widening, horizontal and vertical curve realignment, shoulder rehabilitation, and
associated drainage improvements.
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Traffic Volume Analysis 1999 - 2002

By observing traffic volumes over time, trends become evident which reflect increases or decreases
which are directly related to changesin Vehicle Miles Traveled (VMT).  Map 4 illustrates the
AverageDaily Traffic countsfor varioushighwayswithinthe study areaover the period 1999 - 2002.

While 1-95 recorded the highest volumes (53,088), other highway sections with high volumes
included portions of PA 332 in Newtown Township (29,000), PA 413 in Middletown Township
(21,482), and Trenton Road, also in Middletown Township (20,864).

The highways with the greatest volumes are those that function as conduits to the major
thoroughfaresin the area: 1-95, 1-295, and US 1. PA 332 (Newtown By-Pass) in Lower Makefield
Township connects directly with 1-95. PA 413 and PA 213 in Langhorne and Middletown
Townships experience high volumeslargely because their proximity provides easy accessto the US
1 interchange. Volumes on US 13 in Bristol Township increase on the approach to the I-276
(Pennsylvania Turnpike) ramps.
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Traffic Accidents 2000 - 2001

There are many causes of highway accidents. These include equipment failure, driver behavior
(primarily through excessive speeding, inattention, or driving while impaired), and inadequate
maintenance and roadway design. One measure of highway safety is the number and severity of
accidents that occur at specific locationsover time. Within this section of Bucks County, the
occurrence of accidents over the years 2000 - 2001 isgenerally evenly dispersed along the primary
road network. Accident clusters generally occurs at intersections and links where volumes are
particularly heavy. The most severe accidents are fatal and magjor injury accidents. These are
concentrated in pocketsin the central and south-eastern section of the study area. Map 5 showsall
accidents designated as fatal or major injury accidents in the study areain the years 2000-2001.

The highest concentration of fatal accidents in 2000 and 2001 occurred at or approaching the
intersection of Oxford Valley Road and New FallsRoad in Bristol Township. Over the period, atotal
of 54 accidents occurred at thisintersection. Of thistotal, three were fatal accidents and four were
major injury accidents. The intersection of New Falls Road and PA 413 in Bristol Township
recorded three major injury accidents over the same period.

The heavily commercial and often congested section of US 1 Business, extending from its
intersection with PA 213 through its intersection with US 1 (Freeway), experienced numerous
accidentsover the period. Thissegment experienced seven major injury accidents. Theintersection
of US 1 Business and PA 513 in Penndel Borough is a peak accident area where a total of 16
accidents occurred, two of which were major injury accidents.

Another peak accident areais the intersection of PA 413 and PA 213 in Langhorne. A total of 17
accidents were recorded at this intersection which is a critical confluence of east-west and north-
south traffic.

Several accidents occurred on the approach to the Pennsylvania Turnpike underpass at PA 413
including one fatal and one major injury accident. There isalane drop from two lanesto one lane
for northbound traffic which requires merging at this location.

Recommendation

Improving highway safety will involve changing attitudes such as reducing excessive speed on
roadways, and understanding and obeying traffic control devices. Innovative solutions, both passive
and active, should be explored and targeted at these critical locations.
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M easures of Performance

Thebasicunit of thearterial isthe segment, which isthe one-directional distancefromonesignalized
intersection to the next. If two or more consecutive segments are comparable in arteria
classification, segment length, speed limit, and general land use activity, then the segments were
aggregated into arterial sections.

Based on comprehensive data collection and analysis of both the segment and each arterial section
as awhole, several criteria were used to measure traffic performance. A travel time study was
conducted on the most congested arterials within the study area. There were several measures of
performance used to interpret the amount of congestion on an arterial section. It should be noted that
the gathered information was based on field observations, and represent a snapshot of roadway
conditionsat that time. Becausethisisagrowing section of Bucks County, traffic conditionschange
quickly, due mainly to increases in person trips and vehicle milestraveled (VMT).

®  Travel Time Study - For the purpose of this analysis, travel time studies were conducted to
measure actual travel speeds on arterials within the study area. Travel time studies are used
specifically to evaluate the extent and causes of congestion. Thetravel timeinformation can
be used to identify problem locations on facilities by virtue of high travel times and delays,
and to measure arterial Level of Service.

® Average Car Technigue - To ensure uniformity of data, a method called the average car
technique was used. In this procedure, the driver approximates the average conditions by
maintaining asimilar position within the traffic stream.

Measurements of time travel were taken at each intersection of the travel area. Travel runs were
conducted during the AM and PM peak periods. A singletravel runtook an average of ten tofifteen
minutes to complete. This alowed adequate time for three travel runs in each direction to be
conducted for each peak period. Throughtheuse of thistechnique, arepresentative sampleof traffic
conditions throughout the peak period was documented to assure that the duration and variation of
congestion throughout the period was taken into account. Directional variationsin traffic flow were
also noted.

The AM and PM peak periods were conducted during same time frame each day that travel times
were performed. The AM peak period generally ranged from 7:00 am to 8:30 am. The PM peak was
generally from 4:00 pm to 6:30 pm. Travel runs were conducted on Tuesdays, Wednesdays, and
Thursdays of non-holiday weeks, while school wasin session. This technique was used to capture
typical weekday traffic conditions. Thetravel speed, or average speed of atraffic stream computed
as the length of aroadway segment divided by the average travel time of a vehicle traversing the
segment, was cal culated for each segment on the arterial.




Page 26 Pennsylvania Congestion Management System - PA 413 Corridor

Free-Flow Speed - The free-flow speed (FFS) isdefined by the 2000 Highway Capacity

Manual (HCM) as the theoretical speed of traffic when density is zero. This can be
interpreted in practical terms as the average speed vehicles tend to drive when they are not
constrained by control delay. Thefree-flow runswere conducted during times of unimpeded
travel, typically between 9:30 am and 10:30 am in the morning. Two travel runs were
performed in each direction and an average free-flow speed was computed. It should be
noted that the free-flow speed is an ideal speed that serves as a benchmark by which the
effect of traffic congestion and other impediments to normal traffic flow can be gauged.

Travel Time Speed versus Free-Flow Speed - Thisistherelationship between average travel
speed and free-flow speed. Thisis calculated by simply dividing the congested travel time
speed with the free-flow speed, which yields a certain percentage. The top ten arterial
sections are ranked based on travel speed as a percentage of ideal speed and are listed by
direction. The peak period and the corresponding Highway Capacity Manua Level of
Service are aso given. Additional variations in peak period and direction of the top ten
arterial sectionsarelisted, providing that thetravel speedtofree-flow speedratioislessthan
fifty percent.

Ingeneral, theLevel of Serviceisconsistent with the percentage of free-flow speed. However, since
the travel speeds and free-flow speeds were recorded from field research, a straightforward
comparison between the two speeds is more precise than Level of Service.

Level of Service(LOS) - Arterial Level of Serviceisbased on average through-vehicle travel
speed for the segment or arterial section under consideration. Level of Serviceisdefined in
terms of the average travel speed of al through vehiclesonthearterial. Onagiven facility,
such factors as inappropriate signal timing, poor progression, traffic signa density,
increasing traffic flow, turning vehicles, and averageintersection control delay caninfluence
Level of Service.

The arteria sections are categorized based on a combination of average travel speed and street
classification. Determining the street classification is established from direct field measurements
of the free-flow speed and on an assessment of the street’s functional and design categories.
Functional categoriesarebased on mobility, access, connectivity, and predominant triptype. Design
is based on a variety of criteria, including driveway density, arterial type, parking, speed limit,
pedestrian activity, and roadside development. Once the arterial sections have been properly
classified, the appropriate Level of Service can be determined based on average travel speed.

The Level of Service (LOS) analysisisused extensively in thisreport. A general description taken
from the 2000 Highway Capacity Manual of the different LOS follows:
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LOS A- describes primarily free-flow operations at average travel speeds. Vehicles are
completely unimpeded in their ability to maneuver within the traffic stream. Control delay at
signalized intersectionsis minimal.

LOS B- describes reasonably unimpeded operations at average travel speeds. The ability to
maneuver within the traffic stream is only slightly restricted, and control delays at signalized
intersections are not significant.

LOS C- describes stable operations, however, ability to maneuver and change lanes in
midblock locations may be more restricted than at LOS B. Longer queues, adverse signal
coordination, or both may contribute to lower average travel speeds of about 50 percent of the free-
flow speed (FFS) for the street class.

LOSD- borderson arangein which small increasesin flow may cause substantial increases
in delay and decreases in travel speeds. LOS D may be due to adverse signal progression, high
signal densities, high volumes, or a combination of these factors.

LOSE- ischaracterized by significant delays. Such operations are caused by acombination
of adverse progression, high signal density, high volumes, extensive delays at critical intersections,
and inappropriate signal timing.

LOSF- is characterized by traffic flow at extremely low speeds, typically one-third to one-
fourth of the FFS. Intersection congestionislikely at critical signalized locations, with high delays,
high volumes, and extensive queuing.

There is some subjectivity in determining the road classification in the Level of Service analysis.
Arterial roads in any given area can change capacity and geometry very rapidly; generalizing an
urban street may bedifficult. Theremay beinstanceswherean arterial fallsinto multiple categories,
or may be so unigque that it does not fall into any distinct, individual category. When this occurred,
the free-flow speed was used to aid in this determination, because each arterial classification hasa
characteristic range of free-flow speeds. Although there is some subjectivity, it is important to
remember that the Level of Serviceisawidely accepted and valid indicator of traffic performance.
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M ap 6 showsthe AM peak Levelsof Servicefor the study areaobserved through travel time surveys
conducted during the hours of 7:00 am to 8:30 am on atypica weekday. The most congested areas
under the Level of Service analysis are PA 413 and PA 213 in the Langhorne Borough area, the
Newtown By-Pass to the east of Newtown Borough, PA 413 through the US 13 intersection, and
Woodbourne Road between Oxford Valley Road and Woodlane Road. Most of these sections of
roadway experienced Levels of Service of D or lower.

Most of the US 1 Business Corridor performs a Level of Service C or better during the AM peak.
Asahighly retail and commercial area, most of the business open after the end of the AM peak. As
aresult, much of theUS 1 Business Corridor wasdid not experience high level s of congestion during
the AM peak.

Map 7 shows the PM Level of Service for the study area observed through travel time surveys
conducted during the hours of 4:00 pm to 6:30 pm on atypica weekday. The most congested areas
during the PM peak occur on Woodbourne Road, where Level of Service E and F are experienced.
The PA 213 corridor sees Level of Service F through sections of Langhorne Borough. Other
congested areas include PA 413 through the US 13 intersection, US 1 Business through Penndel
Borough, Oxford Valley Road, and sections of the Newtown By-Pass.

While conducting travel time runs during the PM peak, it was observed at several locationsthat the
left turn bays exceeded capacity and spilled back into the through travel lanes. Most notably, this
occurred on the Newtown By-Pass at the PA 532 intersection. This condition was also observed at
the PA 322 and 1-95 intersection. Because travel times were only conducted in the through
movement, the Level of Servicefor aparticular arterial section doesnot reflect delay incurred by left
turning vehicles. The Level of Servicewas only calculated for the through movements. However,
the delay caused by left turning vehicles impeding the progress of through traffic is reflected in the
Level of Servicefor that particular arterial section.
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V. MOST CONGESTED ARTERIAL SECTIONS

Theten most congested arterial sectionsare listed based on the travel speed as a percentage of free-
flow speed asidentified in Table 1 and are shown in Map 8. The arterial sections were examined
based on the existing conditions of the arterial section and immediate vicinity. It should be noted
that the Level of Service is a composite of all the individual arterial segments that make up an
arterial section. There are variationsin congestion within each section which may be greater or less
than the average depending on the length of the segments. Therefore, theresulting Level of Service
is based on average travel speeds for the entire section.

TABLE 1

Ten Worst Performing Arterial Sections

Average | percentageof | HCM

Peak Travel Free-Flow | Level of
Arterial Section Direction| Period | SP€d (MPh)| gpeed (mph) | Service
1.[[PA 213: Wheeler Dr to PA 413 WB PM 11.0 25.8 F

Woodbourne Rd: US 1 Business to
2. Oxford Valley Rd NB PM 149 334 E

Woodbourne Rd: Woodlane Rd to

3. US 1BUS Ness SB PM 12.3 335 F
4.]|PA 413: Western Aveto State Rd SB PM 12.2 34.4 F
5. |[PA 213: Golf Club Dr to PA 413 EB PM 11.8 35.1 F
6. |[PA 413: Bridgetown Piketo PA 213 SB AM 122 36.9 F
Woodbourne Rd: Oxford Valley Rd
7. to New Falls Rd SB PM 16.0 40.5 E
8. US 1 Business: Durham Rd to WEB BM 18.2 128 D
Hulmeville Rd
9 PA 413: Bridgetown Pike to the NB BM 180 431 D

Newtown By-Pass

10. |PA 413: US 1 Businessto PA 213 NB AM 18.9 45.9 D







= R\
N
Wrightstown Twp @ w é; £
Newtown Twp s
~\ 0 0.5 1 15
/ ) @ Miles
[} .,
\ /’ \\. 95 J Delaware VaIIey_ R_egional
S \/__ j ‘I;’Lll?;ggg:;(:ommlssmn N
/’I /—_] 19 ‘l =
( L L’ | A
— Lower
" NeB\{\(lJt:)(;Nn Makefield Twp
)
C ar el
- ~ \
Northampton Twp 9 Middletown Twp \\
~ T o~
6
3 > \ Falls Twp
~
N glo) " s
', % T
> | s ~.
\ A /’ N,
.. P 7
Manor Boro \ /'
Lower \
Southampton A (L) - “\
TWp / ~\~ _— ‘\ 8 Ay
/ N\, NN \
'/ ™, / \" 0& \
SR L~ <A &
'/' \H ulmevi I le. %0 >
2 Boro \\ S
\4‘ R om T \\ \\ Bristol Twp
@ Arterial Section
)
Refer to Table 1 for Arterial
Section Descriptions =
A
Map 8:
Ten Wor st e Gvon
Performing
Arterial Sections ¥
Nde
Z o







Pennsylvania Congestion Management System - PA 413 Corridor Page 37

A comprehensive eval uation wasmade on each of theten worst performing arterial sections. Current
problemswere examined and improvement strategies were made regarding the policies and actions
necessary for reducing current and future congestion. The recommended improvements are
consistent with local, state, and federal construction projects. These improvementsinclude signal
timings, closed loop signal systems, shoulder and roadway upgrades, pavement markings, better
signage, adding capacity, and incorporating recommendations with existing TIP projects.

1 PA 213: Wheeler Driveto PA 413
Middletown Township, Langhorne Borough

Existing Conditions

This arterial section extends from the Bucks County Business Center at Wheeler Drive in
Middletown Township, through the US 1 interchange, to the central business district in Langhorne
Borough. PA 213 is generaly a high-speed, four lane arterial serving commercial and industrial
areas from Wheeler Drive through the US 1 interchange. Between North Flowers Mill Road and
PA 413, it servesresidential areas. Just west of the US 1 Interchange, PA 213 narrowsto two lanes
and speeds are reduced.

This section experienced significant congestion in both the eastbound and westbound directions
during the PM peak period. In the westbound direction, the average travel speed for the entire
section was eleven miles per hour, performing at Level of Service F. The average travel speed for
the eastbound direction was just under twenty miles per hour, aLevel of ServiceD. Duringthe AM
peak period, the arterial section performed at Level of Service D in both directions.

The major causes of congestion are the consecutive signalized intersections through the US 1
interchange areaand long backups at the PA 413 intersection. The US 1 interchange generates high
traffic volumes entering and exiting US 1. Vehicles also use Flowers Mill Road to access 1-95 and
the Middletown Township area. Just west of the US 1 South exit (North Flowers Mill Road), PA
213 narrows from four to two lanes. This also causes slowdowns as vehicles in the westbound
direction must mergeinto asinglelane. Atthe PA 413 intersection on PA 213, vehicles are backed
up over atenth of a mile, past Cherry Street in the PM peak, due to high volumes of vehicles
approaching from the US 1 interchange area. This includes through vehicles on PA 213, vehicles
exiting US 1, and traffic turning from North Flowers Mill Road onto westbound PA 213. All the
traffic funnels onto PA 213 in Langhorne Borough, and as aresult, vehicles often have to wait two
or three cyclesto clear the through movement of the PA 413 intersection during the PM peak.

Thetraffic signal at the PA 413 and PA 213 intersection also contributesto delay. There are high
volumes on each approach during the peak periods, and adjusting the signal timing to favor one
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approach will only increase delay for other approaches.

It was observed that vehicles used local roads in Langhorne Borough to avoid the PA 413
intersection. Westbound traffic made aright turn onto National Avenue, cut through aresidential
area, and then proceeded onto PA 413.

Recommended Improvements

a) There arethreesignalized intersectionswithin aquarter milevicinity at theUS 1 interchange
on PA 213. Duetotheclose proximity of traffic signals, thesignalsat Wheeler Drive, South
Flowers Mill Road, US 1 south exit, and US 1 North Exit should be coordinated together to
ensure an unimpeded flow of traffic.

b) Prevent vehicles from cutting through the residential neighborhoods via National Avenue.
This can be accomplished by installing signs that either prevent right turns during certain
peak hours, or by making National Avenue a one-way street.

C) Evaluate the feasibility of incorporating a separate right turn lane on the PA 213 westbound
approach at the PA 413 intersection. Thiswill reducedelay and providerelief from vehicles
from using side streets to cut through residential areas.

d) Evaluate the signal timing of the PA 413 / PA 213 intersection. Significant delay is
experienced at multipleapproaches. Sincelarge-scaleintersection expansionisnot feasible,
optimizing the signal time may help to reduce congestion.

2. Woodbourne Road: US 1 Businessto Oxford Valley Road
Middletown Township

This section of Woodbourne Road, |ocated in Middletown Township, isaheavily utilized corridor,
linking large commercial establishments including the Oxford Valey Mall and the Langhorne
Square Shopping Center. It serves numerous auto deal ershipson the north end and largeresidential
areas of Middletown and Bristol Townships at the southern end. This arterial section includesthe
intersections of US 1 Business, Harmony Road, Trenton Road, and Oxford Valley Road. Between
the Harmony Road and US 1 Business intersection, Woodbourne narrows from four lanes down to
two.

Both the northbound and southbound traffic experience significant delay on this arterial sectionin
the PM peak period. Each direction experienced aLevel of Service Einthe PM peak. The average
northbound travel speed wasfifteen miles per hour, while the southbound average travel speed was
just over thirteen miles per hour. The AM faired better; the northbound received alLevel of Service
D, whilethe southbound recorded aLevel of Service B. The southbound approach to Trenton Road
was particularly congested. During the PM peak, an average of 98 seconds of delay was experienced
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for travel along this section.

Much of the congestion and significantly low travel speedsthroughout this section of Woodbourne
Road can be attributed to high volumes. In the southbound direction, just past the US 1 Business
intersection, Woodbourne Road narrowsfrom two lanesto one. Thisproblemiscompoundedinthe
peak hours, as high volumes cause slowdowns. Thelanedrop forcesvehiclesto mergeinto asingle
lane. Inthe northbound direction, significant delay isexperienced at the approach to US 1 Business.
Thisis aresult of the long signal cycles at the US 1 Business / Woodbourne Road intersection.
Additional delay on this arterial section is a result of close proximity of traffic signals at the
Harmony Road, Trenton Road, and Oxford Valley Road intersections. During the PM peak in the
southbound direction, traffic was congested the entire segment from Trenton Road through the
Harmony Road intersection.

The combination of heavy volumes and consecutive signalized intersections at Harmony Road,
Trenton Avenue, and Oxford Valley Road result in jam conditions. Significant improvements
through this section of Woodbourne Road cannot be achieved without increased roadway capacity.

Recommended Improvements

a) Because of their close proximity, the Harmony Road, Trenton Road, and Oxford Valley Road
traffic signals should be timed so their offset can alow for a north-south progression of
traffic.

b) The Woodbourne Road / US 1 Business intersection will be widened as a result of TIP
#5753. This should aleviate some of the congestion at the northbound approach to US 1
Business.

C) Evaluatethefeasibility of expanding Woodbourne Road from two to four lanes between US
1 Business and Oxford Valley Road.

3. Woodbourne Road: Woodlane Road to US 1 Business
Middletown Township

This arterial section, located in Middletown Township, extends from the Woodlane Road
intersection, through the Fourth Street and PA 213 intersections, down to US 1 Business. The
northern end of the section provides access to the Woodbourne Rail Station (SEPTA R3). Access
to the Oxford Valley Mall is provided at the Fourth Street intersection. The southern section
includesthe PA 213 and US 1 Business intersections. Woodbourne Road serves as an aternate to
PA 413 between US 1 Business and the Newtown By-Pass.

Theworst congestion occursin the southbound direction during the PM peak. The southbound traffic
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performed at Level of Service F, with an average travel speed of twelve miles per hour for the
section. The worst individual segment was southbound between PA 213 and US 1 Business. This
short segment averaged a travel speed of under four miles per hour during the PM peak. In the
northbound direction of the PM peak, Woodbourne Road experiencesal evel of ServiceD. During
the AM peak, the southbound average travel speed was just under fifteen miles per hour, and the
northbound average speed was nineteen miles per hour, receiving a Level of Service E and D,
respectively.

There are several contributing factorsto the excessive congestion on thisarterial section. Thefirst
major causeisthe Conrail / SEPTA R3rail crossing located near the Woodlane Road intersection.
Therail crossing causes major delays when the gates are closed to allow for the passage of trains.
Thevehiclesare backed up through the Woodl ane intersection on the north side of the crossing. On
the south side, vehicles are queued over aquarter-mile during the peak periods. When atrain passes
and the gates areraised, thereisalong, continuous platoon of vehicles. Inthe southbound direction,
the downstream intersection of Fourth Street and PA 213 quickly reach capacity. Thisresultsin not
only long delayswhilewaiting for trainsto clear, but additional delays at downstream intersections.
These conditions are compounded during the peak periods when traffic volumes are higher.

Delay wasa soincurred near the Fourth Street intersection. Thisintersection hasaprotected left turn
phaseinto the Oxford Valey Mall on the southbound approach. Between Fourth Street and PA 213
on Woodbourne Road, the northbound traffic has two travel lanes, while the southbound side only
hasonetravel lane. Thisresultsin significantly more delay per vehicle in the southbound direction
as the roadway capacity is half the northbound direction.

At the PA 213 and US 1 Business intersections on Woodbourne Road, significant delays were
observed. During the PM peak, vehicles experienced 147 seconds of delay on the southbound
approachtothePA 213 intersection. Boththetraffic signalsat US 1 Businessand PA 213 havelong
signal cyclelengths. The problem in the southbound direction is exacerbated by heavy volumes of
right turning vehicles from PA 213 onto Woodbourne Road. This adds numerous vehicles to the
gueue at the US 1 Businessintersection because of itsclose proximity. Thevehiclesarethen backed
up continuously from US 1 Business to PA 213. When queued through movement vehicles at PA
213 on the southbound approach receive a green light, the vehicles block the entire intersection.

Recommended Improvements

a) Evaluatethe stopping location of the SEPTA R3trains. Theposition of thetrains, especially
inbound trains to Philadelphia should have minimal impact on Woodbourne Road by
stopping further away from the roadway crossing.

b) Dueto heavy volumes of traffic on US 1 Business and PA 213, the green time favors these
arterialsat theWoodbourneintersections. Thisresultsinlonger delaysfor thethrough traffic
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on Woodbourne Road. However, because of the close proximity of the two intersections,
it isimportant that they are coordinated in the north and southbound directions to prevent
traffic from backing up and blocking subsequent intersections.

C) TIP #5753 includes plans to widen both the US 1 Business and PA 213 intersections on
Woodbourne Road to create additional through lanes on Woodbourne Road and other
capacity improvements. Theseimprovementsshould help aleviatedelay throughthearterial
section.

4, PA 413: Western Avenueto State Road
Bristol Township, Bristol Borough

The US 13 and PA 413 juncture comprisesthis section of PA 413 located in Bristol Township. To
the south of State Road on PA 413 isthe Burlington-Bristol Bridge, to the north of Western Avenue
is the interchange with 1-95, while a short distance to the east on US 13 is a connection to the
Pennsylvania Turnpike. Theintersection of US 13 and PA 413 ispart of the signed link between |-
95 and the Pennsylvania Turnpike. As a result, a large number of connecting traffic and heavy
vehiclesusethisarterial section. PA 413, between 1-95 and US 13, has recently undergone amajor
upgrade processthat included i ntersection improvements, resurfacing, widening, and streetscaping.

This section performed at a Level of Service F in the southbound direction in both the AM and PM
peak periods. Travel speedsfor the southbound direction were thirteen miles per hour in the AM,
and twelve miles per hour inthe PM. In the northbound direction, the Level of Service for the AM
and PM peak periodswas E. Most of the delay and congestion was experienced through the US 13
and New Rogers Road intersections. PA 413 has recently been upgraded north of the US 13
intersection. Asaresult, no significant delay was experienced at the Western Avenue intersection.

The main cause of congestion through this section was a combination of consecutive signalized
intersections and a cumbersome roadway geometry. In addition to heavy volumes that add to
vehicular delay, the PA 413 and US 13 intersection does not align in the northbound / southbound
direction. Traversing through the intersection in the southbound direction, the through traffic must
make a gradual left turn through the intersection. Vehicles proceed under the narrow Amtrak /
SEPTA bridge, then make afree right turn at the New Rogers Road intersection.

In the northbound direction on PA 413 at the approach to US 13, thereis one left / through shared
lane and oneright / through shared lane. Sinceasignificant number of vehiclesintheright laneturn
right, opposing left turning traffic is under the impression that the lane is a right turn only, and
vehicles frequently turn in front of the opposing through traffic. In addition, since the intersection
inthe northbound direction isoffset, vehiclestend to drift over into other lanes, cutting off vehicles.
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Recommended Improvements

a) Restripe the pavement markings on the PA 413 northbound approach and US 13 westbound
approach. Thiswill identify turning movements and reduce driver confusion.

b) Install pavement marking extensions through the US 13/ PA 413 intersection in the north
and southbound directions to help guide vehicles through the intersection.

C) Improvethelighting under the SEPTA / Amtrak bridge. Lightingispoor, and seeingthelane
and pavement markings is difficult.

d) Improvements to this intersection should be consistent with TIP #5020. This project
involves reconstructing the PA 413/ US 13 intersection with jughandles.

5. PA 213: Golf Club Driveto PA 413
Middletown Township, Langhorne Borough

This generally two lane arterial section containsthe Golf Club Drive, Bellvue Avenue, and the PA
413 intersectionsalong PA 213. Most of the sectionisin the central business district of Langhorne
Borough. Thereis parking on both sides of PA 213 through most of Langhorne Borough.

Theeastbound direction performed worse than thewestbound directionin boththe AM and PM peak
periods. Inthe eastbound direction, the section performed at Level of ServiceD inthe AM peak and
Level of ServiceFinthe PM peak. Thewestbound directionfaired slightly better, receiving aLevel
of Service C inthe AM and Level of Service D during the PM peak. During the PM peak in the
eastbound direction, the average travel speed was just under twelve miles per hour. The worst
performing segment was eastbound between Bellevue Avenue and PA 413 in the PM peak where
the congested travel speed for the segment was four miles per hour.

A major source of delay for thissection of PA 213 isthe Bellevue Avenueintersection. The east and
westbound approaches on PA 213 have only one lane for all turning movements. The westbound
approach has aleading protected left turn, while the eastbound direction has no only permitted | eft
turns. If thefirst vehiclein the queue on the eastbound approach on Bellevue Avenue is making a
left turn, all vehiclesin the queue had to wait until thefirst vehicle made the left turn. During peak
periods, gapsin oncoming traffic are reduced, and | eft turning vehiclesmust wait until the end of the
green phase to turn. In addition, parked vehicles along PA 213 hamper efforts for vehicles to
traverse around left turning vehicles.

Significant delaysat the PA 413 intersection also contributed to congestion on thisarterial segment.
In the eastbound direction on PA 213 during the PM peak, traffic was queued from PA 413 through
the Bellevue Avenue intersection.
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Recommended Improvements

a) Extend the no parking zones on the approaches to the Bellevue Avenue intersection on PA
213 in Langhorne Borough at to allow more capacity for through vehicles to maneuver
around left turning vehicles.

b) Incorporate striped no parking zones at the PA 213 / Bellevue Avenue intersection to
increase driver awareness.
C) Incorporate time-restricted left turns at the Bellevue Avenue intersection on PA 213 in the

eastbound and westbound directions. Prohibiting left turns during the peak periods would
significantly reduce delay for through traffic.

d) Coordinate the signal timings of the PA 413 and Bellevue Avenueintersectionson PA 213.
Due to the close proximity of the two intersections, coordinated signal timings would
improve the progression of traffic through the section.

6. PA 413: Bridgetown Piketo PA 213
Middletown Township

Thissection of PA 413 extendsfrom Bridgetown Pikein Middletown Township, southward through
the Winchester Avenue intersection, to the PA 213 intersection in Langhorne Borough. Between
Bridgetown Pike and Winchester Avenue, PA 413 is a two lane arteria with few curb cuts,
traversing through predominantly rural and wooded areas. Between Winchester Avenueand PA 213,
thelandscape changesto amoreresidential and commercial area. Thisisaheavily traveled corridor,
linking the Newtown areain the north to Langhorne Borough and the US 1 interchange in the south.
This arterial section also serves many schools aong the PA 413 corridor in this areaincluding the
George School, Newtown Friends School, Neshaminy Junior High, Oliver Heckman Elementary,
and Woods School. Asaresult, there are numerous school busses utilizing this section of PA 413
during the AM peak period and during the afternoon hours.

There was a significant directional difference in congestion during the AM peak on this section of
PA 413. The northbound direction received a Level of Service B, while the southbound direction
received alevel of ServiceF. Much of the southbound delay of thisarterial sectionwasexperienced
at theWinchester Avenueintersection. During the AM peak in the southbound direction on PA 413,
vehicles experienced an average of 230 seconds of delay at the Winchester Avenue intersection.
This trandates into a travel speed of just over twelve miles per hour for the entire southbound
section during the AM peak. Duringthe PM peak, the arterial section performed at Level of Service
D in both directions.

Several factors contribute to severe congestion along this section of PA 413. Between Winchester
Avenueand Bridgetown Pike, therearetwo narrow rail bridge underpasseswhere vehiclesmust slow
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downinorder to navigate safely. If thereisalargetruck nearing either approach to the underpasses,
vehiclesin the opposite direction must give way before entering. This section islocated on afairly
steep grade, which significantly reduces the speed of the northbound traffic. In addition, there are
several sharp curves in both directions where warning signs dictate lower speeds. Finaly, the
pavement through this sectionisin very poor condition, especially between Winchester Avenue and
Old Mill Drive, with ruts and potholes hindering the progression of traffic.

TheWinchester Avenueintersection also contributesto delay inthissection. All of approacheshave
only onelaneto makeall turns. Thesignal cyclelength isinadequate, as vehicles must wait several
cyclestotraversetheintersection. Left turning vehiclesadd significant delay to thethrough vehicles.
The traffic signals need to be upgraded, there are no overhead street name signs, and there are
variations in grade through the intersection.

Recommended Improvements

a) Upgrade the PA 413 and Winchester Avenue intersection. There is enough available
capacity to accommodate left turn lanes on al approaches, although the north and
southbound approaches would be the priority. Additional upgrades include new traffic
signals, pavement markings, and overhead street name signs.

b) Install a flashing yellow warning sign in both directions in advance of the narrow
underpasses to alert drivers of the upcoming hazard.

C) Lower the speed limit between Bridgetown Pike and Winchester Avenue. The posted speed
limitis45 milesper hour. However, there aretwo curves on this segment wherethewarning
signs are posted 35 mph and 25 mph, respectively. The average free flow speed in both
directions was found to be 35 mph. The current conditions consisting of poor pavement,
steep grades, sharp curves, and narrow underpasses require speeds lower than the current
speed limit in order to navigate the segment safely.

d) Improve the pavement conditions between Bridgetown Pike and Winchester Avenue. This
could reduce congestion, improve drainage, and eliminate roadway hazards created by poor
pavement.
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7. Woodbourne Road: Oxford Valley Road to New Falls Road
Middletown Township

This section of Woodbourne Road is on the southern edge of the PA 413 study. Woodbourne Road
isthe only major north-south arterial in central Middletown Township, linking the US 1 Business
area in the north with large residentia tracts of Middletown and Bristol Townships in the south.
Between Oxford Valley Road and Cobalt Drive, the land use is primarily commercial, with many
business and curb cuts. Thereisamiddle turn lane through most of this section, helping to reduce
delay incurred by turning vehicles. The southern half of the section, between Cobalt Drive and New
Fallstherearefew curb cuts, asthe environment becomes moreresidential. Inthissection, thereare
wide shoulders but no sidewalks.

Both the north and southbound directions performed at Level of Service B during the AM peak
periods on this section of Woodbourne Road . Although there was almost 60 seconds of delay at the
New Falls Road intersection in the southbound direction, the long length of the section dilutes the
overall travel speed. There was also minor congestion during the PM peak in the northbound
direction. However, in the southbound direction during the PM peak, a Level of Service E was
recorded. An average of 191 seconds of delay was experienced in the northbound direction during
the PM peak on this section of Woodbourne Road.

The mgjor cause of delay on Woodbourne Road on this sectionisthe signalized intersection at New
Fals Road. The speed limit throughout the area on Woodbourne Road is generally 45 miles per
hour. Through most of the section in both directions, the free flow speed is achieved, even during
the peak periods. The only mgor congestion is the long delays on the southbound approach to the
New Falls Road intersection.

Recommended Improvements

a) Add aleft turnlane and a protected phase to the southbound approach. Thiswould eliminate
the shared through / |eft lane and create athrough only lane. Asaresult, traffic flow would
significantly increase for the through movements.

b) Eliminate the permitted left turns in both the north and southbound approaches. Thisisa
safety issue with vehicles having to cross multiple lanes of traffic to complete the turns.
Vehicles aso become ‘stranded’ in the middle of the intersection when vehicles are unable
to make aleft turn during the green and yellow phase.
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8. US 1 Business: Durham Road to Hulmeville Road
Penndel Borough

This arterial section of US 1 Business extends from the Durham Road intersection in Penndel
Borough westward to Hulmeville Road in Middletown Township. It contains the Durham Road,
Bellevue Avenue, Hulmeville Avenue, Neshaminy Street, and Hulmeville Road intersections. The
roadway is two lanes in each direction with a posted 35 mile per hour speed limit. Most of the
corridor is highly urbanized, traversing through the Penndel central business district. There are a
high number of curb cuts that access the numerous businesses along this section. Just past
HulmevilleRoad, US 1 Businessmergesinto US 1, providing accessto the nearby Neshaminy Mall,
Eastern State Hospital, and points beyond.

Travel speedswerefairly consistent during the AM and PM peak periods. During the AM peak, the
average travel speed for the arterial section of US 1 Business in the westbound direction was 27
miles per hour. The average travel speed for the eastbound direction during the AM peak was 25
miles per hour. Both directions performed at Level of Service C for the AM peak. During the PM
peak, travel speedswere reduced to 18 miles per hour in the westbound direction and 20 miles per
hour in the eastbound direction. For the PM peak, both directions received Level of Service D.

A major source of delay in travel speeds along this section of US 1 Businessis alack of left turn
lanesthroughout thecorridor. AttheHulmeville Avenue, Bellevue Avenue, and Hulmeville Avenue
intersections, there aretwo through lanes. Theleft laneis shared left / through, whiletheright lane
isashared right / through. During congested periods, this condition contributesto delay. If thefirst
vehicle in the queue is making aleft turn, all other vehicles in the queue must either wait for the
vehicle to turn or merge over to the right lane and drive around the turning vehicle. This createsa
hazard of multiple vehicles trying to merge into the right lane at the same time. Waiting through
multiple cyclesdueto | eft turning vehicleswas experienced at theseintersections. Inaddition, when
opposing vehicles are making left turns, it is difficult for drivers to see the oncoming traffic in the
far shared through / right turn lane.

Thereisalack of pedestrianfacilitiesonthe US 1 Businesscorridor in throughout Penndel Borough.
There are no crosswalks and no pedestrian signals at the Durham Road and Bellevue Avenue
intersections. Because of the high urban density, this area should be a priority for pedestrian
facilities.

Recommended Improvements

a) There should be better advanced warning that the left turn lane is a shared lane to prepare
drivers to make the appropriate decision when approaching the Durham Avenue, Bellevue
Avenue, and Hulmeville Avenue intersections. This can be achieved through the use of
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pavement markings, intersection lane control signs, or a combination of both.

b) Evaluate the feasibility of incorporating a middie turn lane on US 1 Business through the
Penndel central businessdistrict. Dueto physical constrains, it may be necessary to reduce
US1fromtwotravel lanesto onein each direction. Thiswould reduce delay for thethrough
traffic and create a safer environment for left turning vehicles.

C) Introduce pedestrian facilities to include crosswalks, signals, and if necessary, pedestrian
islands throughout the US 1 Business corridor.

d) TIP#5726 includeplanstoinstall aClosed Loop Signal Interconnection between Hulmeville
Road and Oxford Valley Road on US 1 Business. This project includes severa traffic
signalsin this arterial section and will help the progression of vehicles through the US 1
Business corridor.

0. PA 413: Bridgetown Piketo the Newtown By-Pass
Middletown Township, Langhorne Borough

Thissection of PA 413 connectsthe heavily traveled Newtown By-Pass and Newtown Township on
the northern end with Langhorne Borough and close connections to 1-95 and US-1 in the southern
end. The section includes the signalized intersections of Bridgetown Pike, St. Mary Boulevard,
Pennswood Village, and the Newtown By-Pass. Thereare several schoolslocated along thissection
of PA 413 including the George School, Newtown Friends School, and Neshaminy Junior High
School. Other major trip generators located along this corridor are St. Mary Medical Center and
Core Creek County Park. Thereisgenerally onetravel lanein each direction, while the speed limit
is45 miles per hour throughout the section.

During the AM peak period in both the north and southbound directions, this section of PA 413
experienced moderate levels of delay. Both directions performed at Level of Service C. Theworst
congestion of the AM peak was found between the Pennswood Village and the Newtown By-Pass
intersection in the northbound direction, where drivers experienced an average of 89 seconds of
delay. The southbound direction during the PM peak received a Level of Service B. In the
northbound direction during the PM peak, this section of PA 413 experienced aLevel of ServiceD.

The most significant source of delay on thisarterial section occurred at the northbound approach to
the signalized intersection at the Newtown By-Pass. In the northbound direction on PA 413 at the
approach to the Newtown By-Pass, drivers experienced 89 seconds of delay inthe AM peak and 77
seconds of delay during the PM peak. The main reason for the excessive delays on the this approach
isthe long cycle lengths at the PA 413 / Newtown By-Pass intersection. Due to heavier volumes,
the cycle length allows more green time for the By-Pass. This produces long queues on the
northbound approach on PA 413, and not all the queued vehicles can traversethe intersection during
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the green phase. Vehicles during the PM peak were backed up to Summit Trace Drive on the
northbound approach. Theleft turn lane exceeded capacity and spilled into the through lane. There
is no dedicated right turn lane, and drivers used the shoulder to make right turns.

Throughout thethissection of PA 413, therewere other sourcesof delay. Duringthe AM peak, there
are alarge number of school busses that use this corridor. Busses tend to drive slower and make
frequent stops. There is aso a school zone speed limit of 15 miles per hour near the Neshaminy
Junior High School on PA 413 during the AM peak. There was aso significant delay experienced
at the St. Mary Boulevard intersection due to heavy volumes of traffic leaving the medical center
during the PM peak.

There is limited shoulder area and poor pavement conditions throughout this section. It was
observed that drivers were unable or unwilling to pass left turning vehicles at non-signalized
intersections due to insufficient shoulder space. This created long queues, especially during peak
periods. Poor pavement conditions near the George School and in the Bridgetown area of PA 413
also resulted in vehicles having to slow down or swerve in order to avoid potholes.

Recommended Improvements

a) Add capacity to the PA 413/ Newtown By-Pass intersection on the northbound approach.
Extend the | eft turn lane to accommodate additional |eft turning vehicles that queue during
thered phase. Upgrade the shoulder by adding a designated right turn lane to better manage
the peak hour volumes.

b) Adjust the signal timing at the St. Mary Boulevard intersection during the peak periods to
better facilitate the flow of traffic on PA 413.

C) Improve the pavement quality and establish a minimum shoulder width throughout the
corridor. Thiswill reduce delay caused by uneven or poor pavement conditions and allow
for vehicles to pass |eft turning vehicles using the shoulder.

10. PA 413: US1 Businessto PA 213
Middletown Township, Langhorne Borough

This arterial section extends from the central business district of Penndel Borough, through
Langhorne Manor Borough, to Langhorne Borough. It containsthe US 1 Businessintersection, the
flashing traffic control signal at Highland Avenue, and the signalized intersection at PA 213. This
section of PA 413 providesdirect accessto SEPTA’s R3 Langhorne Station. The sectionislargely
residential, and also serves the Philadelphia College of the Bible, Woods School, and Oliver
Heckman Elementary School.
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During the AM peak, there was a directional variance in the delay experienced on this section. In
the southbound direction on PA 413 between PA 213 and US 1 Business, the section performed at
Level of ServiceB. However, inthe northbound direction, the section performed at Level of Service
D. During the PM peak, both the north and southbound directions experienced Level of Service C.
The worst segment for delay was the northbound approach to the PA 213 intersection on PA 413.
This segment experienced an average delay of 95 seconds during the AM peak period.

There are two mgjor sources of delay on this section of PA 413. Thefirst isthe Conrail / SEPTA
R3 rail line that intersect PA 413 just north of LeGrande Avenue. Stopped time at the rail
intersection accounted for significant delays. Delay is compounded during the peak periods, when
both train frequency and vehicular volumes are greater. Queued vehicles on the northbound
approach to the rail crossing extended back through PA 413 / Durham road split. After the train
passes and the gates are lifted, a continuous traffic stream would hamper turning vehicles. The
second isthe signalized intersection at PA 213/ PA 413. Long queuesin the northbound direction
extended back to Richardson Avenue. Thisintersection has significant delays on all approaches.

The PA 413 and Highland Avenue intersection presented a hazard to motorists. At the westbound
approach, drivers have aflashing yellow light. All other approaches have aflashing red light, and
must yield other vehicles. However, it was observed that many vehicles on the westbound approach
were unaware that the other approaches have a flashing red, assuming the entire intersection is
flashingyellow. Vehiclesinthissituation would stop at theintersection, unsurewhich vehicleshave
theright-of-way. Onthe contrary, afew vehicleswould not stop at all, believing they havetheright-
of-way.

Recommended Improvements

a) There are currently two studies that proposesto improve PA 413 through Penndel Borough
and Langhorne Manor Borough: Comprehensive Plan for Penndel Borough and Penndel
Revitalization Plan. These studieswill investigatein detail the economic and transportation
improvements needed to improve the PA 413 corridor.

b) Evaluate the signal timing of the PA 413 / PA 213 intersection. Significant delay is
experienced at multiple approaches. Sincelarge-scaleintersection expansionisnot feasible,
optimizing the signal time may help to reduce congestion.

C) Further evaluate the PA 413 / Highland Avenue intersection for a traffic signal warrant
anaysis. If atraffic signal is not warranted, improve driver awareness to intersection
procedure with better signs and pavement markings.

d) Introduce a bus pullout on PA 413 at the Langhorne Rail Station at the location of the
existing stop. Upgrade the bus stop environment by installing benches and a shelter. This
will improve intermodal travel and provide a better environment to encourage transit trips.
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TABLE 2

Summary of Arterial Section | mprovement Strategies

Signal | Coord. Shoulder/ | Right | Left L eft
Timing/ | with TIP| Intersection | Roadway | Pavement | Turn | Turn Turn | Pavement | Parking Sign
L ocation Coord. | Project | Capacity | Capacity | Improv. | Lane | Lane | Signal | Markings| Improv. | Improv.
_ PA 213: Wheeler Dr to PA X X X X
413
Woodbourne Rd: US 1 X X X
"|Business to Oxford Valley Rd
Woodbourne Rd: Woodlane X X
"||Rd to US 1 Business
PA 413: Western Aveto X X
|| State Rd
PA 213: Golf Club Dr to PA
Naz3 X X X
PA 413: Bridgetown Pike to
Npa 213 X X X X X
Woodbourne Rd: Oxford X X
" Valley Rd to New Falls Rd
US 1 Business. Durham Rd
"[|to Hulmeville Rd X X X
PA 413: Bridgetown Pike to X X X
"[|the Newtown By-Pass
PA 413: US 1 Businessto X X X
|PA 213
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V1. WORST PERFORMING INTERSECTIONS

All of the intersections were analyzed based on peak period approach delay in seconds. The ten
worst performing intersections are listed in Table 3. Locations of the ten worst performing
intersectionsareshowninMap 9. Inthetable, Approach delay includes stopped time and timelost
when avehicle decelerates from its ambient speed. The delay time is displayed with the direction
of traffic flow, the peak period in which the delay occurs, and the total delay in seconds. In several
cases, morethan one approach to the sameintersection incurred significant delay. However, asingle
intersection is listed in the top ten worst only once, regardiess of how the other approaches
performed. The cumulative effect of the existing congestion and the proposed devel opments will
necessitate improvement of intersections and highway segments, some of which have already been
programmed on the TIP.

TABLE 3

Ten Worst Performing I ntersections

Peak Approach

Intersection Approach Period Delay (sec)
1. || PA 413 at Winchester Ave SB AM 230
2. || Durham Rd at Trenton Rd NB AM 225
3. || Woodbourne Rd a New Falls Rd SB PM 191
4. |[ Woodbourne Rd at PA 213 SB PM 143
5. || PA 213 at PA 413 EB PM 123
6. || PA 413 at PA 532 SB PM 102
2 || PA 413 at St. Mary Blvd NB PM 99
8. || Oxford Valley Rd at US 1 Business SB PM 99
9. || Woodbourne Rd at Trenton Ave SB PM 98
10. |l PA 413 at the Newtown By-Pass NB PM 89
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An analysis was completed on the ten most congested intersections as listed in Table 3 to identify
improvement strategies. Existing conditions were evaluated and recommendations were made to
alleviate current and future congestion. The improvements are coordinated with local, state, and
federal construction projects. These improvements include TIP projects, adding capacity, safety
improvements, and operational improvements.

1 PA 413 at Winchester Avenue
Langhorne Borough

Thisintersectionislocated in aresidential areaof Langhorne Borough. There are homeslocated at
three corners, with the Attleboro Retirement Village on the southeast corner. Each approach hasa
single lane from which all turns must be made. This intersection is also within close proximity to
many schoolsalong the PA 413 corridor in thisareaincluding the George School, Newtown Friends
School, Neshaminy Junior High, Oliver Heckman Elementary, and Woods School. Asaresult, there
are numerous school busses traversing the intersection during the AM peak period and during the
afternoon hours.

The greatest delay at thisintersection was on the southbound approach during the AM peak period,
where the average approach delay was 230 seconds. V ehicleswere queued from the Conrail Bridge
up to theintersection and would haveto wait several cyclesto traversetheintersection. Theaverage
travel speed between Bridgetown Pike and Winchester Avenue on PA 413 in the southbound
direction was eleven miles per hour. Other approachesto the Winchester Avenue intersection also
experienced significant delay. The southbound approach during the PM Peak averaged a delay of
118 seconds, while the northbound approach during the PM peak averaged 91 seconds.

Thedelay at thisintersectionisaresult of heavy volumesduring peak hours, ashort signal cycle, and
vehicles queued behind left turning vehicles. It was observed that vehicles, especially on the north
and southbound approaches had to wait several signal cycles before they were able to traverse the
intersection. If a large vehicle, such as a truck or school bus, was making a left turn at the
intersection on any approach, queued vehicles were unable to proceed. In addition, there are no
pedestrian signals and no striped crosswalks. Pedestrian facilities are important to intersections
located in residential areas. The traffic signals need to be upgraded, there are no overhead street
name signs, and there are variations in grade through the intersection.

Thereis enough right-of-way to expand the intersection by adding left turn lanes on all approaches,
while having little impact on the adjacent properties. The approach lanesare currently wide enough
to accommodate smaller vehiclesmaking aleft turnwhilenot significantly impacting through traffic.
Therefore, only severa feet of right-of-way would be needed to incorporate left turn lanes.
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Recommended Improvements

a) Add left turnlaneson all approachesto thisintersection. Thiswould create asafer and more
efficient intersection, reduce overall delay, and significantly aid the flow of through traffic.

b) Upgrade the overall intersection to include new traffic signals, overhead street name signs,
pedestrian signals and crosswalks, and pavement markings. These features combined can
increase safety and visibility, increase driver awareness, and help to reduce congestion and
delay.

C) Reconstruct the intersection to level uneven pavement at and on approaches to the
intersection.

d) Further analyze the traffic signal cycle for optimization. Extending the green timesfor the
predominate north and southbound traffic flow could reduce overal intersection delay.

2. Durham Road at Trenton Road
Middletown Township

TheDurham Road/ Trenton Roadislocated in aresidential areaof Middletown Township. Durham
Road runs parallel to PA 413 in this area and is used as alternative road during times of peak
congestion. Both Durham Road and Trenton Road are two lane arterials. The east and westbound
approaches on Trenton Road each have a through / right shared lane and a l€eft turn lane. The
westbound approach has aleading left turn phase. The northbound approach on Durham Road has
athrough / right lane and aleft turn lane. However, southbound approach has only one lane for all
movements. Asaresult, the north and southbound approaches are on a split phasing cycle. All of
the approaches have recently been repaved.

During the AM pesak, the northbound approach on Durham Road experienced an average of 225
seconds of delay. The average travel speed between New Falls Road and Trenton Road during the
AM peak wasjust over seventeen miles per hour. The southbound approach did not experience any
major delay during the AM peak. During the PM peak, the northbound approach saw an average
delay of 86 seconds, whilethe southbound approach experienced an average of 57 seconds of delay.

The split phasing on the north and southbound approaches shorten the overall green time for the
cycle. Asaresult, thereisincreased delay to all approachesto the intersection. Inthe AM peak on
the northbound approach, vehicles entering at the end of the queue had to wait several cyclesbefore
traversing through the intersection. Thisalso occurred inthe PM peak on the southbound approach.
There are businesses within close proximity on both sides of the northbound approach which limit
adding capacity. There are no pedestrian signals and the crosswalks are faded.
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Recommended Improvements

a) Evaluate the signal timing to eliminate the split phase on the north and southbound
approaches. Thiswould extend the green timefor the north and southbound approaches and
reduce overall intersection delay.

b) Install overhead street name signson the crossbar for better visibility and to assist unfamiliar
drivers.

3. Woodbourne Road at New Falls Road
Middletown Township, Bristol Township

Thisintersectionislocated on the border of Middletown Township and Bristol Township. Because
thisitissituated at the edge of the PA 413 study area, only the southbound approach on Woodbourne
Road was analyzed. During the AM period, the southbound approach to the New Falls Road
intersection experienced 58 seconds of delay. However, during the PM peak the average delay was
192 seconds.

Several factors contribute to significant delays on the southbound approach at the New Falls Road
intersection. Thisisan intersection with five approaches, and the longer signal cycles contributeto
long delays. The northbound approach has a leading left turn, further increasing the southbound
delay. Duringthe PM peak, queued vehicleshad to wait several cyclesbeforetraversing throughthe
intersection.

The southbound approach has two lanes: one shared through / left and one shared through / right.
However, there is no protected left turn from the southbound approach. Thisresultsin long delays
when avehicle must wait for agap in oncoming traffic to make aleft turn. In addition, if the first
vehicle in the queue is making a left turn, al other vehicles in the queue must either wait for the
vehicle to turn or merge over to the right lane and drive around the turning vehicle. There are no
pedestrian crossing signals, and the pedestrian crosswalks are badly faded.

Recommended Improvements

a) Add aleft turn lane and a protected left turn phase to the north and southbound approach.
Thiswould eliminate the shared through / | eft lane, creating an additional through lane and
a left turn lane. As a result, traffic flow would significantly increase for the through
movements. Eliminatethe permitted left turnsin both the north and southbound approaches.
Thisisasafety issue, as vehicles haveto cross multiple lanes of traffic to complete the turn.
Vehicles aso become‘stranded’ in the middle of the intersection when vehicles are unable
to make aleft turn during the green and yellow phase.

b) Minor upgrades to the intersection should include installing pedestrian crossing signals,
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restripe the crosswalks and stop bar, and erecting overhead street name signs on the
crossbars.

C) Further study this intersection to achieve better Level of Service and reduce overal
intersection delay. Because there are five approaches, the complex traffic patterns require
additional analysis. Improvements may include intersection realignment or creating a one-

way approach.

4. Woodbourne Road at PA 213
Middletown Township

Thisintersection islocated in ahighly commercial area, with close proximity to the Oxford Valley
Mall, Langhorne Square Shopping Center, and numerous automotive deal erships along PA 213 and
US 1 Business. It is also near the Woodbourne Road and US 1 Business intersection, located
approximately less than a tenth of amile to the south.

TheWoodbourne Road intersection at PA 213 experienced only moderate congestion duringthe AM
peak for the north and southbound approaches. The southbound approach had an average of 48
seconds of delay, while the northbound approach saw minima delay. In the PM peak, the
northbound approach also performed well, with only an average delay of 18 seconds. The
southbound approach, however, was very congested during the PM peak, experiencing an average
of 143 seconds of delay.

The east and westbound approaches were also analyzed as part of the PA 213 corridor. During the
AM peak, the eastbound approach had an average delay of 33 seconds, while the westbound
approach had an average delay of 12 seconds. The PM peak showed slightly more average delay,
with the eastbound approach experiencing 29 seconds, and the westbound approach having 43.

The major source of delay at this intersection are the heavy volumes of traffic on the southbound
approach. Between the Fourth Street and PA 213 intersection on Woodbourne Road, there is one
lane in the southbound approach and two lanes in the northbound direction. Assuming traffic
volumes are equal in both directions, the southbound traffic is operating on half the capacity of the
northbound direction, and thereforemorelikely to experience moresignificant congestion and del ay.

At the intersection, the southbound approach has one |eft turn lane, one through lane, and one right
turnlane. Thereisno left turn signal, and thus, no protected left turns on the southbound approach.
Thelack of aleft turn signal severely restricts the number of left turns that can be made during the
green phase. There are few gaps in the two lanes of oncoming traffic during peak periods. This
problem is exacerbated by the fact that there are no left turns permitted at the next southbound
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intersection, US 1 Business. Vehicles on Woodbourne Road needing to turn onto eastbound US 1
Business must do so at the PA 213 intersection by making aleft turn.

Recommended Improvements

a) Evaluate the feasibility of expanding the southbound capacity on Woodbourne Road from
one lane to two travel lanes. There are currently two receiving lanes in the southbound
direction but only one through lane at the Woodbourne Road / PA 213 intersection. This
would expedite the flow of southbound traffic.

b) Incorporate aleft turn signal on the southbound approach. Few vehicles can currently make
aleft turn during the green phase. Many vehicles also become stranded in the middle of the
intersection when the green phase ends.

C) Coordinate the signal timings of the US 1 Business and PA 213 intersections on
Woodbourne Road. Due to their close proximity, the through traffic from the US 1
intersection often spills back into the PA 213 intersection.

d) TIP #5753 includes plans to widen both the US 1 Business and PA 213 intersections on
Woodbourne Road to create additional through lanes on Woodbourne Road and other
capacity improvements. These improvements should help alleviate delay through the
Woodbourne Road corridor.

5. PA 213 at PA 413
Langhorne Borough

Thisintersectionislocatedintheheart of Langhorne Borough. Therearecommercial devel opments
on three corners, including two gas stations. Each approach has left turn lane and one through /
right shared lane. Only the southbound approach has a protected | eft turn, all other approacheshave
permitted left turns.

All four approaches of thisintersection were evaluated for approach delay. During the AM peak,
the eastbound approach had an average delay of 44 seconds, while the westbound approach had 50
seconds. Thenorthbound approach experienced an averagedel ay of 95 seconds, and the southbound
approach experienced 57 seconds. The east and westbound approach both had significant congestion
during the PM peak. The eastbound approach saw an average delay of 123 seconds, while the
westbound approach saw an average delay of 113 seconds. The average delay for the northbound
approach was 59 seconds, whilethe southbound approach did not experiencesignificant delay during
the PM peak

ThePA 213/ PA 413 intersection experiences congestion on all approachesduring the peak periods.
Expansion of the intersection is not feasible. Adding capacity would require property acquisition
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and significant capital outlay.

Recommended Improvements

a) Evaluate the possibility of adding left turn signalsto all approaches, which would allow for
protected left turns.

b) Upgrade the intersection to include overhead street name signs, pedestrian signals and
crosswalks, and pavement markings. Currently, the crosswalks, stop bars, and pavement
markings are faded or nonexistent on some of the approaches.

C) Poor pavement conditions can be found on the northbound receiving lane, where vehicles
have worn ‘grooves' into the pavement. This condition can create a hazard for drivers and
contribute to drainage problems.

6. PA 413 at PA 532
Newtown Township

Thisintersectionislocated on the Newtown By-Passjust south of Newtown Borough. The By-Pass
is a high-speed, high-volume arterial that functions like a suburban highway. The east and
westbound approaches on the Newtown By-Pass each have two through lanes and a left turn lane.
The eastbound approach has a right turn lane, while the westbound approach does not. The north
and southbound approaches on PA 532 have one | eft turn lane, one through lane. The northbound
approach has aright turn lane, while the southbound approach does not have an official right turn
lane, although the shoulder functions as such.

Thisintersection was evaluated on all approaches. Duringthe AM peak, the eastbound approach on
PA 413 experienced an average delay of 48 seconds. The westbound approach did not experience
significant delay duringthe AM peak. On PA 532, the northbound approach experienced an average
of 21 seconds of delay, while the southbound approach recorded 48 seconds of average delay.
During the PM peak, the eastbound approach on the Newtown By-Pass had an average delay of 73
seconds. The westbound approach saw an average delay of 20 seconds. The northbound approach
on PA 532 experienced an average delay of 28 seconds while the southbound approach had 63
seconds of average delay.

Due to high volumes, the traffic signal cycle favors the Newtown By-Pass, which result in longer
delays on PA 532. However, there are several other conditions that can be addressed to decrease
overall intersection delay and create asafer environment. On the north and southbound approaches
on PA 532, there are no left turn signals, only permitted turns. Because of the expanse of the
intersection, vehicles must pull out a considerable distance to make a left turn. Other drivers are
hesitant to pull out, especially during peak hours when the gaps in oncoming traffic are limited.
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During the PM peak, left turning vehicles would queue in both directions, creating a hazardous
situation. Only afew vehicleswould be able to make the left turn per cycle, and vehicleswould get
caught in the intersection when the green phase ended. The southbound approach also has no right
turn lane, and vehicles used the shoulder to make right turns.

On the northbound approach on PA 532, it was observed that asignificant number of vehicles made
aright turn onto the Newtown By-Pass. During the peak periods, the right turn lane exceeded
capacity of queued vehicles. In addition, although there are no posted No Turn on Red signs, some
vehicles would wait for the green phase to make a right turn. On the westbound approach on the
Newtown By-Pass, there is also no right turn lane. Again, vehicles use the shoulder to make right
turns.

In the westbound direction during the PM peak, the left turn lane exceeded capacity with queued
vehicles. Vehicles at the end of the queue spilled back into the through travel lanes, and not all
gueued vehicles were able to traverse the intersection during the protected left turn phase. This
impacted vehicles approaching the intersection from the westbound direction, as approaching
vehicles had to mergeinto theright travel laneto avoid queued |eft turning vehicles that had spilled
back into the left through travel lane.

There are genera improvements to the intersection that can improve overall safety, visibility, and
vehicles delay. The traffic signals at the PA 413 / PA 532 intersection are old and should be
upgraded. There are no overhead street name signs, which are needed to assist unfamiliar drivers
and give advanced notice of the upcoming intersection.

Recommended Improvements

a) Add right turn lanes on the westbound and southbound approaches. The shoulder already
functions as a right turn lane. Adding a few feet of capacity to the shoulder to create a
designated right turn lane would reduce driver confusion, improve safety, and create amore
efficient intersection.

b) Introduce a right turn signal on the northbound approach on PA 532. This would
significantly expedite the right turning vehicles, reduce delay, and help prevent right turn
gueues from exceeding capacity in the storage lane and impacting the through traffic.

C) Incorporate a protected left turn signal into the north and southbound approaches.

d) Evaluate the need for adual left turn lane on the westbound approach. During peak hours,
the left turn lane exceeds present storage.

€) Upgrade thetraffic signals and incorporate overhead street name signs. Reduce the amount
of signs or simplify signage on the approaches to the By-Pass on PA 532. Currently, there
is an excessive number of road signs that drivers do not have time to decipher when
approaching the intersection.
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f) Because of the heavy volumes and proximity of traffic signalsthroughout the corridor, there
may be aneed for improvementsto the closed loop traffic signal system onthe Newtown By-
Pass. Thiswould include the PA 532 intersection to expedite By-Pass traffic during peak
hours.

0) TIP#5757 will reconstruct PA 532 through Newtown Township, between the Newtown By-
Pass to Durham Road. Thiswill improve traffic flow on PA 532 and increase capacity on
the PA 532 approach to the Newtown By-Pass.

7. PA 413 at St. Mary Boulevard
Middletown Township

This intersection is located in Middletown Township along a stretch of PA 413 containing low-
density residential developments. The western leg of the intersection provides access to St. Mary
Medical Center, whilethe eastern leg provides accessto Neshaminy Junior High School. The speed
limit on PA 413 throughout the areais generally 45 mph. However, thisintersection islocated in
part of a school zone, and during certain times travel speeds are reduced.

During the AM peak, the north and southbound approaches did not experience significant delays,
although overall travel speeds were lower due to the school zone. For the PM peak in the
southbound direction, an average delay of 21 secondswasexperienced. However, inthe northbound
direction, an average of 99 seconds of delay was experienced.

Themain source of congestion and delay at thisintersection isthe high northbound volumes during
the PM peak and vehicles turning in and out of the St. Mary Medical Center. During the peak
periods, green time is extended to accommodate the high number of vehicles exiting the hospital,
which adds delay for the traffic on PA 413.

Recommended Improvements
a) Evaluate the signal timing and phasing of the intersection to optimize traffic flow.

8. Oxford Valley Road at US 1 Business
Middletown Township

Thisintersectionisat the crux of many large commercial establishments. It has nearby accesstothe
Oxford Valley Mall, Sesame Place, The Courts at Oxford Valley, Frankford Hospital of Bucks
County, and extensive commercial development along US 1 Business. This is an expansive
intersection, with each approach having two through lanes, aleft turn lane, and aright turnlanewith
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aisland merge. Many of theretail and commercial businesses|ocated on US 1 Business open after
the end of the AM peak. Asexpected, the AM peak ismuch less congested than the PM peak at this
location. Because this intersection is located at the edge of the study area, it was only evaluated on
the eastbound and southbound approaches.

During the AM peak in the southbound direction, this approach experienced an average of only six
seconds of delay. Thisismainly due to the free progression of traffic from US 1 to US 1 Business
on Oxford Valley Road during uncongested periods. On the eastbound approach, drivers
experienced an average of 41 seconds of delay. During the PM peak, the southbound approach has
an average delay of 99 seconds. The average travel speed between South Buckstown Avenue and
US 1 Businessisunder six milesper hour. The progression of southbound traffic between US 1 and
US 1 Businesson Oxford Valley Road floundered at the US 1 Businessintersection. The eastbound
approach experienced an average of 39 seconds of delay during the PM peak.

Due to the large volumes of vehicles on al approaches, decreasing overall intersection delay is
difficult. Favoring the green time for the US 1 Business approaches will increase delay on the
Oxford Valley Road approaches and vice versa.

Although the northbound approach was not a part of the PA 413 CMS Study, the segment of
roadway at the Oxford Valley Road / South Oxford Valley Road split posed a hazard for drivers.
Theroadway between US 1 Business and South Oxford Valley Road exceeded capacity, especialy
during the PM peak.

Recommended Improvements

a) Evaluate the signal timing to extend the green time for the left turn signal at the eastbound
approach. It was observed that this approach exceeded capacity during the PM peak period.

b) Evauate the Oxford Valley Road and South Oxford Valley Road intersection for the
warrants to upgrade to a signalized intersection. Improving this intersection would better
alleviate congestion at the Oxford Valley Road / US 1 Business intersection.

C) TIP#5726 includeplanstoinstall aClosed Loop Signal Interconnection between Hulmeville
Road and Oxford Valley Road on US 1 Business. This project includes several traffic
signalsin this arterial section and will help the progression of vehicles through the US 1
Business corridor.

d) Incorporate overhead street name signsto assist unfamiliar drivers. Use pavement marking
extensionsto aid drivers making left turns through the intersection.

€) Improve the pavement conditions on the northbound approach.
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9. Woodbourne Road at Trenton Avenue
Middletown Township

This intersection is sandwiched between the nearby Harmony Road and Oxford Valley Road
intersection. There are commercial businesses on three sides of the intersection. All approaches
have athrough / right shared lane and aleft turn lane. The pavement on Trenton Ave has recently
been improved. There are pedestrian signals on three sides of the intersection, and the crosswalks
are clearly marked.

This intersection showed moderate delay during the AM peak periods. The northbound approach
experienced an average of 29 seconds of delay, while the southbound had an average of 36 seconds.
Because of the close proximity of the adjacent signalized intersections, even minor delays greatly
reduce travel speeds, and result in low Levels of Service on the arterial segments through this
intersection. The PM peak delay was more significant. The northbound approach had an average
delay of 64 seconds, and the southbound approach experienced a average delay of 98 seconds.

The major source of delay at this intersection is excess volumes with limited capacity. Minor
adjustmentsin signal timingsor roads deimprovementswoul d not significantly decreaseintersection
delay. Adding a middle turn lane would have only minor impacts, as the majority of the flow is
through traffic.

Recommended Improvements

a) Examinethefeasibility of expanding Woodbourne Road from two to four lanesbetween US
1 Businessto just south of the Oxford Valley Road intersection to reduce current and future
delay throughout the Woodbourne Road corridor.

b) Adjust the signal timings of the Harmony Road, Trenton Avenue, and Oxford Valley Road
intersectionsto assist the north and southbound traffic on Woodbourne Road during the peak
hours. Thiswould help the progression of traffic and reduce del ay along WWoodbourne Road.

10. PA 413 at the Newtown By-Pass
Middletown Township, Newtown Township

This intersection is located at the border of Newtown and Middletown Townships, just south of
Newtown Borough. The Newtown By-Passisahigh speed arterial road, serving many industrial and
corporate campuses in the area.

The most congested approach that was evaluated at this intersection was the northbound section
between Pennswood Village and the Newtown By-Pass. This approach experienced an average
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delay of 89 seconds during the AM peak and 77 seconds during the PM peak. The northbound
approach has aleft turn lane, and one through / right lane.

Much of the delay on the north and southbound approaches can be attributed to long cycle lengths,
of which the green time favorsthe heavier volumes on the Newtown By-Pass. During the PM peak,
the traffic on the northbound approach was queued to Summit Trace Road. The left turn lane
exceeded capacity and was stacked into the through travel lane. In addition, right turning vehicles
used the shoulder to make right turns. During the red phase on the northbound approach, vehicles
would drive on the shoulder, around the queued vehiclesin the through / right lane, and make their
right turn when the green phase began. However, this sometimes caused conflict with the vehicles
who used thethrough/ right turn lane. Two vehicleswould try to make aright turn at the sametime,
one from the shoulder, and one from the through / right turn.

Recommended Improvements

a) Expand the northbound approach to include more capacity for theleft turn lane. Thiswould
create additional storage for left turning vehicles and help prevent queued vehicles from
adversely impacting the through movement.

b) Expand and repave the shoulder to create an official right turn lane.
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TABLE 4
Summary of Intersection | mprovement Strategies
Signal | Coord. Upgrade | Shoulder/ | Right | Left L eft
Timing/ | with TIP| Intersection| Traffic | Pavement | Turn | Turn Turn | Pavement |Pedestrian| Sign
L ocation Coord. | Project | Capacity Signals Improv. | Lane | Lane | Signal | Markings| Facilities | Improv.

PA 413 at Winchester Ave X X X X X
X

Durham Rd at Trenton Rd X

Woodbourne Rd at New

FallsRd X X X X X

Woodbourne Rd at PA 213 X X X X

PA 213 at PA 413 X X X X

PA 413 at PA 532 X X X X X X

PA 413 at St. Mary Blvd X

Oxfprd Valley Rdat US 1 X X X X X X

Business

Woodbourne Rd at Trenton

X X
Ave
PA 413 at the Newt
e Newtown X X

By-Pass
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VII. TRANSIT SERVICE

Regional Rail Service

Two SEPTA commuter rail lines, the R3 and R7, bisect the study area. Within the study area the
R3 line parallels US 1 and the R7 line paralels US 13. The R3 and R7 lines pass through Lower
Bucks County. Both the R3 and R7 rail lines connect Trenton, New Jersey with Center City
Philadelphia. The areas of the county to the far northwest are not accessible to rail transit.

The SEPTA R3 Regional Rail provides commuter rail service through the PA 413 study area. The
rail line bisects the county in a northeast to southwest direction. The Langhorne and Woodbourne
stations are the two stations that are within the study area. Neshaminy Falls station liesjust outside
the study areato the southwest. There are atotal of 27 outbound trains that serve all three stations
during the weekdays. They depart from Neshaminy Falls station between 6:15 am and 12:25 am.
Of the 27 outbound trains, 7 of them arrive at their final destination before noon. There are atotal
of 26 inbound trains that serve all three stations during the weekdays. They depart from
Woodbourne station between 5:21 am and 11:15 pm. Of the 26 inbound trains, 12 of them arrive
at their final destination before noon.

Neshaminy Falls station is accessible from Bristol Road at Linden Street. Bristol Road is alocal
arterial that in the southern limits connects with Old Lincoln Highway where it deviates from US
1. Tothenorthit connectswith PA 213. According to SEPTA’s Stations/Parking Inventory from
November 2002, there are 186 daily parking spacesat the station. They are SEPTA owned and they
cost afee. All 186 parking spaces were utilized at the time of the November 2002 survey. Based
onaMarch 2001 SEPTA survey, therewere 239 passenger boardingsat this station during the hours
of 5:30 am to 8:30 am.

Langhorne Station is accessible from Bellevue and Station Avenues. Langhorne Station islocated
between Penndel Borough and Langhorne Manor Borough, with the train tracks as the border.
Bellevue Avenue is PA 513 south of US 1 Business, and PA 413 north of US1 Business. US1
Business isjust south of Langhorne Station and is the main access route to the station. Bellevue
Avenue connects with US 1 Business south of the station and with Highway US 1 north of the
station. Thereare 361 parking spaceswith 346 of them being utilized based on the November 2002
survey. All of the spaces cost afee and are owned by SEPTA. According to the November 2002
survey, of the 361 total parking spaces, 235 are daily spaces and 126 are permit spaces. Of the 235
daily spaces, 229 are utilized, while 117 of thel26 permit spaces are utilized. Based on a March
2001 SEPTA survey, there were 398 passenger boardings at this station during the hours of 5:25 am
to 8:30 am. Thereisaclimate controlled indoor waiting area where tickets can be purchased. The
building is open weekdays from 5:15 am until 12:20 pm. The station is directly accessible by
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SEPTA bus routes 129 and 130. Route 127 stops at Lincoln Highway (US 1) and Durham Road,
which is afive minute walk from Langhorne Station.

Woodbourne Station is accessible directly from Woodbourne Road. Woodbourne Road isaminor
arterial that connectswith US 1 Business to the south near the Oxford Valley Mall, and with PA 332
to the north. Based on the November 2002 survey, there are 558 parking spaces with only 268 of
them being utilized. All of the spacesarefree and are owned by SEPTA. Of the 558 parking spaces
178 of them are on the east side of the road, which is the older parking lot, and only 49 of these
gpaces are utilized according to the November 2002 survey. On the opposite side of theroad, which
isthe newer lot, there are 380 spaces and 219 are utilized according to the November 2002 survey.
Based on aMarch 2001 SEPTA survey, there were 254 passenger boardings at this station during
the hours of 5:20 am to 8:25 am. There is an outdoor shelter at the station.

The SEPTA R7 Regional Rail providescommuiter rail servicethrough thelower portion of the study
areaasit travelsfrom Center City, Philadelphiato Trenton, New Jersey and viceversa. Therail line
generally runsalongthe US 13 corridor inthestudy area. The Trenton station has connecting service
toNew York City viaNJ Transit Rail and Amtrak. Whilethereareno stationswithin the boundaries
of the study area, there are two stations located just outside of it. Croydon station lies southwest of
the study area and Bristol station lies southeast of the study area. There are atotal of 29 outbound
trains that serve both stations during the weekdays. Trains depart from Croydon station between
5:32 am and 12:23 am. Of the 29 outbound trains, 9 of them arrive at their final destination before
noon. There are atotal of 29 inbound trains that serve both stations during the weekdays. They
depart from Bristol station between 5:57 am and 12:31 am. Of the 29 inbound trains, 10 of them
arrive at their final destination before noon.

Croydon Station is accessible from Bristol Pike (US 13) and Cedar Avenue. Bristol Pikeisamain
route and the main thoroughfare through Croydon. Along Bristol Pike in Croydon there arealot of
small businesses and the station is|ocated alongside these businesses. There are 85 parking spaces
and all spacesare utilized according to the November 2002 survey. All of the spacesare owned and
operated by SEPTA. Of the 85 spaces, 16 of them are free and the remaining 69 cost adaily fee.
SEPTA busroute 128 stops at Bristol Pike and Newportville Road, which isa5-minute walk from
Croydon Station.

Bristol Station isaccessible from Beaver Street and Garden Street in Bristol Borough. Both streets
areresidential streetsin the borough. To the north, Beaver Street connects with Bristol Pike (US
13), which isamain route and abusiness highway. There are 294 parking spaces and 136 of them
are utilized based on the November 2002 survey. All of the spaces are owned and operated by
SEPTA and they are free. The station is directly accessible by SEPTA bus routes 129 and 304.
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There is a climate controlled indoor waiting area where tickets can be purchased. The building is
open weekdays from 5:45 am until 5:00 pm.

Bus Service

Bustransit service within the corridor centers around the Neshaminy Mall in Bensalem and Oxford
Valley Mall in Langhorne. Most of the busroutes havethe Frankford Transportation Center astheir
point of origin or destination. Bus services are offered more widely in the lower portion of the
corridor, along the Route 1 corridor and areas south of it.

SEPTA Route 14 serves the area from the Frankford Transportation Center to the Oxford Valley
Mall, viathe Neshaminy Mall. The primary thoroughfareisUS 1. In between Neshaminy Mall and
Oxford Valley Mall, the bus stops at Richardson Avenue and Pine Street (PA 413) in Langhorne.
Thisbusruns 24 hours a day from Frankford Transportation Center. However, from 1:00 am until
4:00 am, bus service ends at Neshaminy Mall. From 5:00 am until 6:00 pm the bus runs 5 to 15
timesan hour. From 7:00 pmto 12:00 am, abusleavestwo to threetimesan hour. Thereishourly
serviceto Oxford Valley Mall with thefirst stop at the mall being 5:55 am and the last being 10:53
pm. The busruns 24 hours aday in the opposite direction. However, from 1:00 am until 4:00 am
the route begins at Neshaminy Mall. From 5:00 am until 9:00 pm, the bus runs 5 to 15 times an
hour. From 10:00 pm to 12:00 am there are two to three buses per hour. The bus leaves Oxford
Valley Mall only once an hour with thefirst departure at 6:20 am and the last departure at 11:06 pm.

SEPTA Route 127 servesthe areafrom Neshaminy Mall to Trenton, New Jersey. It stopsat several
locations throughout the lower portion of the corridor. After the Neshaminy Mall stop it then stops
at Lincoln Highway (US 1) and Durham Road in Penndel. This stop is afive minute walk to the
Langhorne Train Station. Thenit travelsalong US 1 to the Oxford Valley Mall and Sesame Place,
then heads east to Morrisville Borough before arriving at the Trenton Railroad Station. There is
hourly bus service, with the first departure at 4:50 am and the last departure at 6:30 pm from
Neshaminy Mall. In the opposite direction, the first departureis at 6:25 am and the last departure
isat 8:00 pm from the Trenton Railroad Station.

SEPTA Route 128 serves a number of locations throughout Bristol and Middletown Townships
while traveling between the Oxford Valley Mall and Neshaminy Mall. One of the stopsis Bristol
Pike (US 13) and Newportville Road in Croydon, which is only afive minute walk to the Croydon
Train Station. Thereishourly bus service, with the first departure at 6:30 am and the last departure
at 6:30 pm from Oxford Valley Mall. Inthe opposite direction the first departureis at 6:00 am and
the last departureis at 6:00 pm from the Neshaminy Mall.

SEPTA Route 129 serves Bensalem and Bristol Townships between Oxford Valey Mall and
Torresdale in Philadelphia. Stops include the Langhorne Train Station, Bristol Train Station, and
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at the Keystone Industrial Park in Bristol. The bus stops directly at the Bristol Train Station and it
stops at Lincoln Highway (US 1) and Durham Road, which is a 5-minute walk to the Langhorne
Train Station. Thereishourly bus service, with the first departure at 6:30 am and the last departure
at 9:45 pm from the Oxford Valley Mall. In the opposite direction thefirst departureisat 6:00 am
and the last departure is at 10:00 pm from Frankford Avenue and City Line Loop.

SEPTA Route 130istheonly routethat servesthe PA 413 study areaon anorth-south axis. It begins
at the Franklin Mills Mall and terminates at the Bucks County Community College in Newtown.
One of the stopsis Neshaminy Mall and from there it headsto the Langhorne Train Station. From
the Station, it proceeds up PA 413, stopping at several locations including Saint Mary’ s Hospital.
Thereishourly busservice, with thefirst departure at 5:50 am and the last departure at 9:35 pm from
the Franklin MillsMall. The last stop at the Bucks County Community Collegeisat 7:08 pm. In
the opposite direction the first departure is at 7:10 am and the last departure is at 7:30 pm from
Bucks County Community College.

SEPTA Route 304 travelsfrom Frankford and the City Line Loop to the Bristol Train Station along
the US 13 corridor. Of the four stops before the Bristol Train Station, two are at industria parks.
Thereishourly busservice, with thefirst departure at 6:30 am and the last departure at 5:30 pm from
Frankford Avenueand City LineLoop. Intheoppositedirection thefirst departureisat 6:55 am and
the last departure is at 5:55 pm from Bristol Train Station.

The Public Transportation Network for the PA 413 Study Areaisidentified in Map 10.
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CM S Benefits of Transit Service lmprovements

New or improved transit service is only a valid CMS strategy so far as it attracts travelers,
particularly commuters, who would otherwisedrive. To managetraffic congestion by transit service
improvementsor transit useincentives, itisnecessary toidentify elementsthat may convert travelers
who choose to drive to become transit passengers. An analysis of such factorsis asfollows:

®  Travel Time- Although there are express trains during the AM and PM peaks to and from
Philadelphia, travel timeontheregional rail linesaresignificantly slower thantravel by auto.
Because suburban employment centers are dispersed, bus transit is the only viable transit
option. Slow bus traffic, due to congestion and frequent stops, negatively affects travel
times. Thedelaysintransit travel timeisfurther exacerbated by the time spent accessing and
waiting for transit, and making connections before reaching the final destination.

®  Cost- For commutersthat currently drive, it isreasonable to assume that they have already
taken steps, intentionally or by economic necessity, to minimize their costs associated with
driving. Employer paid transit vouchers are the most direct incentive to encourage transit
use, particularly if the employer does not offer parking compensation or other payment
options. Parking restrictions and price increases at driver destinations may also swing the
financial advantage to transit.

®  Frequency of Service - The fact that a car is available whenever the driver wantsitisa
transit-use deterrent for many commuters. Transit, on the other hand, forces passengers to
conform their scheduleto transit servicetimes. Frequency is constrained by the demand for
service and the resources of the transit operator, but can often be improved within these
constraints by measures such as smaller, more frequent buses or trains to a point where
infrequent service is not a reason to avoid transit. If service is every 40-minutes, the
employee who has to work 10-minutes later than planned is unlikely to view transit as a
satisfactory aternative to driving. If the headway is every 15-minutes, it is unlikely that
frequency would deter anyone not wholly opposed to taking transit.

® Comfort and Convenience - These subjective lifestyle issues play asignificant rolein
transportation mode choice and should be integral to all services. Recognizing the lack of
potential to capture new transit riders by travel time improvement or cost, and, usually the
lack of demand or funding to increase frequency, comfort and convenience become pivotal
factors for improvement.
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Transit must become competitive in terms of travel time, convenience, and lifestyle, if itisto be a
viable option for those currently commuting by automobile. Several deficiencies exist which, if
addressed, could increase the transit share in the region and therefore have a positive impact in
mitigating congestion.

Recommended | mprovements

A.

Immediate

Trailblazer Signs- Erect “trailblazer” signsat strategic locationsto increase the visibility of
transit asatravel mode. An areawhere these signsare most needed isthearea along US 13
in Bristol where they could be used to indicate the direction to or the most convenient point
of access for SEPTA’s Bristol R-7 rail station. It is recommended that the trailblazer
assembly be designed to include the appropriate SEPTA train symbol and a single-headed,
directional arrow pointed along the route leading to the facility.

Improve Station Access- Improve approachesto station areaby providing adequate lighting,
as well as safe and unimpeded accessways for pedestrian traffic. This need is especially
critical at stations where parking utilization is at capacity.

- The Langhorne Station’s primary access is from PA 413 in Langhorne Manor.
Pedestrian access to the station is inadequate due to an absence of sidewalks on the
southern side of PA 413. Adequate sidewalks, along with a busloading bay should
be constructed adjacent to the station.

- The Neshaminy Falls Station, located to the south-west of the study area, isin need
of adequate sidewalks, crosswal ks, pedestrian actuation where appropriate, and other
pedestrian improvements to provide safe pedestrian access.

Station Environment - Improvewaiting areasat transit stationsby providing adequate shel ter
such as canopies, benches, and comfort facilities designed for customer comfort. Since the
value of transit as a congestion reduction measure is to serve commuters who could
otherwise drive, such measures must compete with comfort and convenience of a private
vehicle. Most stations along the R-3 and R-7 lines within the study area line have been
renovated over the past few years and are in need of only minor improvement. The main
exception isthe Langhorne Station where the station building is unattractive and should be
renovated. Inaddition, the general landscaping of the station areaand adjacent parking area
should be improved. Because this station is situated in close proximity to the commercial
center of Penndel Borough, this station should be considered for accommodating retall
activities which could be patronized by commuters. By realizing the commercia potential
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of this area, secondary trips by commuters for non-work purposes would be minimized,
resulting in areduction in vehicle miles traveled.

® Bus Stop Shelters- Erect sheltersat existing bus stops, where appropriate, along the major
bus corridorssuch as PA 413 and US1 (Business). These sheltersshould be made accessible
by having paved walkways on their approach and having appropriate seating and glass
windscreensto enhance customer comfort. A current bus schedule should be posted at each
bus stop for each route aswell astransfer pointsfor intersecting buses and trains. Thiswill
increase the attractiveness of transit and could result in a corresponding decrease in auto
travel.

® | ocation of Bus Stops- For severa stops, parking bays or bus pull-outs, that remove buses
from the traffic stream while loading and unloading, should be constructed. This will
encourage bus use by making the service more attractive and safe and reduce delay for other
vehiclesontheroadway. Alongthe US1 arterial and the PA 413 arterial there are preferred
areas where the parking bays should be constructed. Along the US 1 arterial four parking
bays should be constructed in the Penndel area. Traveling north the first bay should be at
Neshaminy Street on the northbound side, at Glen Street on the northbound side, at
Hulmeville Avenue on the northbound side, and | astly at Noland Avenue on the northbound
side. Along the PA 413 arterial, four parking bays should be constructed in the Langhorne
area. Traveling north, the first bay should be at the parking lot for the Langhorne Train
Station on the southbound side (the side adjacent to the station and its parking lot), at the
Woods School entrance on the northbound and southbound sides, at Richardson Avenue on
the southbound side followed by a parking bay on the northbound side one block up PA 413
at PA 213, and lastly at Old Mill Drive on the northbound and southbound sides.

®  Bicycle Parking - Covered bike racks that are functional and secure should be provided at
al raillroad stations. In addition, amenitiessuch asrental lockersand repair shopsfor bicycles
should be located at targeted rail stations.

B. LongTerm

®  Parking - Provide adequate parking at transit stations to accommodate current demand and
projected future growth in transit ridership.

SEPTA operatesand maintainspark-and-ridelotsat the Woodbourne (R-3), Langhorne (R-3)
and Bristol (R-7) rail stationswithin the study area. To the southwest of the study area, the
Neshaminy Falls station also has a SEPTA operated park and ride lot for R-3 rail users. In
most locations, there are no aternativesto park near the station other than in the SEPTA lot.
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The 100 percent utilization at the Neshaminy Falls station and 96 percent utilization at the
Langhorne station makes commuting by train unavailable, or at best an unreliable choicefor
an unknown number of commuterswho comprise alatent demand. Additional parking areas
should be explored to accommodate future growth.

® Increased Travel Speeds - Travel time by express train from Langhorne Station to Center
City is approximately 40 minutes. By local train it is approximately 47 minutes. The
feasibility of increasing the number and speed of expresstrainsthat serve the heavy loading
stations, particularly the Langhorne station, during the peak period should be explored. By
minimizing the number of stops, travel times can be minimized whichwill maketransit more
competitive with auto travel.

e  Circulator Bus Service - Study the feasibility of circulator bus service for al types of
development in the study area. A special effort should be made to connect residential areas
to commercia development within the corridor. Of particular need is service from large
residential development such as Levittown to large employment sites such as the Oxford
Valley and Neshaminy Malls and major educational institutions such as Bucks County
Community College and PhiladelphiaCollege of the Bible. Shuttle serviceto commuter rail
stations should also be explored.
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Table 5 provides a summary of the transit strategies and station enhancements that should be
employed at or close to regiona rail stations within the corridor that will facilitate increased rail
ridership.

TABLES

Summary of Transit Improvement Strategies

Trailblazer
Signson Station Improve Improve

Regional Rail Approach Facade | Pedestrian Station Bike Additional
Station Roads Rehab. Access Amenities | Racks | Parking*
Woodbourne X X X X
Langhorne X X X X X X
Bristol X X X
Neshaminy

X X X X X
Falls

* Parking lots at these stations may have a few empty general spaces, or unused permit spaces or
handicap spaces. However, full utilization of outlying spaces and the presence of illegally parked
vehicles indicate that commuters can not rely on finding a space; the lots are effectively beyond

capacity.
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VI, 2025 JOURNEY-TO-WORK TRAVEL PATTERNS

The DVRPC travel demand forecasting model of the nine-county Delaware Valley region was run
to determinefuturetrip patternsand volumes. Theregion wasdivided into 50 traffic analysis zones
(TAZ's). All or part of Zones 1 through 10 fallsin the study area. Highway person tripsand transit
person trips were run separately in the forecast model. Most trips were internal trips (trips starting
and ending in the same Zone). Trip patterns indicate a trend of trips from many origins to many
destinations. Tobetter analyzethesetrends, 11 Superzones(acombination of several trafficanalysis
zones outside of the study area) were created. Travel to and from these Superzonesto the study area
was evaluated, as was travel between the Zones within the study area.

As can be seen in the following series of maps, there are many points of origins and destination for
trips originating inside and outside the study area from each of the Zones. Below is a detailed
description of thetrends and the most logical corridorsfor these trips based on the existing highway
network.

Zoneb5

Zone 5 iswholly contained within the boundaries of Middletown Township. Itisprimarily served
by two highways, PA 413 and US1. These provide connectionsto the major transportation arteries
in the region and as such, functions as conduits for regional aswell aslocal traffic. Ascan be seen
from Appendix A and Maps 11 and 12, the year 2025 forecast show atotal of 164,174 highway
person trips terminating in this Zone and 122,724 highway person trips originating in this Zone.
These figures include atotal of 47,016 internal trips. While the north-eastern half of this Zoneis
primarily residential (Levittown), the south-western end has a substantial amount of retail
commercia activity.

Within the study area, Zone 9 (Northern Bristol) receivesthe most tripsfrom Zone 5 (12,673) while
Zone 9 aso sends the most trips to Zone 5, (14,323). Outside the study area, Superzone A (Falls
Township) to the northeast, generates 28,365 or 17.3% of the highway trips ending in Zone 5.

Zone 5 is not only well served by PA 413 and US 1, it also provides a direct connection to 1-95.
Drivers aso use PA 413 as an access route to the Pennsylvania Turnpike.
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Zone 6

Zone 6 is the part of Middletown Township that is generally to the north of US 1. Mgjor trip
generatorsinclude St. Mary Medical Center, Philadelphia College of the Bible, Neshaminy Junior
High and Woods School. PA 413 formsthe spine of this Zone and is the major connector between
PA 322 and PA 213. Thisrouteisused to accessboth US1 aswell asl-95. Appendix A and Maps
13 and 14 shows a 2025 forecast of 143,731 highway person trips terminating in the Zone and
126,700 trips originating in the Zone. A total of 47,587 of these trips are internal trips.

Withinthestudy area, Zone 5 (Middletown East) receivesthemost tripsfrom Zone 6 (12,235), while
Zone 8 (Newtown) receives the second most with 8,513 trips. Outside the study area, the primary
destination from Zone 6 is Superzone A (Falls) with 10,100 trips. While Superzone B (Lower
Makefield) (9,340) and Superzone D (the Bensalem-Warminster area) (8,453) also receive a
significant number of trips.

Zone 8 (Newtown) sends the largest number of trips to Zone 6 with 14,938 trips. Superzone A
(Falls) and Superzone B (Lower Makefield) are the largest senders of trips from outside the study
areawith 14,313 and 13,061 trips respectively.
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Zone 8

Zone 8 encompasses Newtown Township and Newtown Borough which are in the northwestern
limitsof the study area. The primary artery in thisZoneisthe Newtown By-Passwhich collectsand
disperses traffic to and from severa arterials and acts as a major access route to 1-95. Apart from
the more urban center of Newtown Borough, the area is typically suburban in nature with low
intensity residential development and office parks.

Appendix A and Maps 15 and 16 show a 2025 forecast of 112,501 highway person trips
terminating in the Zone and 143,670 trips originating in the Zone. A total of 59,512 of these trips
areinterna trips. Within the study area, Zone 6 (Middletown North) is the primary destination for
trips originatingin Zone 8. 14,938 trips went to Middletown North while the next largest receiver
Zone was Superzone D (Bensalem-Warminster) with 10,668 trips. Also of note is Superzone L
(Mercer) which ranked third with 10,400 trips.

Of trips terminating in Zone 8, 12,591 are from Superzone C (Central Bucks) followed by 11,144
and 8,513 from Zone 7 (Northampton) and Zone 6 (Middletown North) respectively.
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Transit Trips

The DVRPC travel demand forecasting model was used to forecast transit person tripsin the study
areatotheyear 2025. Intotal, 7,988 transit person trips originated within the boundaries of the study
area. 88.91% of these trips ultimately terminated outside of the study area. This compares with
704,645 highway person trips that originated in the study area, of which 39.59% ultimately
terminated outside of the study area. Theselesser volumesfor transit than those for highway person
trips reflect a greater reliance on the automobile in the region than transit. The high percentage of
trangit trips that terminated outside of the study area compared to the moderate percentage of
highway person trips indicates that transit is more heavily used for long distance trips.

On close examination as detailed in Appendix B, Zones 5 (Middletown East), 6 (Middletown
North), 8 (Newtown), 9 (Bristol North), and 10 (Bristol South) are the Zoneswith the highest transit
use. These Zones coversthe entire east-west length of the corridor. Thisis also theroute of some
of the primary bus routes in the corridor. These Zones are also bisected by two of SEPTA’s
commuter rail lines, the R-3 and R-7 lines.

Zone 5 trips primary destinations are Philadelphia (61.4%) and Montgomery County (6%).
Secondary destinations include Bensalem-Warminster (5.5%), Falls Township (4.9%), and Mercer
County, NJ (4.2%).

Zone6 trips primary destinations are Philadel phia (53.1%), Mercer County (14%) and Montgomery
County (11.8%). Thesecondary destinationisthe Bensalem-Warminster area(4%). Thetransittrips
to Philadelphia from this Zone is primarily along the R-3 regiona rail line with the Langhorne
Station being the likely boarding station.

Zone 8 has the largest percentage of trips destined to Philadel phia (72.2%), with Mercer County
(8.3%) and Montgomery County (6.6%) being secondary destinations.

Zone9 originatesthelargest amount of transit person tripswithin the study area (1,485 trips). While
the primary destination from this Zone is Philadelphia (63.3%). Other important destinations
include: Mercer County (9.2%), Bristol South (5.4%), Falls (3.9 %), Bensalem-Warminster (3.6%),
and Middletown East (3.6%).

Zone 10 principal trip destination is Philadel phia (59.3%). Secondary destinationsinclude Mercer
County (11.1%), Bristol South (8.9%), and Bristol North (5.2%). A logical assumption can be made
that the Mercer County destination isthe Trenton area, which is most accessible to this area by bus
and rail transit.
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IX.

AREA-WIDE CMSSTRATEGIES

In addition to transit service, there are a number of programs that support the reduction of single
occupancy vehicletripsthat could be effectiveto reduce congestionin the PA 413 study area. These
include:

TransitChek is a public transportation commuter benefit program that istax-freeto
employees and tax-deductible to employers. TransitChek enables employers of any sizeto
help reduce the cost of employees commutes on public transit or vanpools with avoucher.
Federal tax laws allow employersto offer up to $100/ month or $1,200/ year per employee,
either asacompany paid benefit or apre-tax payroll deduction. TransitChek is accepted by
major transit systems such as SEPTA, PATCO, NJ Transit, DART-First State, and
third-party vanpool companies.

Mobility Alternatives Program (MAP) isaPennDOT-funded, DV RPC- managed program,
which provides employersin Southeastern Pennsylvaniawith alternativesto driving to work
aone. Administered through a network of seven subcontractors (five Transportation
Management Associations (TMA’s), The City of Philadelphia Mayor's Office of
Transportation, and SEPTA), MAP is an outreach and education program that provides
information on a variety of options available to commuters, including transit, car or van
pools, and flexible work hours. Share-A-Ride, a component of the MAP program, is a
computerized match service that provides commuters with the most convenient transit
options. The service aso offers a listing of other commuters who live and work nearby.
(Bucks County TMA is one of the seven MAP subcontractors.)

Transportation Management Association - The Bucks County TMA should be supported in
its efforts to promote non-traditional transportation, such as carpools, vanpools, demand
responsive paratransit, subscription buses, telecommuting, and compressed work week.
Since therole of these programsis, in part, to support transit, recommendations depend on
specific transit services and programs that are studied or implemented. Anintegral part of
any ridesharing program is the Guaranteed Ride Home program. This program, which is
usually operated by a TMA, acts as a safety net for employees who use transit, carpool, or
vanpool. It provides an emergency ride home, usually by taxi, for employees ridesharing
who have an emergency during the day or are required to work late.

Ridesharing

Carpool -This is a method used to reduce Single Occupancy Vehicle (SOV) trips.
Individuals with similar commuting patterns travel to work in the same vehicle rather than
each person in a separate vehicle. Commuting can be more relaxing as individuals are not
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responsiblefor driving vehicles. Other benefitsto individual sinclude reduced vehiclemiles
traveled and thus reduced wear and tear on automobiles. This can lead to lower insurance
rates for some policies, less depreciation, and lower maintenance costs for the individual.
Variousincentives can beprovided by both the public and private sector. Throughthe Share-
A -Ride program, the TMA helps match individuals with similar commuting patterns.
Private employers can also help facilitate the process by disseminating a list of where
employeeslive. Generally, carpoolsarerecommended when the one-way commuteisat least
10 miles.

Vanpool -Vanpools are similar to carpools except that a van is used and it can often be
sponsored by an employer. Again, individuals with similar commuting patterns all ridein
one van instead of many SOVs. If there are alarge number of employees (typically six or
more) of asingle company who livein close proximity to each other, acorporate-sponsored
vanpool isgood option to reduce SOV trips. Morefrequently however, vanpoolsareformed
by groups of employees that contract with a service provider that provides the vehicle and
related maintenance. Generally, vanpools are most cost effective when the one-way
commute distanceis at least 20 miles.

® Telecommuting is a useful technique in reducing journey to work trips. When it is not
necessary that an employee performs tasks at a specific location, they can work at another
location other than their usual office, thus eliminating or shortening the journey to work trip.
Thisisknown as telecommuting or teleworking. Employees can telecommute from home,
a satellite work center, or a neighborhood work center. A satellite work center is for
employees of one company. A neighborhood work center is for employees of multiple
companies and is ideally located within walking or biking distance of a large number of
residents. Individuals can telecommute full-time or part-time, or sometimes, just for afew
hours.

®  Compressed Work Week - Roads become congested at peak periods due to the fact that a
majority of work tripsare performed at the sametimesin the morning and evening. Oneway
to combat this problem isthrough a compressed work week. Many employers are allowing
employeesto work the expected 40-hour week in afour day period. Adjusting schedules so
that tripsaremade before or after the peak periodsisanother method of reducing congestion.
Additionally, a compressed work schedule reduces the number of weekly trips overal. A
compressed work week differs from flextime in that the start and end times of the work day
are still set by the employer.

® FHexible Work Hours has the effect of spreading the demand for travel over awider band of
time through alternative work hours. Staggered work hours is one such technique where
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different groups of employees are assigned different start times. Flex time is a technique
where individual employees can choose a flexible start time within a prescribed window,
usually between 7:00 am and 9:30 am. This works well for office workers who work
independently.

®  Subscription Bus can be auseful link between amain transit line and aresidential areaor a
corporate campus. Subscription buses, often known as shuttle buses, are usually small buses
that help reduce short car trips. This can help mitigate congestion by reducing the number
of SOVsontheroads. Thereare several opportunitiesfor subscription buswithin the study
area. The Bucks County TMA will be conducting two separate feasibility studies to
determine the potential for municipal shuttle bus service in Newton Township, Newton
Borough and Bristol Township. The studies will determine the need as well as operating
routes and times.

® Parking Cash Out is an option given to employees to choose cash in lieu of non-taxable
parking subsidies. Since employers can provide tax-free parking of up to $170 per month,
employees have an incentive to drive. However, if employers provide cash instead of
parking, employees can see a direct benefit and are more inclined to find an aternative to
driving alone.

® Pak and Ride facilities can provide a number of benefits in terms of air quality and
improving commuting. They serve as points where individuals can transfer to high
occupancy vehicles, reducing the number of single occupancy vehiclesontheroad. This, in
turn, reduces emissions and congestion. Commuting time can be reduced, especially with
express transit services from Park and Ride lots. Park and Ride lots are generally free or
charge a nominal fee to attract potential users. Park and Ride locations at the three rail
stations within the study area act as collection points for travelers near the origin point of
their trip. Woodbourne Station has a total of 558 SEPTA provided parking spaces,
Langhorne Station has 361parking spaces, while Bristol Station has 294 parking spaces.

®  Pedestrian and Bicycletrips can be an effective method of reducing vehicle trips, especially
for short-distancetrips. Most biketripsarelessthan five milesand most pedestrian tripsare
less than one-haf mile. In order to make bicycling and walking a viable alternative to
driving, there must be safe facilities, including sidewa ks and bike lanes. Employers should
provide bicycle racks where employees can store their bikes securely. Safe crossing areas
at intersections, including marked crosswalks, are necessary to encourage pedestrian traffic.
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X. IMPACT OF HEAVY VEHICLESIN WRIGHTSTOWN TOWNSHIP

To the north of the study area in Wrightstown Township, there are four quarries where stone
aggregateismined and transported out by trucksdaily. Therearelocal concernsof truck trafficfrom
these quarries being diverted onto local residential roads in Newtown Township due to weight
restrictions over culverts on Swamp Road. The four quarries are in the Rushland-area of
Wrightstown, located just off of Swamp Road. A two mile stretch of Swamp Road has been
restricted for use by heavy trucks dueto a 15-ton weight limitation of two culvertsontheroad. This
two mile stretch of Swamp Road i s between the quarries and the Newtown By-Pass, which isafour-
lane, limited access divided highway. The Newtown By-Pass leads to an 1-95 interchange, which
is often the destination of loaded quarry trucks. On their way to the quarries, most of the empty
guarry truckscomevial-95. Theunloaded trucksuse Swamp Road and thusthe Newtown By-Pass,
since they do not exceed the weight limitation.

However, loaded quarry trucks are forced to turn off Swamp Road. Thetrucks are diverted onto a
9.7-mile alternative route that ends at the Newtown By-Pass, just ¥z of amilefrom [-95. According
to Residentsfor Regional Traffic Solutions, Inc., theresidential routeencompasses Worthington Mill
Road, Stoopville Road, and Lindenhurst Road with 155 access points (driveways), compared to 16
access points on the two mile restricted portion of Swamp Road. Residents of the area strongly
prefer that the necessary improvements be made along Swamp Road to prevent trucksfrom driving
thisroute.

Currently, in the present FY 2003 TIP for Pennsylvania there are two projects that will affect the
area. TIP# B13isPhase | of atwo-phase project to provide improvements to the entire Swamp
Road corridor and calls for replacing the culvert south of Worthington Mill Road in Wrightstown
Township. TIP#B11 calsfor improvement to the entire Swamp Road corridor from Route 413 to
Rushland Road in Newtown and Wrightstown Townships. Theimprovementswould include minor
roadway widening, horizontal and vertical curverealignment, shoul der rehabilitation, and associated
drainage improvements.

A preferable solution to the problem would be to have the necessary improvements made to Swamp
Road, as outlined in the TIP, which would make it accessible to the loaded quarry trucks. This
solution would suit the truck drivers and theresidents. For the truck driversthe Swamp Road route
ismoredirect and faster since the Newtown By-Pass was built to handle heavy commercial traffic.
The residents would benefit by not having the quarry trucks use the residential alternative route
because the roads would be safer for drivers and residents.
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Xl.  PLANIMPLEMENTATION

ThePennsylvania Congestion Management System- PA413 Corridor can beused asadynamiclong
range tool for the systematic selection of projectsto create a significantly improved transportation
system within the study area. This document can serve as a punch list for the government agencies
with astakein theimplementation of improvements. Municipal governmentsarekey playersinthis
process. Even though a highways may be maintained by the county or state, it isthe welfare of the
local residentswhich aremost affected. Safety and mobility benefitsarerealized more by thosewho
use the highway frequently. Therefore, thelocal municipality should ensure that the improvements
are advanced expediently by being involved in the process regardl ess of which agency has the lead
role.

Characteristics

In choosing which projects should advance first, stakeholders can be guided by the information
presentedin Table6 and Table 7 (page 114 and 115). Thismatrix suggeststherelativeimportance
to stakeholders of the various attributes of each problem location. Each improvement scenario
identified isevaluated interms of project priority, cost range, and project benefits. The stakeholders
necessary to implement the plan are also identified.

Priority

Prioritiesare estimated in terms of three categories. high, moderate, and low. Prioritiesare assigned
based on the perception of the extent of the problemsfor drivers. Safety isthe most important, with
congestion (or time delay) and mobility also being considered. A higher degree of priority is also
assigned if there is an urgency to complete the improvement due to the imminent completion of a
nearby investment (development or transportation improvement). If thereis concern that a section
of right-of-way needed to complete an improvement is in danger of being developed or used for
another use, the priority to act on that improvement isalso heightened. If aprojectisrelatively small
scale and low cogt, yet offers a high benefit, it receives a higher priority ranking.

Cost Range

Costsarealso assigned to categories of high, moderate, and low. High cost projectsusually involve
a magor commitment from one or more funding source, lengthy public involvement, and several
years lead time in programming. They are typicaly large scale, complex, or multi-phased
improvementsthat can entail the construction of new facilities. Ingeneral, aproject in thiscategory
is estimated to cost between $5 and $35 million, however some major projects have been known to
cost inthe hundredsof millionsof dollars. Animprovement estimated to have amoderate cost could
involve a major reconstruction of an intersection, construction of a short connector road, or a
widening of an existing road. In general, aproject in this category is estimated to cost between $2
and $5 million. Low cost projects can often befast-tracked with maintenance or pool funding. They
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areoften operational-typeimprovementsat i solated | ocations and typically cost |essthan $2 million.
Thesecost rangesaregenerali zed estimatesand coul d be significantly changed for aspecificlocation
due to environmental, right-of-way, or other factors uncovered during project design.

Benefits

Benefitsdescribethekind of impact theimprovement will yield, such asenhancing safety, lessening
congestion, improving mobility, or encouraging economic development. Economic development
benefits are derived from a transportation improvement generally through an increase in the
accessibility of individual properties or areas. The location and magnitude of the improvement
determines the extent of the benefits received by the affected properties. The increased level of
access to a property may make it attractive enough to induce new commercia or residential
development or entice existing land usesto expand. Increased accessibility can also have apositive
effect on property values.

Roles of Agencies

In terms of a hierarchy of agencies, the Pennsylvania Department of Transportation (PennDOT) is
primary, both in terms of maintaining PA 413 aswell as providing much of the design, right-of-way,
and construction funding for mgjor improvements. Municipalities make land use decisions in the
corridor, which ultimately affect traffic levels on PA 413. In addition, many of the cross streets are
designed, built, and maintained by local government, also affecting how well PA 413 functions.
Lastly, developers build the housing, commercial, and industrial projects which generate trips that
must be accommodated by a publicly-owned transportation infrastructure. In some instances, the
transportation improvements themselves are designed and financed by developers.

Pennsylvania Department of Transportation

PennDOT hasjurisdiction over the state highwaysin the corridor. Theseincludel-95, US1and US
13. Improvements to these highways are typically financed by state and/or federal funds.
Occasionally, developer contributions are also a source of funding if the project has special impact
by adevelopment. The State ultimately makesthe decision on what improvementsare doneto their
facilities, but often coordinates with the county or local municipalities when the improvements
include facilities under their jurisdiction.

Bucks County
The County’ s role is to prioritize improvement projects and secure federal and state funds via the
TIP. It dso provides oversight in coordinating area-wide improvements.




Pennsylvania Congestion Management System - PA 413 Corridor Page 113

Metropolitan Planning Organization (MPO)

DVRPC, serving as the MPO for this region, is required to coordinate a comprehensive and
continuing transportation planning process. This process results in the development of a
Transportation Improvement Program (T1P) which identifies all priority projectsfor which federal
fundswill be sought. The TIP represents a consensus among state and regional officials asto what
regional improvements are to be made. In addition to the TIP, the MPO is required by federal
legislation to develop along range plan (LRP) to help direct region-wide transportation decision
making for the next 20 years. Long range plans do not specify the design of actual projects. Rather,
they identify future needs to address transportation deficiencies.

Municipalities

Local governments not only have jurisdiction over their local road system, they also control local
land use decisions. The decisions made at the local |evel can effect the traffic on roads. Therefore,
local officials must understand the traffic impacts which are generated from a particular
development, and understand the synergy that exists between land use decisions and transportation
improvements. Local officials need to be involved in the transportation planning process for all
levels of transportation improvements to ensure that the concerns of their residents are addressed.
The Master Plan is an important tool for municipalitiesto use in addressing their circulation needs.
Municipal officials need to make use of the circulation element of their Master Plan to identify
important missing links in their highway network and begin to preserve space for these linksto be
built.

Developers

Aspropertiesaredevel oped or redevel oped, transportati on needs can change, sometimesdrastically.
Providing proper transportation access to a new development is often critical to the success of that
development. Therefore, devel opers must work with the transportation providersto assure that the
necessary changes are beneficia to both the development and the existing transportation
infrastructure. Developers frequently design and construct improvements for traffic attributable to
their developments or to provide enhanced access to their site.
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TABLE 6

Transportation | mprovement Implementation Matrix - Arterial Sections

Location Priority Cost Benefits Lead Assisting
Range Role Role
1  PA 213: Wheeler Driveto PA 413 M M Mohility, DOT MCD, Co
Congestion
2 Woodbourne Rd: US 1 Businessto H H Mohility MCD Co
Oxford Valley Rd
3 Woodbourne Rd: Woodlane Rd to US L L Mohility, MCD Co
1 Business Congestion
4  PA 413: Western Ave to State Rd M L Sefety, DOT MCD, Co
Congestion
5  PA 213 Golf Club Dr to PA 413 L L Safety, DOT MCD, Co
Congestion
6  PA 413: Bridgetown Piketo PA 213 H M Mobility, Safety, DOT MCD, Co
Congestion
7  Woodbourne Rd: Oxford Valley Rd to L M Safety MCD Co
New FallsRd
8 US1Busness: Durham Rd to H H Mobhility, Safety, DOT MCD, Co
Hulmeville Rd Congestion
9  PA 413: Bridgetown Pike to the L M Mohility, DOT MCD, Co
Newtown By-Pass Congestion
10 PA 413: US1Businessto PA 213 H M Mobility, Safety, DOT MCD, Co
Congestion
Key:
Priority: H = High, M = Moderate, L = Low
Cost Range: H =High, M = Moderate, L = Low
Role: MCD = municipality

Co = county

DOT = Pennsylvania Department of Transportation
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TABLE 7

Transportation | mprovement | mplementation Matrix - I nter sections

Location Priority Cost Benefits Lead Assisting
Range Role Role
1  PA 413 at Winchester Ave H H Sefety, DOT MCD, Co
Congestion
2  Durham Rd at Trenton Rd L L Congestion MCD Co
3 Woodbourne Rd at New Falls Rd M M Mobility, Safety, MCD Co
Congestion
4  Woodbourne Rd at PA 213 H H Mobility, Safety, DOT MCD, Co
Congestion
5 PA213atPA 413 H L Safety DOT MCD, Co
6 PA413at PA 532 M H Mobility, DOT MCD, Co
Congestion
7 PA413at St. Mary Blvd L L Congestion DOT MCD, Co
8  OxfordValey Rd at US 1 Business H L Mobhility, Safety, DOT MCD, Co
Congestion
9  Woodbourne Rd at Trenton Ave M H Mobility MCD Co
10 PA 413 at the Newtown By-Pass M L Mobility, DOT MCD, Co
Congestion
Key:
Priority: H = High, M = Moderate, L = Low
Cost Range: H =High, M = Moderate, L = Low
Role: MCD = municipality

Co = county

DOT = Pennsylvania Department of Transportation
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Table 1: Zone 1 Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Zone 1 Percent Zone in Zone 1 Percent
Langhorne Boro 1 1,053 12.0 1 1,053 10.3
Langhorne Manor 2 487 55 2 236 2.3
Penndel 3 208 2.4 3 164 1.6
Hulmeville/Middletown West 4 434 4.9 4 591 5.8
Middletown East 5 998 11.4 5 700 6.8
Middletown North 6 1,450 16.5 6 1,395 13.6
Northampton 7 76 0.9 7 513 5.0
Newtown 8 293 3.3 8 884 8.6
Bristol North 9 304 3.5 9 275 2.7
Bristol South 10 93 1.1 10 82 0.8
Falls A* 475 5.4 A* 635 6.2
Lower Makefield B* 205 2.3 B* 618 6.0
Central Bucks c* 126 1.4 Cc* 438 4.3
Bensalem-Warminster D* 1,297 14.8 D* 1,259 12.3
Upper Bucks E* 21 0.2 E* 84 0.8
Montgomery F* 201 2.3 F* 246 2.4
Northeast Philadelphia G* 276 3.1 G* 318 3.1
Rest of Philadelphia H* 272 31 H* 220 21
Delaware/Chester I* 59 0.7 I* 46 0.4
Gloucester/Camden J* 50 0.6 J* 48 0.5
Burlington K* 110 1.3 K* 222 2.2
Mercer L* 298 3.4 L* 241 2.3
TOTAL 8,786 100 TOTAL 10,268 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 2: Zone 2 Total Highway Person Trips

Destination  Trips Originating Origin  Trips Terminating
Zone in Zone 2 Percent Zone in Zone 2 Percent

Langhorne Boro 1 236 34 1 487 2.9
Langhorne Manor 2 1,090 15.7 2 1,090 6.6
Penndel 3 264 3.8 3 439 2.7
Hulmeville/Middletown West 4 263 3.8 4 785 4.7
Middletown East 5 1,051 15.2 5 1,792 10.8
Middletown North 6 984 14.2 6 1,832 11.1
Northampton 7 43 0.6 7 563 3.4
Newtown 8 165 2.4 8 1,121 6.8
Bristol North 9 323 4.7 9 674 4.1
Bristol South 10 85 1.2 10 193 1.2
Falls A* 367 5.3 A* 1,118 6.8
Lower Makefield B* 159 2.3 B* 1,010 6.1
Central Bucks C* 74 1.1 C* 590 3.6
Bensalem-Warminster D* 974 14.1 D* 2,233 13.5
Upper Bucks E* 14 0.2 E* 122 0.7
Montgomery F* 126 1.8 F* 422 25
Northeast Philadelphia G* 186 2.7 G* 626 3.8
Rest of Philadelphia H* 180 2.6 H* 396 24
Delaware/Chester I* 37 0.5 I* 77 0.5
Gloucester/Camden J* 33 0.5 J* 83 0.5
Burlington K* 87 1.3 K* 463 2.8
Mercer L* 185 2.7 L* 443 2.7

TOTAL 6,926 100 TOTAL 16,559 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones

Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36

Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 3: Zone 3 Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Zone 3 Percent Zone in Zone 3 Percent
Langhorne Boro 1 164 1.8 1 208 1.8
Langhorne Manor 2 439 4.9 2 264 2.3
Penndel 3 791 8.9 3 791 7.0
Hulmeville/Middletown West 4 320 3.6 4 562 5.0
Middletown East 5 1,710 19.2 5 1,609 14.2
Middletown North 6 871 9.8 6 859 7.6
Northampton 7 32 0.4 7 263 2.3
Newtown 8 136 1.5 8 555 4.9
Bristol North 9 555 6.2 9 634 5.6
Bristol South 10 150 1.7 10 174 15
Falls A* 476 5.4 A* 808 7.2
Lower Makefield B* 177 2.0 B* 575 51
Central Bucks c* 76 0.9 Cc* 314 2.8
Bensalem-Warminster D* 1,634 18.4 D* 1,866 16.5
Upper Bucks E* 17 0.2 E* 61 0.5
Montgomery F* 206 2.3 F* 284 25
Northeast Philadelphia G* 305 3.4 G* 494 4.4
Rest of Philadelphia H* 320 3.6 H* 265 2.3
Delaware/Chester I* 57 0.6 I* 59 0.5
Gloucester/Camden J* 50 0.6 J* 70 0.6
Burlington K* 134 15 K* 317 2.8
Mercer L* 267 3.0 L* 264 2.3
TOTAL 8,887 100 TOTAL 11,296 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 4: Zone 4 Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Zone 4 Percent Zone in Zone 4 Percent
Langhorne Boro 1 591 15 1 434 1.2
Langhorne Manor 2 785 2.0 2 263 0.8
Penndel 3 562 15 3 320 0.9
Hulmeville/Middletown West 4 11,903 31.1 4 11,903 34.0
Middletown East 5 2,836 7.4 5 1,695 4.8
Middletown North 6 2,199 5.7 6 1,701 4.9
Northampton 7 327 0.9 7 1,713 4.9
Newtown 8 492 1.3 8 1,219 3.5
Bristol North 9 1,227 3.2 9 855 2.4
Bristol South 10 354 0.9 10 251 0.7
Falls A* 1,129 2.9 A* 1,219 35
Lower Makefield B* 438 1.1 B* 1,003 2.9
Central Bucks (O 467 1.2 (O 1,211 3.5
Bensalem-Warminster D* 8,739 22.8 D* 6,377 18.2
Upper Bucks E* 80 0.2 E* 237 0.7
Montgomery F* 1,133 3.0 F* 1,057 3.0
Northeast Philadelphia G* 1,531 4.0 G* 1,191 3.4
Rest of Philadelphia H* 1,608 4.2 H* 734 2.1
Delaware/Chester I* 274 0.7 I* 177 0.5
Gloucester/Camden J* 234 0.6 J* 153 0.4
Burlington K* 428 1.1 K* 666 1.9
Mercer L* 959 2.5 L* 599 1.7
TOTAL 38,296 100 TOTAL 34,978 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 5: Zone 5 Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Zone 5 Percent Zone in Zone 5 Percent
Langhorne Boro 1 700 0.6 1 998 0.6
Langhorne Manor 2 1,792 15 2 1,051 0.6
Penndel 3 1,609 1.3 3 1,710 1.0
Hulmeville/Middletown West 4 1,695 1.4 4 2,836 1.7
Middletown East 5 47,016 38.3 5 47,016 28.6
Middletown North 6 10,561 8.6 6 12,235 7.5
Northampton 7 232 0.2 7 1,960 1.2
Newtown 8 1,277 1.0 8 5,911 3.6
Bristol North 9 12,673 10.3 9 14,323 8.7
Bristol South 10 2,856 2.3 10 3,268 2.0
Falls A* 13,227 10.8 A* 28,363 17.3
Lower Makefield B* 2,624 2.1 B* 9,467 5.8
Central Bucks C* 624 0.5 Cc* 3,066 1.9
Bensalem-Warminster D* 11,807 9.6 D* 12,707 7.7
Upper Bucks E* 159 0.1 E* 750 0.5
Montgomery F* 1,660 14 F* 2,576 1.6
Northeast Philadelphia G* 2,268 1.8 G* 3,656 2.2
Rest of Philadelphia H* 3,440 2.8 H* 2,697 1.6
Delaware/Chester I* 596 0.5 I* 721 0.4
Gloucester/Camden J* 650 0.5 J* 836 0.5
Burlington K* 1,761 1.4 K* 4,278 2.6
Mercer L* 3,497 2.8 L* 3,749 2.3
TOTAL 122,724 100 TOTAL 164,174 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 6: Zone 6 Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Zone 6 Percent Zone in Zone 6 Percent
Langhorne Boro 1 1,395 1.1 1 1,450 1.0
Langhorne Manor 2 1,832 1.4 2 984 0.7
Penndel 3 859 0.7 3 871 0.6
Hulmeville/Middletown West 4 1,701 1.3 4 2,199 15
Middletown East 5 12,235 9.7 5 10,561 7.3
Middletown North 6 47,587 37.6 6 47,587 33.1
Northampton 7 991 0.8 7 4,611 3.2
Newtown 8 8,513 6.7 8 14,938 10.4
Bristol North 9 3,121 25 9 3,216 2.2
Bristol South 10 1,110 0.9 10 901 0.6
Falls A* 10,100 8.0 A* 14,313 10.0
Lower Makefield B* 9,340 7.4 B* 13,061 9.1
Central Bucks Cc* 2,087 1.6 C* 5,044 35
Bensalem-Warminster D* 8,453 6.7 D* 7,602 5.3
Upper Bucks E* 363 0.3 E* 859 0.6
Montgomery F* 2,060 1.6 F* 2,014 14
Northeast Philadelphia G* 2,118 1.7 G* 2,406 1.7
Rest of Philadelphia H* 3,212 2.5 H* 1,756 1.2
Delaware/Chester I* 647 0.5 I* 489 0.3
Gloucester/Camden J* 621 0.5 J* 4,480 3.1
Burlington K* 1,456 1.1 K* 1,148 0.8
Mercer L* 6,899 54 L* 3,241 2.3
TOTAL 126,700 100 TOTAL 143,731 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 7: Zone 7 Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Zone 7 Percent Zone in Zone 7 Percent
Langhorne Boro 1 513 0.7 1 76 0.3
Langhorne Manor 2 563 0.8 2 43 0.2
Penndel 3 263 0.4 3 32 0.1
Hulmeville/Middletown West 4 1,713 2.3 4 327 1.2
Middletown East 5 1,960 2.6 5 232 0.8
Middletown North 6 4,611 6.2 6 991 3.6
Northampton 7 14,616 19.7 7 14,616 52.9
Newtown 8 11,144 15.0 8 2,911 10.5
Bristol North 9 814 1.1 9 122 0.4
Bristol South 10 326 0.4 10 41 0.1
Falls A* 1,205 1.6 A* 248 0.9
Lower Makefield B* 837 1.1 B* 350 1.3
Central Bucks C* 7,266 9.8 C* 3,156 11.4
Bensalem-Warminster D* 15,188 20.5 D* 2,250 8.1
Upper Bucks E* 471 0.6 E* 239 0.9
Montgomery F* 3,776 51 F* 682 2.5
Northeast Philadelphia G* 2,037 2.7 G* 461 1.7
Rest of Philadelphia H* 2,608 35 H* 303 1.1
Delaware/Chester I* 523 0.7 I* 78 0.3
Gloucester/Camden J* 419 0.6 J* 85 0.3
Burlington K* 698 0.9 K* 178 0.6
Mercer L* 2,583 35 L* 195 0.7
TOTAL 74,134 100 TOTAL 27,616 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 8: Zone 8 Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Zone 8 Percent Zone in Zone 8 Percent
Langhorne Boro 1 884 0.6 1 293 0.3
Langhorne Manor 2 1,121 0.8 2 165 0.1
Penndel 3 555 0.4 3 136 0.1
Hulmeville/Middletown West 4 1,219 0.8 4 492 0.4
Middletown East 5 5,911 4.1 5 1,277 1.1
Middletown North 6 14,938 104 6 8,513 7.6
Northampton 7 2,911 2.0 7 11,144 9.9
Newtown 8 59,512 41.4 8 59,512 52.9
Bristol North 9 2,055 1.4 9 666 0.6
Bristol South 10 842 0.6 10 228 0.2
Falls A* 4,441 3.1 A* 1,693 15
Lower Makefield B* 5,706 4.0 B* 3,552 3.2
Central Bucks Cc* 8,446 5.9 C* 12,591 11.2
Bensalem-Warminster D* 10,668 7.4 D* 3,701 3.3
Upper Bucks E* 977 0.7 E* 1,302 1.2
Montgomery F* 3,930 2.7 F* 1,889 1.7
Northeast Philadelphia G* 2,183 15 G* 981 0.9
Rest of Philadelphia H* 3,797 2.6 H* 923 0.8
Delaware/Chester I* 856 0.6 I* 324 0.3
Gloucester/Camden J* 725 0.5 J* 277 0.2
Burlington K* 1,593 1.1 K* 901 0.8
Mercer L* 10,400 7.2 L* 1,941 1.7
TOTAL 143,670 100 TOTAL 112,501 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 9: Zone 9 Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Zone 9 Percent Zone in Zone 9 Percent
Langhorne Boro 1 275 0.2 1 304 0.2
Langhorne Manor 2 674 0.6 2 323 0.3
Penndel 3 634 0.5 3 555 0.4
Hulmeville/Middletown West 4 855 0.7 4 1,227 1.0
Middletown East 5 14,323 11.8 5 12,673 9.9
Middletown North 6 3,216 2.7 6 3,121 2.4
Northampton 7 122 0.1 7 814 0.6
Newtown 8 666 0.5 8 2,055 1.6
Bristol North 9 41,466 34.2 9 41,466 32.4
Bristol South 10 10,564 8.7 10 9,982 7.8
Falls A* 12,756 105 A* 17,388 13.6
Lower Makefield B* 1,919 1.6 B* 4,207 3.3
Central Bucks C* 469 0.4 C* 1,591 1.2
Bensalem-Warminster D* 14,533 12.0 D* 12,861 10.1
Upper Bucks E* 145 0.1 E* 499 0.4
Montgomery F* 1,812 15 F* 2,131 1.7
Northeast Philadelphia G* 3,234 2.7 G* 4,024 3.1
Rest of Philadelphia H* 5,452 45 H* 3,128 2.4
Delaware/Chester I* 766 0.6 I* 696 0.5
Gloucester/Camden J* 988 0.8 J* 952 0.7
Burlington K* 3,186 2.6 K* 5,551 4.3
Mercer L* 3,292 2.7 L* 2,301 1.8
TOTAL 121,347 100 TOTAL 127,849 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 10: Zone 10 Total Highway Person Trips

Destination  Trips Originating Origin  Trips Terminating
Zone in Zone 10 Percent Zone in Zone 10 Percent
Langhorne Boro 1 82 0.2 1 93 0.2
Langhorne Manor 2 193 0.4 2 85 0.1
Penndel 3 174 0.3 3 150 0.2
Hulmeville/Middletown West 4 251 0.5 4 354 0.6
Middletown East 5 3,268 6.1 5 2,856 47
Middletown North 6 901 1.7 6 1,110 1.8
Northampton 7 41 0.1 7 326 0.5
Newtown 8 228 0.4 8 842 1.4
Bristol North 9 9,982 18.8 9 10,564 17.3
Bristol South 10 15,223 28.6 10 15,223 24.9
Falls A* 5,101 9.6 A* 8,085 13.2
Lower Makefield B* 867 1.6 B* 2,422 4.0
Central Bucks C* 200 0.4 C* 834 1.4
Bensalem-Warminster D* 6,373 12.0 D* 5,062 8.3
Upper Bucks E* 74 0.1 E* 296 0.5
Montgomery F* 960 1.8 F* 1,328 2.2
Northeast Philadelphia G* 1,768 3.3 G* 2,264 3.7
Rest of Philadelphia H* 2,773 5.2 H* 1,881 3.1
Delaware/Chester I* 395 0.7 I* 436 0.7
Gloucester/Camden J* 599 1.1 J* 727 1.2
Burlington K* 2,140 4.0 K* 4,644 7.6
Mercer L* 1,582 3.0 L* 1,571 2.6
TOTAL 53,175 100 TOTAL 61,153 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

A-12




Table 11: Superzone A Total Highway Person Trips

Langhorne Boro
Langhorne Manor
Penndel

Hulmeville/Middletown West

Middletown East
Middletown North
Northampton
Newtown

Bristol North

Bristol South

Falls

Lower Makefield
Central Bucks
Bensalem-Warminster
Upper Bucks
Montgomery
Northeast Philadelphia
Rest of Philadelphia
Delaware/Chester
Gloucester/Camden
Burlington

Mercer

Falls

Lower Makefield
Central Bucks
Bensalem-Warminster
Upper Bucks
Montgomery
Northeast Philadelphia
Rest of Philadelphia
Delaware/Chester
Gloucester/Camden
Burlington

Mercer

Destination  Trips Originating Origin  Trips Terminating
Zone in Superzone A Percent Zone in Superzone A Percent
1 635 0.3 1 475 0.3
2 1,118 0.5 2 367 0.2
3 808 0.4 3 476 0.3
4 1,219 0.6 4 1,129 0.6
5 28,363 13.5 5 13,227 7.2
6 14,313 6.8 6 10,100 55
7 248 0.1 7 1,205 0.7
8 1,693 0.8 8 4,441 2.4
9 17,388 8.3 9 12,756 6.9
10 8,085 3.9 10 5,101 2.8
A* 80,997 38.6 A* 80,997 44.0
B* 14,161 6.8 B* 24,928 13.5
C* 997 0.5 Cc* 2,915 1.6
D* 10,093 4.8 D* 5,897 3.2
E* 266 0.1 E* 717 0.4
F* 2,458 1.2 F* 2,090 1.1
G* 2,759 1.3 G* 2,184 1.2
H* 5,791 2.8 H* 2,123 1.2
I* 1,033 0.5 I* 613 0.3
J* 1,214 0.6 J* 847 0.5
K* 3,667 1.7 K* 4,805 2.6
L* 12,347 5.9 L* 6,873 3.7
TOTAL 209,653 100 TOTAL 184,266 100

*These are Superzones consisting of combinations of zones as follows:

Superzone

rXSCTIEETMMmMOO®T>

Zones
15,16
17,18,19
20-21,25-27
22-24
28-31
32-35

36
37-41
42,43
44,45
46-48
49-50

A-13



Table 12: Superzone B Total Highway Person Trips

Destination  Trips Originating Origin  Trips Terminating
Zone in Superzone B Percent Zone in Superzone B Percent

Langhorne Boro 1 618 0.4 1 205 0.2
Langhorne Manor 2 1,010 0.6 2 159 0.1
Penndel 3 575 0.4 3 177 0.2
Hulmeville/Middletown West 4 1,003 0.6 4 438 0.4
Middletown East 5 9,467 5.9 5 2,624 2.4
Middletown North 6 13,061 8.2 6 9,340 8.5
Northampton 7 350 0.2 7 837 0.8
Newtown 8 3,552 2.2 8 5,706 5.2
Bristol North 9 4,207 2.6 9 1,919 1.7
Bristol South 10 2,422 15 10 867 0.8
Falls A* 24,928 15.6 A* 14,161 12.8
Lower Makefield B* 55,235 34.6 B* 55,235 50.1
Central Bucks Cc* 1,643 1.0 Cc* 3,285 3.0
Bensalem-Warminster D* 6,288 3.9 D* 2,082 1.9
Upper Bucks E* 346 0.2 E* 538 0.5
Montgomery F* 2,069 1.3 F* 977 0.9
Northeast Philadelphia G* 1,958 1.2 G* 853 0.8
Rest of Philadelphia H* 3,924 25 H* 889 0.8
Delaware/Chester I* 823 0.5 I* 315 0.3
Gloucester/Camden J* 882 0.6 J* 331 0.3
Burlington K* 2,716 1.7 K* 2,145 1.9
Mercer L* 22,579 14.1 L* 7,242 6.6

TOTAL 159,656 100 TOTAL 110,325 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones

Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36

Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

A-14



Table 13: Superzone C Total Highway Person Trips

Destination  Trips Originating Origin  Trips Terminating
Zone in Superzone C Percent Zone in Superzone C Percent

Langhorne Boro 1 438 0.1 1 126 0.0
Langhorne Manor 2 590 0.1 2 74 0.0
Penndel 3 314 0.1 3 76 0.0
Hulmeville/Middletown West 4 1,211 0.2 4 467 0.1
Middletown East 5 3,066 0.6 5 624 0.2
Middletown North 6 5,044 0.9 6 2,087 0.5
Northampton 7 3,156 0.6 7 7,266 1.8
Newtown 8 12,591 2.3 8 8,446 2.1
Bristol North 9 1,591 0.3 9 469 0.1
Bristol South 10 834 0.2 10 200 0.0
Falls A* 2,915 0.5 A* 997 0.2
Lower Makefield B* 3,285 0.6 B* 1,643 0.4
Central Bucks Cc* 279,525 50.7 Cc* 279,525 69.0
Bensalem-Warminster D* 74,989 13.6 D* 29,212 7.2
Upper Bucks E* 46,364 8.4 E* 36,539 9.0
Montgomery F* 74,642 13.5 F* 25,810 6.4
Northeast Philadelphia G* 5,135 0.9 G* 2,430 0.6
Rest of Philadelphia H* 12,874 2.3 H* 3,271 0.8
Delaware/Chester I* 5,348 1.0 I* 1,636 0.4
Gloucester/Camden J* 1,869 0.3 J* 705 0.2
Burlington K* 2,747 0.5 K* 1,379 0.3
Mercer L* 13,229 2.4 L* 2,065 0.5

TOTAL 551,757 100 TOTAL 405,047 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones

Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36

Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

A-15



Table 14: Superzone D Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Superzone D Percent Zone in Superzone D Percent
Langhorne Boro 1 1,259 0.2 1 1,297 0.2
Langhorne Manor 2 2,233 0.4 2 974 0.1
Penndel 3 1,866 0.3 3 1,634 0.2
Hulmeville/Middletown West 4 6,377 1.1 4 8,739 1.2
Middletown East 5 12,707 2.2 5 11,807 1.6
Middletown North 6 7,602 1.3 6 8,453 1.2
Northampton 7 2,250 0.4 7 15,188 21
Newtown 8 3,701 0.6 8 10,668 15
Bristol North 9 12,861 2.2 9 14,533 2.0
Bristol South 10 5,062 0.9 10 6,373 0.9
Falls A* 5,897 1.0 A* 10,093 1.4
Lower Makefield B* 2,082 0.4 B* 6,288 0.9
Central Bucks (o 29,212 5.0 c* 74,989 10.4
Bensalem-Warminster D* 339,461 57.7 D* 339,461 47.3
Upper Bucks E* 3,939 0.7 E* 11,029 1.5
Montgomery F* 68,484 11.6 F* 76,239 10.6
Northeast Philadelphia G* 35,938 6.1 G* 64,388 9.0
Rest of Philadelphia H* 27,895 4.7 H* 28,950 4.0
Delaware/Chester I* 4,670 0.8 I* 5,025 0.7
Gloucester/Camden J* 3,669 0.6 J* 4,657 0.6
Burlington K* 5,204 0.9 K* 11,394 1.6
Mercer L* 5,971 1.0 L* 5,458 0.8
TOTAL 588,340 100 TOTAL 717,637 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

A-16



Table 15: Superzone E Total Highway Person Trips

Langhorne Boro
Langhorne Manor
Penndel

Hulmeville/Middletown West

Middletown East
Middletown North
Northampton
Newtown

Bristol North

Bristol South

Falls

Lower Makefield
Central Bucks
Bensalem-Warminster
Upper Bucks
Montgomery
Northeast Philadelphia
Rest of Philadelphia
Delaware/Chester
Gloucester/Camden
Burlington

Mercer

Falls

Lower Makefield
Central Bucks
Bensalem-Warminster
Upper Bucks
Montgomery
Northeast Philadelphia
Rest of Philadelphia
Delaware/Chester
Gloucester/Camden
Burlington

Mercer

Destination  Trips Originating Origin  Trips Terminating
Zone in Superzone E Percent Zone in Superzone E Percent
1 84 0.0 1 21 0.0
2 122 0.0 2 14 0.0
3 61 0.0 3 17 0.0
4 237 0.0 4 80 0.0
5 750 0.1 5 159 0.0
6 859 0.1 6 363 0.1
7 239 0.0 7 471 0.1
8 1,302 0.2 8 977 0.2
9 499 0.1 9 145 0.0
10 296 0.0 10 74 0.0
A* 717 0.1 A* 266 0.0
B* 538 0.1 B* 346 0.1
C* 36,539 5.4 (O 46,364 7.5
D* 11,029 1.6 D* 3,939 0.6
E* 491,725 72.3 E* 491,725 79.9
F* 104,083 15.3 F* 62,597 10.2
G* 1,963 0.3 G* 745 0.1
H* 11,601 1.7 H* 2,271 0.4
I* 10,455 1.5 I* 2,901 0.5
J* 1,353 0.2 J* 521 0.1
K* 1,381 0.2 K* 605 0.1
L* 3,937 0.6 L* 700 0.1
TOTAL 679,770 100 TOTAL 615,301 100

*These are Superzones consisting of combinations of zones as follows:

Superzone

rXC T IOTMMmMOO®®>

Zones
15,16
17,18,19
20-21,25-27
22-24
28-31
32-35

36
37-41
42,43
44,45
46-48
49-50

A-17



Table 16: Superzone F Total Highway Person Trips

Langhorne Boro
Langhorne Manor
Penndel

Hulmeville/Middletown West

Middletown East
Middletown North
Northampton
Newtown

Bristol North

Bristol South

Falls

Lower Makefield
Central Bucks
Bensalem-Warminster
Upper Bucks
Montgomery
Northeast Philadelphia
Rest of Philadelphia
Delaware/Chester
Gloucester/Camden
Burlington

Mercer

Falls

Lower Makefield
Central Bucks
Bensalem-Warminster
Upper Bucks
Montgomery
Northeast Philadelphia
Rest of Philadelphia
Delaware/Chester
Gloucester/Camden
Burlington

Mercer

Destination  Trips Originating Origin  Trips Terminating
Zone in Superzone F Percent Zone in Superzone F  Percent
1 246 0.0 1 201 0.0
2 422 0.0 2 126 0.0
3 284 0.0 3 206 0.0
4 1,057 0.0 4 1,133 0.1
5 2,576 0.1 5 1,660 0.1
6 2,014 0.1 6 2,060 0.1
7 682 0.0 7 3,776 0.2
8 1,889 0.1 8 3,930 0.2
9 2,131 0.1 9 1,812 0.1
10 1,328 0.1 10 960 0.0
A* 2,090 0.1 A* 2,458 0.1
B* 977 0.0 B* 2,069 0.1
(O 25,810 1.1 (O 74,642 35
D* 76,239 3.3 D* 68,484 3.2
E* 62,597 2.7 E* 104,083 4.8
F* 1,640,007 70.2 F* 1,640,007 75.9
G* 24,206 1.0 G* 29,552 1.4
H* 208,729 8.9 H* 113,600 5.3
I* 256,966 11.0 I* 90,491 4.2
J* 13,741 0.6 J* 8,149 0.4
K* 8,613 0.4 K* 8,957 0.4
L* 5,191 0.2 L* 3,414 0.2
TOTAL 2,337,795 100 TOTAL 2,161,770 100

*These are Superzones consisting of combinations of zones as follows:

Superzone

rXSCTIOTMMOO®®>

Zones
15,16
17,18,19
20-21,25-27
22-24
28-31
32-35

36
37-41
42,43
44,45
46-48
49-50

A-18



Table 17: Superzone G Total Highway Person Trips

Langhorne Boro
Langhorne Manor
Penndel

Hulmeville/Middletown West

Middletown East
Middletown North
Northampton
Newtown

Bristol North

Bristol South

Falls

Lower Makefield
Central Bucks
Bensalem-Warminster
Upper Bucks
Montgomery
Northeast Philadelphia
Rest of Philadelphia
Delaware/Chester
Gloucester/Camden
Burlington

Mercer

Falls

Lower Makefield
Central Bucks
Bensalem-Warminster
Upper Bucks
Montgomery
Northeast Philadelphia
Rest of Philadelphia
Delaware/Chester
Gloucester/Camden
Burlington

Mercer

Destination  Trips Originating Origin  Trips Terminating
Zone in Superzone G Percent Zone in Superzone G Percent
1 318 0.1 1 276 0.1
2 626 0.1 2 186 0.0
3 494 0.1 3 305 0.1
4 1,191 0.2 4 1,531 0.3
5 3,656 0.8 5 2,268 0.5
6 2,406 0.5 6 2,118 0.5
7 461 0.1 7 2,037 0.5
8 981 0.2 8 2,183 0.5
9 4,024 0.8 9 3,234 0.7
10 2,264 0.5 10 1,768 0.4
A* 2,184 0.5 A* 2,759 0.6
B* 853 0.2 B* 1,958 0.4
C* 2,430 0.5 c* 5,135 1.1
D* 64,388 13.4 D* 35,938 8.0
E* 745 0.2 E* 1,963 0.4
F* 29,552 6.1 F* 24,206 5.4
G* 252,348 52.4 G* 252,348 56.3
H* 91,520 19.0 H* 86,798 19.3
I* 4,456 0.9 I* 3,737 0.8
J* 6,342 1.3 J* 5,791 1.3
K* 6,468 1.3 K* 9,210 2.1
L* 3,970 0.8 L* 2,866 0.6
TOTAL 481,677 100 TOTAL 448,615 100

*These are Superzones consisting of combinations of zones as follows:

Superzone

rXSCTIOTMMOO®®>

Zones
15,16
17,18,19
20-21,25-27
22-24
28-31
32-35

36
37-41
42,43
44,45
46-48
49-50

A-19



Table 18: Superzone H Total Highway Person Trips

Langhorne Boro
Langhorne Manor
Penndel

Hulmeville/Middletown West

Middletown East
Middletown North
Northampton
Newtown

Bristol North

Bristol South

Falls

Lower Makefield
Central Bucks
Bensalem-Warminster
Upper Bucks
Montgomery
Northeast Philadelphia
Rest of Philadelphia
Delaware/Chester
Gloucester/Camden
Burlington

Mercer

Falls

Lower Makefield
Central Bucks
Bensalem-Warminster
Upper Bucks
Montgomery
Northeast Philadelphia
Rest of Philadelphia
Delaware/Chester
Gloucester/Camden
Burlington

Mercer

Destination  Trips Originating Origin  Trips Terminating
Zone in Superzone H Percent Zone in Superzone H Percent
1 220 0.0 1 272 0.0
2 396 0.0 2 180 0.0
3 265 0.0 3 320 0.0
4 734 0.0 4 1,608 0.1
5 2,697 0.1 5 3,440 0.1
6 1,756 0.1 6 3,212 0.1
7 303 0.0 7 2,608 0.1
8 923 0.0 8 3,797 0.2
9 3,128 0.2 9 5,452 0.2
10 1,881 0.1 10 2,773 0.1
A* 2,123 0.1 A* 5,791 0.2
B* 889 0.0 B* 3,924 0.2
(O 3,271 0.2 (O 12,874 0.5
D* 28,950 14 D* 27,895 1.2
E* 2,271 0.1 E* 11,601 0.5
F* 113,600 5.6 F* 208,729 8.7
G* 86,798 4.3 G* 91,520 3.8
H* 1,602,105 78.6 H* 1,602,105 66.5
I* 105,679 5.2 I* 221,678 9.2
J* 50,338 2.5 J* 131,722 55
K* 24,069 1.2 K* 59,867 2.5
L* 5,368 0.3 L* 7,646 0.3
TOTAL 2,037,764 100 TOTAL 2,409,014 100

*These are Superzones consisting of combinations of zones as follows:

Superzone

rXC T IOTMMmMOO®®>

Zones
15,16
17,18,19
20-21,25-27
22-24
28-31
32-35

36
37-41
42,43
44,45
46-48
49-50

A-20



Table 19: Superzone | Total Highway Person Trips

Destination  Trips Originating Origin  Trips Terminating
Zone in Superzone | Percent Zone in Superzone | Percent
Langhorne Boro 1 46 0.0 1 59 0.0
Langhorne Manor 2 77 0.0 2 37 0.0
Penndel 3 59 0.0 3 57 0.0
Hulmeville/Middletown West 4 177 0.0 4 274 0.0
Middletown East 5 721 0.0 5 596 0.0
Middletown North 6 489 0.0 6 647 0.0
Northampton 7 78 0.0 7 523 0.0
Newtown 8 324 0.0 8 856 0.0
Bristol North 9 696 0.0 9 766 0.0
Bristol South 10 436 0.0 10 395 0.0
Falls A* 613 0.0 A* 1,033 0.0
Lower Makefield B* 315 0.0 B* 823 0.0
Central Bucks c* 1,636 0.0 c* 5,348 0.1
Bensalem-Warminster D* 5,025 0.1 D* 4,670 0.1
Upper Bucks E* 2,901 0.1 E* 10,455 0.3
Montgomery F* 90,491 2.5 F* 256,966 6.9
Northeast Philadelphia G* 3,737 0.1 G* 4,456 0.1
Rest of Philadelphia H* 221,678 6.1 H* 105,679 2.8
Delaware/Chester I* 3,285,205 90.0 I* 3,285,205 88.1
Gloucester/Camden J* 26,767 0.7 J* 37,472 1.0
Burlington K* 6,564 0.2 K* 9,155 0.2
Mercer L* 1,705 0.0 L* 1,469 0.0
TOTAL 3,649,740 100 TOTAL 3,726,941 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

A-21




Table 20: Superzone J Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in SuperzoneJ Percent Zone in Superzone J Percent
Langhorne Boro 1 48 0.0 1 50 0.0
Langhorne Manor 2 83 0.0 2 33 0.0
Penndel 3 70 0.0 3 50 0.0
Hulmeville/Middletown West 4 153 0.0 4 234 0.0
Middletown East 5 836 0.0 5 650 0.0
Middletown North 6 480 0.0 6 621 0.0
Northampton 7 85 0.0 7 419 0.0
Newtown 8 277 0.0 8 725 0.0
Bristol North 9 952 0.0 9 988 0.0
Bristol South 10 727 0.0 10 599 0.0
Falls A* 847 0.0 A* 1,214 0.0
Lower Makefield B* 331 0.0 B* 882 0.0
Central Bucks (O 705 0.0 (O 1,869 0.1
Bensalem-Warminster D* 4,657 0.1 D* 3,669 0.1
Upper Bucks E* 521 0.0 E* 1,353 0.0
Montgomery F* 8,149 0.3 F* 13,741 04
Northeast Philadelphia G* 5,791 0.2 G* 6,342 0.2
Rest of Philadelphia H* 131,722 4.2 H* 50,338 1.6
Delaware/Chester I* 37,472 1.2 I* 26,767 0.9
Gloucester/Camden J* 2,707,496 86.7 J* 2,707,496 87.6
Burlington K* 212,038 6.8 K* 266,365 8.6
Mercer L* 9,352 0.3 L* 8,076 0.3
TOTAL 3,122,792 100 TOTAL 3,092,481 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

A-22



Table 21: Superzone K Total Highway Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Superzone K Percent Zone in Superzone K Percent

Langhorne Boro 1 222 0.0 1 110 0.0
Langhorne Manor 2 463 0.0 2 87 0.0
Penndel 3 317 0.0 3 134 0.0
Hulmeville/Middletown West 4 666 0.0 4 428 0.0
Middletown East 5 4,278 0.2 5 1,761 0.1
Middletown North 6 2,148 0.1 6 1,456 0.1
Northampton 7 178 0.0 7 698 0.0
Newtown 8 901 0.0 8 1,593 0.1
Bristol North 9 5,551 0.3 9 3,186 0.2
Bristol South 10 4,644 0.2 10 2,140 0.1
Falls A* 4,805 0.2 A* 3,667 0.2
Lower Makefield B* 2,145 0.1 B* 2,716 0.1
Central Bucks c* 1,379 0.1 c* 2,747 0.1
Bensalem-Warminster D* 11,394 0.5 D* 5,204 0.3
Upper Bucks E* 605 0.0 E* 1,381 0.1
Montgomery F* 8,957 0.4 F* 8,613 0.4
Northeast Philadelphia G* 9,210 0.4 G* 6,468 0.3
Rest of Philadelphia H* 59,867 2.8 H* 24,069 1.2
Delaware/Chester I* 9,155 0.4 I* 6,564 0.3
Gloucester/Camden J* 266,365 12.5 J* 212,038 10.7
Burlington K* 1,643,441 77.2 K* 1,643,441 83.0
Mercer L* 90,894 4.3 L* 52,058 2.6

TOTAL 2,127,585 100 TOTAL 1,980,559 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

A-23



Table 22: Superzone L Total Highway Person Trips

Destination  Trips Originating Origin  Trips Terminating
Zone in Superzone L Percent Zone in Superzone L Percent
Langhorne Boro 1 241 0.0 1 298 0.0
Langhorne Manor 2 443 0.0 2 185 0.0
Penndel 3 264 0.0 3 267 0.0
Hulmeville/Middletown West 4 599 0.0 4 959 0.1
Middletown East 5 3,749 0.2 5 3,497 0.2
Middletown North 6 3,241 0.2 6 6,899 0.4
Northampton 7 195 0.0 7 2,583 0.2
Newtown 8 1,941 0.1 8 10,400 0.6
Bristol North 9 2,301 0.2 9 3,292 0.2
Bristol South 10 1,571 0.1 10 1,582 0.1
Falls A* 6,873 0.5 A* 12,347 0.8
Lower Makefield B* 7,242 0.5 B* 22,579 1.4
Central Bucks Cc* 2,065 0.1 c* 13,229 0.8
Bensalem-Warminster D* 5,458 0.4 D* 5,971 0.4
Upper Bucks E* 700 0.0 E* 3,937 0.2
Montgomery F* 3,414 0.2 F* 5,191 0.3
Northeast Philadelphia G* 2,866 0.2 G* 3,970 0.2
Rest of Philadelphia H* 7,646 0.5 H* 5,368 0.3
Delaware/Chester I* 1,469 0.1 I* 1,705 0.1
Gloucester/Camden J* 8,076 0.5 J* 9,352 0.6
Burlington K* 52,058 35 K* 90,894 5.7
Mercer L* 1,395,882 92.5 L* 1,395,882 87.2
TOTAL 1,508,294 100 TOTAL 1,600,387 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

A-24



Appendix B






Table 1: Zone 1 Total Transit Person Trips

Destination  Trips Originating Origin Trips Terminating
Zone in Zone 1 Percent Zone in Zone 1 Percent
Langhorne Boro 1 0 0.0 1 0 0.0
Langhorne Manor 2 3 2.0 2 1 2.2
Penndel 3 2 1.3 3 2 4.3
Hulmeville/Middletown West 4 0 0.0 4 0 0.0
Middletown East 5 6 3.9 5 5 10.9
Middletown North 6 6 3.9 6 8 17.4
Northampton 7 0 0.0 7 1 2.2
Newtown 8 0 0.0 8 1 2.2
Bristol North 9 0 0.0 9 1 2.2
Bristol South 10 2 1.3 10 0 0.0
Falls A* 1 0.7 A* 1 2.2
Lower Makefield B* 1 0.7 B* 0 0.0
Central Bucks cx 0 0.0 c* 0 0.0
Bensalem-Warminster D* 9 5.9 D* 7 15.2
Upper Bucks E* 0 0.0 E* 0 0.0
Montgomery F* 13 8.5 F* 2 4.3
Northeast Philadelphia G* 2 1.3 G* 3 6.5
Rest of Philadelphia H* 96 62.7 H* 9 19.6
Delaware/Chester I* 2 1.3 I* 1 2.2
Gloucester/Camden J* 2 1.3 J* 1 2.2
Burlington K* 0 0.0 K* 0 0.0
Mercer L* 8 5.2 L* 3 6.5
TOTAL 153 100 TOTAL 46 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

B-3



Table 2: Zone 2 Total Transit Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Zone 2 Percent Zone in Zone 2 Percent
Langhorne Boro 1 1 15 1 3 2.6
Langhorne Manor 2 0 0.0 2 0 0.0
Penndel 3 0 0.0 3 0 0.0
Hulmeville/Middletown West 4 0 0.0 4 0 0.0
Middletown East 5 5 7.5 5 5 4.3
Middletown North 6 3 45 6 5 4.3
Northampton 7 0 0.0 7 2 1.7
Newtown 8 0 0.0 8 4 35
Bristol North 9 0 0.0 9 2 1.7
Bristol South 10 0 0.0 10 0 0.0
Falls A* 2 3.0 A* 8 7.0
Lower Makefield B* 1 1.5 B* 7 6.1
Central Bucks C* 0 0.0 C* 1 0.9
Bensalem-Warminster D* 5 75 D* 16 13.9
Upper Bucks E* 1 1.5 E* 0 0.0
Montgomery F* 2 3.0 F* 11 9.6
Northeast Philadelphia G* 3 4.5 G* 12 10.4
Rest of Philadelphia H* 40 59.7 H* 29 25.2
Delaware/Chester I* 0 0.0 I* 1 0.9
Gloucester/Camden J* 0 0.0 J* 0 0.0
Burlington K* 0 0.0 K* 1 0.9
Mercer L* 4 6.0 L* 8 7.0

TOTAL 67 100 TOTAL 115 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

B-4



Table 3: Zone 3 Total Transit Person Trips

Destination  Trips Originating Origin Trips Terminating

Zone in Zone 3 Percent Zone in Zone 3 Percent
Langhorne Boro 1 2 1.6 1 2 2.8
Langhorne Manor 2 0 0.0 2 0 0.0
Penndel 3 0 0.0 3 0 0.0
Hulmeville/Middletown West 4 0 0.0 4 1 1.4
Middletown East 5 7 55 5 4 5.6
Middletown North 6 6 4.7 6 3 4.2
Northampton 7 0 0.0 7 1 1.4
Newtown 8 0 0.0 8 1 1.4
Bristol North 9 1 0.8 9 5 7.0
Bristol South 10 1 0.8 10 0 0.0
Falls A* 1 0.8 A* 4 5.6
Lower Makefield B* 0 0.0 B* 9 12.7
Central Bucks C* 0 0.0 C* 1 1.4
Bensalem-Warminster D* 13 10.2 D* 11 15.5
Upper Bucks E* 0 0.0 E* 0 0.0
Montgomery F* 6 4.7 F* 12 16.9
Northeast Philadelphia G* 5 3.9 G* 4 5.6
Rest of Philadelphia H* 79 61.7 H* 6 8.5
Delaware/Chester I* 1 0.8 I* 2 2.8
Gloucester/Camden J* 0 0.0 J* 1 1.4
Burlington K* 0 0.0 K* 1 1.4
Mercer L* 6 4.7 L* 3 4.2

TOTAL 128 100 TOTAL 71 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

B-5




Table 4: Zone 4 Total Transit Person Trips

Destination  Trips Originating

Origin Trips Terminating

Zone in Zone 4 Percent Zone in Zone 4 Percent
Langhorne Boro 1 0 0.0 1 0 0.0
Langhorne Manor 2 0 0.0 2 0 0.0
Penndel 3 1 0.2 3 0 0.0
Hulmeville/Middletown West 4 0 0.0 4 0 0.0
Middletown East 5 11 2.6 5 2 3.4
Middletown North 6 7 1.6 6 5 8.6
Northampton 7 0 0.0 7 2 3.4
Newtown 8 0 0.0 8 4 6.9
Bristol North 9 5 1.2 9 1 1.7
Bristol South 10 1 0.2 10 0 0.0
Falls A* 2 0.5 A* 4 6.9
Lower Makefield B* 3 0.7 B* 11 19.0
Central Bucks C* 0 0.0 C* 2 3.4
Bensalem-Warminster D* 24 5.6 D* 12 20.7
Upper Bucks E* 1 0.2 E* 0 0.0
Montgomery F* 32 7.5 F* 5 8.6
Northeast Philadelphia G* 7 1.6 G* 0 0.0
Rest of Philadelphia H* 302 70.7 H* 2 3.4
Delaware/Chester I 7 1.6 * 3 5.2
Gloucester/Camden J* 2 0.5 J* 1 1.7
Burlington K* 1 0.2 K* 1 1.7
Mercer L* 21 4.9 L* 3 5.2
TOTAL 427 100 TOTAL 58 100
*These are Superzones consisting of combinations of zones as follows:
Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

B-6



Table 5: Zone 5 Total Transit Person Trips

Destination  Trips Originating

Origin Trips Terminating

Zone in Zone 5 Percent Zone in Zone 5 Percent
Langhorne Boro 1 5 0.4 1 6 1.1
Langhorne Manor 2 5 0.4 2 5 0.9
Penndel 3 4 0.3 3 7 1.2
Hulmeville/Middletown West 4 2 0.2 4 11 1.9
Middletown East 5 64 5.3 5 64 11.3
Middletown North 6 34 2.8 6 29 5.1
Northampton 7 0 0.0 7 3 0.5
Newtown 8 3 0.2 8 11 1.9
Bristol North 9 44 3.7 9 54 9.6
Bristol South 10 21 1.7 10 17 3.0
Falls A* 59 4.9 A* 122 21.6
Lower Makefield B* 9 0.7 B* 31 55
Central Bucks C* 1 0.1 C* 9 1.6
Bensalem-Warminster D* 66 5.5 D* 60 10.6
Upper Bucks E* 2 0.2 E* 1 0.2
Montgomery F* 72 6.0 F* 28 5.0
Northeast Philadelphia G* 21 1.7 G* 17 3.0
Rest of Philadelphia H* 718 59.7 H* 46 8.1
Delaware/Chester I 12 1.0 * 10 1.8
Gloucester/Camden J* 3 0.2 J* 3 0.5
Burlington K* 6 0.5 K* 8 1.4
Mercer L* 51 4.2 L* 23 4.1
TOTAL 1,202 100 TOTAL 565 100
*These are Superzones consisting of combinations of zones as follows:
Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42, 43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

B-7



Table 6: Zone 6 Total Transit Person Trips

Destination  Trips Originating

Origin Trips Terminating

Zone in Zone 6 Percent Zone in Zone 6 Percent
Langhorne Boro 1 8 0.5 1 6 1.6
Langhorne Manor 2 5 0.3 2 3 0.8
Penndel 3 3 0.2 3 6 1.6
Hulmeville/Middletown West 4 5 0.3 4 7 1.8
Middletown East 5 29 2.0 5 34 8.8
Middletown North 6 36 25 6 36 9.3
Northampton 7 1 0.1 7 6 1.6
Newtown 8 9 0.6 8 13 34
Bristol North 9 15 1.0 9 15 3.9
Bristol South 10 26 1.8 10 10 2.6
Falls A* 46 3.2 A* 56 14.5
Lower Makefield B* 15 1.0 B* 20 5.2
Central Bucks C* 6 0.4 C* 19 4.9
Bensalem-Warminster D* 58 4.0 D* 37 9.6
Upper Bucks E* 6 0.4 E* 1 0.3
Montgomery F* 172 11.8 F* 34 8.8
Northeast Philadelphia G* 25 1.7 G* 19 4.9
Rest of Philadelphia H* 751 51.4 H* 32 8.3
Delaware/Chester i 27 1.8 * 3 0.8
Gloucester/Camden J* 5 0.3 J* 0 0.0
Burlington K* 8 0.5 K* 8 2.1
Mercer L* 204 14.0 L* 21 5.4
TOTAL 1,460 100 TOTAL 386 100
*These are Superzones consisting of combinations of zones as follows:
Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 7: Zone 7 Total Transit Person Trips

Destination  Trips Originating

Origin Trips Terminating

Zone in Zone 7 Percent Zone in Zone 7 Percent
Langhorne Boro 1 1 0.1 1 0 0.0
Langhorne Manor 2 2 0.3 2 0 0.0
Penndel 3 1 0.1 3 0 0.0
Hulmeville/Middletown West 4 2 0.3 4 0 0.0
Middletown East 5 3 0.4 5 0 0.0
Middletown North 6 6 0.8 6 1 8.3
Northampton 7 3 0.4 7 3 25.0
Newtown 8 33 4.4 8 1 8.3
Bristol North 9 2 0.3 9 0 0.0
Bristol South 10 1 0.1 10 0 0.0
Falls A* 0 0.0 A* 1 8.3
Lower Makefield B* 3 0.4 B* 0 0.0
Central Bucks C* 11 1.5 C* 2 16.7
Bensalem-Warminster D* 32 4.2 D* 2 16.7
Upper Bucks E* 1 0.1 E* 0 0.0
Montgomery F* 48 6.3 F* 1 8.3
Northeast Philadelphia G* 5 0.7 G* 0 0.0
Rest of Philadelphia H* 576 76.1 H* 0 0.0
Delaware/Chester I 10 1.3 * 1 8.3
Gloucester/Camden J* 7 0.9 J* 0 0.0
Burlington K* 1 0.1 K* 0 0.0
Mercer L* 9 1.2 L* 0 0.0
TOTAL 757 100 TOTAL 12 100
*These are Superzones consisting of combinations of zones as follows:
Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 8: Zone 8 Total Transit Person Trips

Destination  Trips Originating

Origin Trips Terminating

Zone in Zone 8 Percent Zone in Zone 8 Percent
Langhorne Boro 1 1 0.1 1 0 0.0
Langhorne Manor 2 4 0.3 2 0 0.0
Penndel 3 1 0.1 3 0 0.0
Hulmeville/Middletown West 4 4 0.3 4 0 0.0
Middletown East 5 11 0.9 5 3 1.6
Middletown North 6 13 1.0 6 9 4.7
Northampton 7 1 0.1 7 33 17.3
Newtown 8 10 0.8 8 10 5.2
Bristol North 9 5 0.4 9 3 1.6
Bristol South 10 3 0.2 10 1 0.5
Falls A* 7 0.6 A* 4 2.1
Lower Makefield B* 9 0.7 B* 4 2.1
Central Bucks c* 15 1.2 c* 54 28.3
Bensalem-Warminster D* 45 3.6 D* 22 11.5
Upper Bucks E* 2 0.2 E* 0 0.0
Montgomery F* 82 6.6 F* 12 6.3
Northeast Philadelphia G* 12 1.0 G* 5 2.6
Rest of Philadelphia H* 886 71.2 H* 13 6.8
Delaware/Chester I* 17 14 I* 3 1.6
Gloucester/Camden J* 11 0.9 J* 0 0.0
Burlington K* 3 0.2 K* 4 2.1
Mercer L* 103 8.3 L* 11 5.8
TOTAL 1,245 100 TOTAL 191 100
*These are Superzones consisting of combinations of zones as follows:
Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

B-10



Table 9: Zone 9 Total Transit Person Trips

Destination  Trips Originating

Origin Trips Terminating

Zone in Zone 9 Percent Zone in Zone 9 Percent
Langhorne Boro 1 1 0.1 1 0 0.0
Langhorne Manor 2 2 0.1 2 0 0.0
Penndel 3 5 0.3 3 1 0.3
Hulmeville/Middletown West 4 1 0.1 4 5 1.4
Middletown East 5 54 3.6 5 44 121
Middletown North 6 15 1.0 6 15 4.1
Northampton 7 0 0.0 7 2 0.6
Newtown 8 3 0.2 8 5 1.4
Bristol North 9 51 3.4 9 51 14.0
Bristol South 10 80 5.4 10 55 15.2
Falls A* 58 3.9 A* 60 16.5
Lower Makefield B* 10 0.7 B* 18 5.0
Central Bucks C* 0 0.0 C* 1 0.3
Bensalem-Warminster D* 54 3.6 D* 31 8.5
Upper Bucks E* 0 0.0 E* 0 0.0
Montgomery F* 40 2.7 F* 11 3.0
Northeast Philadelphia G* 34 2.3 G* 19 5.2
Rest of Philadelphia H* 906 61.0 H* 13 3.6
Delaware/Chester i 16 1.1 * 0 0.0
Gloucester/Camden J* 10 0.7 J* 3 0.8
Burlington K* 9 0.6 K* 13 3.6
Mercer L* 136 9.2 L* 16 4.4
TOTAL 1,485 100 TOTAL 363 100
*These are Superzones consisting of combinations of zones as follows:
Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 10: Zone 10 Total Transit Person Trips

Destination  Trips Originating

Origin Trips Terminating

Zone in Zone 10 Percent Zone in Zone 10 Percent
Langhorne Boro 1 0 0.0 1 2 0.3
Langhorne Manor 2 0 0.0 2 0 0.0
Penndel 3 0 0.0 3 1 0.1
Hulmeville/Middletown West 4 0 0.0 4 1 0.1
Middletown East 5 17 1.6 5 21 3.0
Middletown North 6 10 0.9 6 26 3.7
Northampton 7 0 0.0 7 1 0.1
Newtown 8 1 0.1 8 3 0.4
Bristol North 9 55 5.2 9 80 11.3
Bristol South 10 95 8.9 10 95 13.5
Falls A* 43 4.0 A* 116 16.4
Lower Makefield B* 4 0.4 B* 52 7.4
Central Bucks C* 0 0.0 C* 7 1.0
Bensalem-Warminster D* 38 3.6 D* 57 8.1
Upper Bucks E* 0 0.0 E* 4 0.6
Montgomery F* 28 2.6 F* 29 4.1
Northeast Philadelphia G* 21 2.0 G* 49 6.9
Rest of Philadelphia H* 610 57.3 H* 65 9.2
Delaware/Chester i 13 1.2 * 9 1.3
Gloucester/Camden J* 6 0.6 J* 10 1.4
Burlington K* 5 0.5 K* 17 2.4
Mercer L* 118 11.1 L* 61 8.6
TOTAL 1,064 100 TOTAL 706 100
*These are Superzones consisting of combinations of zones as follows:
Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 11: Superzone A Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone A Percent Zone in Superzone A Percent
Langhorne Boro 1 1 0.0 1 1 0.2
Langhorne Manor 2 8 0.4 2 2 0.3
Penndel 3 4 0.2 3 1 0.2
Hulmeville/Middletown West 4 4 0.2 4 2 0.3
Middletown East 5 122 5.6 5 59 9.4
Middletown North 6 56 2.6 6 46 7.3
Northampton 7 1 0.0 7 0 0.0
Newtown 8 4 0.2 8 7 1.1
Bristol North 9 60 2.7 9 58 9.3
Bristol South 10 116 5.3 10 43 6.9
Falls A* 157 7.2 A* 157 25.1
Lower Makefield B* 41 1.9 B* 68 10.9
Central Bucks c* 2 0.1 c* 9 1.4
Bensalem-Warminster D* 56 2.6 D* 37 5.9
Upper Bucks E* 2 0.1 E* 0 0.0
Montgomery F* 86 3.9 F* 17 2.7
Northeast Philadelphia G* 31 1.4 G* 17 2.7
Rest of Philadelphia H* 1,024 46.8 H* 23 3.7
Delaware/Chester I* 22 1.0 I* 5 0.8
Gloucester/Camden J* 12 0.5 J* 1 0.2
Burlington K* 11 0.5 K* 16 2.6
Mercer L* 366 16.7 L* 57 9.1

TOTAL 2,186 100 TOTAL 626 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 12: Superzone B Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone B Percent Zone in Superzone B Percent
Langhorne Boro 1 0 0.0 1 1 0.4
Langhorne Manor 2 7 0.4 2 1 0.4
Penndel 3 9 0.5 3 0 0.0
Hulmeville/Middletown West 4 11 0.6 4 3 1.1
Middletown East 5 31 1.7 5 9 3.4
Middletown North 6 20 1.1 6 15 5.6
Northampton 7 0 0.0 7 3 1.1
Newtown 8 4 0.2 8 9 3.4
Bristol North 9 18 1.0 9 10 3.7
Bristol South 10 52 2.9 10 4 1.5
Falls A* 68 3.8 A* 41 15.3
Lower Makefield B* 69 3.9 B* 69 25.7
Central Bucks c* 3 0.2 c* 1 0.4
Bensalem-Warminster D* 51 2.9 D* 19 7.1
Upper Bucks E* 2 0.1 E* 3 1.1
Montgomery F* 162 9.1 F* 21 7.8
Northeast Philadelphia G* 19 1.1 G* 2 0.7
Rest of Philadelphia H* 835 47.0 H* 7 2.6
Delaware/Chester I* 25 1.4 I* 3 11
Gloucester/Camden J* 8 0.4 J* 1 0.4
Burlington K* 9 0.5 K* 4 15
Mercer L* 375 21.1 L* 42 15.7

TOTAL 1,778 100 TOTAL 268 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 13: Superzone C Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone C Percent Zone in Superzone C Percent
Langhorne Boro 1 0 0.0 1 0 0.0
Langhorne Manor 2 1 0.0 2 0 0.0
Penndel 3 1 0.0 3 0 0.0
Hulmeville/Middletown West 4 2 0.1 4 0 0.0
Middletown East 5 9 0.3 5 1 0.2
Middletown North 6 19 0.6 6 6 1.5
Northampton 7 2 0.1 7 11 2.7
Newtown 8 54 1.8 8 15 3.7
Bristol North 9 1 0.0 9 0 0.0
Bristol South 10 7 0.2 10 0 0.0
Falls A* 9 0.3 A* 2 0.5
Lower Makefield B* 1 0.0 B* 3 0.7
Central Bucks c* 139 4.7 c* 139 34.6
Bensalem-Warminster D* 99 3.4 D* 47 11.7
Upper Bucks E* 166 5.7 E* 55 13.7
Montgomery F* 783 26.7 F* 95 23.6
Northeast Philadelphia G* 26 0.9 G* 3 0.7
Rest of Philadelphia H* 1,470 50.1 H* 18 45
Delaware/Chester I* 62 2.1 I* 3 0.7
Gloucester/Camden J* 18 0.6 J* 3 0.7
Burlington K* 3 0.1 K* 0 0.0
Mercer L* 64 2.2 L* 1 0.2

TOTAL 2,936 100 TOTAL 402 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 14: Superzone D Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone D Percent Zone in Superzone D  Percent
Langhorne Boro 1 7 0.1 1 9 0.4
Langhorne Manor 2 16 0.2 2 5 0.2
Penndel 3 11 0.1 3 13 0.6
Hulmeville/Middletown West 4 12 0.1 4 24 1.1
Middletown East 5 60 0.7 5 66 2.9
Middletown North 6 37 0.4 6 58 2.6
Northampton 7 2 0.0 7 32 1.4
Newtown 8 22 0.3 8 45 2.0
Bristol North 9 31 0.4 9 54 2.4
Bristol South 10 57 0.7 10 38 1.7
Falls A* 37 0.4 A* 56 2.5
Lower Makefield B* 19 0.2 B* 51 2.2
Central Bucks c* 47 0.6 c* 99 4.4
Bensalem-Warminster D* 500 5.9 D* 500 22.0
Upper Bucks E* 14 0.2 E* 16 0.7
Montgomery F* 546 6.4 F* 250 11.0
Northeast Philadelphia G* 294 35 G* 328 14.5
Rest of Philadelphia H* 6,485 76.1 H* 531 23.4
Delaware/Chester I* 79 0.9 I* 19 0.8
Gloucester/Camden J* 49 0.6 J* 18 0.8
Burlington K* 12 0.1 K* 20 0.9
Mercer L* 181 2.1 L* 37 1.6

TOTAL 8,518 100 TOTAL 2,269 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

B-16



Table 15: Superzone E Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone E Percent Zone in Superzone E  Percent
Langhorne Boro 1 0 0.0 1 0 0.0
Langhorne Manor 2 0 0.0 2 1 0.2
Penndel 3 0 0.0 3 0 0.0
Hulmeville/Middletown West 4 0 0.0 4 1 0.2
Middletown East 5 1 0.1 5 2 0.3
Middletown North 6 1 0.1 6 6 1.0
Northampton 7 0 0.0 7 1 0.2
Newtown 8 0 0.0 8 2 0.3
Bristol North 9 0 0.0 9 0 0.0
Bristol South 10 4 0.3 10 0 0.0
Falls A* 0 0.0 A* 2 0.3
Lower Makefield B* 3 0.2 B* 2 0.3
Central Bucks c* 55 4.4 c* 166 28.2
Bensalem-Warminster D* 16 1.3 D* 14 2.4
Upper Bucks E* 107 8.5 E* 107 18.2
Montgomery F* 579 45.8 F* 248 42.2
Northeast Philadelphia G* 4 0.3 G* 5 0.9
Rest of Philadelphia H* 455 36.0 H* 21 3.6
Delaware/Chester I* 20 1.6 I* 8 1.4
Gloucester/Camden J* 4 0.3 J* 0 0.0
Burlington K* 1 0.1 K* 1 0.2
Mercer L* 13 1.0 L* 1 0.2

TOTAL 1,263 100 TOTAL 588 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 16: Superzone F Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone F Percent Zone in Superzone F  Percent
Langhorne Boro 1 2 0.0 1 13 0.0
Langhorne Manor 2 11 0.0 2 2 0.0
Penndel 3 12 0.0 3 6 0.0
Hulmeville/Middletown West 4 5 0.0 4 32 0.1
Middletown East 5 28 0.1 5 72 0.2
Middletown North 6 34 0.1 6 172 0.6
Northampton 7 1 0.0 7 48 0.2
Newtown 8 12 0.0 8 82 0.3
Bristol North 9 11 0.0 9 40 0.1
Bristol South 10 29 0.1 10 28 0.1
Falls A* 17 0.0 A* 86 0.3
Lower Makefield B* 21 0.0 B* 162 0.5
Central Bucks c* 95 0.2 c* 783 25
Bensalem-Warminster D* 250 0.5 D* 546 1.8
Upper Bucks E* 248 0.5 E* 579 1.9
Montgomery F* 14,040 28.9 F* 14,040 45.1
Northeast Philadelphia G* 184 0.4 G* 318 1.0
Rest of Philadelphia H* 30,804 63.3 H* 9,431 30.3
Delaware/Chester I* 2,441 5.0 I* 4,078 13.1
Gloucester/Camden J* 186 0.4 J* 337 1.1
Burlington K* 38 0.1 K* 99 0.3
Mercer L* 164 0.3 L* 149 0.5

TOTAL 48,633 100 TOTAL 31,103 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 17: Superzone G Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone G Percent Zone in Superzone G  Percent
Langhorne Boro 1 3 0.0 1 2 0.0
Langhorne Manor 2 12 0.0 2 3 0.0
Penndel 3 4 0.0 3 5 0.0
Hulmeville/Middletown West 4 0 0.0 4 7 0.0
Middletown East 5 17 0.0 5 21 0.1
Middletown North 6 19 0.0 6 25 0.1
Northampton 7 0 0.0 7 5 0.0
Newtown 8 5 0.0 8 12 0.0
Bristol North 9 19 0.0 9 34 0.1
Bristol South 10 49 0.1 10 21 0.1
Falls A* 17 0.0 A* 31 0.1
Lower Makefield B* 2 0.0 B* 19 0.1
Central Bucks c* 3 0.0 c* 26 0.1
Bensalem-Warminster D* 328 0.8 D* 294 1.2
Upper Bucks E* 5 0.0 E* 4 0.0
Montgomery F* 318 0.8 F* 184 0.8
Northeast Philadelphia G* 9,924 24.6 G* 9,924 41.0
Rest of Philadelphia H* 29,344 72.6 H* 13,303 55.0
Delaware/Chester I* 130 0.3 I* 101 0.4
Gloucester/Camden J* 90 0.2 J* 124 0.5
Burlington K* 18 0.0 K* 34 0.1
Mercer L* 101 0.2 L* 21 0.1

TOTAL 40,408 100 TOTAL 24,200 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 18: Superzone H Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone H Percent Zone in Superzone H Percent
Langhorne Boro 1 9 0.0 1 96 0.0
Langhorne Manor 2 29 0.0 2 40 0.0
Penndel 3 6 0.0 3 79 0.0
Hulmeville/Middletown West 4 2 0.0 4 302 0.0
Middletown East 5 46 0.0 5 718 0.1
Middletown North 6 32 0.0 6 751 0.1
Northampton 7 0 0.0 7 576 0.1
Newtown 8 13 0.0 8 886 0.1
Bristol North 9 13 0.0 9 906 0.1
Bristol South 10 65 0.0 10 610 0.1
Falls A* 23 0.0 A* 1024 0.1
Lower Makefield B* 7 0.0 B* 835 0.1
Central Bucks c* 18 0.0 c* 1,470 0.2
Bensalem-Warminster D* 531 0.1 D* 6,485 0.8
Upper Bucks E* 21 0.0 E* 455 0.1
Montgomery F* 9,431 15 F* 30,804 4.0
Northeast Philadelphia G* 13,303 2.1 G* 29,344 3.8
Rest of Philadelphia H* 604,900 95.0 H* 604,900 77.6
Delaware/Chester I* 5,896 0.9 I* 48,802 6.3
Gloucester/Camden J* 2,077 0.3 J* 37,815 4.8
Burlington K* 240 0.0 K* 11,188 1.4
Mercer L* 194 0.0 L* 1,667 0.2

TOTAL 636,856 100 TOTAL 779,753 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

B-20



Table 19: Superzone | Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone | Percent Zone in Superzone |  Percent
Langhorne Boro 1 1 0.0 1 2 0.0
Langhorne Manor 2 1 0.0 2 0 0.0
Penndel 3 2 0.0 3 1 0.0
Hulmeville/Middletown West 4 3 0.0 4 7 0.0
Middletown East 5 10 0.0 5 12 0.0
Middletown North 6 3 0.0 6 27 0.1
Northampton 7 1 0.0 7 10 0.0
Newtown 8 3 0.0 8 17 0.1
Bristol North 9 0 0.0 9 16 0.1
Bristol South 10 9 0.0 10 13 0.0
Falls A* 5 0.0 A* 22 0.1
Lower Makefield B* 3 0.0 B* 25 0.1
Central Bucks c* 3 0.0 c* 62 0.2
Bensalem-Warminster D* 19 0.0 D* 79 0.3
Upper Bucks E* 8 0.0 E* 20 0.1
Montgomery F* 4,078 5.8 F* 2,441 9.4
Northeast Philadelphia G* 101 0.1 G* 130 0.5
Rest of Philadelphia H* 48,802 69.6 H* 5,896 22.7
Delaware/Chester I* 16,781 23.9 I* 16,781 64.5
Gloucester/Camden J* 220 0.3 J* 354 1.4
Burlington K* 17 0.0 K* 81 0.3
Mercer L* 59 0.1 L* 30 0.1

TOTAL 70,129 100 TOTAL 26,026 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 20: Superzone J Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone J Percent Zone in Superzone J Percent
Langhorne Boro 1 1 0.0 1 2 0.0
Langhorne Manor 2 0 0.0 2 0 0.0
Penndel 3 1 0.0 3 0 0.0
Hulmeville/Middletown West 4 1 0.0 4 2 0.0
Middletown East 5 3 0.0 5 3 0.0
Middletown North 6 0 0.0 6 5 0.0
Northampton 7 0 0.0 7 7 0.0
Newtown 8 0 0.0 8 11 0.0
Bristol North 9 3 0.0 9 10 0.0
Bristol South 10 10 0.0 10 6 0.0
Falls A* 1 0.0 A* 12 0.0
Lower Makefield B* 1 0.0 B* 8 0.0
Central Bucks c* 3 0.0 c* 18 0.1
Bensalem-Warminster D* 18 0.0 D* 49 0.2
Upper Bucks E* 0 0.0 E* 4 0.0
Montgomery F* 337 0.6 F* 186 0.7
Northeast Philadelphia G* 124 0.2 G* 90 0.3
Rest of Philadelphia H* 37,815 61.7 H* 2,077 7.9
Delaware/Chester I* 354 0.6 I* 220 0.8
Gloucester/Camden J* 20,929 34.2 J* 20,929 80.1
Burlington K* 1,491 2.4 K* 2,386 9.1
Mercer L* 159 0.3 L* 104 0.4

TOTAL 61,251 100 TOTAL 26,129 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50
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Table 21: Superzone K Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone K Percent Zone in Superzone K Percent
Langhorne Boro 1 0 0.0 1 0 0.0
Langhorne Manor 2 1 0.0 2 0 0.0
Penndel 3 1 0.0 3 0 0.0
Hulmeville/Middletown West 4 1 0.0 4 1 0.0
Middletown East 5 8 0.0 5 6 0.1
Middletown North 6 8 0.0 6 8 0.1
Northampton 7 0 0.0 7 1 0.0
Newtown 8 4 0.0 8 3 0.1
Bristol North 9 13 0.1 9 9 0.2
Bristol South 10 17 0.1 10 5 0.1
Falls A* 16 0.1 A* 11 0.2
Lower Makefield B* 4 0.0 B* 9 0.2
Central Bucks c* 0 0.0 c* 3 0.1
Bensalem-Warminster D* 20 0.1 D* 12 0.2
Upper Bucks E* 1 0.0 E* 1 0.0
Montgomery F* 99 0.5 F* 38 0.7
Northeast Philadelphia G* 34 0.2 G* 18 0.3
Rest of Philadelphia H* 11,188 60.0 H* 240 4.1
Delaware/Chester I* 81 0.4 I* 17 0.3
Gloucester/Camden J* 2,386 12.8 J* 1,491 25.6
Burlington K* 3,711 19.9 K* 3,711 63.6
Mercer L* 1,062 5.7 L* 249 4.3

TOTAL 18,655 100 TOTAL 5,833 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

B-23



Table 22: Superzone L Total Transit Person Trips

Destination  Trips Originating Origin  Trips Terminating

Zone in Superzone L  Percent Zone in Superzone L  Percent
Langhorne Boro 1 3 0.0 1 8 0.0
Langhorne Manor 2 8 0.0 2 4 0.0
Penndel 3 3 0.0 3 6 0.0
Hulmeville/Middletown West 4 3 0.0 4 21 0.1
Middletown East 5 23 0.1 5 51 0.2
Middletown North 6 21 0.1 6 204 1.0
Northampton 7 0 0.0 7 9 0.0
Newtown 8 11 0.1 8 103 0.5
Bristol North 9 16 0.1 9 136 0.6
Bristol South 10 61 0.3 10 118 0.6
Falls A* 57 0.3 A* 366 1.7
Lower Makefield B* 42 0.2 B* 375 1.8
Central Bucks c* 1 0.0 c* 64 0.3
Bensalem-Warminster D* 37 0.2 D* 181 0.9
Upper Bucks E* 1 0.0 E* 13 0.1
Montgomery F* 149 0.7 F* 164 0.8
Northeast Philadelphia G* 21 0.1 G* 101 0.5
Rest of Philadelphia H* 1,667 8.2 H* 194 0.9
Delaware/Chester I* 30 0.1 I* 59 0.3
Gloucester/Camden J* 104 0.5 J* 159 0.8
Burlington K* 249 1.2 K* 1,062 5.0
Mercer L* 17,733 87.6 L* 17,733 83.9

TOTAL 20,240 100 TOTAL 21,131 100

*These are Superzones consisting of combinations of zones as follows:

Superzone Zones
Falls A 15,16
Lower Makefield B 17,18,19
Central Bucks C 20-21,25-27
Bensalem-Warminster D 22-24
Upper Bucks E 28-31
Montgomery F 32-35
Northeast Philadelphia G 36
Rest of Philadelphia H 37-41
Delaware/Chester I 42,43
Gloucester/Camden J 44,45
Burlington K 46-48
Mercer L 49-50

B-24









Title of Report: Pennsylvania Congestion Management System - PA 413 Corridor

Publication No.: 03016

Date Published: July 2003

Geographic Area Covered:

The study area consists of an area of Bucks County that is directly or indirectly impacted by traffic
traveling along PA 413. It includes or is adjacent to the following Bucks County municipalities:
Newtown Township, Newtown Borough, Northampton Township, Falls Township, Middletown
Township, Bristol Township, Bristol Borough, Penndel Borough, Langhhorne Manor, Langhorne,
Humeville, and Lower Makefield Township

Key Words:

congestion, levels of service, intersection analysis, improvement options, traffic counts, station
access, park and ride, trip generators, transit, journey-to-work, functional classification, average
car technigue, highway person trips, transit person trips, regional rail service, incentives

ABSTRACT.

This report is part of the Pennsylvania Congestion Management System (CMS) and provides an
analysis of the PA 413 corridor in Bucks County, Pennsylvania. Through travel time surveys,
conditions at intersections and arterial sections within the study network were evaluated during the
peak periods. The most congested intersections and arterial sections were examined in detail and
improvement measures to reduce congestion and delay were identified. Transit service was
evaluated and changes were recommended to improve the attractiveness of this mode. Several
Travel Demand Management (TDM) measures such as TransitChek and Mobility Alternative
Programs were suggested as additional methods of reducing single occupant vehicle trips. Based
on DVRPCis 2025 forecast of Journey-To-Work travel patterns, the major destinations for highway
person trips within the study area were determined. Based on the same forecast, origins and
destinations of transit person trips were also determined.
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