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1.0

Introduction

The greater King of Prussia-Valley Forge area is a major suburban
center for southeastern Pennsylvania.
This area has been
experiencing growth in the number of residents, jobs, shopping, and
entertainment facilities. As a result, traffic congestion has worsened
along I-76, SR 202, SR 422 and local roads. In February 2019 the
Southeastern Pennsylvania Transportation Authority (SEPTA)
retained the services of the HNTB team to continue the King of
Prussia Rail Extension project’s engineering development and other
related services. The first phase of the work under the agreement
between SEPTA and the HNTB team was the development of 15%
basic design level. An essential goal of the 15% plan phase was to
advance the project’s conceptual design completed in the Draft
Environmental Impact Statement (DEIS) to a sufficient level to
support the project’s Final Environmental Impact Statement (FEIS)
and eventual Record of Decision (ROD).



Landscaping



And related services including: environmental permitting and
support of the FTA New Starts process.

This basis of design report summarizes the activities, criteria, and
design process for each element advanced during this stage of the
project. This report, combined with the 15% Design Plans, under
separate cover, are the final products of this phase of work.

The following areas were advanced during this phase of design:


Track/Alignment



Architecture including station location



Civil works including stormwater management, traffic, and
related activities



Utility location



Survey



Right-of-way



Geotechnical



Structural design



Electrical design and lighting



Mechanical design



Plumbing/Fire protection



Traction power



Communications
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2.0 Project History
For more than 25 years, regional transportation studies have
identified a deficiency in transit services in the King of Prussia and
Valley Forge areas of Upper Merion Township in Montgomery
County. The area is a major regional activity center that has
experienced growing population and employment that has led to
increased congestion on local roadways and highways. The King of
Prussia/Valley Forge area has several areas of commercial
development. These include the King of Prussia Mall (KOP Mall), the
second largest mall in the United States, the King of Prussia business
park, and the Valley Forge Convention Center and Casino. Additional
significant commercial, industrial, and residential development
exists or is planned for the area.



2017 King of Prussia Rail Draft Environmental Impact
Statement/Draft Section 4(f) Evaluation (DEIS)

As part of the next phase of the development process, SEPTA
initiated the development of a 15% design of the locally preferred
alternative (LPA) identified in the 2017 DEIS. The basis of that design
is summarized in this report. In addition, SEPTA is currently working
with the Federal Transit Administration (FTA) Region 3 staff on a
combined Final Environmental Impact Statement/Record of Decision
(FEIS/ROD).

Despite this concentration of existing and planned development, the
only transit service to King of Prussia from the regional centers of
Philadelphia and Norristown is slow and unreliable bus service that
operates on the congested roadways and highways. The closest rail
station to King of Prussia is on the Norristown Highspeed Line
(NHSL), located approximately two miles east of the KOP Mall.
Travelers who want to use the NHSL must transfer from rail to bus
to complete their trip to most major destinations. There is a large
transit dependent population who work in King of Prussia and live in
Philadelphia, Norristown, and other communities along the NHSL.
This population is negatively impacted by the poor connectivity and
unreliability of the existing transit services. Given the extensive road
congestion, additional bus service is not feasible. Bus riders are
subject to the same congestion delays as motorists, as buses share
the roadway travel lanes.
Because of the congestion along the area’s streets and highways,
fixed guideway transit has been found to be the preferred transit
alternative to connect King of Prussia/Valley Forge with Philadelphia
and Norristown. Many efforts have been undertaken to evaluate the
benefits and impacts of providing new, fixed guideway transit service
to the King of Prussia and Valley Forge areas. Extensive public and
agency involvement was undertaken during these studies.
Studies include:


2003 Norristown High Speed Line (Route 100) Extension
Draft Alternatives Analysis
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3.0 Phase 1 - 15% Basic Design
3.01

Objectives

To further advance the prior work SEPTA retained the HNTB team
to complete Phase 1 of engineering design (15% design). The
objectives of Phase 1 were to:


Advance the LPA to a 15% design level, beginning to develop
solutions that are site specific to the surroundings of the
LPA.



Develop an effective strategy to successfully obtain New
Starts funding, including moving the project into to the
project development phase of the FTA Capital Investment
Grant New Starts program.



Serve as a resource of information so the Final
Environmental Impact Statement/Record of Decision
(FEIS/ROD) can be completed.



Continue to engage stakeholders to work towards consensus
building to support the project.



Set the stage for moving the project into the Preliminary
Engineering, Phase 2 30% level design.

3.02

Summary

The 15% design is described and illustrated in this report and
accompanying plans. For each design discipline, this report includes
an explanation of the design criteria applied, the design process used
during this phase, and the critical next steps needed to advance the
project moving forward.
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4.0 Track
4.01

Introduction

The track design for the KOP Extension consists of a geometry that
defines the location and grades of the project (the alignment) and a
design of the other elements that make up the transit track system
including the roadbed, guideway, and track structure. Since the
proposed project is located in a developed urban area the track
alignment and profile is a key for the entire project. As such, the
alignment and profile must be fully mathematized at all phases of
project development.
Although the overall project design is at a 15% level of completion,
the geometric design of the alignment has been fully evaluated. This
is required to show compliance with the project's design criteria, to
show attainable speeds, and to show how the system will interact
with the existing built environment.
The track alignment described in this report is based on the LPA
identified in the DEIS. Additionally, it has been coordinated with
SEPTA’s transportation and rail operations planning efforts
completed during the DEIS phase, and with the other elements of the
project.
Typical roadbed and guideway sections have also been developed for
the 15% design to coordinate with the structural and civil design and
to provide a basis for the project limit of disturbance.

of the project with the FTA, was another consideration that factored
in to the design decisions.

4.02.1

General Approach to Alignment Design

4.02.1.1

Design Criteria

The project design criteria includes SEPTA’s City and Suburban
Transit Divisions Manual for the Inspection, Maintenance &
Construction of Track (SMW-100) by reference. This SEPTA manual
provides most of the track geometry requirements. Where a
parameter is not included in SMW-100, requirements are included
directly in the project design criteria, King of Prussia Rail Project
Design Criteria (AECOM, 2018) as amended during the 15% design.
Key design criteria parameters used in the design are summarized
below:


Design speed: 70 mph



Signal speed entering platform tracks: 15 mph



Underbalance (Eu): Desirable 1.5” to 2.5”; maximum 3.5”



Minimum curve radius: 400’



Minimum tangent lengths between curves or facing samehand turnouts:

This section includes a general discussion of the design approach
and constraints (Section 4.02), a description of the proposed
alignment (Section 4.03), a description of the proposed track system
(Section 4.04), and recommendations for future design refinements
(Section 4.05).

4.02

Design Approach and Constraints

Many variables must be addressed by the track alignment. The
alignment must support the operations objectives, allow for feasible
construction, and allow for existing operations (NHSL and existing
roadways) to continue during construction.
Other factors are considered during the design process including the
location of station platforms and station facilities, impacts to private
property, and crossing roads and highways in a safe and economical
manner. The capital cost, which is an important factor for the rating
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Desirable: 3 times the design speed in mph



Minimum: 1.5 times the design speed in mph



Minimum per SMW-100: 100 feet where practical



Absolute Minimum: 40 feet



Maximum grade: 2.5% general maximum (2.85% at the
junction)



Maximum grade in stations: 0.5% (1.5% at Henderson Road
Station)



Maximum grade in special trackwork: 1.00% (2.00% at the
junction)



Track centers: 12’-6”



Exclusive ROW (no public at-grade crossings)



Platform Lengths: 225’ with 50’ of tangent track beyond each
(no curvature in the platforms)



Mid-line platform widths: 22’ to 24’ (all center platforms)



Terminal platform widths: Side platform, 12’ center platform,
20’

4.02.1.2

Line Direction and Track Naming

The timetable direction for the existing NHSL is north from 69th
Street towards Norristown. However, the direction from the junction
to the western terminal on the KOP extension is nearly due west. As
such, the extension is described as east/west for the purposes of the
15% report.
The track naming was continued from the existing line where the
normally NHSL northbound track is Track 1 and the southbound track
is Track 2. On the extension, the normally westbound track is Track
V1 and the eastbound track is Track V2. The north leg of the
connecting wye is described as named Track N1 and N2, with N1
connecting to V1 on the extension and Track 2 on the existing NHSL.
At the First and Moore Station (the western terminal), tracks are
numbered Tracks 0, 1, and 2 from north to south.

4.02.1.3

Operations Plan

A KOP Rail Operating Plan was developed during the DEIS phase of
the project (See NHSL Simulation of Existing and Future Operations,
September 3, 2015). That plan identified anticipated headways, the
required terminal configuration and the assumed junction
configuration. Train performance runs of the proposed line showed
15 mph operation on the north wye and 20 mph operations on the
south wye, although the design criteria for the junction is not directly
stated in the report.
The proposed schedule used in the train performance simulations
was developed around a slightly different alternative that was not
selected as the LPA. However, the location of the junction was
identical, and the LPA has a shorter alignment and higher speed than
the modeled route. For these reasons, it is believed that the
conclusions of the 2015 operations plan can apply to the 15%
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alignment with the addition of two minutes of additional dwell times
at the First and Moore Station.

A literature search to find grade compensation test data for similar
rail transit vehicles was not conclusive. Typically, railroads
compensate at 0.04 to 0.05 percent per degree of curve. However,
considering that the NHSL cars have modern self-steering trucks,
that consists are short (one to four cars) and that each truck is
powered, a rate of 0.02 percent per degree of curve was selected.

The operating plan includes 10-minute peak period headways on the
69th Street to KOP branch, 20 –minute headways on the 69th Street
to Norristown branch, and 20-minute headways on the KOP to
Norristown branch. A 12-minute dwell at the western terminal for
69th Street to KOP service is required based on the configuration of
the junction. Two platforms are required at the western terminal to
achieve the desired service frequency to 69th Street. A third platform
track at the western terminal is dedicated to Norristown service.

4.02.2

General Alignment Design Constraints

4.02.1.4

4.02.2.1

Alignment Location Adjacent to Existing Roadways

Special Trackwork

SEPTA is in the process of standardizing special trackwork on the
NHSL to No. 8 turnouts whenever renewal work occurs. The 15%
design of the junction and extension uses No. 8 turnouts throughout.
Another consideration in special trackwork design for the NHSL is
the operation of single-car consists. Layouts with gaps in the contact
rail that exceed the contact rail shoe spacing on the existing vehicles
(44-foot truck spacing) introduces a location where a rail car can
become trapped without traction power. For this reason, and to
eliminate additional costly trackwork, universal crossovers have
been included in the design in lieu of double (scissor) crossovers.

4.02.1.5

Highway Grade Separation

A principal assumption is that the extension will be grade-separated
due to the number of roadways (10) and driveways (25) crossed by
the alignment, the traffic levels on those roadways, and the
anticipated frequency of train service. Additionally, grade crossings
would require a gap in the contact rail that would strand a one or
two-car consist.
The minimum required vertical clearance over local roadways and
highways is addressed in Section 6 Civil.

4.02.1.6

Track Grade Compensation

SMW-100 and the project design criteria do not require
compensation of grades due to horizontal curvature. However, the
grades at the junction have been compensated since they exceed the
maximum allowable of 2.5 percent per SMW-100 and due to their
importance to operations.
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Where grades do not exceed the 2.5 percent maximum in SMW-100,
no compensated grade is calculated.

The LPA located the guideway along the center of First Avenue and
Mall Boulevard. This design would require the structure to straddle
the travel lanes (straddle bents) or require center piers within what
is currently a center turn lane. Straddle bents are typically more
costly to construct and maintain and result in a more massive and
visually obstructive structure then center piers. The center pier
approach presents challenges to the drivers making left turns and
would require significant civil/highway work within affected
roadways.
To avoid these problems, the 15% design alignment located the
guideway outside of the roadway. Straddle bents have been used
only where necessary due to other constraints. Piers have been
located outside the clear zone of the travel lanes wherever possible.
The conceptual station design in the LPA showed the platforms of
each station located on an elevated structure over the roadway,
except for Henderson Road. This configuration requires a more
massive structure, more complex passenger circulation and greater
capital and lifecycle costs.

circulation requirements and as such the track centers at each
station vary from 30.5 to 34.5 feet.

4.02.2.2 Distance to Existing Structures
Separate from direct impacts to private property, fire codes specify
minimum clearances between existing structures and new facilities.
If the elevated guideway or station facilities were built within 30 feet
of an existing building, there would be a need to investigate the fire
code compliance of the building. This could affect the legal use and
occupancy of the buildings and would either require SEPTA to
retrofit the existing structures or purchase the property and remove
the building. The alignment has been designed to be a minimum of
30 feet clear of all existing buildings that are to remain.

4.02.3

Connection to NHSL

The location of the physical connection between the extension and
the existing NHSL was not fully defined in the DEIS. The LPA
identified the need for a double-track connection between the
extension and the existing NHSL to both Norristown and 69th Street.
At each of the three junction points, to provide required parallel
moves on each leg, a minimum of two turnouts and one crossing
diamond are required.
The track speed on the NHSL in the vicinity of the Pennsylvania
Turnpike Bridge over the NHSL is limited to 30 mph due to active
sinkholes. As part of a separate project SEPTA is working to mitigate
the impact of the sink hole formation, and the existing track
geometry could theoretically support up to 65 mph operations.
In addition to private property impacts, there are numerous
constraints along the NHSL north and south of the junction that are

For the 15% design, station locations have been selected where
either the entire station facility is adjacent to but not over existing
roadways or the platform is perpendicular to the roadway with
passenger circulation facilities located outside the existing travel
lanes on either side.
Center platforms have been designed for all station (except at the
western terminal). Center platforms require the track alignment to
split onto separate guideways at each end of each station. Platform
widths vary by location from 20 to 24 feet depending on passenger
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practical limits to the footprint of the junction including a former
quarry, now a water-supply reservoir, to the north, and the three
closely-spaced overhead bridges to the south. In addition, significant
changes in grade between the existing NHSL and Henderson Road
also significantly influenced the location and design of the junction.

4.02.3.1

Water Supply Reservoir (former quarry)

A section of the NHSL at the north end of the junction is shown in
Figure 4.1. The rim of the reservoir is shown approximately 85 feet
west of centerline of the existing corridor.

Figure 4.1 NS Trenton Cutoff OH Bridge 11.49 looking north
Figure 4.2 Church Road OH Bridge 11.47 looking north
Norfolk Southern Trenton Cutoff Bridge. The turnpike bridge is
actual two structures each with two 75-foot spans. Figure 4.4 only
shows the span occupied by the NHSL; the other span crosses Frog
Run, a local waterway that parallels the NHSL. This bridge has excess
of 28 feet lateral clearance to the pier and 33 feet vertical clearance
at the lowest beams on the north facia. Under this structure the track
will be raised approximately three feet and shifted west between five
feet at the south to twelve feet at the north. Clearance of fifteen feet
or more will be maintained to the existing pier.
Figure 4.1 Section looking north on existing line at the northern end
of the proposed junction

4.02.3.2 Overhead Bridges
Figure 4.2 shows a section of the NHSL at the Church Road Bridge.
This bridge has sub-standard vertical and lateral clearances. A
PennDOT project will replace this bridge although clearances will not
be substantially improved. The track is not proposed to be raised or
shifted under this bridge.
Figure 4.3 shows a section of the NHSL at the Norfolk Southern
Trenton Cutoff Bridge. This bridge has adequate lateral clearances,
and the vertical clearance is four to five feet higher than at Church
Road which is just 100 feet to the south. The track is not proposed to
be shifted horizontally at this location, but the track will be raised.

4.02.3.3 Existing Grades
The location and design of the junction alignment and special
trackwork configuration is inextricably tied to the profile of the
extension between the NHSL and Henderson Road Station.
Figure 4.5 shows a profile of the existing ground through the PECO
right-of-way along the north property line. From east to west, the
elevation rises from the existing NHSL at elevation 140 to Henderson
Road at elevation 180, over 2,000 feet (2.00 percent average
grade). From Henderson Road the ridge rises to the high point within
PECO’s right-of-way at elevation 295 over 1,250 feet (9.2% average
grade). The ridge then drops back to elevation 185 at on the
westbound turnpike lanes over 1,050 feet (10% average grade).

In addition to crossing over the ridge at an acceptable grade, the
extension must also cross over Henderson Road and the proposed
Chester Valley Trail.

4.03

Alignment Design Development

The LPA concept identified in the DEIS generally extends westward
from milepost 11.6 on NHSL line to a terminal station in King of
Prussia north of First Ave between Moore and Gulph Roads. The LPA
route follows the existing utility and transportation corridors listed
below:
1.

PECO 230 kV electric transmission ROW

2.

Pennsylvania Turnpike/I-276

3.

The following local roads in King of Prussia (Upper Merion
Township)
a. Wills Boulevard
b. Mall Boulevard
c. American Avenue
d. First Avenue

Figure 4.4 shows a section of the NHSL at the Pennsylvania
Turnpike/I-276 Bridge, which is approximately 400 feet north of the
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For the purposes of this report, the alignment is discussed in five
sections:

Note: Vertical dimensions are from top of
rail to underside of overhead beams.
Horizontal dimensions are from center of
rail to face of abutments or piers.

Figure 4.3 I-267 OH Bridge 11.57
Additionally, the route crosses the following major roadway and
railway ROWs:

Each of the crossings represent a constraint to the track profile, and
the available land within the existing corridors determines the
geometry and location of the station facilities. The LPA includes the
following stations:

1.

Chester Valley Secondary/Chester Valley Trail

2.

Henderson Road

1.

3.

Pennsylvania Turnpike/I-276 (an eastern and western
crossing)

Henderson Road American Avenue – First and American
Station in 15% Design

2.

First and Moore (between Moore Road and Gulph Road

4.

US 202/Dekalb Pike

5.

Allendale Road

6.

Moore Road

The 15% design follows the same corridors and includes stations in
the same approximate locations. The resulting two-track system is
3.6 miles long measured along the south wye; the north wye is
nominally shorter. A discussion of the design development and 15%
geometry follows.

1.

Junction Segment—NHSL to Henderson Road Station

2.

PECO Right of Way Segment – Henderson Road Station
to Pennsylvania Turnpike Service Plaza

3.

Pennsylvania Turnpike East Crossing Segment –
Pennsylvania Turnpike Service Plaza to Allendale Road
Station

4.

Mall Segment – Allendale Road Station to the First and
American Station

5.

First Avenue Segment – First and American Station to the
western terminal at the First and Moore Station

4.03.1

Junction Segment

4.03.1.1

Segment Constraints

As noted in previous sections, numerous constraints limited the
location of the connection between the NHSL and the KOP extension.
The conceptual junction profile developed for the LPA during the
DEIS assumed a constant four percent grade between the NHSL and
Henderson Road Station including within the junction special
trackwork. This four percent grade is not consistent with SEPTA
standards or the project design criteria.
To optimize the location and design of the junction that met the
letter and/or intent of the design criteria, various alternatives were
developed over the course of the 15% design. As a starting point,
using the length of the junction alignment to Henderson Road (2,300
feet), and the required clearances and the structure depth over
Henderson Road (19’-3” including roadway clearance, track depth
and bridge structure depth), average grade of this portion of the
extension would be approximately 2.50 percent. When required
sections of flatter grades are introduced to accommodate the
junction special trackwork (1 percent per SMW-100, two percent used
at junction) and the station platform (0.5 percent per SMW-100,
1.5 percent used at Henderson Road), and when minimum-length
vertical curves are introduced, the maximum grade increases to well
over three percent, also significantly higher than the design criteria.

Figure 4.2 Profile along PECO ROW
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Following additional analysis, several alternative junction profile and
alignment alternatives were prepared and presented to SEPTA
during two separate meetings on 5/10/2019 and 7/11/2019. Following
these meetings, in consultation with SEPTA infrastructure and rail
equipment divisions, a consensus alignment and profile were
selected and incorporated into the 15% design. The 15% junction
design are summarized below:


Design speed: 15 mph



Raise of existing NHSL line: 3 feet



Maximum grade: 2.85%



Maximum grade in special trackwork: 2%



Clearance over Henderson Road: 14’-9”





Requires waiver from PennDOT for clearance under
16’-6”



If waiver is denied, Henderson Road will need to be
lowered by two feet

Clearance over future Chester Valley Trail: 10’-0” minimum,
13’-0” desired per trail developer’s request, 21’ provided

4.03.1.2

Segment 15% Design

The junction consists of three sperate interlockings. Two are on the
existing NHSL line for the double-track north and south legs of the
wye. The wye tracks each curve to the west through 450-foot radius
15-mph curves and converge at the third interlocking. Each
interlocking consists of two No. 8 turnouts and a rigid crossing
diamond. All moves through the junction are limited to 15 mph due
to the curve radii and No. 8 turnout geometry.
No crossovers are included in the current design for the junction. On
the existing NHSL, the Hughes Park double crossovers are 0.5 miles
south and the end of double track at Bridgeport is one mile north. On
the KOP extension, the proposed ‘mid-line’ universal crossover is
approximately two miles west of the junction.
The need for crossovers closer to the junction and their optimal
location is pending further operational analysis by SEPTA. The track
profile between the NHSL and Henderson Road Station will not
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accommodate a universal or double crossover without raising the
existing NHSL track an additional four feet. The closest location to
the junction that the 15% design track alignment and profile would
support a universal interlocking is near the Pennsylvania Turnpike
Service Plaza, approximately 4,000 feet west of the junction.
On the south leg of the wye, connecting 69th Street and the KOP
extension, the existing NHSL would be realigned to the west towards
KOP so that the normal or straight side of the turnouts are toward
KOP and service between 69th Street and Norristown would on the
diverging route. This moves the south junction trackwork further
from Henderson Road and results in a flatter grade on the extension
than would be possible if the existing line was not realigned. The
proposed profile includes a three-foot raise of the NHSL that extends
from the Norfolk Southern Trenton Cut-off Bridge for 1,100 feet
north to a point approximately 500 feet north of the Pennsylvania
Turnpike Bridge. A 900-foot section of 2.85 percent grade
(compensated to 3.10 percent over 600 feet) connects the existing
line to the western junction interlocking 2.00 percent grade.
For the north leg, which serves the KOP to Norristown route, train
moves to and from KOP would diverge over the No. 8 turnouts. Only
a nominal raise and shift of the NHSL is required, and the north-leg
grade is lower since the existing line is at a higher elevation to the
north. There is a 700-foot section of 2.50 percent grade with
500 feet of that compensated at 2.75 percent.
West of the junction of the two legs of the wye, the two tracks
continue tangent to Henderson Road Station on the 32.5-foot track
centers required for the center platform. This portion of the line
would be a ballasted-track on elevated structure. The wye tracks
would be ballasted track on fill or retained fill. The section between
Henderson Road Station and the junction is on a steep grade, the
additional horizontal curvature needed to bring the track centers
together is undesirable for operations.
The grade increases to the west from the 2.00 percent in the special
trackwork to 2.85 percent for approximately 700 feet. The grade at
the station is 1.50 percent, which is governed by ADA standards.
The following factors contribute to the selection of the 15% junction
alignment and profile over other alternatives considered:
1.

The steepest 2.85 percent grade is broken into multiple
shorter segments separated by flatter sections.

2.

The raise of the existing line is not excessive and could be
accomplished incrementally without significant impact to
the existing service.

3.

The track along the existing reservoir does is not
significantly modified.

4.

No lowering of Henderson Road is anticipated.

Each of the three interlockings at the junction include a crossing
diamond. Since each of the crossing tracks originate at a No. 8
turnout, the simplest approach would be to hold this angle and
design the crossing at a No. 8 frog angle. However, AREMA
recommends that all crossings flatter than a No. 6 frog angle should
be constructed with moveable point center frogs. This type of
crossing frog is costlier from a track and signal construction and
maintenance perspective and should be avoided where possible.
At each of the junction interlockings, curves are used to increase the
angle of the crossing above a No. 6 angle. No movable point center
frogs are required in the 15% design.
The former Chester Valley Secondary crosses the proposed
alignment approximately 60 feet from the western junction
interlocking. The secondary was transferred to Montgomery County
and is being developed into an extension of the Chester Valley Trail.
The transfer was subject to a reactivation agreement which allows
the former operator to return rail service to the corridor in the
future. The 15% design includes a pre-stressed concrete deck girder
span over the Chester Valley ROW that provides approximately
21 feet of vertical clearance.
Additional vertical clearance may be required if the line is
reactivated. The maximum anticipated clearance that would be
required is 23 feet above the top of rail for the reactivated rail line.
This can be achieved by constructing the reactivated track 23 feet
below the KOP Extension structure. This would require reprofiling
Saulin Boulevard and making drainage and driveway modifications
but is considered feasible in the unlikely event that the line is
reactivated. The abutment foundation has been designed low
enough to accommodate a future lowering of the grade to achieve
the necessary clearance if the line is reactivated.
To accommodate the center platform at Henderson Road Station,
the track centers are 32.5 feet. The wider track centers would be
extended east to the junction of the two pairs of wye tracks – a
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distance of approximately 1,000 feet. The track geometry, both
horizontally and vertically, was a major contributing factor to
maintaining the wide track centers between the Wye and Henderson
Road. It was initially investigated to narrow the centers east of
Henderson Road but that would entail a set of reverse horizontal
curves. The section between Henderson Road Station and the
junction is on a steep grade, the additional horizontal curvature
needed to bring the track centers together is undesirable for
operations and maintenance. Also, the narrow centers resulted in a
very shallow crossing angle for the crossing diamond, which would
require a moveable point crossing. The wider track centers allowed
a horizontal curve to be added east of the turnouts, which increases
the deflection angle through the crossing above the angle
recommended by AREMA for a moveable point crossing. This
crossing angle was the main reason for the wide track centers shown
in the 15% design.
The Henderson Road station was relocated west to minimize the
track grade in the junction area. The station straddles Henderson
Road with entrances and parking facilities at each end of the
platform. To help reduce the amount of raise on the NHSL and the
maximum grade in the junction area, the track and platform are
designed at a 1.50 percent grade, which exceeds the maximum of
1.00 percent, but meets ADA accessibility requirements.
To minimize the structure depth to meet the required clearance over
Henderson Road the track would be supported by a thru-girder
bridge. The 14’-9” clearance provided over Henderson Road is the
minimum design clearance permitted by PennDOT, below which a
structure must be posted with a vertical clearance warning sign. As
discussed in Chapter 6 Civil, this requires a waiver as the
classification of the roadway normally would require 16’-6”
clearance. A ballasted-deck bridge with a steel plate ballast deck was
selected to be consistent with the ballasted track sections east and
west of Henderson Road. This structure is only nominally deeper
than a thru-girder bridge with direct fixation track, which typically
would require plinths and a concrete deck in addition to the
floorbeams required for both bridge types.

4.03.2

PECO Right of Way Segment

4.03.2.1

Segment Constraints

The location of the alignment in this section has been selected to
provide clearance for PECO to install additional future transmission
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lines and to minimize impacts to the adjacent apartment complex.
The current alignment provides the PECO requested clearances at
each existing transmission lattice structure as indicated on a sketch
provided by PECO in April 2019. That sketch shows a typical section
of their right of way and indicates that a new monopole line would
be installed 43 feet from the right-of-way line, or 37.5 feet from the
center of the existing lattice structure, with 35 feet of right of way
allocated for SEPTA. This was a change from a similar section
provided during the development of the LPA alignment, which
allocated 40 feet of PECO right of way for SEPTA and had a different
monopole configuration.
Additional coordination with PECO is required to confirm adequate
lateral clearance is provided throughout this segment. The 15%
design includes a 70-mph curve that connects the PECO corridor to
the Pennsylvania Turnpike corridor west of the cut. This curve can
be modified to achieve additional clearance at reduced design speed
if required pending further stakeholder coordination following 15%
design submission.

4.03.2.2 Segment 15% Design
The 15% design includes a 70-mph curve that connects the PECO
corridor to the Pennsylvania Turnpike corridor west of the cut. This
curve can be modified to achieve additional clearance at reduced
design speed if required pending further stakeholder coordination
following 15% design submission.
The profile was designed to the maximum allowable grade of
2.50 percent from Henderson Road Station, rising to follow the
existing ground, and then descending at 2.50 percent west to the
Pennsylvania Turnpike segment. This was done to minimize the
depth of retained cut. The height of the retaining wall is a major
contributor to the capital cost of the project.

4.03.3

Pennsylvania Turnpike East Crossing Segment

4.03.3.1

Segment Constraints

The alignment follows the north-south alternative to the LPA
alignment presented in the DEIS, which was developed to minimize
impacts to adjacent property owners. In addition to the mainline
Pennsylvania Turnpike and US 202/Dekalb Pike, the alignment
crosses the service plaza, ramps and drainage basins on the north
side of the turnpike. On the south side of the turnpike there is creek

that runs parallel to the turnpike that presents a constraint on the
pier locations.

4.03.3.2 Segment 15% Design
The guideway location has been selected to balance impacts to the
service plaza and the stormwater retention basins, to simplify the
structure layout and to provide a continuous segment of 70 mph
alignment. Of the 6800 feet between Henderson Road Station and
Allendale Road Station, 5600 feet supports 70 mph operations.
Within this segment, the alignment simultaneously crosses the
Pennsylvania Turnpike and US 202/Dekalb Pike (the eastern
crossing of the turnpike). US 202 itself crosses the turnpike on a twospan bridge, so the guideway is located approximately 60 feet above
the elevation of the turnpike. The alignment has been positioned to
optimize the structural design and crosses the centerline of US 202
exactly at the centerline of the turnpike. This crossing arrangement
permits a center pier to be installed through the US 202 structure in
line with its pier between the eastbound and westbound turnpike
lane, although this pier is not currently included in the structure
design.
The alignment location along the southside of the turnpike was
selected to be clear of the turnpike shoulder and avoid impact to the
parallel creek.
In this segment, the track changes from ballasted track in a cut to
direct fixation track on structure with a short section of ballasted
track on retained fill. The abutment of the elevated guideway has
been located so that the change from ballasted track to direct
fixation track occurs on tangent track. The selection of track type is
discussed in Section 4.04.3.

4.03.4

Mall Segment

4.03.4.1

Segment Constraints

Between the east and west Pennsylvania Turnpike crossings the
alignment passes through the area of the King of Prussia Mall.
Existing businesses, including retail (the King of Prussia Mall;
Costco), restaurants (The Capital Grille; J. Alexander’s) and hotels
(Hyatt House; Crowne Plaza) are directly adjacent to the proposed
alignment. The owners of the mall have a proposed redevelopment
of the surface parking lot along Mall Boulevard which presents a
further constraint on the track alignment and station location.
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In addition to the physical constraint of the buildings, consideration
was also given to the impact of the guideway substructure on the
roadways, driveways and parking layouts and capacity for each
business.

4.03.4.2 Segment 15% Design
Allendale Road Station
Allendale Road Station is proposed to be located south and east from
the location shown in the LPA. The platform would straddle Allendale
Road with entrances on each side of Allendale Road. The guideway
would then cross Wills Boulevard and continue west on the north side
of Wills Boulevard through the Costco parking lot. The curve east of
the station is designed to 40 mph and the curves to the west are
designed to 25 mph.

Between Allendale Road and Mall Boulevard Stations
The guideway would continue along the north side of Wills
Boulevard, through the parking lot of the Crowne Plaza Hotel, then
crossing Mall Boulevard twice. Curves in this segment are designed
for 25 mph to avoid impacts to existing buildings and intersections,
to locate guideway piers outside the clear zone of the existing roads
where possible and to minimize the number of straddle-bent
structures required. The track profile was designed to meet the
required roadway clearances in this segment and is level at a
0.00 percent grade.

Mall Boulevard Station
This station is proposed to be located north of Mall Boulevard along
a tangent bearing that parallels the property line between the
Atrium Building at 234 Mall Boulevard and the Hyatt House Hotel at
240 Mall Boulevard. The station location was selected to minimize
impacts to these properties and the adjacent Capital Grille
restaurant at 236 Mall Boulevard. A station entrance would be
located at each end of the platform.
The station was relocated from the original LPA based on
stakeholder coordination. The revised location and track alignment
improve the geometry by eliminating a series of horizontal curves,
reduce the length of the extension and the length of elevated
guideway by 1200 feet by taking a more direct route between Mall
Boulevard and the west turnpike crossing, and achieve better access
and lower capital cost for the station.
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North of the station the tracks would begin to ascend at a
0.70 percent grade for the western crossing of the Pennsylvania
Turnpike.

Mid-line Interlocking
A No. 8 universal crossover is proposed to be located between Mall
Boulevard Station and the western crossing of the Pennsylvania
Turnpike. The crossovers would be located on tangent track with 12’6” centers approximately 500 feet north of the platform.
The interlocking control equipment would be located on a platform
adjacent to the track, with access on foot along the guideway on a
raised walkway from the station or with rail-mounted equipment.
The need for a mid-line interlocking and the optimal location are
pending further operational analysis by SEPTA. The track alignment
has been designed both horizontally and vertically to accommodate
the special trackwork, and the design of the guideway structure has
been coordinated to allow for a mid-line interlocking at this location.
An alternative or additional location may be considered closer to the
junction.

Western Turnpike Crossing
The tangent bearing from Mall Boulevard Station would continue
north and cross the Pennsylvania Turnpike at a 35-degree skew.
North of the Turnpike the guideway parallels the property line
between the Hyatt Place Hotel at 440 American Avenue and the
adjacent apartment and office building complex. The alignment then
crosses American Avenue and follows the property line between
Gatti-Morrison Construction Services at 801 First Avenue East and
the adjacent PECO substation. There would be minor impacts to each
property, and a radio communications tower on the PECO lot would
need to be relocated.
North of the western turnpike crossing, the tracks descend at a 2.5%
grade following the existing terrain.

4.03.5

First Avenue Segment

4.03.5.1

Segment Constraints

The alignment between the west turnpike crossing and the western
terminal primarily follows First Avenue, crossing several township
roads and private driveways. The LPA alignment ran down the

middle of First Avenue, but due to roadway design and cost
concerns, as outlined in a previous section, the 15% alignment
relocates the alignment north of First Avenue, in an area that is
currently undeveloped. There is a plan for a mixed use trail along the
north side of First Avenue, the design for this trail was considered in
the development of the 15% alignment and is shown on the plans for
reference.
Trout Creek, which crosses First Avenue and American Avenue near
at the location of the proposed First and American Station presents
another constraint on the track alignment and station configuration.
Impacts to the creek were avoided to the extent feasible.
A PECO substation located in the southeast corner of First and
American presented a significant constraint to the track geometry
as relocation of the substation would be very costly and risk delaying
the project construction. Additionally, private businesses located
along First Avenue were considered in selecting the track alignment
to avoid significant impact to the existing buildings, parking, and
access wherever possible.
The track profile is controlled at the eastern end of this segment by
the crossing of the Pennsylvania Turnpike. At the crossing, the
westbound lanes of the turnpike are at elevation 161, and due to the
depth of the long spans required to cross the turnpike, the track is
at elevation 198. The track is limited to a grade of 2.50 percent
(except at the junction, as discussed in an earlier section) while the
existing ground between the turnpike and First Avenue descends at
an average of 5.00 percent.

4.03.5.2 Segment 15% Design
First and American Station
The station facilities and platform would be located on the site of
840 First Avenue at the north-east corner of the intersection of
Clark Avenue and First Avenue. Due to track geometry limitations,
the western stair tower serving the platform will be west of Clark
Avenue.
The original LPA alignment located the station in the median over
the First Avenue, west of the intersection with American Avenue.
Due to the required clearance over the turnpike and the grade
limitation, the resulting platform height was in excess of 50 feet
above the existing grade, which was undesirable for passenger
access. The 15% design relocated the station to the north side of
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First Avenue, and the alignment east of the PECO substation
provides a greater distance between the turnpike crossing and the
station platforms, which allows the section of 2.50 percent track
grade to extend further, resulting in the platform height being
reduced to approximately 35 feet above existing grade. By locating
the station on the north side of First Avenue the platform height can
be reduced to approximately 35 feet above the existing grade.
Other station locations were considered such as adjacent to the
PECO substation on the south side of First Avenue. Due to the profile
constraints, the platform height for that location was approximately
60 feet above existing grade. This would have a compounding effect
on the construction and maintenance costs of the station, so the
north-side location was selected.
To avoid potential impacts to Trout Creek, the guideway has been
designed between that the creek and the parking lot for the
Metropolitan Business Center at 860 First Ave. Minor impacts to
existing parking are expected at this location.

Between First and American and First and Moore Stations
Between the stations on First Avenue the profile has been designed
to follow the existing terrain to minimize structure height while
maintaining required vertical clearance to private driveways. West
of the station the profile has been designed descending at
2.50 percent, before ascending for 800 feet at 2.50 percent to cross
over Moore Road.

Terminal Station and Interlocking
A three-track terminal was identified in the operating plan developed
during the DEIS phase. In line with that requirement and the
proposed northerly location of the guideway between American
Avenue and Moore Road, the terminal has been located at the north-

Figure 4.4 Terminal Trackwork Configuration
west corner of the Moore Road/First Avenue intersection. Several
locations within that site were considered and the selection was
made based on property impacts and logical layout of the station
facilities.

approximately 5%, the 300 to 700 feet of extra track beyond the
station would have significant cost and aesthetic impacts.
Additionally, one of the platforms would be a center island
configuration requiring separate elevator and stair access.

The trackwork layout at the terminal was selected to work best with
the station site and the guideway location along First Avenue.
Track 2 runs directly into station Track 2. Track 1 passes through the
diverging side of a No. 8 turnout and ends on Station Track 1. Station
Track 0 opens from a right-hand No. 8 turnout on Track 1. The
trackwork provides parallel moves between adjacent tracks to the
two mainline tracks and consists of three crossovers and one
turnout.

To reduce the overall footprint of the terminal station, limit capital
cost, and improve passenger access to the platforms, the proposed
terminal configuration uses energy absorbing sliding friction
bumpers to permit a 15-mph cab code speed entering the platform
area. This allows passenger circulation from each platform along a
concourse off the end of Tracks 1 and 0.

At each of the existing terminals, the cab-code system does not
permit the train to operate into the terminal track without first
stopping outside the platform. The design criteria for the extension
requires that the tracks beyond the terminal platform be extended
to permit use of a 15-mph cab code up to the platform, which by
current operating rules would allow trains to enter the station
without first stopping.
The length of track required for safe stopping distance varies with
the grade of the track, from 305 feet for level grade to 755 feet for
a -1.0% grade. Considering that the station will be on an elevated
structure and that the existing terrain is dropping away at

Figure 4.5 Terminal Platform Configuration
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Station Track 1 is extended west of the platform boarding area to
provide storage for up to a three-car consist. When the storage
portion of this track is occupied, the stop-and-proceed terminal
approach will be required.

4.04

Proposed Track System

4.04.1

Design Concept

The track alignment generally consists of four segments with similar
geometry parameters.


The junction consists of No. 8 turnouts and 450-foot radius
curves. The alignment includes 62-foot spirals and a
minimum of 1/2-inch superelevation is recommended. Where
the curves extend through crossing diamonds, the
superelevation may be omitted without exceeding the
maximum allowable design underbalance of 3 1/2 inches.



The PECO Right of Way and Pennsylvania Turnpike East
Crossing segments consists of a 70-mph design speed and
curve radii from 2,250 to 6,350 feet. This segment extends
from Henderson Road Station to Allendale Road Station, a
distance of about 6,800 feet.
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The Mall segment between Allendale Road and First Avenue
follows the existing street network to connect to station
locations at Allendale Road, Mall Boulevard and First and
American Avenues. Over 5500 feet of route, there are
six curves that support 25 mph operations with a 2000-foot
40 mph section between Mall Boulevard Station and First and
American Station. Curve radii vary from 400 feet to 1050
feet in this segment.
The First Avenue segment supports up to 50 mph operations
between First and American Station. The terminal trackwork
is 15-mph No. 8 turnouts.

4.04.2

Design Exceptions

The 15% alignment requires several exceptions to the project design
criteria and to SEPTA’s SMW-100 Manual. These are summarized
below.

4.04.2.1

Unbalanced Superelevation (Underbalance)

Table 57.1 Design Unbalance Values in SEPTA’s SMW-100 specifies
preferred and maximum design unbalance values. The preferred
unbalance is 1.5 to 2.5 inches and the maximum design is 2.5 to
3.5 inches. The design speed of each curve will be reevaluated after
updated train performance simulations are provided in the next
phase.

4.04.2.2 Unbalance Below Preferred
The curves listed in Table 4.1 have design unbalance values below
the preferred. While this condition does not present a safety or ridequality concern, long-term maintenance issues may result from
curves with too little unbalance where vehicles may frequently
operate under the design speed, resulting in an overbalance
condition.

R

Design

Ea

Eu

V,
Balance

FT.

MPH

IN.

IN.

MPH

V2-2.1

9700

40

0.250

0.397

25

Ballast

V1-8.2

2550

40

1.750

0.710

34

DF

V1-8.3

2550

40

1.750

0.710

34

DF

V1-9

1050

25

1.750

0.583

22

DF

V2-9

800

25

1.750

1.313

19

DF

V2-11

1400

25

1.000

0.750

19

DF

V1-13

900

15

0.000

0.980

0

DF

V0-13

900

15

0.000

0.980

0

DF

Curve

Track Type

Table 4.1 Curves with Unbalance Less Than Preferred
Curve V2-2.1 is a 40-mph curve just west of Henderson Road Station
in ballasted track. Due to the small central angle the curve is
designed with a large 9700-foot radius to provide a minimum length
which is a desirable ride-quality criteria. The balance speed of this
curve is 25 mph. It is assumed that most trains will be operating at
or above the balance speed and that few trains will be operating with
an overbalance.
The remaining curves are located on direct fixation track in the
constrained area around Mall Boulevard, First and American and
First and Moore Stations. The design of these curves must balance
minimum tangent lengths, minimum curve lengths, and spiral
lengths to fit within the defined corridor. As such, the curves are
designed with the shortest spirals permitted by the criteria. This is
accomplished by setting the superelevation to balance the spiral
length needed to run off the super (1 inch per 31 feet max) and the
spiral length required for comfortable operations (1.63EuV).

4.04.2.3 Unbalance Above Preferred
Table 4.2 lists curves where the unbalance exceeds the preferred
maximum of 2.5 inches. These curves do not exceed the maximum
design values permitted in SMW-100.

R

Design

Ea

Eu

V,
Balance

FT.

MPH

IN.

IN.

MPH

V1-2

2250

70

5.500

3.037

56

Ballast

V2-2.2

2250

70

5.500

3.037

56

Ballast

Curve

Track Type

Table 4.2 Curves with Unbalance Greater Than Preferred
These curves are in the 6800-foot section between Henderson Road
and Allendale Road Stations, which is the only section long enough
to support sustained 70-mph operations. Based on preliminary train
performance data, it is believed that most westbound trains will
achieve 70 mph while entering the eastern spiral of this curve.
Eastbound trains will begin decelerating near the eastern end of the
curve.
The higher underbalance may result in somewhat greater track
maintenance requirements as the curve is ballasted track, however
the curve can lose up to 1.5 inches of superelevation before
exceeding the maximum safety limit of 4.5 inches of underbalance.
The curves are designed with the maximum allowable superelevation
(5.5 inches) and are constrained on the south by the available PECO
right of way and on the north by an apartment complex. If the design
underbalance is not acceptable, the speed of this curve must be
reduced to 60 mph to avoid additional impacts.

4.04.2.4

Tangent Lengths

Tangent between curve V1-13 and the opposite-hand No. 8 turnout
at station 354+10.48: This tangent is 40.71 feet which exceeds the
absolute minimum allowable length by only 0.71 feet. Curve V1-13 is
a relatively flat (900-foot radius) curve with 31-foot spirals and no
superelevation.
The tangent length here is equivalent to that found on a No. 8
crossover on 12.5-foot track centers. Since the curve has spirals, the
ride comfort of this move should exceed that provided by the
standard crossovers. The curve also has no crosslevel so there
should be no concern about twist within the carbody.
The design speed is 15 mph and the proposed track type is direct
fixation, so the track geometry should remain stable. No additional
maintenance is anticipated over what will be required for the turnout
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and the rail-replacement interval for the curve. The geometry here
is constrained by the location of First and Moore Station and the
location of the guideway along First Avenue.

coordination meetings with SEPTA, as it would require greater curve
compensation within the track profile, raising the previously
accepted maximum grade even higher.

platform. The platform is 85 feet long and is arranged to board a
single-car train. The rear truck of the single-car train is within the
vertical curve in the normal boarding position.

A sharper radius curve could be used to increase the tangent length,
although that will reduce the length of the curve, which is only
85 feet, and increase the underbalance, so it is recommended that
the shorter tangent be used in this location.

4.04.2.5 Geometry at Station Platforms

Given the precedent on the existing line and that the vertical curves
only affect the platform gap slightly for four-car trains, it is
recommended that these design exceptions be accepted.

Tangent between Curve V1-8.3 and heel of frog: The spiral to tangent
point of Curve V1-8.3 is located 10.89 feet from the heel of frog
(trailing move over straight side of turnout) of the adjacent
crossover. This condition is not explicitly covered in the design
criteria, and typically in ballasted track it is desirable to have curves
start outside the long ties of a turnout. However, since this location
is constructed as direct fixation track, this condition does not appear
to result in any ride-comfort or maintenance liabilities.
Tangent between Curve V2-1 and turnout: The tangent to spiral point
of Curve V2-1 is located within the closure area of the turnout at
station V2 189+00. This condition is generally discouraged to avoid
the need for a specially constructed turnout. This was retained for
the 15% submission due to concerns related to the tight constraints
to the junction by Henderson Road Station (on the west) and the
NHSL Mainline (on the east). The only available solutions involved
modifying the design in such a way that negatively impacted other
disciplines (which were eliminated so as to avoid unnecessary risk to
design integration just prior to 15% submission) or negatively
impacted other elements of the alignment at the junction (which
were eliminated due to SEPTA having previously approved those
alignment elements). It is anticipated that future design refinements
through continued disciplinary coordination will eliminate this
condition prior to the 30% submission.
Two potential options available during future design, but requiring
further interdisciplinary coordination include (1) moving the location
of the point of switch on Track V2 to the west with an accompanying
change to the curve radius and spiral locations or (2) holding the
point of switch location on Track V2 and tightening the curve radius
on Track V2 below the previously accepted 450’R. Either of these
options would move the spiral out of the turnout limits, but would
also alter the overall track section width, having implications to the
previously designed drainage systems and viaduct section width
along these tracks. Additionally, it is noted that the second of these
options would exceed the allowances previously approved in
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The design criteria requires station platforms to be located on
horizontally and vertically tangent track and for those tangents to
extend a minimum of 50 feet beyond each end of the platform.

4.04.3

Track Structure

Each of the stations meet the horizontal criteria and each platform
is on vertically tangent track. However, at Henderson, First and
Moore and First and American Stations, vertical curves are located
closer than 50 feet from the platforms to provide required
underclearance for public roadways while maintaining an economic
structure design. For a three-car train, the entire train would be on
the vertical tangent and within the platform, so the vertical curves
would not affect the vertical alignment of the car floor with the
platform.

Two basic track types are proposed for the KOP extension. For the
western 2.9 miles of the route which is entirely on an elevated
guideway, direct fixation track is proposed. To minimize the number
of track-type transitions, the entire eastern end of the extension is
proposed to be ballasted track. This includes the junction and
sections on fill, in a cut and on a shorter elevated guideway
(1600 feet). See the separate Track Type for Elevated and At-Grade
Guideway report included in Appendix 4a for a discussion of the
track type selection.

A theoretical four-car train could platform with only the front doors
of the rear train making the platform. Using the sharpest permitted
vertical curve starting at the end of the platform, this condition
results in the rear truck of the rear car approximately one inch above
or below the front truck. Due to the location of the doors near the
ends of the cars, the actual platform mis-alignment at the door
caused by this condition is on the order of 1/8 inch.

The direct fixation system will be selected in final design, but for
design of the structure was assumed to be bonded DF fasteners on
second-pour plinths. The fasteners were assumed to be 2-3/4 inches
thick matching the ‘egg’ fasteners used on the SEPTA Market Street
Elevated structure.

An analysis of the existing NHSL line shows at least three stations
where vertical curves end less than 50 feet from or extend into the
platform:

The 15% design accommodates timber, composite or concrete
crossties in ballasted track sections. The worst-case depth and
length of each was used when sizing ballast retainers on the ballastdeck bridges and cut/fill limits have been sized to accommodate
either type.

Ardmore Junction Station: A 200-foot vertical curve with a rate of
change of 1.35 percent per 100 feet begins 60 feet inside the
platform. The platform is 75 feet long a single or double-car train is
within the vertical curve in the normal boarding position.

Rail is assumed to be 115 RE section and all structures and roadbed
sections are designed to accommodate CWR thermal loads.

Ardmore Avenue Station: A 150-foot vertical curve with a rate of
change of 0.38 percent per 100 feet begins 10 feet inside the
platform. The platform is 225 feet long and is arranged to board a
two-car train. No part of a two-car train would be in the vertical at
the normal boarding position, similar to what is proposed for the KOP
Extension.

The project includes only three track-type transitions: two
transitions from ballasted track on embankment to ballasted track
on structure and one transition from ballasted track on embankment
to direct fixation track. To slow the formation of track surface
defects at these transitions, reinforced concrete approach slabs are
prosed.

Garrett Hill Station: A 400-foot vertical curve with a rate of change
of 0.52 percent per 100 feet begins 40 feet inside the northbound

Alternatives to concrete approach slabs will be considered in the
final design phase. Geogrid may be used reduce the stress on the

4.04.4

Track-type Transitions
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embankment, which has been shown to reduce track surface
degradation. The use of under-tie pads, which reduces the pressure
between the ties and ballast, has also been shown to reduce track
surface degradation at bridge approaches. Under-tie pads are often
bonded to the underside of concrete ties at the time of manufacture,
but they can also be attached to timber ties.

4.04.5

Rail Structure Interaction

A preliminary rail-structure interaction analysis was preformed to
confirm the proposed structure arrangement is feasible. Additional
discussion of parameters used is included in the Track Type for
Elevated and At-Grade Guideway report included in Appendix 4a.
The proposed concept is to use standard rail fastenings (‘e’ clip or
similar) throughout the project with no rail expansion joints required.
At the two elevated interlockings, each interlocking will be entirely
contained within one multi-span structural expansion unit. The
special trackwork rails will effectively expand and contract with the
structure eliminating any issues with the bridge movement causing
misalignment of the special work. The CWR approaching the
interlockings will be fixed to the structure using high-capacity
insulated rail anchor units that will effectively transmit the CWR
loads through the structure, around the interlocking special work.

4.05

long spans are required such as over the US 202/Pennsylvania
Turnpike crossing.

4.05.3

Life-Cycle-Cost Analysis for Extending DF to the
Junction

Currently ballasted track is proposed for the east end of the
extension including the portion of the alignment in the PECO cut, the
Henderson Road Station area and for the junction tracks and special
trackwork. An economic analysis may show that constructing this
area with ballastless track (DF on a continuous slab) may provide a
benefit when considering structure construction costs and track
maintenance costs. This analysis should consider the available
capital funds for construction and a realistic estimate of the
incremental maintenance costs of ballasted track over DF track.
Constructing the Henderson Road area structure with DF track and
maintaining two sections of ballasted on the line may also provide a
construction-cost benefit.

Recommendations and Future Work

As the project design advances, the alignment should be coordinated
with additional work that was not fully developed in the 15% design.

4.05.1

Coordination with an Updated Operating Plan

The operating plan and the train performance simulation have not
been updated since the LPA alignment was selected. An updated
operating plan may indicate different requirements for the
configuration of the junction special track, the location of the midline interlocking and the configuration of the terminal station
trackwork.

4.05.2

Analysis of the Direct Fixation System and
Structure Interaction

A more detailed rail-structure interaction analysis may determine a
need for additional high-capacity insulated rail anchor units or rail
expansion joints on sharply curved structure segments, or where
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5.0 Architecture
5.01

elevator.
Reference Appendix 5a for additional information
regarding the Vertical Transportation Systems.

Introduction

5.03.1.4

This section presents an overview of the design process for the
architectural components of the King of Prussia Rail Extension.

5.02

Reference Appendix 5a for information regarding the Boarding
Platform Designs.

Design Criteria and Constraints

5.03.1.5

See Appendix 5a for the architectural design criteria.

5.03

Over the course of this 15% design phase, an extensive study was
performed for each proposed station location to evaluate the merits
of each potential location in the context of the overall goals
identified for the project. During this process the design team
coordinated efforts to develop a series of concept level 'bubble
diagrams' to identify the opportunities and constraints for each
potential solution. These diagrams served as a key tool to advance
the discussions with all stakeholders involved and establish the most
appropriate concept approach to each station for all stakeholders
involved in the project.

5.03.1 Standard Station Design Elements
5.03.1.1

Station Entrances

The typical station entrance for the proposed station locations are
designed to enhance the passenger experience from their approach
to the station site to their boarding of the train. Each individual entry
is sited and oriented to respond to the pedestrian circulation paths
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Station Amenities

Reference Appendix 5a for information regarding the station
amenities for a typical station.

Design Approach

The underlying goals of the station architecture for the KOP
extension are centered around providing architecture that is
permanent, functional, and pleasant, an architecture that enhances
SEPTA’s corporate identities and character and contributes to the
surrounding context. Through the architectural designs for each
station location, the new stations will establish themselves as part of
their respective communities while maintaining overall line
recognition and system identity for the NHSL. Each station will be
an integral component to the continued development of their
respective territories and the design approach to each station will
align itself both with the long-term vision for each individual station
area and the overall vision for King of Prussia.

Boarding Platforms

5.03.2 Station Design Concepts
Figure 5.1 Rendering of Typical Station Entrance
experienced by customers approaching the station, including those
arriving on foot, via shuttle, bus, or from a drop off or shared ride.
The architecture of the typical entry is a direct reflection of this
concept by integrating itself with the context of the site as an easily
identifiable and visible entry point to the station, providing sufficient
coverage and protection from the elements, and clearly visible and
easily understandable wayfinding elements. The architecture of the
typical station entrance is also designed to facilitate a quick and
reliable means for SEPTA personnel to secure the station from the
public during out of service hours via overhead coiling security
grilles.

5.03.1.2

Fare Collection

Reference Appendix 5b for information regarding the Fare
Collection System Station integration.

5.03.1.3

Vertical Circulation

Vertical circulation at each station would be provided via elevators
and stairs connecting the street level station entries to the station
platforms. Two elevators would be provided at each station to
provide both redundancy in case one elevator is temporarily out of
service, and to increase the passenger capacity of the vertical
circulation systems. At stations with two separate entries, (one at
each end of the platform), each would receive a single stair and

5.03.2.1

69th Street Transportation Center

69th Street Transportation Center is one of two existing terminal
stations for the NHSL. In order to accommodate the anticipated
additional ridership associated with the proposed KOP Extension,
several key improvements are proposed to the existing NHSL
concourse and platform areas at the terminal station, including the
extension of one existing track into the station platform.
The extension of a track into the platform area necessitates the
widening of platform 4 to account for the change from a side
platform to an island type platform. Upon evaluating the site
opportunities and constraints for an expanded platform, it was
determined a 17-foot wide platform provided sufficient platform
width and clearance from existing site features to the north such as
the existing traction power substation.
Regarding the expanded platform’s length, the DEIS indicated this
platform is to match the length of the existing platforms, which are
145-feet long from face of bumper to end of platform. However, the
design criteria indicate the requirement for 225-foot long platforms
to accommodate future use of three car consists. In the interest of
making an informed decision for determining the appropriate
platform length at this location, the project team prepared an
evaluation to compare the merits of providing a 225-foot long
platform consistent with the design criteria or maintaining the
existing platform length for this project. Due to the significant
impact of the extended platform on the existing infrastructure, it was
abundantly clear maintaining the length of the existing platforms
was the best approach for the project.
Within the interior of the station concourse, the existing fare array
and select employee spaces and circulation features are proposed to
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ridership for the station but the number has since been reduced by
250 spaces based on updated projections. The station platform
would be located just south of Saulin Boulevard and bridges over
Henderson Road. The 500 parking spaces would also distribute over
two separate lots divided by Henderson Road.
A dedicated drop off / pick up driveway would be provided off of
Saulin Boulevard which loops into the proposed east surface parking
lot, and a bus berth on either side of Henderson Road is proposed to
accommodate a bus connection to the station area.

Figure 5.2 Aerial View of 69th Street Station
be reconfigured to accommodate the increased ridership utilizing
the station. The spaces affected by fare array reconfiguration
include a staff breakroom and a locker room, both of which would be
relocated to vacant space just outside the limits of the NHSL
concourse. An existing stair connecting the ground floor level to the
platform level would also be demolished and reconstructed as an
exterior egress stair enclosure directly to the east of the station.

5.03.2.2 Henderson Road Station
Henderson Road Station is designed as a park and ride station with
a 500-space surface parking lot. The DEIS indicated a 750-space
parking lot was to be provided at this station to meet the projected

The location of the platform at this station was limited by the
constraints afforded by the track geometry branching off the
existing NHSL line and extending westward along the PECO right-ofway. Within these constraints, the platform was positioned to bridge
across Henderson Road to take advantage of the platform
configuration allowing for an accessible route from each side of
Henderson Road to the station platform without necessitating a
grade level crossing over the road.
Ongoing coordination on the
placement and layout of this station has been advanced with
Montgomery County, as recently as during an August 2, 2019
meeting. As a result of this coordination, this project would not
preclude a future Pennsylvania Turnpike Interchange at this
location.

of Allendale Road, including the existing fire house, 9/11 memorial,
and a freestanding commercial building. Locating the primary
station facilities in this area allows for a dedicated drop off/pick up
drive to be extended off Wills Boulevard where it intersects with
Allendale road, providing convenient passenger access to the station
entry located off the east end of the platform. No SEPTA bus service
is planned for this station area.
The west end of the platform terminates within an existing parking
lot serving the east end of the King of Prussia Mall. The existing
parking lot would be modified to accommodate the construction of
an additional station entry point at this end of the platform, and the
supporting piers of a pedestrian bridge connection between the
station platform and the mall.

5.03.2.3 Allendale Road Station
The Allendale Road Station platform bridges over Allendale Road,
just south of the intersection with Wills Boulevard. The adjacent
track structure would impact several properties along the east side

Figure 5.5 Alternate ‘Skew’ Alignment with platform spanning
across Wills Boulevard
The platform height has been set to accommodate this pedestrian
bridge from the vertical circulation of the west entry to the second
floor of the mall and would not preclude the possibility of a future
extension of the pedestrian bridge across Wills Boulevard. Due to the
length of the connection to the mall, an additional egress stair from
the pedestrian bridge would be required to accommodate the travel
distance limitations established by the governing building code.

Figure 5.3 Aerial View of Henderson Road Station
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Figure 5.4 Aerial view of Allendale Road Station

Additional station locations were considered for Allendale Station
given the variety of configurations possible for this section of the
KOP extension making the transition from the Pennsylvania
Turnpike East Crossing Segment to the Mall Segment, including but
not limited to locating the platform north of Wills Boulevard on the
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Mall Boulevard. Upon review of these concepts with the Mall, it was
clear the stakeholders were most concerned with physical impact on
their property and as a result were the most receptive to the station
being located on the Crab Shack parcel.

adjacent Costco parcel, and configuring the platform so it spans
across Wills Boulevard at a skew. Upon soliciting input from the
adjacent stakeholders, it was clear that the limited impact the
selected alignment and station location has on the adjacent parcels
as compared to the other potential solutions was strongly preferred
by all outside stakeholders. In addition to the strong preference
from the stakeholders, the selected station location also afforded
the best solution for vehicular and pedestrian traffic flow to and
from the station area due to its limited impact on Wills Boulevard
vehicular traffic and the new driveway off of the intersection of Wills
Boulevard and Allendale Road dedicated to passenger drop off and
pickup.

Figure 5.7 Aerial View of Mall Blvd Station

Figure 5.6 Alternate ‘Northwest’ Alignment with Station Platform
on Costco Parcel

area, which for the selected station location resulted in the existing
Joe's Crab Shack restaurant building (which is currently closed) to
be demolished. For this station location, the relationship between the
station platform geometry and the surrounding site warranted two
separate station entries.

Figure 5.9 Alternate ‘East’ Alignment with Station bridging across
Mall Boulevard

The location of Mall Boulevard Station resulted from an extensive
coordinated effort with the adjacent stakeholders. In addition to the
selected option, additional plan configurations were developed,
including but not limited to the station area requiring a taking of the
Capital Grille parcel, spanning the station across Mall Boulevard on
a skew, and locating the station on the Mall parcel to the south of

First and American Station would be located on a parcel containing
an existing single-story stucco building which would be demolished
for the construction of the station. Due to the geometry of the
guideway structure bridging across the turnpike, the station
platform elevation has been set approximately 45 feet above grade.

5.03.2.5 First and American Station

5.03.2.4 Mall Blvd Station
Mall Blvd Station would be located on the north side of Mall
Boulevard adjacent to the existing free-standing Capital Grille
restaurant building. The station platform elevation is set to
accommodate the construction of a pedestrian bridge connecting
the eastern station entry to an additional stair tower on the south
end of Mall Blvd.
In addition to the programmatic elements typical for all stations, Mall
Blvd station would include a bus operators’ facility and passenger
shelter serving a pair of bus berths and bus laybys as requested by
SEPTA bus operations personnel. Based on the expanded program,
it was clear early on the amount of area required to accommodate
the station program would necessitate a taking of a parcel in the
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Figure 5.8 Alternate ‘Northwest’ Alignment showing demolition of
Capital Grille

Figure 5.10 Aerial View of First & American Station
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A dedicated drop off / pick up drive for shuttles and passenger cars
is planned to loop off of First Avenue around the main station entry
at the east end of the station and connect with Clark Avenue to the
west. The overwhelming majority of pedestrian traffic accessing the
site funnels to the east entry and for this reason both elevators for
the station are being incorporated into the east station entry. The
west end of the station would be connected to grade level with a
switchback exit-only stair.
The area to the north of the station drop off / pick up drive is planned
for a potential transit-oriented development (TOD).

Figure 5.11 Alternate ‘Southeast’ Alignment showing demolition of
Building Supply Warehouse
The western limit of the station platform extends slightly across the
limits of Clark Avenue.

The area identified for First and American Station is constrained by
the geometry of the alignment bridging the Pennsyvania Turnpike
and making the turn to the west to follow First Avenue. Due to the
large amount of vertical clearance needed to bridge across the
Pennsylvania Turnpike, it was advantageous for the station to be far
enough beyond the Pennsyvania Turnpike crossing on the alignment
to make as much a descent towards the ground plane as possible
which in large part contributed to the selected station’s location.
Other locations considered for this station included but were not
limited to locating the station on the building supply parcel to the
east, and along the stream to the south of First Avenue which would
have required the demolition of the existing PECO substation.
Neither of these options made a compelling case to warrant
consideration over the selected concept.

Figure 5.13 Aerial View of First & Moore Station
the platform structures. Unlike the balance of the other stations on
the NHSL King of Prussia extension, the fare array would be located
at platform level to avoid the need for separate fare lines controlling
passenger access from the parking deck and those accessing the
platforms directly from the street.
This station is also planned to be a major intermodal connection
point between the King of Prussia extension and the SEPTA bus
service. To accommodate the requested bus berths and layovers,

5.03.2.6 First and Moore Station
First and Moore Station would be the terminal station of the King of
Prussia extension and is being designed as a park and ride station
with a 500-space parking deck structure. The station is situated
directly north of 1st Avenue on the Devon Pharmaceuticals parcel
which presently has a multi-story office building structure on the
site. The existing structure would be demolished to make the
necessary space for the new site infrastructure to support the
construction of the station and parking structure. See Appendix 5a
for information regarding the Parking Garage at First and Moore
station.

Figure 5.12 Alternate ‘Substation’ Alignment showing demolition of
existing substation and impact on existing stream

September 2019

The station platforms consist of a 12-foot wide side platform and a
20-foot wide center island platform. Access to the platforms is
provided by a stair structure to the west of the station platforms and
a pedestrian bridge connecting to the second structured deck of the
parking structure. Exit-only stairs are provided at the east end of

Figure 5.14 Alternate ‘Parallel Station’ Concept showing parking
garage structure parallel to the station
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Devon parcel needed to be acquired and the garage structure
located as tight to the western property line as possible to limit the
physical impact of the station on the adjacent casino parcel while
maximizing the amount of available space on the remaining space
within the Devon parcel for a future TOD opportunity.

5.04

Figure 5.15 Alternate ‘Casino Site’ concept showing garage
structure completely off the Devon property and directly adjacent
to the Casino

Summary & Recommendations

The design approach for the architecture of each station reinforces
the focus of providing architecture that is permanent, functional,
and pleasant, an architecture that enhances SEPTA’s corporate
identities and character and contributes to the surrounding context.
The new stations will establish themselves as part of the community
while maintaining overall line recognition and system identity. Each
station will be an integral component to the continued development
of their respective territories and the design approach to each
station will align itself both with the long-term vision for each
individual station area and the overall vision for King of Prussia.

the ground level of the proposed parking deck structure would
include a dedicated drive lane for buses with five berths. A separate
drive lane would be provided within the site for shuttles and cars
utilizing the passenger drop off / pick up zone.
An accessible route to the station platform would be provided via the
vertical circulation cores included within the parking deck structure
which contain multiple elevators to accommodate the projected
passenger volume.
The remaining area within the parcel to the north and east of the
station area is planned for a potential transit-oriented development
(TOD).
During this design phase, a multitude of concept approaches to
integrate the required size parking deck structure at this station
location were developed. In addition to the current plan layout,
other concept layouts including but not limited to showing the
garage structure completely on the adjacent parcel, another
showing the garage straddling the property line between the casino
and Devon parcels to limit the impact on the adjacent structures, and
orienting the garage east-west on the Devon parcel to parallel the
tracks were considered.
Upon evaluation of the potential
approaches to this location and discussing the merits of each with
the various stakeholders for this location, it was determined the
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6.0 Civil
6.01

Introduction

This section documents the civil design components of the King of
Prussia Rail Extension. The LPA alignment primarily followed public
rights of way, with the guideway located over roadways, which would
require piers to be located in the median. Along Mall Blvd, Wills Blvd
and First Avenue this would conflict with turning movements at
public road crossings and driveways. Straddle bents could be used
to mitigate these impacts, but the visual impact of using straddle
bents is undesirable and they present a significantly high cost to the
project.
The 15% design alignment development, as detailed in Section 4,
sought to limit these impacts by locating the guideway off of the
roadway, limiting the interaction between the guideway and
roadways to crossings. The guideway horizontal and vertical
alignment was coordinated to meet or exceed the required
clearances to roadways, shared use paths/sidewalks and parking
lots, and to provide the necessary protection for guideway and
station elements that are within the clear zone of roadways.

6.02
6.02.1

Vertical Clearance
Design Criteria and Constraints

The following standards have been applied to establish the required
veritcal clearance at each crossing:


2015 Edition – Change #1 PennDOT Publication 13M (DM-2)



2012 AASHTO Guide for the Development of Bicycle Facilities
Chapter 5

DM-2 Tables 1.3-1.8 were used to derive the vertical clearance
required over roadways.
At the coordination meeting held on May 30, 2019, PennDOT
indicated that District 6-0 posts all bridges with a vertical clearance
warning sign if they are less than 14’-9”. A 14’-9” minimum vertical
clearance has been used to develop the 15% design wherever the
guideway crosses a public roadway. At Henderson Road, achieving
the vertical clearance requires a raise of the existing NHSL and track
grades in exceeding the maximum allowable. See Section 4 of this
report for a detailed discussion of the track alignment development.
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Pedestrian bridges are included in the 15% design for Allendale
Road, Mall Blvd and First and Moore Stations. PennDOT criteria (DM2 Chapter 2.20c) requires 1 foot of additional vertical clearance due
to pedestrian overpasses lesser resistance to impacts. However, the
structures can be designed to minimize the potential issues
associated with an impact to eliminate the need for the additional 1’.
Therefore, a vertical clearance of 14’9” is utilized for pedestrian
bridges.
Since there is no design criteria for vertical clearance in parking lots,
it was assumed that the minimum roadway vertical clearance was
applicable to parking lots as well.
Allendale Road Station has a pedestrian bridge over an existing
receiving area with dumpsters. Consideration has been given to the
vertical clearance required for garbage collection truck and
continued operation under the bridge.
Table 6.1 is a summary of the requirements at each road crossing.

6.02.2

Design Approach

The required vertical clearance criteria was applied to the
development of the track profile and guideway superstructure to
provide at a minimum the vertical clearance indicated in Table 6.1.
The design considered the minimum vertical clearance over the full
width of the guideway, accounting for track grade, roadway grade
and crown.

6.02.3

Summary and Recommendations

As the design progresses the vertical clearance will need to be
coordinated with the owners of the crossing facilities, with particular
attention paid to PennDOT at Henderson Road. SEPTA will need to
obtain a Highway Occupancy Permit from PennDOT to bridge over
their facilities. Henderson Road’s classification as a Principal Arterial
in PennDOT’S road network requires a vertical clearance of 16’6”.
The propolsed design provides a vertical clearance of 14’9”. This
would require a design exception from PennDOT. PennDOT
requested further coordination with property owners in the area to
determine if the lower vertical clearance will impact businesses in
the area. This coordination will continue in the next phase.

Design Element
Usage
Beneath

Classification

Chester Valley Trail

Shared Use Path

13’ (desirable)
10’ (minimum)

Henderson Road
(SR 3029)

Principal Arterial

16’-6”
14’-9”*

Station Pedestrian
Bridges

Pedestrian Bridge

14’9”

Pennsylvania Turnpike
(I-276)

Interstate

16’-6”

Dekalb Pike
(SR 202)

Principal Arterial

16’-6”

Allendale Road
(T-110)

Minor Arterial

16’-6”

Court Receiving Area

Parking Lot

22’-0”

Driveways

Driveways

14’-9”

Wills Blvd
(T-603)

Urban Collector

14’-9”

Mall Blvd
(T-600)

Urban Collector

14’-9”

American Avenue

Driveway

14’-9”

First Ave (T-101)

Urban Collector

14’-9”

Moore Road
(T-102)

Urban Collector

14’-9”

Parking Lots

Parking Lots

14’-9”

Req’d Vert
Clearance

*14’9” vertical clearance over Henderson Road requires Design Exception
from PennDOT.

Table 6.1 Vertical Clearance Requirements
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6.03

Horizontal Clearance and Pier Protection

6.03.2

Elements of the guideway and station structure have been located
to the extent practical to meet or exceed the horizontal clearance
required based on PennDOT’s Clear Zone Criteria. Clear zone is
defined as the total roadside border area, starting at the edge of
traveled way, available for safe use by errant vehicles. This area may
consist of a shoulder, a recoverable slope, a non-recoverable slope,
and/or a clear run-out area. The width of the clear zone is influenced
by the traffic volume, the design speed and embankment slope.

6.03.1

Design Criteria and Constraints

PennDOT design criteria (2015 Edition – Change #1 PennDOT
Publication 13M (DM-2) Chapter 2) was used for clearance criteria for
pier protection for the various design speeds.
Please refer to the Clear Zone Criteria in Table 6.2.
Route
Design
Element

Henderson
Saulin
Rd
Blvd
(SR 3029)

Design Approach

The track alignment design and guideway substructure have been
designed with consideration for the clear zone requirement to avoid
the need for pier protection where feasible and practical. Piers that
would be located within the clear zone have been designed with the
required protection and end treatments per PennDOT DM-2.
Clear zone width along driveways will be determined in accordance
with DM-2, Table 12.1 Clear Zone Width Table. A conservative width
of 7 feet was used in the development of the 15% design since very
low speeds and low ADT’s are anticipated. In parking lots, when
distance criteria in DM-2, Table 1.7 was not met piers on curbed
islands were placed a minimum of 2 feet from the face of curb, as
specified in PennDOT DM-2.

6.03.3

Summary and Recommendations

6.03.3.1

First and American Ave

The alignment was designed to keep the piers outside the clear zone
of First Avenue and therefore most do not require protection. In
certain locations guiderail or concrete barrier has been designed for
piers at road crossings (Moore Road) where span length and other
considerations necessitated that the pier be located within the clear
zone.

First
Ave

Mall
Blvd

Wills
Blvd

Allendale
Rd

Posted Speed
(MPH)

353

40

401

35

35

35

Existing ADT

10,329

12,091

10,6202

13,956

12,368

8,506

6.03.3.2 Mall and Wills Blvd

Design ADT
(2040)

11,092

12,985

11,405

14,987

13,282

9,291

Req'd Clear
Zone

14’-16’

14’-16’

14’-16’

14’-16’

14’-16’

14’-16’

The alignment was designed to keep the piers outside the clear zone
of both Mall and Wills Boulevards and therefore most do not require
protection. However, the alignment has been designed with several
skewed crossings at Allendale Road, Wills and Mall Blvd that have
piers adjacent to the roadway. Those piers will have guiderail or
concrete barrier protection has been included in the design as
dictated by the constraints.

Assumed 40 MPH. There is no posted speed limit.
2
Calculated from TPD count data with a K factor of 11.
3
Design Speed = 35 MPH
1

Table 6.2 Clear Zone Criteria
The clear zone for the Pennsylvania Turnpike is 30 feet as
documented in their Design Consistency Guidelines. All driveways
are assumed to have a 7-foot wide clear zone.

6.03.3.3 Henderson Road
Piers have been designed to be outside the clear zone.

6.03.3.4 Pennsylvania Turnpike
At both the eastern and western crossings of the Pennsylvania
Turnpike, median pier protection has been provided using PTS
standard drawings. Median shoulder modifications would be
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required based on the proposed pier widths. See Sheets C-107, C-112
and C-113

6.04
6.04.1

Driveway Verification
Design Criteria and Constraints

Tables from the Pennsylvania Code Chapter 441 were used to
establish the length of the intersection sight triangles along each
roadway based upon the posted speed of the roadway both for
vehicles exiting from the driveways and for vehicles making left
turns into the driveway. The posted speed of the roadways evaluated
are as shown in Table 6.3.
Route
Design
Element

First
Ave

Posted Speed
(MPH)
1
2

352

Mall Wills
Blvd Blvd
40

401

Allendale
Rd

Henderson
Rd
(SR 3029)

Saulin
Blvd

35

35

35

Assumed 40 MPH. There is no posted speed limit.
Calculated from TPD count data with a K factor of 11.

Table 6.3 Evaluated Roadways Posted Speed
The driver height and object height of 3.5 feet have been used in the
development of the design based upon 2011 AASHTO Policy on
Geometric Design of Highway and Streets 6th Edition.

6.04.2

Design Approach

The guideway alignment and pier locations have been developed
with consideration for existing driveways. Existing geometry of the
driveways was retained wherever feasible and practical to limit the
extent of coordination with property owners necessary in future
phases of the project development.
Consideration was also given in the development of the 15% design
to maintaining safe sight distances at each impacted driveway at the
anticipated travel speeds. Posted speeds for each road were applied
to the tables of the Pennsylvania Code Chapter 441 to determine the
intersection sight distance footprint, assuming a flat grade. The sight
triangles for vehicles exiting the driveways and for left-turning
vehicles entering the driveways were represented graphically. The
sight distance was evaluated to ensure that objects proposed to be
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installed by this project over 3.5 feet in height, such as piers, were
not located within the triangles. If objects fell within the proposed
sight triangle, the initial attempt was to relocate the obstruction.
Examples of this occurred along Mall and Wills Blvds where the initial
concept located piers within the median that would encroach upon
the intersection sight triangles. In this situation the median piers
were evaluated to see if they should be shifted longitudinally along
the alignment to move them outside of the sight triangle. Straddle
bents were considered where moving the pier outside of sight
triangle was not feasible. If avoidance was not possible, then
mitigation of the conflict was pursued as a last resort. In this
situation, traffic signals with protected left turns would be proposed
if there were conflicts within the sight triangle.

6.04.3

Summary and Recommendations

As the design progresses, the sight triangles will need to be further
refined to account for roadway grade to confirm there continues to
be no conflicts. Where mitigation of the impact is proposed in the
15% design, these recommendations will be further refined and
coordinated with the affected stakeholders.

6.05
6.05.1

Highway Occupancy Permit
Design Criteria and Constraints

On May 30, 2019, representatives from the project team and SEPTA
met with PennDOT to provide an overview of the project and review
the anticipated studies and permitting that would be required by
PennDOT. The project has two encroachments into the PennDOT
Legal Right of Way. In addition, any new or modified traffic signals
would require PennDOT review and approval. The overview
presented the Locally Preferred Alternative alignment noted in the
Draft Environmental Impact Statement (DEIS), noting the following:


The alignment of the NHSL is proposed off the roadways, and
no longer proposed along medians of Mall Blvd and First
Avenue.



The final EIS is underway.



Approximately 750* surface parking spaces are proposed at
the Henderson Road Station, which is distributed over two
lots divided by Henderson Road.

September 2019



An approximately 750*-space parking garage is proposed at
the First and Moore Station.



Other stations without designated parking areas are planned
near Allendale Road, Mall Blvd, and the intersection of First
and American.

traffic signal is located on First Avenue at the proposal First and
Moore parking structure, approximately 650 feet west of Moore
Road. PennDOT indicated these new traffic signal installations and
any modifications to existing traffic signals would be coordinated
through their typical traffic signal permit process and would require
a traffic signal application, signed by Upper Merion Township.

* - Parking projections have subsequently been reduced to 500
spaces at Henderson Road and First and Moore Stations.

6.05.3

6.05.2

The necessary scoping applications were submitted to PennDOT on
August 22, 2019. Typical PennDOT review periods are 45 calendar
days; therefore, comments are anticipated by October 7, 2019.

Design Approach

Henderson Road
The team reviewed with PennDOT officials the proposed parking
layouts and anticipated driveway access to/from Henderson Road
(PennDOT-maintained road) and Saulin Road (a townshipmaintained road). PennDOT indicated that the team should prepare
and submit a TIS scoping application to establish baseline
assessment of potential traffic impacts. In addition, the necessary
permitting for station improvements, the proposed track alignment
over Henderson Road was discussed and the level of approval
necessary by PennDOT was reviewed. PennDOT’s initial thoughts are
that a legal agreement tied to the HOP for the maintenance of the
structure would likely be required. The level of review required, and
necessary agreements will need to be further coordinated as the
project advances.

Dekalb Pike / Route 202 Crossing
The proposed NHSL crossing of the Pennsylvania Turnpike and
Route 202 where the two roads currently cross was reviewed with
PennDOT officials. The crossing would have a 16’-6” clearance with
typical square piers and straddle bents. The crossing would require
Turnpike and Route 202 lane closures for the beam placement and
would be anticipated to be completed during weekend and/or
weeknight closures.

Traffic Signals
This project also anticipates the need to construct two new traffic
signals and potential modifications of several other existing traffic
signals. One potential location for a new traffic signal is at the
intersection of Mall Blvd and the site driveway for Joe’s Crab Shack
(former)/Hyatt Hotel, approximately 500 feet east of the existing
traffic signal at Mall Blvd and Atrium Drive. The second potential

Summary and Recommendations

The comments will be reviewed with SEPTA and next steps in
preparing a formal application to PennDOT will be determined. As is
typical of a scoping application, we anticipate PennDOT to seek
feedback and concurrence from Upper Merion Township as to the
defined scope. A meeting with Upper Merion Township and PennDOT
may be necessary as the project moves into the 30% design phase
to further clarify the extent of PennDOT improvement.
The August 22, 2019 PennDOT Scoping Application, with meeting
minutes from the May 30, 2019 PennDOT meeting, can be found in
Appendix 6c.

6.06
6.06.1

Access Road Design
Design Criteria and Constraints

Access roads are required at specific locations along the extension
to provide SEPTA personnel and their contractors access to
maintain the proposed railroad facilities.
Since there are no standards for access driveways for SEPTA, the
Pennsylvania Code Chapter 441 ‘Access to and Occupancy of
Highways by Driveways and Local Roads’ was referenced along with
the Natural Resources Conservation Service (NRCS) Conservation
Practice Standard ‘Access Road Code 560’. The NRCS Code 560 is a
federal standard that is applicable to agriculture and has been used
on passenger rail projects previously.
The Pennsylvania code describes design criteria including profile,
intersection sight distance, angle relative to the intersecting
roadway and radii. The lowest volume driveway defined by the
Pennsylvania Code is a minimum use driveway, which is not used by
more than 25 vehicles per day. While this project has followed the
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design criteria of minimum use driveways from the Pennsylvania
Code, additional discussion on the width is provided. The design
criteria has a width varying between 10-20 feet for a driveway of this
classification. The NRCS Code 560 indicates that special purpose
roads can have a minimum width of 10 feet. However, this code goes
on to say that it requires two feet of shoulder width on each side,
while not defining the material of that shoulder width.

6.06.2

Design Approach

It is anticipated that the driveways would be utilized by pickup trucks
and passenger vehicles on an infrequent basis. Therefore, these
have been chosen as the design vehicle.
Given the preliminary phase of the project it can be beneficial to be
more conservative in estimating impacts now, as opposed to
reporting increasing impacts as the design progresses. Therefore, a
14-foot wide access road driveway has been designed, which meets
the minimum 10-foot width from the Pennsylvania Code with 2-foot
shoulders on each side. This would provide for a safe condition for
SEPTA personnel and their contractors. In addition, to maximize
safety and sight distance, the access roads are proposed to intersect
existing pavements at 90-degree angles.

6.06.3

Summary and Recommendations

To advance this project to construction, additional effort will be
needed to convey to the contractor the detail of the access road
including creation of horizontal and vertical profiles, typical sections
of the roadway and grading as well as the pavement design.

Wye Junction Access Road
To provide SEPTA and PECO access to the inside of the Wye Junction
and the traction power substation, an access road is proposed from
the intersection of Saulin Blvd. The alignment would cross the
proposed tracks at a 90-degree angle to allow for the maximum sight
distance and to limit the required gap in the contact rail. A
conservative footprint of a 3:1 fill slope has also been proposed.

Wye Junction Stormwater Management Facility Access Road
To provide SEPTA access to the proposed stormwater management
facility near the Wye Junction an access road from the proposed
Chester Valley Trail has been included in the design. Given that
access to the stormwater facility is anticipated to be infrequent
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(approximately twice per year for mowing), it is recommended that
access be provided from the Chester Valley Trail as opposed to
having a fully separate road that would have to follow a circuitous
route and would require an additional track at-grade crossing. The
Chester Valley Trail is designed to accommodate emergency and
maintenance vehicles and could also accommodate SEPTA vehicles.
This use would require additional coordination with Montgomery
County the owner of the proposed Chester Valley Trail as it relates
to right of way and easements that would be needed.

Allendale Road Station Access Road
To gain access to the traction power substation and stormwater
management basin at the Allendale Road Station, one driveway
would be placed that branches off from the circular loop of the
station.

First and Moore Station Access Road
To gain access to the traction power substation one driveway would
be placed that branches off from the circular loop of the station.

6.07
6.07.1

Zoning
Design Criteria and Constraints

In Pennsylvania, many municipalities have enacted ordinances
related to subdivision and land development (SALDO) and zoning to
control the location of different land uses in a community. The
SALDO and Zoning ordinances provide specific design and
performance standards for a proposed project.
In Upper Merion Township, the development of land is largely
dictated by two chapters of Code of Upper Merion Township.


favorable to the health, safety, morals and general welfare of
the citizens of the Township.
To the degree a project does not conform with the provisions
of Chapter 145, a waiver of those requirements must be
granted by the Township Board of Supervisors.


Chapter 165 – Zoning
As stated in Section 165-2 - This chapter is enacted in

accordance with the Community Comprehensive Plan with
respect to land use, density of population and location and
function of streets and other community facilities and
utilities and is designed for the purpose of promoting,
protecting and facilitating the public health, safety, morals,
general welfare, coordinated and practical community
development, proper density of population,…transportation,
water, sewerage, schools, public grounds and other public
requirements, and to prevent the overcrowding of land,
blight,
danger
and
congestion
in
travel
and
transportation,…and to conserve the value of buildings and
to encourage the most appropriate use of land throughout
the Township.
To the degree a project does not conform to the provisions of
Chapter 165, a variance must be granted by the Zoning Hearing
Board.

6.07.2

Design Approach

The design team reviewed the Upper Merion Zoning Map, last revised
September 17, 2018, to determine the zoning classifications of each
parcel under consideration for development or redevelopment. A
summary of those zoning classifications is found in table 6.4

Chapter 145 – Subdivision of Land
As stated in Section 145-1 – The purpose of this chapter is to

assure sites suitable for building purposes and human
habitation and to provide for the harmonious development of
the Township; for the coordination of existing streets with
proposed streets, parks or other features of the Township
Official Plan of Streets and Alleys; for adequate open spaces
for traffic, recreation, light and air; and for proper
distribution of population, thereby creating conditions
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Location

Zoning Classification

Permitted Use

Henderson Road
Station – East Side

HI – Heavy Industrial

Yes

Henderson Road
Station – West Side

R-2 – Single Family
Residential
No

CG -Commercial General
LI – Limited Industrial

that appear before the Township Board of Supervisors and the
Township Zoning Hearing Board are of a quasi-judicial nature, it
would be recommended that SEPTA engage a land use attorney
experienced in municipal law in Pennsylvania to assist in determining
what level of compliance is necessary to local land use codes.

In the design of bus pull-offs along Henderson Road, given site
constraints related to the PECO transmission towers near
Henderson Road, it was found infeasible to provide the
recommended bus bay stop design. In this case, the design was
maximized to the greatest extent possible.

6.08

6.08.3

Station Criteria

6.08.1

Allendale Road
Station

CG -Commercial General

Mall Blvd Station

CG -Commercial General

No

First and American
Station

KPMU – King of Prussia
Mixed-Use

Yes

First and Moore
Station

KPMU – King of Prussia
Mixed-Use

Yes - Conditionally

Design Criteria and Constraints

No

Table 6.4 Zoning Use Analysis

In addition to meeting the performance requirements of SEPTA for
each station location, the layout and circulation characteristics of
each location and the associated improvements also should comply
with local codes; specifically, Upper Merion Township ordinances
related to land development. Specific to station parking layout and
circulation, Section 145-24 (Parking and Loading areas) of the Upper
Merion Code was consulted. This section of the code provides design
criteria including, but not limited to, the following:

As noted above, except for the east side of the Henderson Road
Station and the First and American Station, the public transportation
station use is not a permitted use and therefore a variance from the
applicable zoning codes would be required. In the case of First and
Moore Station, a parking structure is proposed. As such, those uses
are permitted by Conditional Use; meaning that the use is permitted
if the development complies with a series of conditions outlined in
the code.



Parking stall dimensions



Drive aisle widths



Minimum and maximum longitudinal and cross-sectional
grading.



Parking setback from property lines.

In addition to a project being a permitted use, zoning also regulates
various other development restrictions such as building heights,
building coverage/maximum impervious coverage, buffer/screening
and property line setbacks.



Landscape and buffering requirements



Curbing and sidewalk

6.07.3

Summary and Recommendations

With several anticipated station locations not being a permitted use
by Upper Merion Township Zoning Codes, it is recommended that a
meeting with Township Officials take place to review the proposed
use and any relief that may be necessary. In preparation for that
meeting, a SALDO and Zoning compliance plan should be prepared
that documents the various code requirements and the extent that
the plan meets, or does not meet, those requirements.
Given SEPTA’s status as a metropolitan transportation authority
created by the Pennsylvania Legislature, certain exemptions to local
land use and development codes may be permitted. As any requests
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In locations where SEPTA buses were to remain “on-road” and bus
pull-overs are provided, SEPTA Bus Stop Design Guidelines were
consulted.

6.08.2

Design Approach

For each proposed station location, the applicable design criteria
relevant to parking lot layout and circulation requirements from
Section 145-24 of the Township code was applied.
In addition to Township requirements, where stations include SEPTA
bus facilities, circulation was also checked through AutoTurn truck
turn templates. For this exercise, a typical SEPTA Suburban Bus was
used.

Summary and Recommendations

It is recommended that a meeting with Township Officials take place
to review the proposed site layouts and identify any relief that may
be necessary. In preparation for that meeting, a SALDO and Zoning
compliance plan should be prepared that documents the various
code requirements and the extent that the plan meets, or does not
meet, those requirements.

6.09

Traffic Modeling

Building upon the traffic projections in the October 2017 Draft
Environmental Impact Statement (DEIS), various traffic projections
and analysis models in the vicinity of each proposed station were
prepared to examine potential impacts to the surrounding roadway
networks at each location.

6.09.1

Design Criteria and Constraints

In order to develop 2040 future (build) year conditions, a
background growth factor for the roadways in the study area was
developed based on growth factors for August 2019 to July 2020
obtained from the PennDOT Bureau of Planning and Research (BPR).
The PennDOT BPR suggests using a background growth trend factor
of 0.28 percent per year in Montgomery County for urban noninterstate roadways. As such, the background growth factor was
applied annually to yield overall growth percentages of 6.05 percent
(0.28 percent per year, compounded over 21 years) for the 2040
design year.
Where parking is provided at a station, specifically at the Henderson
Road and the First and Moore stations, vehicle trip generation rates
for the proposed transit center were obtained from the manual Trip
Generation, Tenth Edition, 2017, an Institute of Transportation
Engineers (ITE) Informational Report. For each proposed station,
Land Use Code 90 (Park and Ride Lot with Bus Service or Light Rail
Service) from Trip Generation was used to calculate the number of
vehicular trips the development would generate for an average
weekday, and during weekday A.M. peak hour, weekday P.M. peak
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hour and Saturday midday, as applicable. Pedestrian volumes at
these locations were developed based on forecasts from the DEIS.

this project and added to the projected site-generated trips for the
Henderson Road Station.

Where transit parking was not provided, the anticipated vehicle and
pedestrian trip generation for the proposed stations was determined
based on information contained in the DEIS, dated October 2017. The
DEIS forecasts drop-off/pick-up and walk-on pedestrian activity at
the station over a 4-hour period in the P.M. peak hour. In order to
provide a conservative assessment, it was assumed that half of the
forecasted activity occurred during each of the peak hours
evaluated. For the purposes of this analysis, for each projected dropoff/pick-up was considered 2 vehicle trips (one trip into the station
and one trip out of the station).

Note, the traffic volumes related to the proposed Taco Bell
commercial development were removed from the 2040 projected
conditions. Although the existing self-storage site is planned to be
eliminated, existing traffic related to the self-storage site was not
removed from the Henderson Road/Saulin Blvd intersection under
projected conditions as it generates less than 0.5 percent of the total
traffic for the area.

For the purposes of the evaluation, the 2040 future year was
evaluated to be consistent with the DEIS, dated October 2017 and
relevant methodologies contained in Chapter 10 of PennDOT’s
Publication 46 were applied.
Capacity analyses were conducted according to the methodologies
contained in the Highway Capacity Manual (HCM) using Synchro 10
software, a Trafficware product.
The assessment of potential site-specific impacts was prepared in
accordance with the PennDOT’s Transportation Impact Study
Guidelines outlined in PennDOT’s Policies and Procedures for
Transportation Impact Studies, found in PennDOT’s Publication 282,
Appendix A, July 2017.

6.09.2

Design Approach

Henderson Road Station
Given the surrounding land use characteristics, potential impacts
during the weekday a.m. and p.m. commuter peak hours were
investigated. In assessing the potential traffic impacts at the
Henderson Road station, following intersections were investigated:


Henderson Road and Saulin Blvd;



Saulin Blvd and Rear Shopping Center Driveway;



Saulin Blvd and Monroe Blvd.

To develop 2040 build conditions volumes, the background growth
rate of 6.05 percent was applied to traffic volume data collected for
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Mall Blvd and right-in/right-out only Capital Grill driveway,



Mall Blvd and Atrium Drive.

To develop 2040 build conditions volumes, the background growth
rate of 6.05 percent was applied to traffic volume data collected for
this project and added to the projected site-generated trips for the
Mall Blvd. Station. Additionally, traffic volumes were generated in
accordance with ITE methodologies for reoccupation of the former
Toys R Us store that was vacant at the time the traffic counts were
completed.

Allendale Road Station
Given the surrounding land use characteristics, potential impacts
during the weekday A.M., weekday P.M. commuter, and Saturday
Midday peak hours were investigated. In assessing the potential
traffic impacts at the Allendale Road station, the intersection of
Allendale Road and Wills Blvd was investigated.
To develop 2040 build conditions volumes, the background growth
rate of 6.05 percent was applied to traffic volume data collected for
this project and added to the projected site-generated trips for the
Allendale Road Station.
This traffic evaluation focused on the Allendale Road/Wills Blvd
intersection only since the station vehicular access to Wills Blvd is
right-in/right-out driveway and is anticipated to operate at an
acceptable level of service. As such, all vehicular traffic was assigned
to the site driveway opposite Willis Blvd to provide a conservative
(i.e. worst-case) evaluation of the Allendale Road/Wills Blvd
intersection.
Given the minimal traffic associated with the existing commercial
buildings, that traffic was not deducted from the intersection which
yields conservative (i.e. high) traffic volumes

Mall Blvd Station
Given the surrounding land use characteristics, potential impacts
during the weekday P.M. commuter peak hour and Saturday Midday
peak hour were investigated. In assessing the potential traffic
impacts at the Mall Blvd station, following intersections were
investigated:


While a connection is proposed between the Mall Blvd Station and
Atrium Drive, which would also allow Hyatt House traffic to exit to
Mall Blvd via Atrium Drive, in order to evaluate worst-case (i.e.
highest) traffic volume conditions at the proposed Mall Blvd traffic
signal intersection, all existing traffic volumes from the Hyatt House
were assumed to continue to use the proposed signalized
intersection to exit to Mall Blvd.
Auxiliary turn lane warrants were evaluated at the site driveway
intersection with Mall Blvd. The warrant analysis was conducted
according to the methodologies contained in PennDOT’s Publication
46A. A 230-foot eastbound Mall Blvd left turn lane currently exists,
and while the projected turn lane length exceeds the existing lane
storage, the anticipated 95th percentile queues are approximately 1
vehicle (25 feet). Note, site traffic also can enter the proposed
station via the existing eastbound Mall Blvd left turn lane at the
signalized intersection with Atrium Drive. Therefore, the existing
turn lane length is sufficient. In addition, although warrants are
satisfied for a westbound Mall Blvd right turn lane, the lane is not
proposed to due existing building constraints. However, the
intersection is anticipated to operate in an efficient manner without
the provision of a right turn lane.
The intersection of Mall Blvd intersections with the Toys R Us
driveway was analyzed to determine if MUTCD Warrant 3, Peak Hour
Volume Warrant, would be satisfied based on opening and design
year traffic volume projections with development of the proposed
site (2040 projected conditions). Based on preliminary data, peak
hour major street two-way traffic volumes and the approximate
corresponding minor street threshold volume satisfy the peak hour
signal warrant based on a figure in the MUTCD, Chapter 4C.04.

Mall Blvd intersections with the Toys R Us driveway,
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First and American Station
Given the surrounding land use characteristics, potential impacts
during the weekday A.M. and P.M. commuter peak hours were
investigated. In assessing the potential traffic impacts at the First
and American station, following intersections were investigated:

The parking garage and station is proposed to replace the existing
office building. As a conservative approach, the traffic volumes
associated with the existing facility were not deducted from the
roadway network.

6.09.3

Summary and Recommendations
Henderson Road Station



First Avenue and Clark Avenue;

6.09.3.1



First Avenue and American Avenue.

In order to mitigate impacts associated with the construction of the
proposed station and comply with the requirements outlined in
PennDOT’s TIS Guidelines, the following improvements are required:

To develop 2040 build conditions volumes, the background growth
rate of 6.05 percent was applied to traffic volume data collected for
this project and added to the projected site-generated trips for the
First and American Station. Note, the traffic related to the existing
building (Escape Room facility) on the site was deducted from the
driveway intersection volumes. Note, the traffic related to the
existing building (Escape Room facility) on the site was deducted
from the driveway intersection volumes.



As part of this analysis, existing traffic on Clark Avenue was not
redistributed through the proposed station driveway loop.

First and Moore Station
Given the surrounding land use characteristics, potential impacts
during the weekday A.M. and P.M. commuter peak hours were
investigated. In assessing the potential traffic impacts at the First
and Moore station, following intersections were investigated:


First Avenue and North Gulph Road;



First Avenue and Valley Forge Casino Main Access/Freedom
Business Center Driveway;



First Avenue and Valley Forge Casino Middle Access;



First Avenue and Valley Forge Casino East Access;



First Avenue and Devon International Group Driveway;



First Avenue and Moore Road.

To develop 2040 build conditions volumes, the background growth
rate of 6.05 percent was applied to traffic volume data collected for
this project and added to the projected site-generated trips for the
First and Moore Station.
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Roadway/signal improvements are planned by the proposed
Taco Bell development at the Henderson Road/Saulin Blvd
intersection. These improvements would also be required for
the proposed SEPTA station and related parking lots should
they not be completed prior to the station being constructed.
Those improvements include traffic signal modifications and
a center left turn lane on Henderson Road. Should those
improvements be implemented by others, it would be
necessary to optimize the traffic signal timings along
Henderson Road. Otherwise, the traffic signal modifications
and line striping to provide a center left turn lane on
Henderson Road would also be required.
With construction of the eastern parking lot, along Saulin
Blvd, it would be necessary to restripe Saulin Blvd between
Henderson Road and the Saulin Blvd “bend” to provide a twoway center left turn lane to facilitate left turns at the existing
driveways/roadways and proposed station driveways.

Further information on the projected traffic operations can be found
in Appendix 6b. It should be noted that concurrence from PennDOT
and Upper Merion Township would be required for PennDOT to issue
Highway Occupancy permits and revised traffic signal permits

should be noted that concurrence from PennDOT and Upper
Merion Township would be required for PennDOT revised
traffic signal permits.
Further information on the projected traffic operations can be found
in Appendix 6b. It should be noted that concurrence from PennDOT
and Upper Merion Township would be required for PennDOT to issue
revised traffic signal permits for this location.

6.09.3.3 Mall Blvd Station
In order to mitigate impacts associated with the construction of the
proposed station and comply with the requirements outlined in
PennDOT’s TIS Guidelines, the following improvements are required:


Further information on the projected traffic operations can be found
in Appendix 6b. It should be noted that concurrence from PennDOT
and Upper Merion Township would be required for PennDOT to issue
new and revised traffic signal permits for this location.

6.09.3.4 First and American Station
In order to mitigate impacts associated with the construction of the
proposed station and comply with the requirements outlined in
PennDOT’s TIS Guidelines, the following improvements are required:


With the station taking access through an existing signal, it
would be necessary to upgrade the traffic signal timings and
equipment at the First Avenue/American Avenue
intersection. It should be noted that concurrence from
PennDOT and Upper Merion Township would be required for
PennDOT revised traffic signal permits



The signal at First and American was analyzed and it was
determined that all traffic from Clark Avenue could utilize the
signal and it would still work with an acceptable LOS.
Discussion with SEPTA and the Township should occur to
determine if Clark Avenue traffic should be allowed to access

6.09.3.2 Allendale Road Station
In order to mitigate impacts associated with the construction of the
proposed station and comply with the requirements outlined in
PennDOT’s TIS Guidelines, the following improvements are required:


With the station taking access through an existing signal, it
would be necessary to upgrade the traffic signal timings and
equipment at the Allendale Road/Wills Blvd intersection. It

Signalize the Mall Blvd/former Toys R Us driveway and
coordinate the timings along the Mall Blvd corridor. It should
be noted that PennDOT and Upper Merion Township would
require a full signal warrant analysis prior to approving a new
traffic signal at the subject intersection; however, the peak
hour warrants provide a basis for evaluating the need to
investigate further warrants.
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the signal through the station and what if any measures
would be required to facilitate/mitigate that possibility.

6.10.1

Design Criteria and Constraints

Further information on the projected traffic operations can be found
in Appendix 6b. It should be noted that concurrence from PennDOT
and Upper Merion Township would be required for PennDOT to issue
revised traffic signal permits for this location.

PennDOT and the Municipalities utilize standard PennDOT PATA
figures which clearly delineate the layout of traffic control devices
required during construction. The Pennsylvania Turnpike also has
figures that are utilized. These figures can be utilized in most
situations on all roads.

6.09.3.5 First and Moore Station

6.10.2

In order to mitigate impacts associated with the construction of the
proposed station and comply with the requirements outlined in
PennDOT’s TIS Guidelines, the following improvements are required:

The design team would determine if the work is short term or long
term in nature. If short term the use of standard figures can be
referenced to the roadway and to the work element. If long term full
plan sets would be required. The Design Team should verify the type
of work being done on the roads, verify the impact to traffic and the
length of construction, and make a preliminary determination on the
approach.



Signalize the First Avenue/Proposed Garage driveway and
coordinate the traffic signal timings along the First Avenue
corridor. It should be noted that PennDOT and Upper Merion
Township would require a full signal warrant analysis prior to
approving a new traffic signal at the subject intersection;
however, the peak hour warrants provide a basis for
evaluating the need to investigate further warrants.

It should be noted that PennDOT and Upper Merion Township would
require a full signal warrant analysis prior to approving a new traffic
signal at the subject intersection; however, the peak hour warrants
provide a basis for evaluating the need to investigate further
warrants.
Further information on the projected traffic operations can be found
in Appendix 6b. It should be noted that concurrence from PennDOT
and Upper Merion Township would be required for PennDOT to issue
new traffic signal permits for this location

6.10

Traffic Control

Maintenance and Protection of traffic during construction would
typically require temporary lane closures. There would be some
complete street closures for overhead beam installations. These
complete closures would be for brief periods as needed. Access to
businesses would be maintained where feasible, with temporary
driveway closures as needed. Pedestrian access to businesses would
also be maintained.
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6.10.3

Design Approach

Summary and Recommendations

Henderson Road and US 202
The work on these roads would be off the travelled way with minimal
impact to traffic with a few exceptions (beam placement and pipe
crossings). Beam placement would require either 15-minute
stoppages or overnight closures. PennDOT PATA figures would
apply here and the design team should verify that in final design and
choose the appropriate figures.

closures since a significant amount of the work with be done in the
median. Additionally, the design team would have to generate a
traffic control concept for the Service Plaza.

Existing Driveways
The work would impact existing driveways along the Saulin Blvd,
Allendale Road, Wills Blvd, Mall Blvd, American Avenue and First
Avenue. For short-term work at each driveway, PennDOT PATA
figures would apply here and the design team should verify that in
final design and choose the appropriate figures. For long-term
closures and or lane reductions of any driveway, the design team will
have to generate a traffic control concept for the existing access. In
all cases, coordination with the property owners would be necessary.

Parking Lots
The work would impact existing parking lots surrounding the
Allendale Road and Mall Blvd stations. For long-term closures of
parking lots for beam placement and station construction, the design
team would have to generate a traffic control concept for each
parking lot. In all cases, coordination with the property owners would
be necessary and closures would need to be planned to avoid peak
retail shopping seasons when parking is most utilized.

6.11

Erosion and Sediment Pollution Control

The work on these roads would be off the travelled way with minimal
impact to traffic with a few exceptions (beam placement and pipe
crossings). Beam placement would require either 15-minute
stoppages or overnight closures. PennDOT PATA figures would
apply here and the design team should verify that in final design an
choose the appropriate figures.

The purpose of this section is to discuss the erosion and sediment
pollution control (E&S) best management practices that would be
used as part of this project. The goal of erosion and sediment
pollution control at this stage is to identify impacts to properties for
the Final Environmental Impact Statement (FEIS). The erosion and
sediment pollution control plan outlines the project-specific
procedures that would be used during and after construction to
adequately protect the waterways and immediate surrounding areas
from any disturbance activities that would occur as a result of this
project.

Pennsylvania Turnpike

6.11.1

The work on the Turnpike would impact both directions of through
traffic on the mainline since the median would be reconstructed.
Additionally, beam placement would require either 15-minute
stoppages or overnight closures (Plan X). The design team would
need to layout a long-term traffic control layout on the Turnpike as
well as determine which standard figures apply for needed lane

The erosion and sediment pollution control design would be in
accordance with the rules and regulations of the Pennsylvania
Department of Environmental Protection (PA DEP), Pennsylvania
Title 25: Chapter 102 Erosion Control and the PA DEP Erosion and
Sediment Pollution Control Program Manual. When applicable, the
design would also follow guidelines from the Upper Merion Township

Allendale Road, Mall Blvd, Wills Blvd., First Avenue

Design Criteria and Constraints

Page 6-8

SEPTA | King of Prussia Rail Project
Basis of Design Report

Part II, General Legislation, Chapter 140B Stormwater, Grading and
Erosion Control: Multifamily, Commercial, Industrial, Institutional.
The limit of disturbance and disturbance activities within the 100year floodplain and/or in any sensitive areas or habitats that may be
identified would be minimized.

6.11.2

Design Approach

The E&S design would implement measures to minimize earth
disturbance activities during construction and ensure disturbed
areas are stabilized immediately after construction activities are
completed. The limit of the disturbance would encompass all areas
required for construction activity and would be minimized with
consideration to right-of-way and disturbance limitations. The total
permit boundary would be finalized with approval from the Township
and all required regulatory agencies.
The E&S design would provide perimeter control, slope stabilization,
dewatering, and site access best management practices to control
sediment from leaving the project area and entering the existing
drainage facilities and/or surface waters. The temporary protective
measures used during construction would be phased to provide
adequate protection during each stage of the construction.
Temporary E&S BMPs include compost filter socks and/or silt barrier
fence, inlet protection for existing drainage structures, temporary
erosion control matting, stabilized construction entrances, concrete
washouts, pumped water filter bags, and stockpiles. Permanent E&S
BMPs would also be used when required, such as sediment forebays
in the basins, rip rap protection at the outfalls of drainage networks,
rip rap and/or erosion control matting on steeply graded slopes and
embankments, and vegetative stabilization. Any waste material
would be disposed of in accordance with the E&S Plan.
For all construction activities that may directly impact surface
waters, such as culvert extensions, new proposed culverts at stream
crossings, and pier construction at or near existing streams,
dewatering practices would be used to provide a dry work area while
maintaining stream flow in compliance with all applicable
regulations. Dewatering practices for this project would include
using temporary cofferdams and/or pump bypass systems to
temporarily redirect flow around the active construction area.
Additionally, temporary pipes and/or drainage structures would be
installed to maintain stormwater conveyance during each stage of
construction until the permanent drainage features are installed and
functional. There would also be temporary protective measures
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and/or time restrictions for disturbance activities for any protected
wildlife habitats that may be present in the project area.

assumptions, and regulatory requirements. Table 6.5, below,
summarizes the design requirements for peak rate reduction.

6.11.3

6.12.2

Summary and Recommendations

At this time, consideration to the erosion and sediment pollution
control design is in a preliminary stage. The next step is to begin the
erosion control and stabilization design with consideration for the
overall construction sequence and staging of construction. The E&S
design would begin with setting a limit of disturbance for the entire
project, which would be refined and revised as the design progresses
and based on any comments from permitting agencies and local
stakeholders. An early coordination meeting is also recommended
for all parties responsible for the design and permit approval of the
erosion and sediment pollution control plan. In addition to discussing
the stormwater management requirements and expectations, the
early coordination meeting will also serve the purpose of discussing
action items for the E&S approval and discuss any areas of concern
for the project.

6.12

Stormwater Management

The Stormwater Management efforts for this project includes the
design of the drainage networks that would convey runoff generated
by the new track/guideway construction, and the stormwater
management facilities that are required to treat runoff before being
discharged to surface waters. The stormwater management
concepts have been advanced to identify properties that would be
potentially impacted. The project is located within three subwatersheds including Trout Creek, Crow Creek, and the Schuylkill
River. All three streams are listed in Pa Code 25, Chapter 93 as Warm
Water Fisheries (WWF) and have listed impairment sources including
urban
runoff/storm
sewers,
habitat
modification,
and
channelization. These three points of interest have been analyzed to
determine the drainage characteristics in the pre-project condition
as well as the potential impacts in the post-project condition.
Stormwater management BMPs have been proposed throughout the
project to reduce the overall impacts of the post-project condition.

6.12.1

Design Criteria and Constraints

The drainage design and stormwater management design follow the
applicable guidelines from Upper Merion Township, Montgomery
County Conservation District, SEPTA, and PADEP. A design criteria
report in Appendix 6a outlines the design methodology,

Design Approach

Existing drainage areas were delineated using the existing
topographic conditions and LiDAR data. Pre- and post-project
drainage areas were delineated to include surface runoff from the
guideway, parking/roadway/driveway features, and the stormwater
management BMPs that were necessary for the corridor. This
ensures that stormwater BMPs would capture and treat runoff from
the project area including the track guideway and station features
such as parking lots, TPSS buildings, etc. to the greatest extent
possible. Runoff outside the project limits would remain in the
existing stormwater systems. The time of concentration for each
drainage area was calculated per USDA TR-55 methodology and the
minimum time of concentration used for the peak rate analysis is 6
minutes.
Post Construction Peak
Rate Design Event

Post Construction Peak Rate
Requirement

10-year

=/< 2-year Peak Rate

25-year

90% of Existing 25- year. Peak Rate

50-year

90% of Existing 50-year Peak Rate

100-year

90% of Existing 100-year Peak Rate

Table 6.5 Peak Rate Requirements
In areas where there is guideway over pavement, the ground cover
was not changed since the guideway would act as impervious cover,
so it was assumed for calculations that it would not be double
counted. In areas where the guideway crossed over open
space/grassy areas, this change in cover from pervious to
impervious was made for the calculations. The drainage area to each
point of interest largely remained the same from existing to
proposed conditions, however, there are some areas where runoff
that currently discharges to one of the streams would discharge to
a different stream. Due to the extent of urbanization and closed
drainage systems in the project area, the precision of the existing
drainage areas would progress as more subsurface drainage
information is gathered from site plans and survey.
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The stormwater management BMPs used along the corridor include
above ground detention basins and underground detention basins.
Where feasible, above ground basins were incorporated into the
design. For the FEIS, stormwater facilities were conservatively sized
in order to determine and identify potential impacts to adjacent
properties to be used for stormwater facilities. Where it was not
feasible to place above ground basins, underground basins were
used. Underground detention basins are proposed in areas where
utility, right-of-way, constructability, or other factors would restrict
above ground facilities and/or not be practicable from a right-of-way
standpoint. Above ground basins are favored in feasible locations
because the above ground basins do not increase the impervious
area, there is easier access and lower costs to construct and
maintain, and there is typically more effective space between the
basin floor and outfall available for positive drainage. At this stage
BMPs would be designed without infiltration because the project is
located within Karst terrain. It is assumed liners would be placed in
all BMPs to prevent water from infiltrating into the subsurface.
Runoff would be conveyed along the guideway and down-spouted to
ground level at the piers. At each down spout, the water would be
routed via a closed pipe network to one of several basins. In some
areas it is not feasible to convey the track and guideway runoff via a
pipe network to the stormwater BMPs, especially due to conflicts
with the existing drainage systems. Instead a certain percentage of
this runoff would bypass the proposed stormwater BMPs and enter
the existing drainage system or be discharged directly to the surface
waters.

6.12.3

Summary and Recommendations

The drainage design and stormwater management design would
continue to be progressed using the design criteria and approach
discussed in the previous sections. At this time a pre-application
meeting has not been scheduled, however it is recommended that an
early coordination meeting be scheduled with all regulatory agencies
and parties involved in the design and approval of the PCSM plan as
part of applying for an NPDES permit in Phase 2. This meeting would
allow for discussion of the overall drainage and stormwater
management concept, as well as addressing any areas of concerns,
especially regarding the impacted streams and proposed culverts.
Additionally, coordination between structural design and civil design
will continue to progress to ensure runoff is down spouted at pier
locations that are able to enter a closed drainage system or be
conveyed towards a stormwater BMP without contributing
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additional surface flow on the ground level. Additional coordination
with the station design will continue to take place in order to
incorporate snow melt rates into the design of conveyance systems.
Next steps for this design also include adjusting the design and
analyzing the existing drainage systems as existing information is
obtained via site plans, survey, and field views. As design progresses,
opportunities to utilize smaller facilities will be looked at in more
detail. Smaller facilities such as rain gardens, bioretention swales,
sumped inlets, and other BMPs will be looked at in order to reduce
basin sizing. An analysis will be performed to determine the capacity
of any existing drainage system that will be impacted as a result of
this project. If the amount of bypassed runoff requires treatment to
meet the peak rate reduction requirements, localized stormwater
treatment options such as sumped inlets or bioretention areas will
be investigated as the design progresses.

West End of PECO Cut to the Wye
Due to the significant change in ground cover from the proposed
parking lot and guideway, the parking lot areas for the Henderson
Rd station will also act as underground basins which connect in
series to an above ground basin closer to the wye junction from the
existing NHSL. It should be noted that the underground basins have
been sized in order to accommodate flow from the highpoint of the
guideway (in the area of the PECO cut) at approximately station
217+00 and east.

Pennsylvania Turnpike
The guideway areas from the high point at Sta 217+00 to the PTC
Service Plaza will be treated by an above ground basin. The existing
basin adjacent to the turnpike will be expanded to accommodate
additional run-off. This basin will be owned and maintained by
SEPTA. The guideway areas within the Service plaza will partially
discharge to a pipe network into a basin that outlets through a
culvert under the turnpike at approximately station 244+00. This
basin will take additional impervious from the guideway and will be
owned and maintained by the Turnpike. A proposed above ground
basin at SR202 will treat guideway runoff from the culvert to the
SR202 overpass. This will prevent run-off from being discharged into
the turnpike drainage network. The guideway areas from SR202 to
Allendale Rd will discharge directly into the Swale/channel adjacent
to the PTC. The channel will then discharge into Crow Creek.

Mall Blvd to PA Turnpike
Due to the complexity of sewer systems and their proximity to the
proposed piers/guideway, it is anticipated that some portion of the
guideway runoff would tie into the existing drainage system(s) and
would not be treated by the above ground basins at the bus loop area
or the basin located where the existing fire hall is. The basins are still
sized appropriately to meet design criteria requirements for peak
flow. The area that is set to bypass the basins would still be treated
by either a sumped inlet or other small stormwater BMPs to reach
water quality requirements for the project. It should be noted that
the basin located where the fire hall basin is currently located, is
proposed to be located within the floodplain, but the embankment
on the downstream side would be placed at a higher elevation than
the floodplain to prevent flooding of the basin during high intensity
storms.

PA Turnpike to Mall Blvd.
The guideway areas would be treated by an underground basin and
an above ground basin. The underground basin is proposed to be
located under the bus loop area. The above ground basin is located
in close proximity to the turnpike right-of-way and does discharge
into the PTC right-of-way. Although the basin outlets into the PTC
right-of-way it is a swale/channel that then discharges into the Trout
Creek. This would require further coordination with the turnpike and
may require some calculations in order to prove that the discharge
does not cause erosion of the channel/swale

Moore Road to PA Turnpike
The guideway drainage would discharge directly into Trout Creek
from the PTC crossing to First Avenue. From the high point
approximately 355+50 at First and Moore Rd runoff would be
discharged to an above ground basin using a proposed pipe network
at approximately Sta 339+00. This basin would discharge into Trout
Creek.

Moore Road to the Western End
At the First and Moore Station the guideway and station runoff
would be treated in a proposed underground basin under the
proposed bus loop.
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6.13

Culvert Analysis

The culvert analysis efforts for this project includes an evaluation of
the existing culverts within the project site. It was determined how
construction would impact these existing culverts and the related
permitting needed for these culverts/structures.

6.13.1

Design Criteria and Constraints

The project is located within three sub-watersheds including Trout
Creek, Crow Creek, and the Schuylkill River. All three streams are
listed in Pa Code 25, Chapter 93 as Warm Water Fisheries (WWF) and
have listed impairment sources including urban runoff/storm
sewers, habitat modification, and channelization.

6.13.2

Design Approach

There are several culvert replacements and/or extensions that may
be required as part of the proposed project. Most notably, there is a
culvert that would be extended at NHSL Junction at the UNT to
Schuylkill River (Frog Run) and a proposed culvert over Trout Creek
for the Mall Blvd Station bus loop. A HEC-RAS analysis to determine
the floodplain limits at the American Avenue and First Avenue
culvert is also required. All proposed culvert replacements and/or
extensions have been designed to match the size and alignment of
the existing conditions based on the best information available.
There is an existing culvert carrying a small branch of Trout Creek
under the driveway to the former Toys R Us that would need to be
realigned in order to accommodate access to the bus loop in the
same area. This would require a slight realignment of the stream and
additional coordination with permitting agencies.

6.13.3

Summary and Recommendations

The culvert analysis will continue to be progressed using the design
criteria and approach discussed in the previous sections. At this time
a pre-application meeting has not been scheduled, however it is
recommended that an early coordination meeting be scheduled with
all regulatory agencies and parties involved in the design and
approval of future permit applications related to each
culvert/stream being impacted by construction. In general, there are
many places along the corridor where piers are proposed within the
100-year floodplain (based on best information available). Impacts to
the floodplain will be investigated in future phases of the project. A
pre-application meeting would allow for discussion of the overall
concept, as well as addressing any areas of concern, especially

September 2019

regarding the impacted streams and proposed culverts. Survey will
be scheduled to gather detailed information on all existing culverts
within and immediately surrounding the project limits. A detailed
H&H analysis will be completed for all culverts that would be
impacted by the project. Proposed culverts will be designed based
on the results of the H&H analysis to match or improve the existing
conditions of the streams to the maximum extent feasible. Part of
the work to be completed includes a hydrologic analysis of the
watershed at the crossing as well as a hydraulic analysis using
approved software(s) and methodologies as approved by the DEP
during the pre-application meeting.

Existing NHSL and Wye Junction at UNT Schuylkill River/Frog Run
Due to the change in rail elevation and cut/fill slope of the existing
rail lines, an extension of the existing culvert (located at Sta 604+25
of existing alignment) carrying the UNT to Schuylkill River (Frog Run)
is to be evaluated and analyzed. In addition to the proposed
extension, a stream realignment is proposed from station 177+00 to
173+50. In addition to the stream realignment a proposed culvert
would be analyzed as a part of this process to determine the
necessary size, shape, material, and skew in order to meet permit
guidelines and preferences of the reviewing agencies. This would
need to be coordinated in the early stages of the pre-application
meeting(s) to determine the permit type.

Crow Creek
Existing analysis should be compared to proposed analysis to ensure
no increases to water surface elevations or velocity occurs as a
result of the proposed work within the vicinity of the 100-year
floodplain. Analysis is also critical to determine the actual floodplain
of Crow Creek to limit the impacts to the streambed to the greatest
extent possible.

Trout Creek
Due to the proposed placement of the bus loop adjacent to the Mall
Blvd Station a structure is proposed downstream of the existing
stream enclosure carrying Trout Creek towards the Pennsylvania
Turnpike. An existing and proposed analysis is to be performed for
the area to ensure the proposed water surface elevations and
velocities match as closely as possible to the existing elevations and
velocities. Additionally, the structure that carries the driveway from
Mall Blvd to the Toys R Us is proposed to be replaced and realigned.
The existing and proposed analysis is to be performed to ensure that

the placement of the proposed structure does not increase water
surface elevations or velocities to the greatest extent possible.

First Avenue
Due to the proposed placement of piers in the area of First Avenue,
analysis of this portion of Trout Creek will be performed to help in
determining the water surface elevations, velocities, as well as sizing
for scour protection of the pier footings.

6.14

Parking Best Practices

The purpose of this report is to provide parking best practices to
minimize the potential for transit riders’ use of shoppers parking,
identify measures previously used in other locations to deter
unauthorized long-term parking usage, and recommend solutions
that could be implemented at the King of Prussia Mall to limit the use
of the Mall’s parking for transit use.

6.14.1

Design Criteria and Constraints

To evaluate Parking Best Practices for the King of Prussia Mall, the
team researched parking management strategies and emergency
access at similar sites, including the Tysons Corner Center, Tysons
Galleria, Lenox Square Mall, North Park Center, and Reston Town
Center.

6.14.2

Design Approach

With two proposed stations adjacent to the King of Prussia Mall, the
Allendale Road and Mall Blvd Stations, the team first looked at what
parking is currently provided at the King of Prussia Mall and how it
is utilized. The King of Prussia Mall currently provides approximately
13,000 parking spaces in garages and surface lots adjacent to the
Mall. There are 32 exterior access points to the Plaza parking areas
via the ring road and nine exterior access points to the Court parking
areas. The parking garage south of the Plaza includes 14 direct
access points and a surface lot is located southeast of the Plaza
which provides 10 direct access points. The parking garage south of
the Court includes 23 direct access points. All the access points
described above are open and parking is free, however, signage
indicates that no overnight parking is allowed, and violators are
subject to fine and towing.
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6.14.3

Summary and Recommendations

since the mall typically opens after the morning
commuter peak, most commuters would be restricted
from entering the mall parking area during morning
rush hour.

Based on the real-world examples of parking management for large
retail centers similar to the King of Prussia Mall; the following are
potential recommendations to manage parking and emergency
access:



These gates would close shortly after mall closure and
after customers/employees have left for the day to
eliminate any overnight parking.



Designate an employee only lot that can always
remain open. Alternatively, provide employees with
the ability to access restricted parking areas with
access cards, tags, and/or license plate identification
on file with security.

INITIAL PARKING MANAGEMENT MEASURES


Provide signage with parking restrictions listed and strictly
enforce those restrictions. The restrictions could include
any/all the following:



No overnight parking.



Parking for King of Prussia Mall shoppers and employees
only.



No commuter parking.



Employees Only.



Unauthorized vehicles would be towed or booted at owner’s
expense.



With strict enforcement, it has been shown with similar
facilities that illegal parking can be deterred.



Provide employees with identification tags or stickers that
can be displayed in or on the employee’s vehicle to permit
employee parking in restricted parking lots.



Clearly designate emergency access routes with pavement
markings and signage consistent with the North Park Center,
as described above.



Educate SEPTA users of the locations of available parking for
the NHSL Extension through printed materials and websites.



If gates are provided, they should be placed as to not
preclude the ability for emergency services to access all
areas of the mall.



Provide emergency services the ability to gain access to
gated/restricted parking areas.

ADDITIONAL PARKING MANAGEMENT MEASURES
If it is determined that the initial parking management measures do
not provide for adequate parking restrictions, the following are
additional measures that could be implemented to further deter
illegal parking:




Provide a smart parking system similar to what is provided at
Tysons Corner Center. This system not only helps customers
find parking more efficiently, it also helps with enforcement
as the color system would indicate when vehicles are parked
for an extended period. This measure would require
significant infrastructure improvements throughout the King
of Prussia Mall parking areas and should only be considered
if all options described above are not meeting the desired
results.

EMERGENCY ACCESS

Further details and explanation of parking best practices can be
found in Appendix 6d.

Physically restrict parking with gates and/or ropes or chains
when the Mall is closed.


These gates would open in advance of mall hours to
allow customers to park freely. With this scenario,

September 2019

Page 6-12

SEPTA | King of Prussia Rail Project
Basis of Design Report

7.0 Utilities
7.01

Introduction

This section describes the methodology and approach used to
identify and locate public and private utilities for the King of Prussia
Rail Extension. During the 15% design, efforts focused identifying
utility locations using Quality Level C (QLC) and Quality Level D
(QLD) methodologies and to verifying those locations with the utility
companies.

7.02

Design Criteria and Constraints

Utility coordination for this project is in accordance with the
PennDOT Design Manual Part 5 and current SEPTA procedures.

7.03

Design Approach

A PA One Call was submitted by the design team on March 19, 2019.
As a result of the PA One Call, plans were received from nine utilities,
one of which (Sunoco Pipeline) did not have any facilities within the
project study area. As the plans were received, they were digitized
and added into a cadd file. The eight utility companies that have
facilities within the project study area includes: Upper Marion
Township, Windstream, PECO, Verizon, Aqua Pennsylvania, Century
Link, Level 3 Communications, and Southeastern Pennsylvania
Transportation Authority (SEPTA). A utility spreadsheet (Appendix
7a) was developed to include all of the utilities that responded to the
PA One Call. The spreadsheet also contains utility contact
information, dates of certain accomplishments, and links to
pertinent e-mails and plans. This spreadsheet has been continually
updated throughout the 15% design as additional coordination and
responses with utility companies occur.

addition, the design team also surveyed existing physical features to
provide QLC including manhole covers, inlet/outlet grates, and
inverts within the project study area. The data from the survey and
the received plans were then drafted into a MicroStation drawing.

7.04

Summary and Recommendations

As design progresses, base plans should be created showing the
design team’s understanding of the QLC and QLD data against the
project’s surveyed mapping. This should then be sent to the
appropriate utility for verification of their facilities.
Utility
companies will be asked to respond within 30 days to confirm the
facilities are accurately shown on these plans. As responses are
received on the verification plans, the design team recommends to
continually update our files to reflect this information. In addition to
our Phase 2 work, given the anticipated long lead time, the design
team recommends that emphasis is placed to secure an agreement
and easement with PECO in the area of the transmission towers.

Additional plans for Aqua Pennsylvania were received via AECOM.
Upper Marion Township did not have plans for their stormwater
facilities, and therefore, field marked their facilities within the
project study area.
The PA One Call legislation in Pennsylvania, also requires utility
companies to field mark their facilities within three days of the initial
PA One Call request. Frequently given the limited resources
available to utility companies the three-day period is not met, and
utility companies may take longer to mark their facilities, if at all.
Knowing this the design team’s survey personnel surveyed all
marked utilities thirty days following the initial one call request. In
September 2019
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8.0 Survey
8.01

Introduction

This section presents the criteria, approach, and methodology used
to develop the topographic survey for the King of Prussia Rail
Extension. For this project, topographic features were obtained
along the LPA alignment identified in the DEIS as shown in Figure 8.1
using LiDAR. Due to the changes in the horizontal alignment,
advancement of the station parking lots, and identification of area
desired for stormwater management, a variable width survey
footprint was used. In addition to the LiDAR survey, traditional
ground control survey was used to obtain culvert dimensions at the
culvert near First Ave and American Ave, culvert under the existing
Norristown High Speed Line, utility mark outs (including inverts of
inlets), and to identify existing right-of-way monumentation.
At the 69th Street Station LiDAR was used to capture the existing
conditions in the area of the proposed platform work as shown in
Figure 8.2 from Victory Ave southeast to the eastern limits of the
bus turn-around lanes on the north side of the station.

8.02

Given the overall length of the King of Prussia project corridor and
the project’s two independent locations, GPS technologies were
used. This methodology ensured data accuracies were at a minimum
of an order of magnitude higher than required.
In addition, field operations utilized both “Static” and “RTK” (real
time kinematic) GPS technology applications in accordance with
Pennsylvania Department of Transportation Survey Manual,
Publication 122M, Chapter 3 Field Survey Classifications, Sections 3
& 4. Additional information on the design criteria and constraints can
be found in Appendix 8a and 8b.

8.03

Figure 8.1 KOP Area Survey Limits

Design Criteria and Constraints
8.04

The project’s horizontal and vertical datums have been established
through the survey control network completed. The network of
control points established at +/- 1,000’ intervals throughout the
project limits will be the basis of all survey work in future phases of
the project including construction.
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•

Refresh of control due to extended freeze/thaw cycles that
can cause the rebar to heave over an extended period of time

As the project advances beyond the 15% design the following are
anticipated survey needs due to the following:
•

Survey of development that has occurred since the original
survey date;

•

Coordination with the PA Department of Environmental
Protection (PADEP) and the US Army Corps of Engineers
(ACOE) for the required waterway permit including the limits
and intervals of surveying requirements;

•

Geotechnical boring locations

•

Utility quality level A test holes; and,

Approach

Survey used for this project reflects conditions as of March 2019.
Survey Control Reports of the adjustment process and final
coordinate values and elevations for both the KOP area and the 69h
Street Station area can be found in Appendix 8a and 8b.

Summary & Recommendations

Figure 8.2 69th Street Station Survey Limits
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9.0 Right-of-way
9.01

Introduction

This section describes the approach used to obtain property data,
develop preliminary right-of-way mapping, and determine the
preliminary real property requirements of the King of Prussia Rail
Extension.

9.02

Design Criteria and Constraints

Right-of-way coordination for this project is in accordance with
current SEPTA Structural Design Criteria and Guidelines (Aug.
2006). In addition, PennDOT Design Manual Part 3 2015 Edition,
Change 1, criteria was used with the exception of aerial easements.
The PennDOT Design Manual Part 3 figure 3.11 indicates a 15-foot
distance from the edge of structure is desirable for aerial easements.
Based upon our design team’s experience, future inspection can be
performed via a bucket truck which can be done within a 10-foot
width. To limit the width of acquisitions needed for this project, a 10foot aerial easement has been applied.

9.03
9.03.1

Design Approach
Legal Right-of-way Research

The design team studied the project area along with the proposed
guideway alignment to determine the streets/roads/interstates that
would need to have right-of-way research performed. This research
was necessary not only to create the existing right-of-way mapping,
but to aid in the development of the property mosaic. During the
15% design phase, the team obtained right-of-way information from
PennDOT District 6-0, the Pennsylvania Turnpike Commission,
Upper Merion Township, utility owners, and the Montgomery County
Courthouse. Additional research was conducted using recorded
right-of-way plans, deeds, developer plans, and other documents
that listed legal right-of-way and easement widths. This information
was used to establish the existing legal right-of-way and to
determine the property owner.
After assembling the right-of-way documentation, all the
corresponding plans were placed in a table (Appendix 9a). The
existing right-of-way lines for the municipal and PennDOT-owned
roadways were developed based on a combination of digitizing
developer plans, splitting the cartway using the base-map files
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created during the 15% phase, and offsetting the existing horizontal
alignments. For the Pennsylvania Turnpike, the horizontal alignment
was developed, and the right-of-way break points were created from
the station/offsets based off of the horizontal alignment. Where
right-of-way monumentation was found in the field they were
surveyed. These collected monuments were then used to help set
the Pennsylvania Turnpike right-of-way.

9.03.2

Property Mosaic Creation

The design team studied the project area along with the proposed
guideway alignment to determine what properties would be
impacted. Once the owners were identified, the deeds, tax parcel
maps, and property cards were obtained from the Montgomery
County Courthouse. After reading through the deeds, if a plan was
called out as recorded, the plan was obtained from the courthouse
as well. If a plan was called for, but not recorded, a call was placed
to that engineering/surveying firm of record to locate said plan. All
information was placed in a table (Appendix 9b). The parcels were
then plotted according to the deed’s metes and bounds and placed
using common reference points from adjacent deeds or calls from
known points (intersection of roads, intersection of legal right-ofway lines, etc.). Additionally, if developer plans, deeds or utility plans
showed easements, that information was added into cadd. If a
subdivision/developer plan did not have metes and bounds for any
show easements, the plan was scaled up, placed, and the easement
was digitized into the legal right-of-way drawing.

9.03.3

Required Right-of-way

During the 15% phase, the design team identified areas of required
right-of-way and easements. In addition to the SEPTA Structural
Design Criteria and Guidelines (Aug 2006) and PennDOT Design
Manual Part 3, proposed project features, future maintenance,
constructability and future ease of establishing the right-of-way and
easements in the field were considered to establish the required
right-of-way and easements for the project. Since the guideway
design includes spiral curves, to help simplify future phases of design
and construction, at those locations the required right-of-way and
easements were established using simple curves.
The following is a synopsis of the general considerations used to
establish the required right-of-way and easements:

beyond the anticipated facility was provided to provide for flexibility
for design refinement during future phases.
To establish the aerial easement along the guideway, the design
team assumed that future inspections would use a bucket truck or
snooper and could be accomplished within 10 feet of the guideway
and its piers. Therefore, the proposed guideway plus a 10-foot offset
on either side was used to establish the aerial easement required for
this project.
To establish the temporary construction easements our team
worked together to determine likely crane and pick locations to build
the guideway. In general, along the guideway and its supporting
structures, an additional 20 feet beyond the aerial easement line was
used. Along Saulin Blvd, due to the PECO transmission tower
constraints, it was anticipated crane placement would occur
between the guideway and Saulin Blvd and therefore a 40’ wide
temporary construction easement was used. At major roadway
crossings to help identify properties that could be impacted by the
project, potential locations of the cranes were identified so that
these areas could be labeled as temporary construction easements.
It should be noted that the crane location will be at the discretion of
the contractor and is considered their means and methods,
therefore the contractor can use their own discretion as to the actual
location of cranes and they would need to receive their own
approvals if it varies from the contract documents.
The need for required maintenance easements has also been
identified on the plans, namely for future maintenance of for the
PECO wall tie backs.
Access easements have been proposed to provide SEPTA with the
ability to gain access to stormwater management facilities that
would be otherwise landlocked from legal right-of-way or property
owned by SEPTA.
A permanent underground easement has also been proposed to
account for the construction of the anchored secant pile retaining
wall. This type of easement will allow for the anchors to be
maintained. It will also allow for the property owner to continue to
use the land in such a way so that it would not injure the structure
support elements. This easement also precludes any structure from
being erected within it.

Required right-of-way is noted when supporting facilities would be
located at grade. At these locations a minimum of 10 feet of width
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9.04

Summary & Recommendations

Since the property acquisition process can take several years to
complete and given the great number of properties potentially
requiring complete acquisition, or easements, the design team
recommends that the SEPTA right-of-way department be engaged
soon after the 15% design submission. Meeting goals should include:


familiarizing the SEPTA staff with the identified right-of-way
requirements;



obtaining initial comments to the approach and terminology
used;



determination if a right-of-way acquisition firm’s services are
desired to supplement current SEPTA forces;



obtain initial comments on a sample property plot plan
developed to approach a property owner when required
right-of-way or an easement is needed for the project;



finalized on the sample property plot plan, move forward in
producing property plot plans for the entire project; and



identify the strategy and timeline to proceed with the
property acquisitions.

9.04.1

9.04.3

Required Right-of-way

The required right-of-way will be finalized in following phases.

Legal Right-of-way Research

The Legal Right-of-way will be finalized in Phase 2. In this phase, the
design team will perform a property corner survey looking for any
monumentation that was documented in the deeds or any land
development/ subdivision plans. Once all monumentation is found,
this information will be used to finalize the legal right-of-way lines
within the project study area. If any other land development plans
materialize, these plans will be used to aid in placement of that
particular deed, along with the placement of any easements shown
on the plans.

9.04.2

Property Mosaic Creation

The property mosaic will continue to be refined in following phases
to reflect the found monumentation. The monumentation will also
be used for eliminating any overlaps or gaps in the mosaic and
placing the mosaic on the project Northings/Eastings.
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10.0 Geotechnical
10.01

Introduction

This section presents an overview and summary of the geotechnical
investigations that have taken place to date for the King of Prussia
Rail Extension.

10.01.1

Site Geology

According to The Geology of Pennsylvania (Shultz et al., 1999), the
proposed rail alignment traverses through portions of both the
Piedmont Lowland and Gettysburg-Newark Lowland Sections of the
Piedmont Physiographic Province.
The Piedmont Lowland physiographic section is dominated by karst
terrain, being underlain by Ordovician and Cambrian Age limestone
and dolomite geologic units that are susceptible to dissolution.
Bedrock depth and conditions are highly variable throughout this
section. Geologic units mapped within the project area include the
Ledger, Elbrook, and Conestoga (upper part) Formations. A Bedrock
Geologic Map is included as Figure 10.1. Geologic units are described
below in accordance with Engineering Characteristics of the Rocks
of Pennsylvania, (Geyer and Wilshusen, 1982).
The Ledger Formation consists of light gray, locally mottled,
massive, pure, coarsely crystalline dolomite. The formation is
typically moderately resistant to weathering and is considered
difficult to excavate. The Ledger Formation is well exposed along the
high walls of the abandoned quarry located adjacent to the northern
limb of the proposed wye near the convergence with the NHSL. The
exposed quarry high walls revealed steeply inclined crystalline
dolomite beds dipping to the south. Several zones of enhanced
weathering can be observed throughout the quarry. The zones of
enhanced weathering consist of individual layers completely devoid
of intact rock generally trending in the same manner as the
surrounding bedrock. The majority of the weathered layers extend
the full height of the exposed quarry high wall.
The Elbrook Formation consists of light-gray to yellowish-gray, finely
laminated siliceous limestone having interbeds of dolomite,
calcareous shale, and silty limestone. It is cherty and well bedded.
The beds are mostly thick, but flaggy and massive beds also occur.
The Conestoga Formation (upper part) consists of medium-gray,
impure, contorted limestone containing interbedded dolomite and
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having black, graphitic shale partings. Joints in the formation have
an irregular pattern, are poorly-formed, moderately-abundant, and
widely-spaced, with some filled with quartz and calcite. The
formation is typically moderately resistant to weathering and is
considered difficult to excavate.
Due to the carbonate nature of limestone and dolomite bedrock,
karst features (such as sinkholes and bedrock pinnacles) are often
encountered in these formations. Based on available geologic
resources, numerous surface depressions and sinkhole features
have been observed and documented in the area of the proposed rail
alignment as shown in Figure 10.1.
The Gettysburg-Newark Lowland physiographic section is primarily
underlain by Jurassic and Triassic Age sedimentary rock formations
(sandstone, siltstone, and mudstone). Through this section, bedrock
is typically encountered at shallow to moderate depths, generally 10
to 50 feet below the ground surface. The only geologic unit mapped
within the project area is the Stockton Formation. According to
Geyer and Wilshusen, 1982, the Stockton Formation is described as
a light gray to purplish-red arkosic sandstone interbedded with
shale, siltstone, and mudstone. Bedding is typically thin to flaggy
and is well developed. The formation is typically slightly resistant to
weathering and is considered moderately easy to excavate.
Table 10.1 includes a summary of the geologic formations that
underlie each of the primary segments identified in the project
keyplan included in Figure 11.1.
Segment

1
First Ave.

2
Turnpike
West

Approximate Limits and
Length
Western terminus to
Hyatt Place, off of
American Ave (~4,500
ft)
From Hyatt Place to end
of Segment 1, just north
of Turnpike (~400 ft)
Start of Segment 2 to
just south of Turnpike
(~600 ft)
Just south of Turnpike
to end of Segment 2
(~1,300 ft)

Mapped Geologic
Formation

Rock Type

Ledger
(Cl)

Dolomite
(carbonate)

Elbrook
(Ce)

Limestone
(carbonate)

Elbrook
(Ce)

Limestone
(carbonate)

Stockton
(Trs)

Sandstone
with
interbedded
shale and
mudstone

Segment

3
Mall
Area

4
Turnpike
East

Approximate Limits and
Length

Mapped Geologic
Formation

Rock Type

Start of Segment 3 to
Wills Road (~800 ft)

Stockton
(Trs)

Along Wills Rd to end of
Segment 3 (~1,300 ft)
Start of Segment 4 to
north side of Turnpike
at entrance to Turnpike
Service Plaza1 (~4,000
ft)

Ledger
(Cl)

Sandstone
with
interbedded
shale and
mudstone
Dolomite
(carbonate)

Ledger
(Cl)

Dolomite
(carbonate)

Stockton
(Trs)

Sandstone
with
interbedded
shale and
mudstone

Stockton
(Trs)

Sandstone
with
interbedded
shale and
mudstone

Elbrook
(Ce)

Limestone
(carbonate)

Elbrook
(Ce)

Limestone
(carbonate)

Ledger
(Cl)

Dolomite
(carbonate)

Conestoga
(Occu)

Limestone
(carbonate)

From entrance to
Turnpike Service Plaza1
to the end of Segment 4
(~900 ft)

Start of Segment 5 to
approximately 400 ft
west of the PECO
Substation on the west
side of Henderson Road
5
(~1,900 ft)
PECO
Approximately 400 ft
Cut
west of the PECO
Substation to the end of
Segment 5, just west of
the substation2 (~200
ft)
Start of Segment 62 to
NHSL between where
the north and south wye
legs join the mainline
(~2,000 ft)
North wye leg limb in
area southeast of
6
abandoned quarry (now
Henderson
Aqua PA reservoir) to
Road
northern tie-in with
NHSL (~300 ft)
South wye leg limb, just
west of the Republic
Services Building to
southern tie-in with
NHSL (~600 ft)

Notes:
1.
Geologic contacts for the Ledger, Elbrook, and Stockton Formations converge in the
area of the Turnpike Service Plaza. Rock type and thickness of units is anticipated to be
highly variable in this area.
2. The proposed alignment in the area of Henderson Road follows the geologic contact
between the Elbrook and Conestoga Formations. Both of these formations consist of
limestone.

Table 10.1 Summary of Geologic Conditions per Project Segment
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Figure 10.1 Bedrock Geologic Map

September 2019

Page 10-2

SEPTA | King of Prussia Rail Project
Basis of Design Report

10.01.2

Overburden Soils

Based on the history of site development along the proposed rail
alignment and composition of the underlying geologic formations,
overburden soils are anticipated to be highly variable across the
project area. The anticipated stratigraphic soil profile consists of
urban fill soils overlying, natural alluvial and residual soils prior to
encountering bedrock.
Urban fill soils are anticipated to be encountered in areas of previous
site developments and consist of a heterogenous assortment of
granular and fine-grained soils and deleterious material
(construction debris). Due to the amount and type of site
development along the proposed rail alignment (infrastructure,
utilities, structures, etc.), fill soils may be encountered to significant
depths (greater than 10 feet).
Alluvial soils consist of unconsolidated fine-grained to granular soils
and sediments deposited by flowing water. Alluvial soils are
anticipated to be encountered below existing fill soils in the areas of
Crow Creek just south of the Turnpike within Segment 4 and the
unnamed Tributary of Trout Creek along First Avenue within
Segment 1.
Residual soils are derived from the in-place weathering of the
underlying parent rock. The residual stratum is anticipated to be
encountered below existing fill and alluvium soils and consist of
variable consistency fine-grained (clay and silt) soils in areas
underlain by carbonate formations (limestone and dolomite), and
medium to very dense fine-grained to granular soils in areas
underlain by the Triassic Age Stockton Formation as described
above. Soft to very soft soils clayey soils and voids could potentially
be encountered near top of rock elevation in carbonate formations.

10.02
10.02.1

Existing Subsurface Data
Segment 1 – 1st Avenue

As discussed in Section 10.01, this segment is primarily located within
the Ledger Formation, with a small portion of the eastern-end of the
segment falling within the Elbrook Formation. Both formations are
composed of carbonate rocks and are susceptible to sinkhole
activity.
No historical test boring information was available within the limits
of Segment 1. As part of PennDOT’s SR 422 Section SRB project for

September 2019

the Schuylkill River Crossing Complex, several borings were taken in
the vicinity of North Gulph Road, SR 422 and Ramp L (eastbound SR
422 offramp to First Avenue). Based on the information provided in
the 2015 Geotechnical Engineering Report for Final Design prepared
by AWK Consulting Engineers, Inc., the closest three borings
(Borings GR-1 and -2 at North Gulph Road and Boring BS2-2 in the
median of SR 422), were approximately 1,100 to 1,200 feet west of
the western terminus of the project at the First and Moore Station.
The borings were taken by Uni-Tech Drilling Co., Inc. of Franklinville,
NJ, in 2011. The borings ranged from 21 to 69 feet in depth and
encountered fill of varying depths underlain by residual silts, clays
and sands typically associated with these geologic formations. None
of the borings encountered rock; however, borings along Ramp L,
approximately 200 to 400 feet further to the west, encountered
limestone bedrock at depths of 16 to 20 feet.
Based on the available information and the team’s previous
experience in this general area and in these geologic formations, it
is anticipated that depth to rock and quality of rock will vary
considerably over short distances, as will the composition and state
of the overlying soils.

10.02.2 Segment 2 – Turnpike West
Existing subsurface data within Segment 2 was reviewed and is
summarized herein. Two (2) geotechnical borings, denoted as N1-1
and RS10-1, were taken by Site- Blauvelt Engineers, Inc. (currently
known as TRC Engineers, Inc.) of Mount Laurel, NJ for Valley Forge
Laboratories on October 14, 2003 and between June 22, 2001 and
June 26, 2001, respectively. These borings were performed for the
Pennsylvania Turnpike Commission in connection with the GroundMounted Noise Barrier at Pennsylvania Turnpike Mile Post 327.15.
Borings were advanced to depths ranging from 25.5 feet to 51.0 feet
corresponding to elevations 107.1 feet to 139.7 feet, respectively.
Borings consisted of Standard Penetration Test (SPT) sampling
procedures.
These existing borings were used by the design team as guidance for
the stratification of the site and development of conceptual-level soil
and rock properties, however they only represent a discrete location
along the proposed alignment and are situated with 200 feet of Pier
Nos. S2-02 through S2-04. A proposed geotechnical investigation,
provided in Section 10.03, will be advanced during following phases
to supplement the existing information at these pier locations as well

as provide new information along the remainder of Segment 2 to
facilitate foundation design.

10.02.3 Segment 3 – Mall Area
Existing subsurface data within Segment 3 was reviewed and is
summarized herein. Seventeen (17) geotechnical borings, denoted as
C-201 through C-208, were taken by Uni-Tech Drilling of Franklinville,
NJ for Kleinfelder between March 21, 2013 and April 3, 2013. These
borings were performed for King of Prussia Associates, Simon
property Group, Inc. in connection with King of Prussia – The Plaza,
The Connector (Corp. No. 7703). Borings were advanced to depths
ranging from 12 feet to 72 feet. Borings consisted of Standard
Penetration Test (SPT) sampling procedures, undisturbed Shelby
tube samples, and NQ2 wire line, double-tube rock coring techniques.
Additionally, a laboratory testing program was performed which
included soil index, compaction, strength and deformation,
compressibility, and corrosivity testing and rock strength testing.
Six (6) geotechnical borings, denoted as B-401 through B-406, were
taken by Craig Test Boring Company, Inc. of Mays Landing, NJ for
GeoSystems Consultants, Inc. between September 13, 2006 and
September 19, 2006. Fifteen (15) geotechnical borings, denoted as B1, B-2, B-12, B-17, B-149, B-152, B-154, B-157, B-164, B-165, A-9, D-7, J9, G-5, and H-1, were taken by Woodward-Clyde Consultants, for
GeoSystems Consultants, Inc. between 1964 and 1993. These
borings were performed for King of Prussia Plaza Expansion. Borings
were advanced to depths ranging from 14.2 feet to 41.5 feet
corresponding to elevations 103.3 feet to 149.3 feet, respectively.
Borings consisted of Standard Penetration Test (SPT) sampling
procedures, and NQ2 wire line, double-tube rock coring techniques.
Additionally, a limited laboratory testing program was performed
which included soil index testing.
These existing borings and laboratory testing were used by the
design team as guidance for the stratification of the site and
development of conceptual-level soil and rock properties, however
they only represent a discrete location along the proposed alignment
and are situated with 200 feet of Pier Nos. S3-5 through S3-12. A
proposed geotechnical investigation, provided in Section 10.02, will
be advanced during following phase to supplement the existing
information at these pier locations as well as provide new
information along the remainder of Segment 3 to facilitate
foundation design.
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10.02.4 Segment 4 – Turnpike East
Existing subsurface data within Segment 4 was reviewed and is
summarized herein. Twenty-two (22) geotechnical borings, denoted
as B-1 through B-11 and W-1 through W-11, were taken by Site-Blauvelt
Engineers, Inc. (currently known as TRC Engineers, Inc.) of Mount
Laurel, NJ for URS Consulting Engineers (currently known as
AECOM) between April 9, 2001 and May 3, 2001. These borings were
performed for the Pennsylvania Turnpike Commission in connection
with the Replacement of Bridge No. DB-106 over the Pennsylvania
Turnpike, MilePost 328.10. Borings were advanced to depths ranging
from 38.2 feet to 105.5 feet corresponding to elevations 49.2 feet to
134.1 feet, respectively. Borings consisted of Standard Penetration
Test (SPT) sampling procedures and NX-size, double-tube rock
coring techniques.
These existing borings were used by the design team as guidance for
the stratification of the site and development of conceptual-level soil
and rock properties, however they only represent a discrete location
along the proposed alignment and are situated within 200 feet of
Pier Nos. S4-17 through S4-24. A proposed geotechnical
investigation, provided in Section 10.03, will be advanced during
following phases to supplement the existing information at these
pier locations as well as provide new information along the
remainder of Segment 4 to facilitate foundation design.

10.02.5 Segment 5 – PECO Cut
This segment falls almost entirely within the Stockton Formation.
The extreme eastern end of the segment, just west of the PECO
substation on the west side of Henderson Road, is mapped as falling
along the contact between the Elbrook and Conestoga Formations.
Segment 5 traverses up and over a hill between the Turnpike Service
Plaza to the west and Henderson Road to the east. It is thought that
this local prominence is a result of the greater weathering resistance
of sandstone bedrock of the Stockton Formation relative to the
carbonate rocks of the adjacent Ledger, Elbrook and Conestoga
Formations.
No historical test boring information was available within this
segment of the project; however, some boring information was
available for a cut slope retaining wall along the north side of the
Turnpike. This wall is approximately 150 to 350 feet south of the
project alignment, depending on the location, and is at a significantly
lower elevation than the existing grade along the project alignment.

September 2019

The information is presented in the wall plans, prepared as part of
the Turnpike’s Roadway and Bridge Reconstruction from Milepost
326.01 to 331.33 project. The plans, prepared by Urban Engineers,
are titled Soldier Pile Retaining Wall, STA 251+00, M.P. 328.76.
Three borings, designated R-14, -15 and -36, were performed at or
adjacent to the wall. The borings were drilled by Site-Blauvelt
Engineers, Inc. (now TRC Engineers, Inc.) of Mount Laurel, NJ, under
the supervision of Valley Forge Laboratories, Inc. of Devon, PA, (now
GAI consultants) between 2001 and 2003. Boring R-36, located a
few feet up the slope from the roadway, at the wall alignment, was
terminated at a depth of 54 feet prior to encountering weathered
rock or bedrock. Boring R-14, located at the top of slope behind the
wall, more than 30 feet higher than the roadway level, encountered
weathered rock at 33 feet, competent bedrock at approximately 70
feet, and was terminated at 72.5 feet. Boring R-15 was performed in
the roadway and encountered weathered rock at approximately 18.5
feet, terminating at 22 feet. The competent rock consisted of
sandstone of the Stockton Formation, and the weathered rock
consisted of sandstone and siltstone. The overburden soils consisted
of fill of varying depths underlain by residual silts, clays and sands
typically associated with these geologic formations. Groundwater
was not encountered in any of the borings.
Based on the available boring information, and the design team’s
experience elsewhere in the Stockton Formation, it is anticipated
that subsurface profile in this segment will consist of a variable
depth of residual soils underlain by a layer of weathered rock, and
finally competent bedrock. The thickness of the weathered rock
layer can vary considerably over relatively short distances. Based
on the topography in this segment, which is dominated by the hill in
the middle of the segment, it is anticipated that the depth to the top
of the weathered rock layer will be fairly modest, perhaps on the
order of 15 to 25 feet.
Based on water well installation information obtained from the
Pennsylvania Department of Conservation and Natural Resources’
Pennsylvania Groundwater Information System (PaGWIS) website, it
is anticipated that groundwater in the PECO Cut area will be well
below the maximum bottom of cut elevation.

10.02.6 Segment 6 – Henderson Road
Based on the geologic mapping, the proposed Henderson Road
Station is located very close to the contact between the Conestoga
Formation and the Elbrook Formation, both of which are

predominately limestone. As the project alignment progresses
eastward, the formation contact diverges to the south of the
alignment, and the alignment crosses through the Elbrook
Formation. At the eastern limit of the project, the alignment splits
into a wye configuration, diverging to the north and the south to
connect to the existing NHSL mainline tracks. The northernmost
portion of the northern wye track crosses over into the Ledger
Formation (dolomite), while the southern portion of the southern
wye track crosses into the Conestoga Formation (limestone).
No historical test boring information was available within or directly
adjacent to the limits of Segment 6; however, test borings are
available for several of the Turnpike structures south of the
Henderson Road Segment.
Boring information was reviewed for two retaining walls on the
westbound Turnpike, located approximately 900 to 1000 feet south
of the proposed Henderson Road Station. The walls are located
directly east and directly west of the Turnpike Bridge over
Henderson Road, on the north side of the Turnpike. The information
is presented in the wall plans, prepared as part of the Turnpike’s
Roadway and Bridge Reconstruction from Milepost 326.01 to 331.33
project. The plans, prepared by Schoor DePalma, are titled
Mechanically Stabilized Earth Retaining Wall, STA 269+31.66, M.P.
329.11, and Mechanically Stabilized Earth Retaining Wall, STA
272+87.01, M.P. 329.17. A total of nine borings, designated B107-1,
B107-5, B108-1, RS15-2 through -5, and RS17-1 and -2, were advanced
in this area. The borings were drilled by Site-Blauvelt Engineers, Inc.
(now TRC Engineers, Inc.) of Mount Laurel, NJ, under the supervision
of Valley Forge Laboratories, Inc. of Devon, PA, (now GAI
consultants) between 2001 and 2003. Four of the borings, RS15-2, 4, -5 and RS17-2, were terminated at depths ranging from 44 to 77.5
feet without encountering bedrock. The remaining borings
encountered bedrock at depths between approximately 49 and 98
feet and terminated at depths between 49.6 feet and 175 feet. Rock
was cored in four borings, and in three of those borings (B107-1, B1075 and B108-1) significant voids and soil seams, up to several feet in
thickness, were encountered within the rock mass. At Boring RS153, full rock core recovery was obtained; however, only 11 feet of rock
coring was performed. The overburden soils consisted of fill of
varying depths underlain by residual silts, clays, and sands typically
associated with these geologic formations.
Additional boring information was reviewed for another Turnpike
retaining wall from the same Turnpike Reconstruction project. This
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wall supports the eastbound (south) side of the Turnpike and is
located between Crooked Lane and the NHSL, approximately 1,200
to 1,300 feet south of the proposed alignment. The plans, prepared
by Schoor DePalma, are titled Mechanically Stabilized Earth
Retaining Wall, STA 274+74.15, M.P. 329.20.
Eight borings,
designated B108-6, B109-4, and RS18-1 through -6 were drilled near
the wall. The borings were drilled by Site-Blauvelt Engineers, Inc.
(now TRC Engineers, Inc.) of Mount Laurel, NJ, under the supervision
of Valley Forge Laboratories, Inc. of Devon, PA, (now GAI
consultants) between 2001 and 2003. Boring RS18-1 was terminated
at a depth of 50 feet prior to encountering bedrock. The remaining
seven borings encountered bedrock at depths between
approximately 53 and 77 feet and terminated at depths between
73.8 feet and 91.7 feet. The bedrock consisted of limestone of the
Elbrook and Conestoga formations, interbedded at a few locations
with dolomite. Relatively small voids, soil seams, and calcite and
quartz veins were encountered within the rock mass at different
depths. The overburden soils consisted of fill of varying depths
underlain by residual silts, clays and sands typically associated with
these geologic formations. Groundwater was not encountered in any
of the borings.
Based on the available information and the design team’s previous
experience in this general area and in these geologic formations, it
is anticipated that depth to rock and quality of rock will vary
considerably over short distances, as will the composition and state
of the overlying soils.

10.03

Proposed Geotechnical Investigation

To assess the geotechnical aspects of the project a geotechnical
investigation will be executed during the next phase of this project
to stratify and identify the soil and rock conditions at the proposed
improvements including the proposed guideway viaduct, stations,
PECO cut walls, and drainage improvements of the project site.
Boring locations will be selected based on the locations of the
proposed improvements, site accessibility, coordination with SEPTA,
PTC, private property owners, buried and overhead utilities, permit
stipulations, and presence of known or suspected karst features. The
geotechnical investigation will include a robust subsurface
investigation program and laboratory testing program with a
targeted geophysical testing program.
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10.03.1

Subsurface Investigation Program

The subsurface investigation program will be advanced in
accordance with:


PennDOT Pub 293, Section 3.2.4 Preliminary Design



AASHTO LRFD Bridge Design Specifications, 8th Edition,
2017



AASHTO Manual on Subsurface Investigations, 1st Edition,
1988



FHWA Geotechnical Site Characterization, FHWA NHI-16-072,
Geotechnical Engineering Circular No. 5, 2017



AREMA, Chapter 8, Part 22 “Geotechnical Subsurface
Investigation”



RFP Section 7.08A Task 9 Geotechnical Design and Soil
Testing



Pennsylvania Stormwater Best Management Practices
Manual

The design team anticipates a minimum of one boring per
substructure footing, one boring every 200 feet of cut wall, and a
minimum of one boring at each stormwater management facility.
Additional borings will be advanced at substructures within the
Ledger and Elbrook formations to aid in the identification of karst
features. Temporary groundwater observation wells will be installed
approximately every 1,000 feet along the alignment and also one
well per proposed stormwater management facility. Permeability
testing will be performed at the proposed location of stormwater
management facilities as well.
The subsurface investigation will be broken into two phases, Phase 1
and Phase 2 with boring depths ranging from 25 feet to 100 feet
below existing ground surface depending on the quality of the rock
and potential for karst features. Given the results obtained from the
Phase 1 investigation, the magnitude and scope of the Phase 2
program will be reassessed. If in the opinion of the design team and
upon concurrence with SEPTA, additional subsurface information
would not significantly reduce uncertainty and subsequently reduce
risk associated with the subsurface conditions, the Phase 2 scope
will be scaled down in corresponding locations. Conversely, if more

complex areas are encountered, such as those with karst features,
the additional borings under following phases would be advanced.
The decision to drill the proposed borings in the following phases of
design will be evaluated on a case by case basis after the adjacent
Phase 1 borings have been completed. Borings done in Phase 2 of
design will be performed concurrently with Phase 1 in order to avoid
re-mobilizations.
The appropriate maintenance and protection of traffic will be
maintained depending on the location of individual borings. Borings
advanced on SEPTA ROW will be performed under the direct
supervision of the appropriate track protection and all personnel onsite will have current roadway worker protection safety training.
Ground surface elevations will be estimated based upon topographic
information provided from the survey and existing as-built
information. Subsurface investigations will be either field-located
based off of existing site features and handheld GPS or staked by the
team surveyor prior to the driller contacting the Pennsylvania One
Call System. Horizontal control will be provided in the NAD83
horizontal datum, Pennsylvania South State Plane Coordinate
System. Elevations will be provided in feet in reference to the
NAVD88 vertical datum.
A.

Geotechnical Borings

Drilling will be conducted with a minimum of three drill rigs operating
simultaneously along the project alignment. Drill rigs will consist of
truck-mounted and ATV-mounted track drilling rigs. In areas with
overhead clearance issues such as along the PECO cut, lowclearance masts will be utilized to maintain the required clearances
from overhead utilities. In areas containing a large quantity of buried
utilities, the top 6 feet of the boring will be hand augered with two
grab samples to be collected. Boring inspection and quality control
services will be provided by the design team. Drill will be responsible
for locating all public and private utilities and will coordinate with the
SEPTA EIC and Pennsylvania One Call System for utility mark outs.
Boring locations may be offset in the field to accommodate access
and/or utility clearance requirements.
Borings will be continuously sampled to a depth of 12 feet, and every
5 feet thereafter. Borings advanced in areas of karst formations will
include continuous sampling for the full boring depth to identify
potential sinkhole activity. Soil samples will be collected using
Standard Penetration Test (SPT) methods in general accordance
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with ASTM D-1586. Soil samples will be retrieved by driving a 24-inch
long split-spoon sampler (2-inch O.D., 1.375-inch I.D.) with equivalent
hammer energy of a 140-lb hammer free falling 30 inches. Each
sample will be photographed, removed from the sampler in the field,
and classified using the modified Burmister Soil Classification
System outlined in PennDOT Publication 222 and provided with a
USCS symbol. Other pertinent information assessed includes natural
color, mottling, texture, moisture, odor, organics, and the results of
field tests, as applicable. A 3-inch OD split-spoon sampler will be
utilized to retrieve samples when the 2-inch split-spoon yields no
recovery. A 3-inch undisturbed tube sampler will be utilized in soft,
cohesive soils at select locations. Rock cores will be obtained with an
NQ2 wireline or NX-size, double tube core barrel and classified
according to their geologic origin and in conformance with PennDOT
Publication 222. The rock cores will be assigned a recovery and rock
quality designation (RQD). Representative portions of each sample
will be collected and select samples will be delivered to the
laboratory for additional testing as discussed in Section 10.02.02.
Each boring will be backfilled with the drilling spoils and bentonite
grout and the ground surface treatment replaced in kind.
B.

Temporary Groundwater Observation Wells

Temporary standpipe piezometers will be installed at the general
frequencies discussed in Section 10.02.01. Temporary standpipe
piezometers shall be constructed in accordance with ASTM D 509210, “Standard Practice for Design and Installation of Ground Water
Monitoring Wells” and PennDOT Publication 222, Section 206 –
Standpipe Piezometers. Flush-mounted, bolt-down well covers will
be provided in areas of high pedestrian and/or vehicle traffic. Stickup protective steel casings with locking lids, extending up to 3 feet
above grade, will be provided in more remote areas.
Wells will be provided with automatic water level loggers such that
they can be monitored through preliminary design and capture
seasonal and storm related fluctuations. The water level loggers can
store up to 1 year of readings at 30-minute intervals before data
must be retrieved via USB port on the logger. The wells will
subsequently be abandoned.
C.

Permeability Testing

The Pennsylvania Stormwater Best Management Practices (BMP)
Manual requires a minimum of two double-ring infiltrometer tests at
each stormwater management facility. As such, the design team will

September 2019

perform two double-ring infiltrometer tests at each stormwater
management facility. The double-ring infiltrometer tests will be
performed in test pits within one foot of the proposed bottom of
basin elevation as required within the Pennsylvania Stormwater BMP
Manual. In the event shallow rock is encountered or soil conditions
are too dense to properly install the double-ring equipment, borehole
percolation tests will be performed instead.

10.03.2 Laboratory Testing Program
Concurrent with the subsurface investigation program a laboratory
testing program will be performed to verify the visual-manual field
classifications, assess corrosivity, and aid in determination of the
engineering soil and rock properties. Laboratory testing will be
performed by an AASHTO-accredited laboratory.
A.

Index Properties

Index testing will be performed for the identification and
classification of the soil types encountered using the modified
Burmister Soil Classification System and provided with a USCS
symbol. Sample descriptions that have been revised or verified by
laboratory test results will be identified on the boring logs with an
asterisk (*) ahead of the sample description. Index testing to be
included is provided in Table 10.2.
Test Designation

Index Test

ASTM D2216

Water Content

ASTM D2974

Organic Content

ASTM D4318

Atterberg Limits

ASTM D422

Grain Size Analysis

ASTM D7928

B.

Strength and Deformation Properties

Strength and deformation testing will be performed to aid in the
determination of engineering soil and rock properties and identify
stress/strain behavior. Potential strength and deformation testing of
soil and rock to be included is provided in Table 10.3.
Test Designation

Strength and Deformation Test

ASTM D3080

Direct Shear Test

ASTM D2166

Unconfined Compression

ASTM D2850

Triaxial UU

ASTM D4767

Triaxial CIU

ASTM D7012

Rock Unconfined Compression w/ Elastic Moduli

ASTM D5731

Rock Point Load

ASTM D4644

Slake Durability

Table 10.3 Soil and Rock Strength and Deformation Testing
C.

Corrosivity

Corrosivity tests will be performed on select soil samples to evaluate
the corrosion potential for steel in contact with soil and sulfate
attack on concrete. Samples selected for testing will be from fill
material near the ground surface, the residual soil just below the
bottom of fill, and organic material, if encountered. Corrosivity
testing to be included is provided in Table 10.4.
Test Designation

Corrosivity Test

Hydrometer Analysis

AASHTO T289 /
ASTM D4972

Soil pH

ASTM D1140

Percent Passing No. 200 Sieve

AASHTO T288

Soil Resistivity

ASTM D7263

Unit Weight of Soils

AASHTO T291 /
ASTM C1580

Soil Sulfate

ASTM D854

Specific Gravity

AASHTO T290

Soil Chloride

Table 10.2 Soil Index Testing

Table 10.4 Soil Corrosivity Testing
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10.03.3 Geophysical Testing Program
In addition to the proposed geotechnical test boring investigation
discussed above, a geophysical investigation consisting of both
surface and borehole survey methods will be performed. The
geophysical surveys will be carried out over select areas to provide
additional information related to top of rock (depth and profile),
refine delineation of potential karst features (fracture seams,
bedrock pinnacles, voids within the bedrock stratum, zones of
collapsing overburden soils, etc.), and to collect site-specific seismic
data.
A.

Surface Geophysics

The surficial geophysical survey methods will be selected based on
the type of subsurface features being targeted for investigation. In
areas where karst features are suspected at substructure locations,
it is anticipated that multiple geophysical methods consisting of
microgravity and multichannel analysis of surface waves (MASW)
will be utilized to refine delineation of features planimetrically (map)
and at depth (profile). In areas of proposed deep cuts, such as the
PECO cut section of Segment 5, seismic refraction techniques may
be employed to profile the top of rock surface and evaluate the
relative rippability of subsurface material. Due to the potential for
interference from buried utilities and overhead transmission lines,
electrical resistivity methods are likely not suitable for this project.
Surface geophysics will be performed prior to geotechnical borings
such that areas identified to have karst features will be targeted with
additional borings to reduce risk. Descriptions of anticipated surficial
geophysical survey methods are provided below.
Microgravity surveys identify subsurface areas of interest based
upon differences in gravitational force. All objects with mass exert
a gravitation force on one another, which is affected by the mass of
the objects and the distance between them. The closer two objects
are, and the greater their density (and as a result, their mass), the
greater the gravitational force between them. In general, shallow
(near surface) and/or dense (competent) rock will exert a greater
gravitational force on the gravimeter than deeper and/or less dense
(incompetent – highly weathered, extremely fractured, void- or
cavity-filled) rock. Low gravity anomalies indicate the possibility of
subsurface voids, linear fractures and faults, or other low-density
conditions over the surveyed area. In order to evaluate the depth of
an observed anomaly, test borings and/or profiling geophysical
methods are required.
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MASW is a seismic surface wave method that determines the vertical
distribution of shear wave velocities (Vs) based upon the dispersion
of surface waves (Rayleigh Wave). Shear wave velocities are related
to material stiffness and density, and based on the relative velocities
observed, can be used to aid in refining the delineation of areas of
competent rock (highest Vs values), weathered rock and/or very
dense soils (moderate Vs values), and soils of varying densities
(lower Vs values). MASW data is presented in 2D profiles displaying
color graduated shear wave velocities. Voids or fracture zones
within the bedrock stratum are shown as low shear wave anomalies.
Seismic refraction is a method used to evaluate the relative
rippability of the material based on seismic P-wave velocity (Vp) data
and published ripper performance charts for various size
construction equipment. Vp is calculated based on recorded seismic
wave arrival time and measured distance between energy source
and receiver. Seismic refraction data is presented in 2D profiles
displaying color coded Vp layers.
B.

Borehole Geophysics

Borehole geophysical methods will be utilized at select locations to
obtain site specific seismic data for the various geologic formations
underlying the site (crosshole seismic method) and to image and
measure
geological
properties
in-situ
(optical/acoustical
televiewer).
Crosshole seismic techniques are used to obtain the most detailed
in-situ seismic-wave velocity profile for site-specific investigations
and material characterization for structural design. Crosshole
velocity data are valuable for assessing soil deposits or rock
formations. All of a material’s dynamic elastic moduli can be
determined from knowledge of the in-situ density, and P- and S-wave
velocities.
It is anticipated that optical/acoustical televiewer equipment will be
deployed in select boreholes to image and measure geologic
properties such as structure attitude, joint openings, void
dimensions and infilling, and specific features of interest. The
televiewer returns high-resolution, continuous and oriented 360°
views of the borehole wall from which the character, relation, and
orientation of lithologic and structural planar features can be
defined. The imagery data and measurements are presented on a
well log.
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11.0 Structures
11.01

Introduction

This section presents the design criteria and constraints, design
approach, design summary and recommendations, and
constructability with regards to both the elevated guideway and
station structures.
Proposed structural design elements include roughly three miles of
elevated guideway, approximately 700 feet of T-WALL® and 2600
feet of Secant Wall retaining walls, and five stations.
The design of the structural systems is in accordance with the
applicable codes, specifications, and local, site-specific
requirements. Structural layouts and elements are developed
considering loading conditions and combinations as prescribed in the
structural design criteria. Constructability of structural layouts and
elements is considered and described within.
Further description of structural elements pertaining to the support
of the rail system is provided in 11.02 Guideway.
Further description of the structural elements pertaining to the
stations is provided is provided in 11.03 Stations.

11.02

Guideway

The project’s guideway extends from the termination point near the
Valley Forge Casino eastwardly toward the tie-in with the existing
Norristown High Speed Line (NHSL). Along the route, most of the
alignment and profile is prescribed to be on an elevated guideway
which necessitates structural support above existing infrastructure.
Moving eastwardly from the Valley Forge Casino termination,
significant roadway crossings include 1st Avenue, American Avenue,
the Pennsylvania Turnpike (West Crossing), Mall Boulevard,
Allendale Road, Pennsylvania Turnpike (East Crossing), and
Henderson Road. Between these major crossings, the guideway
traverses additional minor roadways, abandoned railroads, a stream,
and pedestrian trails or walkways.
There are several challenges throughout the alignment that must be
overcome. In some cases, the structure must coincide among
existing infrastructure and property owners. In other locations
along the alignment, the structure must be constructed
economically within the constraints of the natural topography.
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Lastly, there are locations along the alignment where the structural
design is driven by constructability.
To most effectively address these unique challenges and provide an
understanding of the solutions our team has provided, the alignment
is organized by Segments 1 through 6, listed below:


Segment 1 – 1st Ave



Segment 2 – Turnpike West



Segment 3 – Mall Area



Segment 4 – Turnpike East



Segment 5 – PECO Cut



Segment 6 – Henderson Rd

Refer to Figure 11.1 for a graphical depiction of the Segments. The
remainder of this section (11.02 Guideway) will refer to specific
locations along the track alignment based on these Segment labels.
This section includes a description of the Design Criteria and
Constraints (11.02.1) developed for the SEPTA KOP NHSL Extension,
a description of the Design Approach (11.02.2), Summary and
Recommendations (11.02.3) and Constructability (11.02.4) for each
segment of the viaduct.

11.02.1

Design Criteria and Constraints

A structural design criteria specifically for the SEPTA King of Prussia
Norristown Extension was established. The criteria is based on
principles from various guiding documents including, but not limited
to, the SEPTA Structural Design Criteria and Guidelines (2018),
AREMA Manual of Railway Engineering (2018), and the AASHTO
Guide Specifications for Bridges Carrying Light Rail Transit Loads
(2018).
In 2018, AASHTO published Guide Specifications for Bridges
Carrying Light Rail Transit Loads specifically for the design of Light
Rail Transit Bridges.
These nationally recognized guide
specifications use Load and Resistance Factor Design (LRFD)
Methodology which form the basis for the project guideway
structural design criteria.

The structural design criteria is in accordance with LRFD
methodology, as it offers the following advantages compared to
design criteria based on Allowable Stress Design (ASD) Method
strictly using AREMA:


Calibrated load combinations yielding consistent reliability
across load scenarios



Project-specific live loading and braking/traction loads
applicable to the SEPTA Light Rail Transit equipment and the
Norristown High Speed Line



Enhanced design guidance



Consistency with similar light rail transit systems that have
been successfully implemented throughout the country



Significant construction cost savings improving overall
economy

Refer to Section 2.0 of the structural design criteria submitted under
separate cover and included in Appendix 11a. The design criteria
represents the basis of design for the 15% submission.

11.02.2

Design Approach

11.02.2.1

Overview

Various materials and girder types were studied for their suitability
to the project. Steel I-girder and prestressed concrete bulb-tee
beams alternates were considered for the guideway design.
Trapezoidal steel tub girders are not preferred as they would not
offer cost advantage and would make access difficult for inspection
and maintenance. Concrete segmental box girders are also not
preferred due to the geometric and site constraints and the fact that
they are generally prohibited by SEPTA.
Light rail transit structures are typically designed to satisfy the
unloaded natural frequency requirements stipulated in the
structural design criteria developed for the project. Unloaded
natural frequency of vibration should not be less than 3 Hz. for
continuous spans and for two out of three consecutive simple spans
and not be less than 2.5 Hz. for individual simple span, per the design
criteria, which is typical of Light Rail Transit type construction.
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Figure 11.1 Segment Identification
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Initially the design process focused on evaluating economical span
lengths and span continuity. The design team determined that
prestressed concrete bulb-tee spans would be economical for
approximate span lengths of 110 feet. For spans larger than 110-feet,
prestressed concrete beams result in significantly deeper
superstructure to satisfy the natural frequency requirements.
Steel girder spans were found to be reasonably efficient for span
lengths of approximately 120 feet. Spans greater than 120-feet are
generally controlled by natural frequency requirements and were
only considered when required due to geometric, safety,
constructability, and other site constraints. Refer to Table 11.1 for a
comparison of steel and prestressed concrete superstructure types.

recommended as they reduce live load deflections which results in
improved natural frequency response of the structure. Moreover,
they offer improved rideability, significantly reduce number of
potential locations for rail break, reduce future maintenance, reduce
number of deck expansion joints and locations for water penetration,
and provide structural redundancy. Continuous spans also help
control depth of superstructure and reduce track profile raise. A 3span continuous system is recommended for typical spans as it
produces economic superstructure and foundations.

11.02.2.2 Span Layout and Frequency

Concrete hammerhead piers were preferred for typical spans due to
their economy of construction. Where it was not feasible to place
concrete hammerhead piers, steel straddle bents were considered.
Steel straddle bents significantly influence the vibration frequency
of superstructure units. Where straddle bents were required, steel
girders framing into straddle bents were used to restrict total
structure depth, reduce profile raise, and control the foundation
costs by restricting pier heights. Two-column concrete framed bents
were used at stations.

For aesthetics and general economy of superstructure construction,
the girder depth was generally limited to 6’-6” (+/-) for typical spans.
Span lengths for prestressed concrete bulb-tee beams were limited
to 110-feet as beam design is controlled by natural frequency
requirements for longer spans. Similarly, span lengths for steel
girders in typical steel spans were limited to 120-feet as girder design
is controlled by natural frequency for longer spans. Longer spans
would reduce economy due to a necessary increase in girder weights
to satisfy frequency and require larger foundations. It was found
that reasonable economy is achieved using the above span lengths
while controlling structure depth.

For steel and prestressed concrete bulb-tee beam superstructures,
simple and continuous spans were studied. Continuous spans are

All superstructure units will utilize concrete decks composite with
steel I-girders or prestressed concrete bulb-tee beams.

Typical spans have been designed to consist of four prestressed
concrete bulb-tee beams supported on hammerhead piers. Typical
superstructure units would consist of three spans approximately 110foot long each and would be made continuous for live load.
Prestressed concrete beams would support the concrete deck slab
that acts compositely with the beams. Where feasible, precast
concrete decks would be implemented. Locations include all tangent
track of uniform width for both direct fixation and ballasted decks.
Due to geometry, curved and varying width decks are to be cast-inplace since precasting these units would be difficult and would not
offer any economic advantage.

11.02.2.2.1

Spans/Units
Alignment

on

Horizontally

Curved

Track

To support the curved track alignment, horizontally curved girder
spans that support two-track and single-track decks are anticipated.
Splayed prestressed concrete bulb-tee beam will be considered
where is feasible.
Typical curved girder deck section was designed to consist of four
steel I-girders supported on concrete hammerhead piers. In the
flared areas near transitions from dual single track to two tracks, five
girders are anticipated to support the wider deck width. Curved
single track alignment would be supported on horizontally curved
spans with three girders supported on concrete hammerhead piers.

Superstructure Type
Comparison Parameter
Prestressed Concrete Beam

Steel Girder

Steel Tub Girder

Alignment

Tangent

Tangent or Curved

Tangent or Curved

Typical Span Length

Up to 110’

Up to 130’

Up to 130’

$-$$

$$$

$$$-$$$$

Relative Cost

Additional Comments

•
•
•
•
•
•

Preferred Girder Type
Lower life-cycle cost
Increased number of substructure units
Higher dead load
Thinner composite deck required
Economical bearings

•
•
•
•
•
•

Accommodates frequency requirements with longer spans
Accommodates curved and variable-width alignments
Accommodates Limited Vertical Clearance
Lighter dead load
Lighter pick weights and cranes required
Future maintenance required (i.e. painting)

•
•
•
•
•
•
•

Accommodates frequency requirements with longer spans
Accommodates curved and variable-width alignments
Accommodates Limited Vertical Clearance
Lighter dead load
Heavier pick weights and cranes required
Difficult Inspection Access and Environment
Future maintenance required (i.e. painting)

Table 11.1 Comparison of Superstructure Types for Typical Spans
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11.02.2.2.2

Spans in Station Areas

Typical spans in station areas were designed to consist of two
prestressed concrete, bulb-tee beams supported on two-column
concrete rigid frame bents. One pier supports the guideway girders
as well as station platform girders. Typical superstructure units
would consist of two spans made continuous for live load. Except at
First and Moore Road Station where three tracks exist, two platforms
are required. Two hammerhead piers are used to support proposed
tracks and platforms. Since the station is approximately 310' long,
three spans would be required. Prestressed concrete beams would
support the concrete deck slab that acts compositely with the
beams. Additionally, steel I girders would be implemented at
Allendale Road Station due to the need for a straddle bent over the
roadway, and a through girder system would be provided at
Henderson Road due to clearance requirements.

11.02.2.2.3 Spans in Special Trackwork Areas
Spans that support special trackwork were designed to be
continuous without deck expansion joints and consist of a 4-span
unit at the mid-line interlocking and a 6-span unit at junction
interlocking. The superstructure would be prestressed concrete
beams supported on concrete hammerhead piers. Superstructure
cross section would consist of a minimum of four beams composite
with concrete deck slab. Rail anchorage plinths in these units are
anticipated near each end of the units. Units supporting special
trackwork will be further evaluated during the future design phases.

11.02.2.3 Substructure
Concrete hammerhead piers are preferred for their simplicity,
economy of construction, and aesthetics. Sizes of hammerhead
piers will be further evaluated during the future design phases.
Steel straddle bents have been considered where hammerhead piers
are not feasible due to roadway, traffic safety, geometric, or other
site constraints. Cross-girders of straddle bents would have bolted
connections as well as multiple flange components in tensions zones,
to provide internal member redundancy and would be designed as
Fracture Critical Members (FCM). It is anticipated that details of
bolted connections and components will be developed during 15-to30% Design Phase.
Due to relatively long span lengths of straddle bent cross-girders,
and to reduce construction coordination with agencies and property
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owners, cast-in-place, post-tensioned concrete straddle bents were
not recommended although were considered in the study. Steel
straddle bents would reduce erection time over active roadways and
would not require formwork. Due to the anticipated large size of
straddle bent cross girders, the use of precast concrete cross girders
was not considered to be practical.
It is anticipated that substructures will be founded either on
micropiles or drilled shafts. Section 11.02.2.5 provides additional
information on substructure foundations.
Subsurface exploratory borings have not been drilled on the project.
Foundation types and sizes will be determined after the exploratory
borings are drilled and boring information is incorporated in
foundation analysis.

11.02.2.4 Retaining Walls and Embankment Fills
Within two areas of the project, retaining walls and embankment fills
would be required as a result of limitations in the operating grade of
trains and the topography of existing grade. In one location (PECO
Cut), the cut required would be approximately 60 feet. To avoid
impacts on nearby properties, open cuts were not desirable.
Furthermore, due to the limited space available for the rail corridor,
gravity or semi-gravity retaining walls were not considered feasible
to support this cut. A wall that can be constructed in a top-down
fashion would be required.
The most common permanent non-gravity wall types are continuous
sheet pile walls, soldier pile and lagging walls, diaphragm walls, and
tangent or secant pile walls. A comparison of these wall types is
provided in Table 11.2. A secant pile wall with cast-in-place concrete
facing is the system proposed for support of the PECO Cut.
Additional details and recommendations for this wall are presented
in Section 11.02.3.6.
Based on information discussed in Section 10.02.05, a generalized
subsurface profile was assumed for use in preliminary wall
calculations. This analysis assumed subsurface profile consists of
20 feet of residual overburden soils, underlain by 10 feet of
weathered rock, transitioning into competent sandstone bedrock.
This profile and the associated wall calculations will be updated when
site-specific subsurface information is obtained during 15 to 30%
Design Phase of the project. While the groundwater table is
expected to be well below the bottom of the cut section, perched
water was assumed to a level equivalent to one-third of the total

exposed wall height for design purposes. This takes into account the
potential for surface water to infiltrate behind the cut walls during
large storm events, accumulating to some level before dissipating to
deeper strata.
For retained fills, wall types such as mechanically stabilized earth
(MSE) and prefabricated modular (PM) walls are often utilized
because of their cost effectiveness. SEPTA does not typically allow
the use of MSE walls to support their tracks. Where third rail is used
for the traction power, the DC currents can result in stray ground
currents that could cause accelerated corrosion of the metallic
reinforcing elements and attachment points to the wall panels within
the wall fill. The modular precast concrete T-WALL® system has
been used in numerous track support applications for railroads
across the country, including on previous SEPTA projects. The TWALL® system is typically cost-competitive with MSE wall systems
and is likely to offer superior service life compared to an MSE wall.
T-WALL® is the preferred retained fill wall type for this project.
In areas of significant embankment fills on the project near the wye,
the residual foundation soils may be relatively deep, and significant
settlements could result. The use of lightweight embankment fill
may be required to help mitigate long-term settlements.
Additionally, there may be elevated risk of sinkhole activity due to
the presence of the carbonate bedrock and the alignment’s
proximity to the abandoned quarry. Considerations to mitigate
potential impacts of sinkholes on the embankment performance are
briefly described and should be advanced in future design phases.
One approach may be to use geogrid basal reinforcement in
combination with geotextile beneath the embankments to help
prevent the loss of fill material into a sinkhole, which could cause
localized track stability issues. Another approach would be to use
lightweight cellular concrete, which forms a cohesive mass that
would not ravel into a sinkhole.

11.02.2.5 Foundations
Utilizing existing subsurface data, provided in Section 10.02,
concept-level stratigraphy and engineering properties of soil and
rock were developed to facilitate foundation recommendations
within each segment of the project. Concept level loading for the
straddle bent piers, hammerhead piers, and curved girder piers were
provided by
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Non-Gravity Wall Type
Comparison Parameter
Sheet Pile Wall
•
•

Soldier Beam Wall with CIP Concrete Facing

Drive or vibrate interlocking steel or
concrete sheeting into place
If steel sheeting is used, a permanent
cast-in-place concrete facing may be
installed after excavation to increase
watertightness and service life

•
•
•
•
•

Predrill holes
Insert steel or concrete soldier beams
Backfill beams with flowable fill or lean
concrete
Excavate while installing temporary
wood lagging
Install permanent cast-in-place
concrete facing

Diaphragm Wall
•
•
•
•
•
•
•

Construction Method

•
•

•

Not appropriate for penetration into
rock

Suitability for Penetration Into Rock

•
•
•

Predrilling can penetrate rock
Excavation in between piles and
installation of lagging will be hampered
in rock materials.
Lagging not needed where rock is
competent enough to provide a selfsupporting vertical face

•

Construct guide wall
Excavate primary panel with grab
bucket or hydrofraise while supporting
excavation with slurry
Install temporary stop ends
Insert steel reinforcing cage
Tremie concrete into panel section and
wait for initial set
Remove stop end
Skip a panel section and repeat steps
above
Construct a secondary panel between
two primary panels
A cast-in-place concrete facing may be
desirable after excavation to improve
watertightness and appearance

Suitable for penetration into rock when
a hydrofraise with appropriate cutting
drums is used

Secant Pile Wall with CIP Concrete Facing
•
•
•
•
•
•
•
•

•

Construct guide wall
Drill a primary bored pile/drilled shaft
Tremie concrete
Skip a pile location and install a second
primary pile
Allow initial set of concrete
Drill secondary pile between primary
piles, overlapping primary piles by a
few inches
Insert wide-flange steel beam for
reinforcement of secondary pile
(primary piles are not reinforced)
Excavate and install cast-in-place
concrete facing to improve
watertightness, stiffness and
appearance

Suitable for penetration into rock when
appropriate drill tooling is used

Relative Wall System Stiffness

Moderate

Moderate

Stiff

Stiff

Relative Wall Movements During
Construction

Moderate

Moderate

Low

Low

Relative Watertightness

Low

Moderate to High

Moderate to High

Moderate to High

Relative Cost

$-$$

$$$

$$$$

$$$

•
•
Additional Comments

•

Not appropriate for this application

•

Not the preferred option for this
application
•

Requires specialty hydrofraise
equipment
Requires a large, relatively flat staging
area during construction for slurry
handling and desanding equipment,
and panel reinforcement cages
Not the preferred option for this
application

•
•
•

Readily available drilled shaft
equipment can be used for
construction
Requires less staging area than
diaphragm wall construction
The preferred option for this
application

Table 11.2 Comparison of Non-Gravity Cut Wall Types for PECO Cut
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the structural team. The loads and subsurface information were
utilized to develop BSI FB-MultiPier and Ensoft GROUP models for
upper bound and lower bound foundation spring stiffnesses. Models
were used to check deflection tolerances are satisfied at the top of
rail elevation under Service loading and to check demand-tocapacity ratios are satisfied under Strength loading.
Piers within each segment with similar subsurface information,
loading, site constraints, and geology were enveloped to select a
recommended foundation system with a range of diameters. The
following foundation systems were considered:


Driven Piles



Drilled shafts



Micropiles

Driven H-piles are commonly used to support highway bridges in the
King of Prussia area. Driven piles are inherently tested piles as the
driving criteria and associated Pile Driving Analyzer (PDA) testing
prove the driven piles resistance. These piles offer a relatively
economical deep foundation solution; however, there can be
drawbacks to using driven piles in a karst area such as King of
Prussia. Driven H-piles are typically driven to refusal on bedrock. If
a pile encounters a pinnacle, ledge, or “floating” boulder in the
residual soil matrix, it can exhibit refusal behavior during driving, but
may not have reliable long-term support. Additionally, pile lengths
within a single pile group can vary considerably due to large
variations in apparent top of rock elevations over short distances.
This risk can be mitigated to some extent by using a larger number
of smaller-capacity piles to help increase foundation support
redundancy, and by also designing the pile cap and pile group to
account for a localized loss of pile support at individual piles.
Another limitation of driven piles, particularly where depth to rock is
shallow, is uplift capacity. The guideway piers will experience
significant shears and overturning moments as a result of the large
longitudinal forces in the guideway. These moments can be resisted
through the use of a large footing footprint, or by allowing piles near
the corners or edges of the pile group to go into tension. Shallow
driven piles are not a preferred solution where significant uplift
forces are present. Additionally, pile driving operations can cause
significant ground vibrations that may adversely impact nearby
buildings, structures or utilities.
Micropiles offer some distinct advantages over driven piles in karst
environments. These piles are advanced using drilling methods
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instead of driving and rely on grout-to-ground bond to transfer their
axial loads into the subsurface. During the drilling process, the piles
can be extended beyond any boulders, ledges, or underlying voids or
soil seams in the bedrock, until a relatively competent rock mass is
encountered. This transfers the micropile loads deeper into the rock
mass, where the rock typically has a better rock mass quality.
Additionally, micropiles are very effective in resisting uplift loads,
making them well-suited for resisting the large overturning moments
that would be present at many of the piers. Significant redundancy
can also be built into micropile foundations by using larger numbers
of smaller capacity piles in the group. Micropiles can also be installed
by relatively compact equipment compared to that used for either
pile driving or drilled shaft installation. This is an advantage when
working in areas with headroom restrictions or limited working
space. However; unlike driven piles, micropiles are not fully loaded
during installation and require proof load testing at each
substructure and several verification load testing on sacrificial
micropiles at select locations.
Drilled shafts offer some of the same advantages as micropiles.
Since they are a drilled foundation, they can bypass boulders, ledges,
and voids or soil seams within the rock mass, relying on a rock socket
in a competent rock mass to carry their axial loads. Drilled shafts
can also be designed to resist considerable tension forces. However,
there are some potential drawbacks to using drilled shafts in a karst
environment.
Drilled shafts do not offer the same degree of foundation system
redundancy that driven piles or micropiles do. Drilled shafts could
also be difficult to install in karst conditions. Maintaining verticality
of a shaft when drilling along the side of a pinnacle or on other
steeply sloping rock could be a challenge. As shaft diameters
increase, there can be significant variability in rock conditions within
the footprint of the rock socket. Maintaining shaft integrity in a rock
mass where a significant number of voids are present could also be
challenging. There is a risk that concrete may be lost into some of
these voids during or subsequent to the pour, resulting in voids
within the shaft itself. Where large voids are anticipated within the
rock mass, it may be necessary to grout the area immediately around
and below the drilled shaft prior to starting shaft installation.
Alternatively, a permanent steel casing might be required to isolate
the portion of the shaft above the rock socket from voids where
concrete could be lost during the pour. Also, unlike driven piles,
drilled shafts are not fully loaded during installation and require
several static load tests at select locations to prove resistances.

Additionally, drilled shafts in karst typically require a geotechnical
boring at each shaft location to identify subsurface conditions.
Considerable quality control measures are required during and after
installation including shaft bottom cleanliness, sonic caliper, and
integrity testing.
One unique advantage of drilled shafts is their ability to resist much
larger lateral forces and bending moments than individual piles.
Where piers are experiencing large overturning moments, one
option is to use a single large-diameter “monoshaft” or to use a
single row of smaller-diameter shafts in a group. Using this
approach, the shafts do not have to go into tension to resist
overturning moments. Large-diameter monoshafts are highly
specialized foundations that can be installed by only a handful of
foundation contractors, many of whom are not local to the
Philadelphia metro area.
Foundation recommendations specific to each segment are provided
in 11.02.3 Summary for each segment within the project.

11.02.3

Summary and Recommendations

11.02.3.1

Overview

Each of the six segments have design constraints that are specific to
the surrounding environment as it relates to the overall goal of a
working track alignment and profile. However, one commonality
amongst all segments of the guideway is that, where possible along
tangent sections, 3-span continuous for live load units are the first
preference. The secondary preference for tangent track is 2-span
continuous for live load units. Where the guideway requires longer
spans, curved spans, or another unique feature such as a compact
superstructure depth, 3-span continuous steel plate girder units are
the first preference. The secondary preference in these regions is
2-span continuous steel units. In even more uniquely constrained
areas, simple spans units and 4-span continuous units are used as
needed along the guideway.
From a cross-section perspective, for two track guideway, the
superstructure would typically be comprised of either four steel
plate girders or four prestressed bulb-tee beams. For dual singletrack guideways, the superstructure would be comprised of either
two steel plate girders or two prestressed bulb tee beams. In select
regions of dual single-track guideway, a three-girder steel plate
girder cross section is required to satisfy natural frequency
requirements. At transition portions from dual single track to two
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track guideway with variable deck width, five or six steel girders or
prestressed concrete beams would be used to support the wider
deck. As stated above, prestressed bulb-tee beams would be used
unless the section is on a curve, vertical clearance is a constraint, a
wider deck needs to be accommodated, straddle bents are required,
or where longer spans are necessary.
The substructures are designed as primarily hammerhead piers.
Two track guideways (two tracks per guideway deck) have a single
full-width hammerhead pier, whereas dual single-track guideways
(one track per guideway deck) are supported by two hammerhead
piers (one per guideway deck). Lastly, integral steel straddle bents
are used where the alignment crosses major roadways including Mall
Boulevard, Wills Boulevard, Allendale Road, and the Pennsylvania
Turnpike. Specific structural recommendations for each segment
are contained within the remainder of Section 11.02.3 herein.
Geotechnical aspects of the project are discussed in Section 10.0 of
this report.
Foundations for the guideway would be deep
foundations due to the geology of the site. Due to the karst geology,
the typical aim is to employ micropile foundations for redundancy.
Where large footprint foundations are not feasible due to nearby
property owners or roadways, large diameter monoshafts have been
employed.
Specifics of foundations are included within the
description of each guideway segment.
Driven pile foundations are not recommended due to the associated
concerns with karst within the Ledger and Elbrook formations and
the potential for damaging ground-borne vibrations. Drilled shafts
are feasible; however, they are not the first choice due to the large
quantity of spoils, larger drilling equipment, and higher costs. Where
micropiles are not feasible, drilled shafts would be employed.
Micropiles are the recommended foundation system for the reasons
discussed within Section 11.02.2.5 and will have diameters ranging
from 9.625-inches to 13.375-inches.

11.02.3.2 Segment 1 – 1st Ave
[NOTE: Segment definitions vary from those described in Chapter 4,
Track due to the differing needs of the design discipline.]
Segment 1 (1st Ave) starts near the First and Moore Station and ends
before the Turnpike West crossing. The guideway along 1st Avenue
and American Avenue is on a tangent or curved alignment with a
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radius of 800’ or greater, with the exception of the 1st Ave crossing
(400’).

Avenue. The single-track guideways would then converge into a twotrack guideway along American Avenue.

First and Moore Station would be the first station and the terminal
of SEPTA’s King of Prussia NHSL Extension. The station would have
two platforms. The north platform serving Track #0 would be
located on the outside side of the north guideway, and the south
platform serving both Track #1 & Track #2 would be located between
the north and south guideways. The north guideway would consist
of a 3-span unit within the limit of the station platform, and it would
be followed by a 2-span unit before the interlocking. The south
guideway would have the same span configuration as the north
guideway, except there would be an additional 2-span unit before the
station. All spans would have prestressed concrete bulb-tee beam
superstructures. Each of the piers within the limits of platform
would consist of two hammerhead shape. One hammerhead pier
carries the north platform and north guideway; the other
hammerhead pier would carry the south platform and south
guideway.

The two single-track guideways along the curved alignments east of
First and American Station would be 3-span continuous curved steel
plate girder units with variable span lengths. A three-girder cross
section would be provided to satisfy the natural frequency
requirement. In the same unit, the first set of interior piers are in the
vicinity of an abandoned railroad track, and the piers would be
placed on either side of the abandoned track, outside the existing
railroad right-of-way. The second set of interior piers would be
located on the north side of 1st Avenue and outside a driveway curb
where pier protection would be required.

An interlocking would be located to the east of the terminal on the
east side of Moore Road. A 6-span continuous prestressed concrete
bulb-tee beam unit carries the interlocking and would provide a
minimum of 30-feet from point of switch to the deck joint at each
end of the 6-span unit. Pier S1-12 would be located inside of the
median area of an existing driveway that serves local businesses,
and modification to the driveway would be required.
Within the first two spans of the 6-span interlocking unit, the deck
width would vary with Track #0 merging into Track #1. At wider
portions of the variable width deck, six prestressed concrete beams
would be used in the first span. As the deck width tapers down in the
second span, five beams would be used.
There would be nine additional prestressed concrete bulb-tee beam
units (21 spans total) and two steel plate girder units (five spans
total) along 1st Ave, and three prestressed concrete bulb-tee beam
units (nine spans total) along American Avenue within Segment 1.
At First and American Station, the two-track guideway would be split
into dual single-track guideways with the station platform in
between. Vertical circulation structures for the station would be
placed on either end of the platform. Exiting the First and American
Station eastwardly, both single-track guideways would continue
along nonconcentric circular curved alignments as they cross 1st

Along 1st Avenue, there is an unnamed tributary to Trout Creek near
sta. 334+00, and a driveway on the west side the tributary. Piers S126 and S1-27 have been designed to be spaced to minimize impacts
to the tributary and a span length of 122.5’ would be required at this
location. Along American Avenue, Pier S1-43 would be located
outside of an existing railroad easement, and Piers S1-44 and S1-45
would be set to avoid impacts to American Avenue.
The continuous welded rails (CWR) would be terminated on the
structures at the beginning of the guideways. The CWR would be
fixed on both ends of the interlocking by using insulated fixed rail
anchors. Superstructures and substructures are to be designed for
the rail structure interaction, considering fixed rail anchorage and
rail termination on the structures.
Bumping posts will be designed per guideway design criteria.
The structural configurations of Segment 1 (1st Ave) can be seen in
Table 11.3 – Segment 1 (1st Ave) Structural Configuration. For the
reasons discussed in Section 11.02.2.5, micropiles are the preferred
foundation type for the Segment 1 viaduct piers.
Near the western terminus of the viaduct, by the First and Moore
Station, the span arrangement will result in very large thermal forces
and associated overturning moments at Piers S1-02 and S1-04N. At
these locations, the use of micropiles may not be practical, because
the uplift forces may be too large, or the footprint of the pile cap
may need to be very large. As a result, at the current design level,
single rows of drilled shafts are being considered at these two pier
locations. A single row of two shafts is proposed at Pier S1-02, and
a single row of three shafts is proposed at Pier S1-04N. Specific
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Segment-Pier

Unit Type

Span Lengths

Superstructure

Substructure
(see plans for sizes)

Conceptual Foundations
(see plans for sizes)

S1-01 to S1-03

2-span continuous,
Single Track Guideway Track 2 only

104’-0” – 104’-5”

P/S Concrete Bulb Tee (33x79.5)
2 beam cross section

Typical Hammerhead

Micropiles (S1-01 & S1-03S)
Drilled Shafts (S1-02)

S1-03 to S1-06

3-span continuous,
Three Track Guideway
First and Moore Station

103’-6” – 103’-9” – 103’-6”

Typical Hammerhead

Micropiles (Except S1-04N)
Drilled Shafts (S1-04N)

S1-06 to S1-08

2-span continuous,
Three Track Guideway

91’-6 7/8” – 110’-0”

Typical Hammerhead

Micropiles

S1-08 to S1-14

6-span continuous,
Three/Two Track Guideway

110’-0” – 110’-0” – 110’-0” – 110’-0” – 110’-0” – 110’-0”

P/S Concrete Bulb Tee (33x79.5)
4 to 6 beam cross section

Typical Hammerhead

Micropiles

S1-14 to S1-15

Single span,
Two Track Guideway

110’-0”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S1-15 to S1-18

3-span continuous,
Two Track Guideway

110’-0” – 110’-0” – 110’-0”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S1-18 to S1-21

3-span continuous,
Two Track Guideway

110’-0” – 110’-0” – 110’-0”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S1-21 to S1-24

3-span continuous,
Two Track Guideway

110’-0” – 109’-1 1/4” – 110’-0”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S1-24 to S1-27

3-span continuous,
Two Track Guideway

109’-2” – 109’-2” – 122’-6”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S1-27 to S1-30

3-span continuous,
Two Track Guideway

103’-10” – 100’-0” – 100’-0”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S1-30 to S1-32

2-span continuous,
Dual Single Track Guideway

100’-0” – 104’-3”

P/S Concrete Bulb Tee (33x79.5)
2 beams per single guideway

Typical Hammerhead

Micropiles

S1-32 to S1-34

2-span continuous,
Dual Single Track Guideway
First and American Station

107’-3” – 107’-3”

P/S Concrete Bulb Tee (33x79.5)
2 beams per single guideway

Two Column Bent

Micropiles

S1-34 to S1-35

Single span,
Dual Single Track Guideway

113’-0”

P/S Concrete Bulb Tee (33x79)
2 beams per single guideway

Typical Hammerhead

Micropiles

S1-35N to S1-38N (Track 1)

3-span continuous,
Dual Single Track Guideway

117’-5 1/8” – 105’-0” – 122’-6”

Curved Steel Plate Girder (76” web)
3 girders per single guideway

Typical Hammerhead

Micropiles

S1-35S to S1-38S (Track 2)

3-span continuous,
Dual Single Track Guideway

91’-6 5/8” – 115’-0” – 115’-0”

Curved Steel Plate Girder (76” web)
3 girders per single guideway

Typical Hammerhead

Micropiles

S1-38 to S1-40

2-span continuous,
Two Track Guideway

91’-7 1/8” – 92’-10 1/4”

Curved Steel Plate Girder (76” web)
5 girder cross section

Typical Hammerhead

Micropiles

S1-40 to S1-43

3-span continuous,
Two Track Guideway

99’-0” – 110’-0” – 110’-0”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S1-43 to S1-46

3-span continuous,
Two Track Guideway

100’-0” – 110’-0” – 110’-0”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S1-46 to S2-01

3-span continuous,
Two Track Guideway

110’-0” – 110’-0” – 108’-0”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section for Tracks 0 and 1
2 beam cross section for Track 2
P/S Concrete Bulb Tee (33x79.5 & 33/79)
4 beam cross section for Tracks 0 and 1
2 beam cross section for Track 2

Table 11.3 Segment 1 (1st Ave) Structural Configuration
September 2019
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drilled shaft diameters will be determined during the future design
phases.
In the eastern portion of Segment 1, between Piers S1-26 and S1-44,
the viaduct runs adjacent to an unnamed tributary to Trout Run and
crosses it two locations. In this area, scour may be a concern at some
of the pier locations. Footing elevations for these piers will be
selected in accordance with PennDOT guidelines, as referenced in
the geotechnical design criteria, to provide appropriate long-term
protection from scour.

11.02.3.3 Segment 2 – Turnpike West
Segment 2 (Turnpike West) begins at Pier S2-01 which would be the
first expansion pier West of the Pennsylvania Turnpike (PA TPK).
The alignment of this segment would be a skewed (54 degrees)
tangent throughout except for the transition region from a two-track
guideway to dual single track decks on the east end of the segment
near Mall Blvd Station. The profile would be relatively flat
throughout the segment, with a crest vertical curve near the
Pennsylvania Turnpike crossing which achieves the minimum
vertical clearance over the turnpike. The structural configuration
consists of one steel plate girder unit (four spans total) and three
prestressed concrete bulb-tee beam units (nine spans total).

single track decks, necessitating a varying deck width throughout
the unit. The fourth and last unit in this segment would be a 3-span
continuous prestressed concrete bulb-tee superstructure supported
on dual hammerhead piers. Each hammerhead pier would support
an individual single-track deck, which would accommodate the
platform between the guideway at Mall Blvd Station.
For specifics of Segment 2 (Turnpike West) span arrangement,
superstructure type, and substructure type, refer to Table 11.4.
As discussed in Section 11.02.2.5, drilled shafts and micropiles are the
recommended foundations systems.

Due to the large magnitude of loading and to reduce impacts to
Turnpike travel lanes, multiple small diameter drilled shafts are
recommended to support Pier Nos. S2-02 and S2-04 and a large
diameter drilled mono shaft is recommended to support Pier No S203 due to the limited space available in the median.
Micropiles are also feasible and are drilled elements which minimizes
noise and vibrations. The micropile rigs are compact and can be
provided with low-clearance towers of less than 10 feet. Therefore,
micropiles would be the recommended foundation system for most
of the piers within Segment 2 including Pier Nos. S2-01, and S2-05
through S2-13. Inner casings will be considered at the highest loaded
piers in order to increase shear and bending resistance.

At the Turnpike West crossing, the guideway consists of a four-span
continuous superstructure with a two track deck, supported on
hammerhead piers. The hammerhead pier at the turnpike median
would be typical of PennDOT standards with constant-slope
overhangs. A pier cap with constant bottom slope would be selected
to provide the necessary vertical clearance over the Turnpike and
avoid unnecessary profile raise. A circular column of 9-6"diameter
supported on a single large diameter drilled shaft is anticipated to
reduce permanent impact to median and minimize impact to
Turnpike traffic lanes during pier construction. Piers located near
the shoulders of the turnpike would have typical rectangular
columns and curved undersides. The next unit would consist of a 4span continuous prestressed concrete bulb-tee superstructure
supported on typical single hammerhead piers with curved
undersides since there are no vertical clearances design constraints
below. Figure 11.2 shows a rendering of the guideway in this region.
The third unit would be a 2-span continuous prestressed concrete
bulb-tee superstructure supported by typical hammerhead piers.
This unit would begin the transition from two track deck to dual
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Figure 11.2 Turnpike West Rendering
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Segment-Pier

Unit Type

Span Lengths

Superstructure

Substructure
(see plans for sizes)

Conceptual Foundations
(see plans for sizes)

S2-01 to S2-05

4-span continuous,
Two Track Guideway

130’-0” – 150’-0”
– 140’-0” – 130’0”

102” Deep Steel Plate
Girder, 4 girder cross
section

Typical Hammerhead
Hammerhead -Median Pier
(S2-03)

Micropiles (S2-01 & S2-05)
Drilled Shafts (S2-02 & S2-04)
Drilled Mono Shaft (S2-03)

S2-05 to S2-09

4-span continuous,
Two-Track Guideway

112’-6” – 112’-6” 112’-6” – 112’-6”

P/S Concrete Bulb Tee
(33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S2-09 to S2-11

2-span continuous,
Two-Track Guideway

101’-0 1/2” –
101’-0 3/8”

P/S Concrete Bulb Tee
(33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S2-11 to S3-01

3-span continuous,
Dual Single-Track
Guideway

103’-2” – 103’-1
1
/2” – 103’-2”

P/S Concrete Bulb Tee
(33x79.5)
2 beams per single
guideway

Typical Double
Hammerhead

Micropiles

Table 11.4 Segment 2 (Turnpike West) Structural Configuration

11.02.3.4 Segment 3 – Mall Area

Figure 11.3 shows a rendering of the guideway in this region.

Segment 3 (Mall Area) extends from Mall Blvd Station on the
northern side of Mall Blvd to Allendale Road Station near the
intersection of Allendale Rd and Wills Blvd. The alignment of this
segment would be a combination of spiral curves, circular curves,
and tangent track. The structural configuration consists of two
prestressed concrete bulb-tee beam units (four spans total) and
seven steel plate girder units (17 spans total).

For specifics of Segment 3 (Mall Blvd) span arrangement,
superstructure type, and substructure type, refer to Table 11.5.

Due to sight distance constraints and multiple roadway intersections
on Mall Boulevard, spans traversing Mall Boulevard have been
designed to use a combination of steel straddle bents with some
concrete hammerhead piers. Round concrete columns at straddle
bent locations are anticipated to reduce the impact to adjacent
properties; column sizes and shapes will be further evaluated in
future design phases. Three-span continuous steel I-girder units are
anticipated to be used where feasible, with some units being twospan continuous. To avoid unnecessary raise of track profile, steel
girders will be designed to frame into steel straddle bents to form
span continuity. Span continuity plays as important role in achieving
natural frequency requirements and reducing live load deflections.
Span continuity also helps in transferring longitudinal forces to
multiple piers, which is beneficial.
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As discussed in Section 11.02.2.5, drilled shafts and micropiles are the
recommended foundations systems.
Multiple small diameter drilled shafts are recommended for Pier Nos.
S3-04 through S3-09 and S3-18 through S3-21. Micropiles are the
recommended foundation system for Pier Nos. S3-01, through S3-03
and S3-10 through S3-17.

11.02.3.5 Segment 4 – Turnpike East
The alignment crosses the Pennsylvania Turnpike at approximately
10-degree angle for a length of about 1,300 feet. Based on the track
alignment, nine spans would cross the Pennsylvania Turnpike, of
which, two spans also cross Route 202 Bridge at the intersection
with the Pennsylvania Turnpike. These spans would require the use
of steel straddle bents for piers. With one exception, all straddle
bents would be supported on two concrete columns with one column
in the median of the Pennsylvania Turnpike. One straddle bent (S421) would span both the Turnpike eastbound and westbound lanes as
well as the Route 202 overpass.

Spans crossing the Pennsylvania Turnpike have been designed to
reduce potential erection difficulties for the cross girder that would
span Route 202 Bridge and the Pennsylvania Turnpike. Additionally,
the configuration controls substructure forces while achieving
vibration frequency requirements.
Span continuity plays an
important role in satisfying vibration frequency requirements and
provides redundancy. A four-span continuous system of four-girder
deck cross-section is anticipated at the East Crossing. Substructure
units at this crossing are relatively tall (of the order of 50 feet) as
the guideway profile needs to provide adequate vertical clearance
over SR 0202 Bridge and the Pennsylvania Turnpike. Span
continuity also helps in transferring longitudinal forces to multiple
piers, which is beneficial. The cross girder flanked by the two larger
spans in the unit that crosses SR 0202 Bridge is anticipated to be a
rigid frame to meet the vibrational frequency requirements.
Figure 11.4 shows a rendering of the guideway in this segment.
Concrete deck slab composite with steel girders would be provided
in the spans at the Pennsylvania Turnpike East Crossing.
Other spans in this segment, that are adjacent to Pennsylvania
Turnpike, primarily consist of three-span, prestressed concrete
beam superstructure units supported on hammerhead piers.
For specifics of Segment 4 (Turnpike East) span arrangement,
superstructure type, and substructure type, refer to Table 11.6.
As discussed in Section 11.02.2.5, drilled shafts and micropiles are the
recommended foundation systems.
Multiple small diameter drilled shafts are the recommended
foundation type to use for Pier Nos. S4-02 and S4-31 and a large
diameter drilled mono shaft is recommended for Pier Nos S4-17
through S4-24. Micropiles are the recommended foundation system
for Pier Nos. S4-01, S4-03 through S4-16, S4-25 through S4-30, and
S4-32 through S4-41.
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Segment-Pier

Unit Type

Span Lengths

Superstructure

Substructure
(see plans for sizes)

Conceptual Foundations
(see plans for sizes)

S3-01 to S3-03

2-span continuous,
Dual Single Track Guideway,
Mall Blvd Station

107’-6” – 107’-6”

P/S Concrete Bulb Tee (33x79.5)
2 beams per Single guideway

Two Column Bent

S3-03 to S3-05

2-span continuous,
Dual Single Track Guideway

117’-4 1/2” – 117’-4 1/2”

102” Deep Steel Plate Girder,
2 girders per Single guideway

Integral Full-width Steel Straddle Bent

Micropiles (S3-03)
Drilled Shafts (S3-04 & S3-05)

S3-05 to S3-08

3-span continuous,
Two Track Guideway

123’-10 1/8” – 123’-10 1/2” – 123’-10 1/8”

102” Deep Curved Steel Plate Girder,
5 girder cross section

Typical Hammerhead (S3-06 & S3-07),
Integral Full-width Steel Straddle Bent (S3-08)

Drilled Shafts

S3-08 to S3-11

3-span continuous,
Two Track Guideway

128’-6 1/8” – 128’-6 1/4” – 115’-11 3/8”

102” Deep Curved Steel Plate Girder,
4 girder cross section

Integral Full-width Steel Straddle Bent (S3-09),
Typical Hammerhead (S3-10 & S3-11)

Drilled Shafts (S3-08 & S3-09)
Micropiles (S3-10 & S3-11)

S3-11 to S3-14

3-span continuous,
Two Track Guideway

109’-8 3/4” – 109’-11 1/8” – 90’-3”

84” Deep Curved Steel Plate Girder,
4 girder cross section

Typical Hammerhead

S3-14 to S3-16

2-span continuous,
Two Track Guideway

102’-7” – 102’-7”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

S3-16 to S3-18

2-span continuous,
Two Track Guideway

103’-9 1/2” – 103’-9 1/2”

84” Deep Curved Steel Plate Girder,
5 girder cross section

Typical Hammerhead (S3-17),
Integral Full-width Steel Straddle Bent (S3-18)

Micropiles (S3-16 & S3-17)
Drilled Shafts (S3-18)

S3-18 to S3-20

2-span continuous,
Dual Single Track Guideway

105-0” – 105’-0”

96” Deep Steel Plate Girder,
2 girders per single guideway

Integral Full-width Steel Straddle Bent

Drilled Shafts

S3-20 to S4-01

2-span continuous,
Dual Single Track Guideway

116’-10 1/2” – 116’-10 3/8”

96” Deep Steel Plate Girder,
2 girders per single guideway

Integral Full-width Steel Straddle Bent (S3-21),
Typical Double Hammerhead (S4-01)

Drilled Shafts (S3-20 & S3-21)
Micropiles (S4-01)

Micropiles

Micropiles

Micropiles

Table 11.5 Segment 3 (Mall Area) Structural Configuration
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Figure 11.3 Mall Area Rendering
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Segment-Pier

Unit Type

2-span continuous,
Dual Single Track
S4-01 to S4-03
Guideway
Allendale Road Station

Substructure
(see plans for sizes)

Conceptual
Foundations
(see plans for sizes)

107’-6” – 107’-6”

84” Deep Steel Plate Girder,
2 girders per single guideway

Two Column Bent (S4-01 & S403),
Integral Steel Straddle Bent (S402)

Micropiles (S4-01,
S4-03)
Drilled Shafts (S402)

122’-8” – 122’-7 3/4”

84” Deep Steel Plate Girder,
3 girders per single guideway

Typical Double Hammerhead

Micropiles

Micropiles

Span Lengths

Superstructure

S4-03 to S4-05

2-span continuous,
Dual Single Track
Guideway

S4-05 to S4-07

2-span continuous,
Dual Single Track
Guideway

114’-2” – 114’-1 1/4”

86” Deep Steel Plate Girder,
3 girders per single guideway

Typical Double Hammerhead (S405 & S4-06)
Typical Hammerhead (S4-07)

S4-07 to S4-09

2-span continuous,
Two Track Guideway

105’-0 1/2” – 103’-9 3/8”

84” Deep Steel Plate Girder,
5 girder cross section

Typical Hammerhead

Micropiles

S4-09 to S4-11

2-span continuous,
Two Track Guideway

102’-6” – 102’-6”

P/S Concrete Bulb Tee (33x79.5),
4 girder cross section

Typical Hammerhead

Micropiles

S4-11 to S4-13

2-span continuous,
Two Track Guideway

100’-0” – 100’-0”

P/S Concrete Bulb Tee (33x79.5)
4 beam cross section

Typical Hammerhead

Micropiles

S4-13 to S4-16

3-span continuous,
Two Track Guideway

100’-0” – 100’-0 3/8” –
100’-0”

P/S Concrete Bulb Tee (33x79.5),
4 girder cross section

Typical Hammerhead

Micropiles

S4-16 to S4-19

3-span continuous,
Two Track Guideway

129’-11 1/4” – 130’-0” –
130’-0 3/8”

84” Deep Steel Plate Girder,
4 girders cross section

Typical Hammerhead (S4-16)
Integral Steel Straddle Bent (S417 & S4-18)

Micropiles (S4-16)
Drilled Mono Shafts
(S4-17 - S4-19)

S4-19 to S4-23

4-span continuous,
Two Track Guideway

129’-6 5/8” – 140’-0 5/8”
– 160’-0” - 130’-0”

102” Deep Steel Plate Girder,
4 girders cross section

Integral Steel Straddle Bent

Drilled Mono Shafts

S4-23 to S4-26

3-span continuous,
Two Track Guideway

130’-0” –130’-0” –130’0”

84” Deep Steel Plate Girder,
4 girders cross section

Integral Steel Straddle Bent (S423 & S4-24)
Typical Hammerhead (S4-25 &
S4-26)

Drilled Mono Shafts
(S4-24)
Micropiles (S425 &
S4-26)

S4-26 to S4-29

3-span continuous,
Two Track Guideway

119’-11 3/8” – 120’-0” 120’-0”

78” Deep Steel Plate Girder,
4 girders cross section

Typical Hammerhead

Micropiles

S4-29 to S4-32

3-span continuous,
Two Track Guideway

110’-0” – 109’-11 3/4” 109’-11 3/4”

78” Deep Steel Plate Girder,
4 girders cross section

Typical Hammerhead (S4-29, S430 & S4-32),
Integral Steel Straddle Bent (S431)

Drilled Shafts (S431)

S4-32 to S4-35

3-span continuous,
Two Track Guideway

100’-0” – 100’-0” –
100’-0”

P/S Concrete Bulb Tee (33x79.5),
4 girder cross section

Typical Hammerhead

Micropiles

S4-35 to S4-38

3-span continuous,
Two Track Guideway

100’-0” – 100’-0” –
110’-0”

P/S Concrete Bulb Tee (33x79.5),
4 girder cross section

Typical Hammerhead

Micropiles

S4-38 to S4-41

3-span continuous,
Two Track Guideway

110’-0” – 110’-0” - 110’-0”

P/S Concrete Bulb Tee (33x79.5),
4 girder cross section

Typical Hammerhead
RC Abutment (S4-41)

Micropiles

Table 11.6 Segment 4 (Turnpike East) Structural Configuration
September 2019

11.02.3.6 Segment 5 – PECO Cut
Segment 5 falls between the viaduct carrying Segment 4 - Turnpike
East and the viaduct carrying Segment 6 - Henderson Road. As
discussed in Section 11.02, Segment 5 consists of track in retained
cut, track in open-cut, track at grade, and track supported on
retained fill sections. The retained fills adjacent to the viaduct
abutments would be supported on back to back T-WALLs.
It is anticipated the short open-cut sections would be constructed in
the residual soils of the Stockton Formation. Until site-specific
subsurface information can be obtained, it is recommended the cut
slopes should be no steeper than 2H:1V.
Secant pile walls would be used to support the retained cut section
in the middle of Segment 5. A wall would be required on the north
and south sides of the alignment. Because the existing grade would
be higher on the north side of the cut than the south side, the
northern wall would be longer than the southern wall.
After conferring with a local specialty contractor experienced in the
construction of secant pile walls, secant piles are anticipated to have
an approximate effective center-to-center pile spacing of three feet.
Once the area in front of the wall is excavated, a permanent
reinforced cast-in-place concrete facing with a nominal thickness of
one foot would be placed. The total wall system thickness, minus any
bump-outs at waler locations, would be just under five feet.
The walls would use a variety of different support methods,
depending on the depth and configuration of the cut. Where the cut
depth is low enough, the walls would be cantilevered. As the depth
of the wall increases, horizontal steel struts would be used to brace
the northern wall against the southern wall. To comply with SEPTA’s
standards, any struts would need to be a minimum of 16 feet above
top of rail, as measured to the bottom of the strut. In the deepest
portions of the cut, a single strut would not be adequate to control
wall deflections and two levels of struts would be required. It is
anticipated the struts would either be steel pipe sections or tubular
steel sections.
A cast-in-place concrete header beam would be constructed along
the top of the wall to tie the heads of the secant piles together and
help distribute loads and moments along the length of the wall.
Where struts are located near the top of the wall, they would attach
to or be embedded into this header beam. Where struts attach lower
down the wall, a steel H-section waler would be attached to the face
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Figure 11.4 Turnpike East Rendering
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of the secant piles and will serve as an attachment point for the
struts. This waler beam would be encased in the permanent cast-inplace concrete facing for the wall.
Near the west end of the cut, there is a large grade differential from
the north side of the cut to the south side, particularly between
Station 217+75 to 218+75, adjacent to the apartment complex
property. The south side of the cut would be low enough and far
enough north of the PECO right-of-way, that an open cut would be
possible here; however, some type of braced or anchored wall would
still be required on the north side of the tracks. Ground anchors are
recommended to support the northern wall at this location. It is
anticipated that three rows of ground anchors would be required.
They may need to be in the range of 50 to 60 feet in length,
depending on the subsurface conditions encountered in this area. A
permanent underground easement would be required for the ground
anchors beneath the apartment complex property.

11.02.3.7 Segment 6 – Henderson Rd
Segment 6 (Henderson Rd) starts east of the PECO Cut retaining
walls and ends before the wye.
The majority of Segment 6 would be on a tangent alignment, except
part of the first two spans of the south track (Track #2). These two
spans of Track #2 contain a spiral and a curve. Segment 6 consists
of dual single-track guideways along its entire length, each singletrack guideway has 11 prestressed concrete bulb-tee beam spans and
two steel through girder spans. In the area of the wye junction it is
anticipated that a combination of a culvert, retaining walls and a
stream realignment would be needed to continue the conveyance of
the existing channel of water. As additional survey is obtained,
hydraulic and hydrologic analysis is performed, and permitting
coordination occurs, the layout and limits of the proposed features
would be optimized.
A 225-foot station platform is proposed at Henderson Road with two
single-track guideways on each side of the platform. Vertical
circulation elements are proposed on both sides of the Henderson
Station platform. Guideways within the limits of the platform are
carried by two span structures, the east span with a span length of
120 feet is directly over the Henderson Road, while the span length
of west span is 99 feet long. The three piers that support these
guideways are also used to support the platform. The Henderson

Road span is to accommodate proposed travel lanes, sidewalks and
handicap ramps.
With the proposed track profile and required 14’-9” vertical
clearance, the available structural depth from top of rail to bottom
of beam is only 4’-6”. As prestressed concrete or steel deck girders
are not feasible at this location; steel through girders are proposed.
Through girders are fracture critical members. Bolted connections
and multiple component flange in tension zones will be considered
to provide internal member redundancy.
Inspection clearance is provided between the through girder and
platform girder with a 2-foot minimum spacing.
For specifics of Segment 6 (Henderson Rd) span arrangement,
superstructure type, and substructure type, refer to Table 11.7.
For the reasons outlined in Section 11.02.2.5, micropiles are the
recommended foundation type for support of the guideway piers in
this segment.

11.02.4

Constructability

11.02.4.1

Overview

As the guideway is located in a suburban setting and crosses over
numerous roadways, intersections, and other properties,

constructability is an important consideration for all segments. In
some segments such as Segment 2 (Turnpike West) and Segment 4
(Turnpike East), due to existing infrastructure, constructability
became the primary driver of the recommended structural elements.
For guideway deck slab construction, the following options were
considered:


Cast-in-place concrete deck



Precast concrete deck panels

Precast concrete deck construction would require less time and
coordination with agencies, roadway, and property owners.
However, if design-build is the selected delivery method the design
builder would have the option to construct the concrete decks using
CIP construction. For precast deck construction, it is anticipated that
mechanical couplers will be used to connect the deck slab to
concrete plinths and pockets would be provided in the deck slab to
accommodate the shear connectors for steel girders or shear
reinforcement in case of prestressed concrete beams. Deck panels
could be connected using longitudinal and transverse closure pours
or by longitudinal post-tensioning. Closure pours in the deck slab vs.
longitudinal post-tensioning will be further evaluated during future
phases of design.
Other constructability considerations specific to each of the
segments are described in their respective sections below.

Segment-Pier

Unit Type

Span Lengths

Superstructure

Substructure
(see plans for sizes)

Conceptual
Foundations

S6-01 to S6-03

2-span continuous,
Dual Single-Track Guideway

102’-6” – 102’-6”

P/S Concrete Bulb Tee (33x79.5/79)
2 beams per single guideway

RC Abutment (S6-01)
Typical
Hammerhead

Micropiles

S6-03 to S6-05

2-simple span,
Dual Single-Track Guideway
Henderson Road Station

94’-6” – 120’-0”

Steel Through-Girder (78.5” web)
2 girders per single guideway

Two-column bent

Micropiles

S6-05 to S6-08

3-span continuous,
Dual Single-Track Guideway

102’-6” – 102’-6” –
102’-6”

P/S Concrete Bulb Tee (33x79.5/79)
2 beams per single guideway

Typical
Hammerhead

Micropiles

S6-08 to S6-11

3-span continuous,
Dual Single-Track Guideway

102’-6” – 102’-6” –
102’-6”

P/S Concrete Bulb Tee (33x79.5)
2 beams per single guideway

Typical
Hammerhead

Micropiles

S6-11 to S6-14

3-span continuous,
Dual Single-Track Guideway

87’-6” – 102’-6” –
102’-6”

P/S Concrete Bulb Tee (33x79.5)
2 beams per single guideway

Typical
Hammerhead
RC Abutment (S6-14)

Micropiles

Table 11.7 Segment 6 (Henderson Rd) Structural Configuration
September 2019
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11.02.4.2 Segment 1 – 1st Ave
First and Moore Station and guideway between Moore Road and
American Avenue would be located on the north side of the 1st
Avenue. Construction impacts would be limited to the nearby
parking lots, and major impacts to 1st Avenue could not be
anticipated. Beam erections over Moore Road and the 1st Avenue
can be accomplished during nighttime lane shutdowns or road
detours.
Construction of guideway along American Avenue would be
coordinated with local traffic (Hotel on west side, businesses and
apartments on east side). On the south side of 1st Avenue crossing,
the guideway would be along the east side of a PECO substation.
Construction activities would be conducted in and limited to the
parking lot of Gatti-Morrison Construction Service, thus coordination
with the property owners would be essential.

11.02.4.3 Segment 2 – Turnpike West
Spans of the Pennsylvania Turnpike West Crossing are configured
such that only one pier in the median would be required. Since
straddle bents are not required at this crossing, the erection of
girders is anticipated to be performed in a more conventional way.
Erection of beams over the turnpike could be completed during one
weekend. The outage for erection of girders at West Crossing will be
coordinated with the steel erection at Pennsylvania Turnpike East
Crossing.

11.02.4.4 Segment 3 – Mall Area
It will be desirable to perform steel erection for the spans in the Mall
Boulevard area during off peak times to minimize impact to local and
mall traffic. Steel erection on the weekends and during winter
holidays are likely not preferred by the mall owner(s) as it would
inconvenience the local mall traffic more than steel erection on
nights. It is anticipated that cross girders of straddle bents would
have one or two splices depending on the length and weight, for
transportability. Constructability of spans in the mall area will be
further studied during the future phases of design.

11.02.4.5 Segment 4 – Turnpike East
Pennsylvania Turnpike East Crossing spans could be constructed
using weekend and/or weeknight outages. In one option, straddle
bents for the 3-span and 4-span units crossing the turnpike could be
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constructed during an outage of two weekends. The longitudinal
girders in these spans could be constructed during two to three
weekend closures. As an alternative, the longitudinal girders could
be erected using overnight closures; however, more overnight
closures will be required when compared to weekend closures.
Weekend closures are more desirable since the required traffic
control will remain essentially the same over the weekends and
would require less traffic control coordination with Pennsylvania
Turnpike Commission. Erection of longer straddle bents would
require simultaneous use of two large capacity crawler cranes. For
the erection of the longer cross girder, one crane would be placed
on Westbound Turnpike and the other crane would be on Eastbound
Turnpike. See Figure 11.5 for a preliminary constructability sketch of
the longer cross girder. For the erection of the shorter cross girder,
one crane would be on Westbound Turnpike, and the other crane
would be on Northbound US 202. See Figure 11.6 for preliminary
constructability sketch of the shorter cross girder. It is anticipated
that the longer cross girders will have two field splices for
transportability and to facilitate erection. Shorter cross girders are
anticipated to have one field splice. Constructability of Pennsylvania
Turnpike East spans will be further evaluated in coordination with
the Pennsylvania Turnpike Commission during future design phases.
It is anticipated that erection of Pennsylvania Turnpike East and
West Crossing spans will take place simultaneously. Erection of West
Crossing is anticipated to take significantly less time for erection due
to fewer spans crossing turnpike and as no straddle bents are
required.

11.02.4.6 Segment 5 – PECO Cut
Construction of the secant pile walls would require that shallow
concrete guide walls be installed first along each of the proposed
wall alignments. This guide wall would include cardboard, foam, or
similar knockouts for each individual pile location and helps to
maintain the alignment and spacing of the piles and wall. The drilled
shaft rig would need to straddle each guide wall during installation
of the secant piles. This would require a graded, level working area
of up to approximately 15 feet in width, centered on each wall
alignment. Where the northern wall alignment works its way up the
slope below the apartment complex parking lot, temporary benching
and/or excavation support may be required to facilitate access and
operation of the drilling equipment.

At the south secant pile wall, much of the alignment is proposed to
be near the adjacent PECO transmission lines. Due to the close
proximity of the wall alignment to the closest conductor wire, much
of the secant pile drilling work would need to be performed during
an outage of that transmission line. PECO typically does not allow
such scheduled outages to occur during the warm summer months
due to increased power demands, so the southern wall piles may
need to be installed during the fall, winter, or early spring.
The wide flange sections required to reinforce the secant piles may
need to be up to approximately 70 feet long. Lifting and lowering
these sections into the drilled pile holes may be a concern when
working close to the conductor wire. If PECO determines this is not
permissible due to safety considerations, the piles may have to be
installed in two sections and spliced in the field.
Based on the assumed subsurface profile along the PECO cut,
significant depths of rock drilling for secant piles and subsequent
mass rock excavation would be required to achieve the proposed
alignment grade. Blasting is not recommended as nearby and new
secant wall structures would be adversely affected. It is anticipated
that mass rock excavation would be performed with hoe rams, rock
splitters, air powered tooling, and/or other mechanical means such
as pre-splitting.
This process would be both time/schedule
consuming and loud due to the rock excavation techniques.

11.02.4.7 Segment 6 – Henderson Rd
Guideway at Henderson Road runs parallel to the existing Saulin Blvd
located to its north side, and existing PECO high voltage power lines
located to its south side. On the west side of Henderson Road, an
existing PECO substation that is directly under the proposed
guideway would be relocated. The guideway beam erection in this
area would likely be performed from the north side of the guideway.
On the east side of Henderson, an existing storage facility would be
replaced with a proposed parking lot. The area could be used as
contractor’s staging area before parking lot is built. Beam erection
for the guideway in this area would be performed from between
Saulin Blvd and the guideway to avoid crane boom getting too close
to the PECO power lines.
For spans over Henderson Road (spans for dual single guideways
and one platform), nighttime lane shutdowns or road closure would
be required to erect guideway and platform girders.
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Figure 11.5 Turnpike East Crossing Straddle Bent Constructability – Cross Girder Erection
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Figure 11.6 Turnpike East Crossing Straddle Bent Constructability – Cross Girder Erection
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11.03

Stations

The 15% design includes five new stations. The track alignment
would extend from the terminal near the Valley Forge Casino
eastwardly toward the tie-in with the existing Norristown High Speed
Line (NHSL). The stations would be located on elevated guideway
necessitating aerial platform structures. Moving eastwardly from
the Valley Forge Casino termination, the stations are First and
Moore, First and American, Mall Blvd, Allendale Road, and Henderson
Road. Additionally, the existing 69th Street Transportation Center
platform and building structure is proposed to be modified to
accommodate the additional train volumes associated with the
proposed King of Prussia rail extension.
Preliminary structural design concepts have been developed to meet
the design criteria established for this project. For critical elements,
including long-span platform support girders and vertical circulation
tower framing and lateral bracing, preliminary design calculations
were performed to determine the adequacy of the proposed design.
These proposed station structures have been coordinated with the
15% design for civil, track, architectural, MEP, guideway structure,
and rail systems elements.
Proposed structure for the new stations consists of island platforms
and canopies supported by long-span platform girders aligned with
the guideway girders. Vertical circulation towers would be provided
at each end of the platforms.
This section includes a general discussion of the design criteria and
constraints (Section 11.03.1), a description of the design approach,
(Section 11.03.2), and a summary of the recommended structures
(Section 11.03.3).

11.03.1

Design Criteria and Constraints

A stations structural design criteria specifically for the SEPTA King
of Prussia Extension was created. It is based on principles from
various guiding documents including, but not limited to, the SEPTA
Structural Design Criteria and Guidelines (2018) and the
International Building Code (2015).
In addition to listing required design loads and material properties,
the Design Criteria provides guidance for:


Allowable live load deflections for boarding platforms
following ADA criteria
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Allowable wind load drifts for the vertical circulation towers



Allowable wind load deflections for structures supporting
glass walls



Natural frequency of platform girders and stair stringers

Refer to Section 3.0 of the structural design criteria included in
Appendix 11a. The design criteria represents the basis of design for
the 15% submission.
A design constraint for the long-span platform girders is compliance
with the Americans with Disabilities Act (ADA) deflection
requirements. ADA requires new stations built such that the vertical
distance between top of station platform and train floor shall not be
greater than 5/8”. Additionally, site constraints at Henderson Road
station limit platform girder depths.
SEPTA prefers a 2’-6” minimum clear spacing between adjacent
girders for future inspection access; however, SEPTA has stated the
absolute minimum clear spacing is 2’-0”. The proposed system at
Henderson Road station shows a 2’-0” clear space between
guideway thru-girder and perimeter platform girder. A wider gap is
not recommended as this would require the platform girder spacing
to be reduced and platform slab cantilever to be increased.
Additionally, the tightness of the platform girders to platform
centerline makes them susceptible to torsional deflections due to
uneven platform loading. See additional discussion in Section
11.03.3.3.2.
The proposed station platforms vary in height above the ground with
First and American being the tallest at 44 feet. This height would
require tall vertical circulation towers. The width of these towers,
located at the ends of the island platforms, is constrained as they
must fit between the guideway structure supporting Track 1 and the
guideway structure supporting Track 2. Tall narrow towers are
susceptible to drifts due to lateral loads. Lateral drift must be
controlled to protect the glass enclosures envisioned by the
architectural designers from damage.

11.03.2

Design Approach

The 15% preliminary design was performed in accordance to the
project specific Design Criteria as presented in Section 11.03.1.

Station structure concepts were coordinated with the civil, track,
architectural, MEP, guideway structure, and rail systems disciplines.
One critical element coordinated for this 15% design was ensuring a
viable path is provided for track system’s conduits to extend thru the
station and access to the proposed platform level communication
rooms is provided.

11.03.2.1

Platform Girders

Loads considered on the platform girder included snow and wind
loads on the canopies/wind screens, dead load of structures,
pedestrian live loads, and miscellaneous loads for building MEP and
system’s cabling supported by platform girders. Additionally, dead
load for a snow melt system (5” thick concrete slab on top of 2” thick
insulation) has been included in the design for all stations except
Henderson Road. Unique designs would be required at Allendale
Road and Henderson Road station as the proposed rail profile and
road grading limits the available structure depth.
Special attention has been given to the anticipated live load
deflections of the proposed long-span platform girders. As noted in
Section 11.03.1, the platform boarding surface must comply with
Americans with Disabilities Act (ADA) deflection requirements. Live
load deflection for the platform girders and cantilever slab was
considered. Torsional effects due to uneven pedestrian loading was
also considered at Henderson Road Station. See Table 11.8 for
station platform configurations for the five proposed stations.

11.03.2.2 Vertical Circulation Structures
11.03.2.2.1

Framing

A 3-D structural analysis model was created for the vertical
circulation tower at 1st and American to study the proposed
structural framing system. The structure at this station was chosen
since it is the tallest tower based on the proposed rail profile and civil
grading. Special attention is given to the tower’s lateral stiffness.
Tower drift must be controlled to protect both the elevator
equipment and glass curtain walls proposed for use. Potential
locations of lateral bracing lines were coordinated with the
architectural designers.

11.03.2.2.2 Pedestrian Bridges
At Allendale Road Station, two pedestrian bridges are proposed to
connect the west vertical circulation tower to the existing King of
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Platform
Station
Width (ft)

Number of Girders @
c/c Spacing

Slab Cantilever

Girder Spans

Girder Type

Span Configuration

Snow Melt System

First and Moore – Island Platform

20

3 @ 6’

4’

103’-6”, 103’-9”, 103’-6”

Bulb-tee

Cont. Type A, composite
(see note 1)

yes

First and Moore – Run-out Platform

12

2 @ 5’

Track side 4’, exterior 3’

103’-6”, 103’-9”, 103’-6”

Bulb-tee

Cont. Type A, composite
(see note 1)

yes

First and American

22

3 @ 7’

4’

107’-3”, 107’-3”

Bulb-tee

Cont. Type A, composite
(see note 1)

yes

Mall Blvd

24

3 @ 8’

4’

107’-3”, 107’-3”

Bulb-tee

Cont. Type A, composite
(see note 1)

yes

Allendale Road

24

3 @ 8’

4’

109’-7 1/2”, 104’-10 1/2”

Welded built-up steel
girder

Cont. Type B, composite
(see note 2)

yes

Henderson Road

22

3 @ 4’-8”’

6’-4”

94’-6”, 120’-0”

Welded built-up steel
girder

Cont. Type C, noncomposite (see note 3)

no

Note 1) Cont. Type A, composite indicates preliminary girder design based on:
• simple spans for girder, diaphragm, and concrete slab self-weight
• continuous spans, composite design, for platform snow-melt slab and canopy self-weight dead load, and canopy and platform live loads
Note 2) Cont. Type B, composite indicates preliminary girder design based on:
• simple spans for girder, diaphragm, and concrete slab self-weight
• continuous spans, composite design, for canopy self-weight dead load, and canopy and platform live loads
Note 3) Cont. Type C, non-composite indicates preliminary girder design based on:
• simple spans for girder, diaphragm, and concrete slab self-weight
• continuous spans, non-composite design, for canopy self-weight dead load, and canopy and platform live loads

Table 11.8 Station Platform Configuration
Prussia mall and the northwest corner of Allendale Road and Wills
Road. The steel truss bridge structure leading to the mall would be
supported on single concrete piers spanning across the mall parking
lot. An additional stair tower would be located at mid length of the
bridge to provide access to the parking lot. Similarly, a pedestrian
bridge structure would span across Wills Road to connect the Costco
parking lot with a vertical circulation tower that contains stairs and
an elevator. The enclosed bridge structure would incorporate
vertical truss framing with floor beams and top chord cross beams.
The concrete deck would span over the floor beams.
A pedestrian bridge would also be constructed at First and Moore
Station and Mall Blvd Station to connect the station to the proposed
parking garage and existing parking lot, respectively. The framing
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for this bridge is similar to the pedestrian bridge description for
Allendale Road Station.

11.03.2.2.3 Foundations
Utilizing existing subsurface data, provided in Section 10.01, conceptlevel stratigraphy and engineering properties of soil and rock were
developed to facilitate foundation recommendations within each
segment of the project. A foundation footprint for the vertical
circulation structures is established to identify boundary dimensions
between the guideway foundations and aid in selecting a
recommended foundation system.
Recommended foundations are determined based on existing
subsurface information, loading, site constraints between the

guideway foundations, and geology. See Section 11.02.2.5 for
additional information. The following foundation systems were
considered for the station elements:


Driven Piles



Drilled shafts



Micropiles

11.03.2.3 69th Street Transportation Center – Retaining Wall
A retaining wall would be required at the 69th Street Station to
support a fourth track and a wider platform from impacting bus
circulation, the existing substation, and the maintenance yard. The
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wall would be approximately 10 feet tall and would require a
pedestrian protective fence on top. The wall would be constructed
to contain fill with limited excavation required. The existing
topography is predominately level in this area and any required
temporary excavation support would be minimal. The recommended
wall type will likely be a precast T-WALL or another type of
prefabricated modular wall. These wall types are cost effective in fill
areas and will limit impacts during construction in the limited
construction area available.

11.03.3

Summary and Recommendations

11.03.3.1

Overview

Proposed structure for the new stations consists of island platforms
supported by long-span platform girders aligned with the guideway
girders. The guideway and platform girders are supported by single
or multi-column bents. Towers at each end of the 225-foot long
platforms provide vertical circulation via stair towers and elevators.
The vertical circulation towers would be supported on foundations
separate from the guideway structure. Expansion joints at platform
level would allow movement between the guideway supported
platform structure and the vertical circulation towers. The terminal
station at First and Moore is unique in that it would include a side
platform for additional service platterns and an island platform with
a slightly smaller width than the typical stations.

11.03.3.2 Canopies
Each station would have a roof canopy structure that protects the
platform surface and station users from inclement weather. At each
station the proposed platform canopy would the full length of the
platform and would be supported by pairs of Hollow Structural Steel
(HSS) columns spaced at 16’-0” c/c along the length of the canopy.
Proposed canopy column pairs consist of two galvanized and painted
Rectangular HSS members spaced at approximately 6’-0”, centered
on the platform centerline, and would be supported by diaphragm
beams between platform girders. At the low-point of the canopy
roof, in the center of the platform, the clearance above the top of
platform slab is would be 9’-0”. At the ends of the platforms, in order
to meet the edge of the vertical circulation structures, the canopy
roof would cantilever a minimum of 8’-0” and maximum of 9’-0”
beyond the last canopy column pair.
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11.03.3.3 Platforms
11.03.3.3.1

Typical Station

Prestressed concrete PennDOT Bulb-Tee beams are proposed for
First and Moore Station, First and American Station and Mall Blvd
Station in order to be consistent with guideway superstructure.
Guideways and platforms at these locations would have tangent
alignments. Width of platform varies from 22’-0” to 24’-0”. The
platform length is 225 feet except at the terminal station, First and
Moore, where a longer platform would be required due to the rail
buffer stop location. The two-span, composite, precast, prestressed
concrete PennDOT Bulb-Tee beam and 8” reinforced concrete deck
superstructure would be supported on three cast-in-place reinforced
concrete pier bents. A three-girder framing system would be used.
With a four-foot overhang (from center line of beam to edge of
platform) on each side, three girders are set at equal spacings
symmetrical about and parallel to the centerline of platform. Girder
spacing would be 7’-0” for 22-foot platforms and 8’-0” for 24-foot
platforms. A 7” minimum snow-melt overlay with 5/8” heating
tubing and 2” thick insulation embedded within would be poured on
top of 8” thick structural reinforced cast-in-place concrete slab. The
top of snow-melt overlay (finished platform top) would be sloped 1%
toward the trench drain to be placed along the center line of
platform. See Figure 11.7.
Load and Resistance Factor Design (LRFD) Methodology was used
for the beam design and deflections have been calculated using
service loads. Each of the two superstructure spans were designed
simply supported for beam, diaphragm, deck form, haunch & slab
fresh concrete dead loads, and continuous for platform snow-melt
overlay dead load, canopy dead load, canopy live load, canopy snow
load, canopy wind load and platform live load. The beams were
designed for a skew angle of 0° (AASHTO). Two lines of fixed
bearings were specified at the center pier and a single line of
expansion bearings has been utilized at each outer pier. A control
deck joint was designed to be used along the centerline of the center
pier and expansion joints at both ends of the platform. Platform
canopy columns would be supported on 1’-4” wide by 3’-0” deep castin-place concrete beam diaphragms. An 8” platform structural deck
slab would to be constructed before erection of canopy columns.
Adequate openings would be blocked out in deck slab to facilitate
installation of canopy columns with integral (welded) base plates.
Trench drain runoff drain pipe and utility conduits would also be
supported by diaphragms that will be spaced at 16 feet to match the

canopy column spacings. A steel angle hanger support would be
installed on each side of a beam diaphragm to limit the utility support
spacing within 10 feet.
Typical platforms girders were checked for deflection under a
uniform pedestrian load of 150 psf and found to be compliant with
ADA criteria.

Figure 11.7 Platform Typical Section

11.03.3.3.2 Platforms – Allendale Road Station
Roadway clearance above Allendale Road requires Allendale Road
Station to have a unique design. While the overall layout is similar to
the other stations, the proposed platform girders consist of steel
welded built-up girders spanning between concrete guideway piers.
An integral full width steel straddle bent would be employed at the
center pier of the station (Pier S4-02 at Station 270+35.32) to span
over Allendale Road. The pier layout at this station could create
uneven spans for the platform girders. The longer span length would
be 110 feet and the shorter span length would be 105 feet, measured
from center line of pier to center line of pier for both spans.
The 24’-0” wide platform would be supported on three identical
girders spaced at 8’-0” symmetrical to the center line of platform.
There would be a 4’-0” overhang (measured from center line of
fascia girder to edge of platform) on each side of the platform. The
platform would be overlaid with 7” minimum concrete overlay,
reinforced with welded steel mesh fabric, to accommodate snow
melting system and insulation. To facilitate drainage, top of finished
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platform would be sloped 1% toward a trench drain located along the
center line of the platform. Canopy columns would be supported on
W40x149 girder diaphragms spaced at 16-foot interval to match
canopy column spacing. Canopy columns would pass through the
deck with embedded sleeves. Removable deck forms would be
utilized.

The pier layout at Henderson Road would create uneven spans for
the platform girders. The long span condition would be 120’-0” and
the short span would be 99’-0”. The girders would support a 22’-0”
wide cast-in-place concrete platform slab on stay-in-place forms. The
platform girders would be located towards the center, spaced at 4‘8” from centerline to facilitate the guideway through-girders. The
platform slab would cantilever over the guideway girder with a
cantilever length of 6’-4” from girder centerline. The slab would be
sloped from its perimeter edges towards the centerline of the
platform where a trough drain facilitates removal of water from the
slab surface. See Figures 11.9 and 11.10.

Figure 11.8 Platform Typical Section
In order to maintain consistency with guideway superstructure steel
welded built-up girders were selected. Dead load from steel girders
is considerably lower than dead load from prestressed beam for the
same span length which provides an advantage for straddle bent
design. A two-span continuous composite design was used for girder
design. Girder continuity and deck girder composite behavior
provides benefit of reducing pedestrian live load deflection. If
preferred over a composite system, a non-composite design could
be utilized in the next phase per SEPTA’s direction. A uniform girder
dimension has been maintained for both spans. Preliminary girder
size considered is 64” deep with 2” thick x 18” wide flanges and 3/4”
thick web.

Figure 11.9 Henderson Road Station (Platform Only)

Platform slab cantilever length increases resulting in larger
deflections



Vertical deflections at the platform edges due to torsional
effect will increase as platform girders are pushed closer to
platform centerline.

11.03.3.3.4 Support at Guideway Bents
The platform girders are proposed to be supported by an
elastomeric bearing pad to bear on the concrete piers. This pad
would either be a fabric reinforced style pad or a neoprene rubber
pad. The bearing would be selected to help provide vibration
isolation between the platform girders and guideway structure.
Bearings on the center bent would be fixed for expansion, whereas
bearings on the exterior bents would be expansion bearings.

11.03.3.3.3 Platforms – Henderson Station
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The proposed system has been sized to meet ADA deflection criteria.
As noted in Table 11.9, for the extreme load condition considered
(non-uniform 150 PSF), differential deflections in excess of 5/8” are
still seen with the proposed system when guideway deflections are
based on empty cars.

The platforms were checked for deflection under a uniform
pedestrian live of 150 psf and found to be compliant with ADA
criteria.

Roadway clearance above Henderson Road and the proximity of the
guideway through-girders requires Henderson Road Station to also
have a unique design. While the overall layout is similar to the other
stations, the proposed platform girders would consist of steel,
welded built-up girders spanning between concrete guideway piers.

above, site constraints limit the platform girder depth. The
preliminary girder size considered is 86” deep with 3 1/2” thick and
22” wide flanges. Size is selected for serviceability to meet ADA
deflection criteria. A non-uniform load case is considered in the
preliminary design to calculate additional vertical deflections due to
“twisting” of the cross section. This load case models the condition
when a train pulls up to a platform full of passengers who are
“crushing” to get on a train. This “twisting” effect would be more
pronounced at Henderson Road as the girders are pushed toward
the platform centerline to clear the guideway thru-girders. The
platform girders have been designed to provide 2’-0” clear to the
guideway girders. This allow for future inspection of both girders.
SEPTA’s response to DRFI 41 indicated that 2'-6" clear would be
more accommodating for future inspections. Increasing the clear
distance negatively impacts the proposed design as:

Figure 11.10 Henderson Road Station Section (Platform and
Guideway

Reinforced concrete pilasters are provided on top of the guideway
support bents to provide the proper bearing elevation for the
platform girders.

Design is controlled by platform deflections. ADA requires new
stations built such that the vertical distance between top of station
platform and train floor shall not be greater than 5/8”. As noted
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11.03.3.4.2 Foundations
Driven pile foundations are not recommended due to the associated
concerns with karst within the Ledger and Elbrook formations and
the potential for damaging ground-borne vibrations. Drilled shafts
are feasible; however, they are not recommended due to the large
quantity of spoils, larger drilling equipment, and higher costs.
Additionally, the vertical circulation structures are lightly loaded and
drilled shafts would have unnecessary excess resistance.
Micropiles are the recommended foundation system for the reasons
discussed within Section 11.02.2.5 and will have diameters ranging
from 9.625-inches to 12.75-inches.
Table 11.9 Guideway and Platform Deflections

11.03.3.4 Vertical Circulation Structures
11.03.3.4.1 Framing
Vertical circulation structures would be located at the ends of the
station platforms and house stairs and passenger elevators. Typical
stations would have these structures at each end of the platform,
although at First and American station one end will be a secondary
system with only stairs and no elevator.
Preliminary analysis was completed on the structures and braced
frames are used in order to limit deflection and horizontal drift of
the towers. Structure for these towers consists of HSS columns, wide
flange floor beams, and bracing members.
Coordination with architecture will be instrumental in finalizing
bracing type and locations as design progresses. Structural design
of vertical circulation structures is projected to be governed by drift
limits and available space between the guideway structures.
Deflection and drift limits will likely be controlled by the deflection
parameters of the glazing system. Structure for the stair towers
consists of HSS columns supporting horizontal HSS purlins which will
support the architectural curtainwall systems.
The vertical
circulation structure at First and American station will be the
controlling design since this station is the greatest height above
grade.
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Lateral study of tall, but relatively light, steel towers indicate a
significant overturning moment is produced, based on wind loading
criteria of ASCE 7-10. The overturning moment can be resisted by a
two-foot thick concrete mat with deep foundations. Given the Karst
topography in the area, deep foundations will likely be required to
provide an adequate foundation design. Further design and analysis
will be completed pending site-specific geotechnical investigations.
Foundations have been preliminarily sized in order to provide
footprint information for coordination with guideway and site design
and architecture.

11.03.3.5 69th Street Transportation Center - Site Work and
Platform Renovations
11.03.3.5.1 Retaining walls
Selection of the recommended wall type will be developed based on
subsurface information and detailed cost estimates for future
phases of design. Final wall layout will be developed when the final
platform length is selected. See Section 11.02.2.5 for additional
information.

11.03.3.5.2 Replacement of Platform 4
Proposed replacement includes full removal of existing platform
panels, replacement with new precast concrete panels to widen
existing platform to 17'-0" width. New platform panels would be
supported on existing foundations, where they exist. New drilled
piers and grade beams, or other foundation system, would be
installed to support new width of platform panels.

The new platform would service track 3 and new track 4. New track
4 would require additional area to be backfilled up to required track
height and new retaining wall to brace against higher backfill area.
Wider platform would also require the demolition of the existing CMU
screenwall and existing canopy. Existing CMU screenwall would be
demolished to top of retaining wall. Retaining wall would be
abandoned and new drilled piers shall be placed adjacent to existing
retaining wall. New double width steel canopy would be installed,
cantilevered from new grade beams.

11.03.3.6 69th Street Station Transportation Center – Building
Modifications
11.03.3.6.1 Platform Level Expansion at Northwest Corner for
Paid Area to Platform 4
Proposed plan includes demolishing exterior wall at northwest
corner and extending slab to end of future platform 4, creating
additional interior space for paid area and providing larger exit doors
to access platform. Expansion plans also include demolition of
existing load-bearing CMU wall to create more open space. The loadbearing CMU wall currently supports existing roof trusses which are
to remain.
The proposed structure would require new foundations and
structural steel framing with 6” concrete slab to match the existing.
Demolition of the existing CMU wall would require installation of new
posts and lintels to support the existing roof structure. The existing
steel floor beams would require strengthening due to the
concentrated loads from the new posts.

11.03.3.6.2 Infill of existing staircase
The existing staircase consists of hung structural steel framing with
concrete stairs and stair landing. The existing staircase is enclosed
on three sides at platform level by slab-supported CMU walls. The
proposed plan includes demolishing stair framing and infilling
opening to create a new open area for entry turnstiles at platform
level. New open area would require the demolition of north and
south CMU walls.
Infill of the stair opening would require strengthening of the floor
beams to the south and east of the opening as well as the column.
Demolition of the south walls would require new posts and lintels
above to support the existing roof framing on both sides of the
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expansion joint. Additionally, an existing slab opening south of the
stair infill would require infill.

11.03.3.6.3 New emergency stair at east side of building
The proposed new stair would provide access to grade level from
platform level. It would require the demolition of a portion of the
exterior wall at the east side at ground level. It currently also would
require removal of existing platform level steel floor beam and slab
above this portion of east wall, as well as demolition of existing loadbearing CMU wall at platform level for installation of new doorway.
The proposed new stair would require new foundations and
structural steel framing for stairs. It is recommended that the
existing floor beam and slab remain, as it is required to brace
columns that will not be removed. It is also recommended that the
new doorway at platform level be relocated to an existing wall
opening in lieu of demolishing the corner of the load bearing walls
supporting existing roof trusses.

11.03.3.6.4 Partial demolition of wall and pilaster at center
stair to remain
The existing staircase is enclosed on three sides at platform level by
CMU walls. The proposed plan includes demolishing a portion of the
north CMU wall at the top of staircase.
There appears to be a pilaster at the end of the wall that would be
removed. The status of the existing roof structure is unknown;
therefore, a new post may be required to replace the existing
pilaster. Additional study of existing structure, including limited
destructive demolition, is required in further phases of design.

11.03.3.6.5 Demolition of walls at southwest corner of existing
building
The status of the existing structure supporting the walls in the
southeast corner is unknown. The design includes demolishing
existing walls and adding new posts and lintels in order to open up
area. However, additional structural study, including limited
destructive demolition, is required.

11.03.3.7 First and Moore Station Retaining Wall

Ave parking lot. The wall is perpendicular to First Ave and supports
the west side of the 1100 First Ave parcel at a higher elevation than
the adjacent 1150 First Ave parking lot. The wall is constructed of
concrete masonry units with an architectural finish, is approximately
700 feet in length, and has a maximum exposed height of
approximately 7 feet near its midpoint.
Vehicular traffic circulation for the First and Moore Station would
require a driveway directly adjacent to the existing retaining wall,
and it is recommended that the wall be replaced to maintain a design
life consistent with the rest of the station facilities. Replacing the
wall would also allow for changes in grading that may be required for
the new driveway. It is anticipated that the new retaining wall will be
a Redi-Rock segmental block wall or a prefabricated modular TWALL.

11.03.3.8 Henderson Road Retaining Wall
At Henderson Road Station, a retaining wall would be required to
accommodate the cut area for the proposed parking lot and
relocated PECO substation on the west side of Henderson road. It is
anticipated that the new retaining wall would be a Redi-Rock
segmental block wall or a prefabricated modular T-WALL. The wall
design will be advanced once proposed grading is established for
these facilities in future phases of design.
East of Henderson Road, another parking lot is proposed on the
south side of Saulin Blvd. It is anticipated that combination of cut
and fill retaining walls would be required to accommodate the
grading for this parking facility. Additionally, there are existing cut
and fill segmental block retaining walls at the site that would likely
need to be replaced as part of the parking lot site development. It is
anticipated that the new retaining walls would be Redi-Rock
segmental block walls or prefabricated modular T-WALLs. The wall
designs will be advanced once proposed grading is established for
this facility in future phases of design.

11.03.3.9 Mall Blvd Station Culverts
Two culverts are required near the guideway below the parking lot
access roads. They will be designed in future design phases. See
Section 6.0 (Civil) for further information.

Currently, there is a retaining wall that separates the future First and
Moore Station parcel at 1100 First Ave from the adjacent 1150 First
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12.0 Electrical
12.01

Introduction

This section describes the criteria, methodology, and approach to
electrical and lighting design for the stations, garage, and site for the
King of Prussia Rail Extension. The 15% design addresses main and
emergency power requirements for all stations. Following design
phases will include preliminary power and lighting plans for the
entire project.

12.02

Design Approach

The design follows the SEPTA Regional Rail Station Design
Guidelines and the KOP Extension DEIS Design Criteria (Appendix
3a). For a detailed list of all applicable codes, design standards and
design guidelines refer to the Stations Design Criteria in Appendix
5a.

12.02.1

Passenger Station Electrical

Each station will have a designated electrical supply room. The room
will have distribution panels for the major electrical equipment, such
as elevators, platform snow-melting equipment, and additional
panels. A separate panel will serve the station lighting and its control
system. The lighting control system will control the lights to
minimize energy usage and meet all SEPTA and IES requirements.
All stations will be supplied at 480V from PECO transformers.
Separate step-down transformers and panels will be provided for the
120V and 208V loads. Primary electrical service will be a PECO
service connection.
In case of loss of power from the utility company, there must be
some form of contingency for power to meet the requirements of
station egress, provide lighting for passenger safety and ease,
provide movement of elevators that serve in the path of egress, and
provide support for emergency communications. A natural gaspowered generator will be adequately sized to support life-safety
loads, including the elevator, station emergency lighting, and
communication and critical loads. For locations with multiple
elevators, elevator power from the emergency generator will
alternate to supply only one elevator at a time to minimize the
generator size requirement.

A separate service room for communications and computer
equipment will be provided. A UPS will supply power to critical
computer, control, and communication loads.
The lighting systems will provide adequate illumination for the
station that complies with lighting standards listed in Appendix 5a.
LED technology is proposed for all locations, including electrical,
mechanical, storage, and control rooms. The lighting control will be
photocell based for station lighting, where lighting will activate
during low ambient light conditions, typically activating at dusk and
deactivating at dawn. The lighting for elevator control, electrical,
mechanical, and communication/control rooms will be controlled by
either a local switch or occupancy sensor.
The proposed design of the lightning protection system shall
conform to the standards found in UL96A and NFPA 780. The design
parameters and materials for the lighting protection system depend
upon the building class category under which the building intended
to be protected falls. The grounding electrode that channels the
lightning current to the earth is a grounding triad. The grounding
triad is connected to a ground ring serving as a utility grounding
electrode. This ensures that all grounding-relating equipment at the
station will be at the same potential and provides more connectivity
to the earth, which allows for greater dispersing of the lightning
current to the earth. The station grounding system will be
coordinated with the traction power grounding system.
Platforms will be designed to include a hydronic heating system
fueled by natural gas. Electrical requirements for this system will be
limited to pumps, controls and boilers. The platform heating system
will not be active during loss of the utility electrical service.
The roof gutters and downspouts will be heat traced to prevent the
accumulation of ice.

12.02.2

Parking Garage Electrical

The garage will have a designated electrical supply room. The room
will have the distribution panels for the major electrical equipment,
such as elevators and additional panels. A separate panel will serve
the lighting and its control system. Power will be supplied at 480V
from a PECO 13.2kV transformer. Separate step-down transformers
and panels will be provided for the 120V and 208V loads.
If there is a loss of power from the utility company, there must be
some form of contingency for power to meet the requirements of
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garage egress, provide lighting for safety and ease, provide
movement of elevators that serve in the path of egress, and provide
support for emergency communications. Considering these factors,
a natural-gas-powered generator will supply backup power for all
life-safety and critical loads. This generator will be shared with the
adjacent station and adequately sized to support the required loads
for both the station and garage. The loads to be supplied by the
generator include the elevator, emergency lighting, and
communication and computer loads. The emergency generator will
alternate to supply only one elevator at a time to minimize the
generator size requirement.
A separate room for communications and computer equipment will
be provided. A UPS will supply power to critical computer, control,
and communication loads.
The lighting systems will provide adequate illumination for the
garage that complies with lighting standards listed in Appendix 5a.
LED technology is proposed for all locations including electrical,
mechanical, storage, and control rooms. The lighting control will be
photocell based for garage lighting, where lighting will activate
during low ambient light conditions, typically activating at dusk and
deactivating at dawn. The lighting for elevator control, electrical,
mechanical, and communication/control rooms will be controlled by
either a local switch or occupancy sensor.
The proposed design of the lightning protection system shall
conform to the standards found in UL96A and NFPA 780. The design
parameters and materials for the lighting protection system depend
upon the building class category under which the building intended
to be protected falls. The grounding electrode that channels the
lightning current to the earth is a grounding triad. The grounding
triad is connected to a ground ring serving as a utility grounding
electrode. This ensures that all grounding-relating equipment at the
station will be at the same potential and provides more connectivity
to the earth, which allows for greater dispersing of the lightning
current to the earth. The grounding system will be coordinated with
the traction power grounding system.

12.02.3

Site Lighting

The site lighting systems will provide adequate illumination for the
site that complies with lighting standards listed in Appendix 5a. LED
technology is proposed for all sites. The lighting control will be
photocell based for site lighting, where lighting will activate during
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low ambient light conditions, typically activating at dusk and
deactivating at dawn. The lighting system illumination area will
include garage, parking, and pedestrian areas within the project
limits.

12.03

Proposed Electrical System

12.03.1

Passenger Station

A utility owned 13.2kV transformer will be located outdoors at the
stations to provide the stations with 400A 480V three-phase power
service. This service will supply the main distribution panel in the
electrical room.
The electrical room will have the following panels:


MDP – Main Distribution Panel



GP-1 – Generator Panel



PP-1 – Mechanical Panel



LP-1 – Lighting Panel



RP-1 – Normal Power Panel



ERP-1 – Emergency Power Panel (Essential Loads)



ERP-2 – Emergency Power Panel (Standby Loads)



ELP-1 – Emergency Lighting Panel

Additionally, power and lighting plans along with schedules and
details will be developed for the modification to 69th Terminal in the
30% design.

12.04.2

Parking Garage Electrical

The electrical and lightning protection plans for the parking garage
at 1st and Moore will be developed for the 30% design submittal. The
garage will share the utility service and generator with the
passenger station.

12.04.3

Site Lighting

Site lighting for the entire project limits will be developed in the 30%
design submittal.

Three dry-type indoor transformers will be housed in the electrical
room for 120/208V normal and emergency loads. Two automatic
transfer switches are included in the electrical room for Essential
and Standby load transfer.
Each station will have a natural gas-powered 100kW emergency
generator for supply of essential and standby loads during a power
outage.

12.04
12.04.1

Summary & Recommendations
Passenger Station Electrical

Station power, lighting and lightning protection plans along with
schedules and details will be developed in the 30% submittal.
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13.0 Mechanical/Snowmelt

13.04

13.01

13.04.1

Introduction

This secion describes the criteria, approach, and methodology used
for the mechanical design of the HVAC and snowmelt for the
stations, parking garage, and adjacent operator and passenger
facilities for the King of Prussia Rail Extension. This 15% design
shows the general approach for each station on the system, with the
exception of the parking garage.

13.02

Design Criteria and Constraints

The mechanical and snow melt design reflects an application of code,
industry standard, and SEPTA design criteria. Refer to Appendix 5a
for a complete list of codes and standards and Appendix 3a for KOP
Extension DEIS Design Criteria.

13.03
13.03.1

Design Approach
Station HVAC

Summary & Recommendations
Future Work

Between 15% and 30% system sizes, including parking garage
exhaust, will be refined on acceptance of station programmatic
layouts and development of architectural material selections. This
will affect electrical loads and allocated utility spaces.
Development of preliminary snowmelt, refrigeration, vent, and duct
layouts will be developed for 30% design. This effort will focus on
the vertical piping runs between the boiler rooms and guideway as
well as aesthetic impacts such as louvers and exposed mechanical
elements.
Last, while system control strategies will be developed after 30%, it
is essential that the need for remote monitoring and trending of data
as well as annunciation of alarms such as electrical room high
temperature or sump high level be determined prior to 30% for
coordination with communication system design.

Each station will be provided with heating, ventilating and air
conditioning systems to support the station operation. All utility
spaces will be heated above freezing and cooled or ventilated
depending on the equipment requirements. Passenger areas will not
be temperature controlled except the enclosed waiting area. The
parking garage will be provided with an exhaust system as SEPTA
buses will use the garage. HVAC systems, with the exception of the
elevator machine room systems, will not receive secondary or
emergency power.
Refer to Appendix 5a for code analysis, heating, cooling, and
ventilation systems by space type and applicable climate and
weather data.
Each station will have a natural gas-powered 100kW emergency
generator for supply of essential and standby loads during a power
outage.

13.03.2 Station Snowmelt
Refer to the Snowmelt Technical Memo for a discussion of system
sizing and layout. Structural and track criteria significantly impact
the feasibility of installing this system at Henderson Road Station.
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14.0 Plumbing & Fire Protection

14.04

14.01

14.04.1

Introduction

This section describes the criteria, approach, and methodology for
the plumbing and fire protection design of the stations, parking
garage, and adjacent operator and passenger facilities for the King
of Prussia Rail Extension. This 15% design indicates the general
approach for each station on the system with the exception of the
parking garage which only includes a high-level code analysis as the
layout has not been evolved sufficiently enough.
Applicable codes and standards can be found in Appendix 5A.

14.02

Design Criteria and Constraints

All stations will be provided with plumbing and fire protection
systems per the design criteria, Pennsylvania building code and
referenced standards. Refer to Appendix 5A for a discussion of the
individual station elements and code analysis and to Appendix 3A for
the KOP Extension DEIS Criteria.

14.03
14.03.1

Design Approach
Fire Protection

Each station will be fully sprinklered with an automatic, dry system.
While not typical at SEPTA’s existing stations, sprinklers are required
because of the height of the stations above grade. Sprinklers will be
omitted to the extent possible by NFPA’s installation standards such
as under station canopies and from electrical rooms. A standpipe
system is also required in the stations due to their height. Hose
connections will be provided in station stairs and along platform. We
recommended that this is a dry, manual system.
Refer to Appendix 5A for a complete code analysis.

14.03.2 Plumbing

Summary & Recommendations
Fire Protection Future Work

The most pressing items to be developed are the sprinkler layouts
and standpipe locations for each station as these items have strong
aesthetic impacts. Additionally, per 14.04.4 Aqua Testing, the need
for a fire pump will remains to be evaluated at each station. Given
the height of the stations and limited area of protection, this will
likely not be an issue.

14.04.2 Plumbing Future Work
The critical remaining elements to be developed are the connection
points to water and sanitary utilities which will occur prior to 30%.

14.04.3 Upper Merion Fire Marshal Agreement
Before 30% the station, guideway, and parking garage fire
protection approach should be confirmed with Upper Merion. Code
analysis shows that their Fire Code mirrors International Fire Code
except that the required building height for sprinklers is reduced
from 55 feet to 35 feet. They should also be briefed on the
applicability of NFPA 130, as this allows for items like concealed, dry
manual standpipes whereas NFPA 14 does not.

14.04.4 Aqua Testing
Before 30%, after the location of the stations is set, and the Fire
Marshal has agreed with the approach flow tests should be
performed to determine available supply.

14.04.5 PECO Coordination
If the snow melt system is included in the final station design, PECO
will need to be engaged to determine the gas metering and
regulatory requirements, as well as determine routing from existing
gas mains to each station.

A plumbing system will be provided to support the station’s cleaning
operation, snow melt system, and sanitary and storm water outflows.
Public sanitation facilities will not be provided at any station.
Refer to Appendix 5A for a complete description of the plumbing and
corresponding code analysis.
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15.0 Traction Power
15.01

Introduction

This section presents an overview of the criteria, methodology, and
approach of the 15% design of the traction power and supplemental
systems for the King of Prussia Rail Extension.

15.02

Design Criteria and Constraints

The design team defined the traction power requirements of the
King of Prussia Rail Extension within the project specific design
criteria. Minor deviations to the initial Design Criteria were made and
are included in Appendix 3a.

15.02.1

Traction Power Simulation Modeling

During the 15% Design, the design team performed a preliminary
traction power load flow study. The purpose of this study was to
evaluate the number of traction power substation needed to support
the KOP Expansion. A more detailed traction power simulation will
be performed in future phases of design. The simulation performed
for this phase of the project used Rail Traffic Controller (RTC),
licensed by Berkeley Simulation Software, and TAROS Traction
Power Simulator (developed by Gannett Fleming).
The preliminary alignment for the project was input into the RTC
software to model the train parameters and characteristics and
anticipated train schedules to simulate train performance. TAROS
processes the data taken from the RTC software and adds the
necessary electrical input data; such as, train auxiliary loads and
power factor, train propulsion efficiency, train propulsion power
factor, train regenerative braking characteristics, and traction
power network data. Using these inputs TAROS models the traction
power system network, which incorporates components including
transformers, feeders, and all other relevant electrical elements.
TAROS was used to simulate the KOP Expansion during maximum
loads over a two-hour peak period. TAROS simulated two-car trains
between the western terminal (First and Moore Station), Norristown,
and the 69th Street Transportation Center, with a total train count
of nine per hour per direction. Other assumptions made in this
simulation were that all revenue service trains are loaded to crush
load (AW2) capacities, regenerative braking power of trains was not
active, and that power delivery to trains was reduced when their
voltages drop below 500V and become 0 at 400V. This simulation
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also assumed no load sharing between the KOP Expansion and the
existing NHSL. In addition, this simulation assumed 84C compositesteel third rail, 115lb steel running rails, and that the return rails will
be cross-bonded at approximately 2,000-foot intervals.
This preliminary simulation found that two substations equipped
with 2x1.5 megawatt (MW) rectifiers could support the system if the
substations are located at either end of the alignment. With the
given data, it was found that 1.5MW rectifiers would have adequate
capacity to support both normal and contingency (N-1 – loss of a
single rectifier) operation, and that all rectifier loads were within
100% of their ratings. The minimum train voltages found through the
entire line was approximately 557V at normal operation. The
simulation determined that with a TPSS at 1st and Moore having one
of its rectifiers out of service the worst case third rail voltage was
530V and with the TPSS at Henderson Road having one of its
rectifies out of service the worst case third rail voltage was 542V, all
scenarios resulting in adequate service.
Based on this preliminary evaluation, the KOP extension would be
able to be supported by only two substations; however, a separate
simulation will need to be performed once the alignment and
vehicles headways are finalized. Regardless, keeping a substation in
the middle of the alignment offers additional operational flexibility,
more reliable system performance and would maintain higher third
rail voltage during both normal and contingency operations.

15.02.2 Traction Power Substation Size and Arrangement
Based on the above, the design team located potential areas for
three traction power substations along the extension. The selection
criteria for these locations was available land near proposed stations
and the results of the preliminary traction power simulation. The
substation locations are shown on the traction power sectionalizing
drawing (TP-001 through TP-003) and on the station architectural
drawings. Based on the 15% design, traction power substations
would be located at the beginning of the extension near Henderson
Road Station and the wye connection to the NHSL, at the end of line
adjacent to the First and Moore Station, and optionally located in the
middle of the line adjacent to Court Station. The need for the third
(optional) substation will be further evaluated during further phases
of design.
During the 15% design, the design team considered constructability,
installation and maintenance / replacement of equipment when

laying out the substation and selecting their proposed installed
locations. The design team arranged all substation buildings for
“brick and mortar construction” as is required by the SEPTA design
criteria and as was discussed with SEPTA during the 15% design
rather than prefabricated/modular type substation facilities. Each
traction power substation would be fenced-in and would have
adequate room for SEPTA truck access and maintenance staff.

15.02.3 Systems Coordination
15.02.3.1 System Voltages & Utility Coordination
The traction power requirements are defined in the project design
criteria. The dc system is to operate at 675Vdc (100% load) nominal
and shall not exceed 750Vdc maximum voltage. All dc distribution
equipment, with the exception of the traction power positive and
negative cables, shall be rated for 750Vdc (minimum). This includes
the rectifier units, the dc switchgear, and all third rail components.
During the 15% design process, PECO noted that they distribute both
34.5kV and 15kV power near the proposed alignment. SEPTA and
PECO’s preferred incoming voltage to the traction power
substations is 15kV Class; however, coordination between PECO,
SEPTA and the Design Team is required during future phases of
design to confirm actual incoming voltages.
The traction power substations would be fed from two separate
PECO feeds and these feeds should be independent of the feeds
supporting the stations. In general, each station would be fed from
a separate source from the traction power substations.

15.02.3.2 Contact Rail and dc Traction Power Distribution
The contact (third) rail system would be constructed of 85C
aluminum-steel composite rail. Contact rail support bases, end
approaches, anchors, expansion joints, and other contact rail related
hardware would meet SEPTA standard and requirements.
The dc feeder cabling systems would be 2kV rated for both positive
and negative feeder cables on the traction power distribution
network. The feeder cables would be sized per the system
requirements and SEPTA standards. All connections to the third rail
and running rails would follow SEPTA standards and requirements.
The proposed guideway has been coordinated to support the
traction power third rail stub-up locations for feeder cables.
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Locations of the third rail gaps and transposition gaps will be
coordinated with the track design in future phases of engineering.



Determine SEPTA’s construction, testing, commissioning and
training requirements and SEPTA’s spare part requirements.

15.02.3.3 Signal Power Distribution



Information gathered in this period will used to develop and
present the Pre-30% and 30% Design.

Per discussion with SEPTA during the 15% design, the signal power
distribution is no longer designed as a 2.4kV, 100Hz signal power
system owned, operated and maintained by SEPTA along the new
alignment. Instead, SEPTA has required that the signal power
system obtain its normal power source from their new Solar Power
Equipment and a back-up, low-voltage service drop from PECO. All
signal houses installed to support the KOP Extension would be
installed as described above.
The quantity and location of signal houses is schematically
represented on the sectionalizing plans included in the 15% drawing
package; however, SEPTA would be responsible for designing the
signal system for the KOP Extension.

15.02.3.4 Contact Rail Heater
A contact rail heater system would be installed as part of the KOP
Extension. This system would be controlled wirelessly and would be
installed at all station platform and interlocking locations. This
system will be defined during future phases of design and would
closely follow the system installed on the existing Norristown High
Speed Line.

15.03

15.04
15.04.1

Summary & Recommendations
Substation Quantity

Depending on the outcome of the traction power simulation report,
remove the mid-line TPSS and replace it with a tie-breaker station to
support the middle of the line universal crossover. Using the tiebreaker station will better facilitate sectionalizing along the
alignment.

15.04.2 Substation Enclosure
Understanding that SEPTA has required “brick and mortar”
construction for the traction power substations as part of this
project, there is still a potential cost savings if the substations are
changed to prefabricated type construction.
Prefabricated
construction minimizes the amount of electrical labor required in the
field and limits most installation to a controlled environment. The
design team recommends that SEPTA evaluate the benefit between
“brick and mortar” construction versus “prefabricated” construction
in more detail during future phases of design.

Design Approach

The traction power design will be progress during future phases of
design. Major items will include process will include:


Responding to SEPTA’s 15% Comments



Requesting further information through RFIs



Meeting with SEPTA power representatives to further define
the traction power substation and miscellaneous system
requirements



Conduct site visits as necessary to ensure SEPTA substation
requirements are captured in the 30% design
documentations.
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16.0 Communications
16.01

Introduction

This section describes the criteria, approach, and methodology used
for the 15% design of the communications system for the King of
Prussia Extension. The communications systems would be similar to
and generally compatible with the existing systems on the present
NHSL territory.
This 15% basis of design documents the specifications, design
approaches, design methodology, and governing criteria to be used
for the design of the SEPTA King of Prussia Rail Project.

16.02

Design Criteria and Constraints

16.02.1

Applicable Codes, Design Standards, and Design
Guidelines

The design for the communication system will comply with the
following NFPA Codes and Standards:


NFPA 70, National Electrical Code® (NEC®), 2014



NFPA 70E, Standard for Electrical Safety Requirements for
Employee Workplaces, 2004



NFPA 72, National Fire Alarm Code®, latest edition



NFPA 75, Standard for the Protection of Electronic
Computer/Data Processing Equipment, latest edition



NFPA 76, Recommended Practice for the Fire Protection of
Telecommunications Facilities, 2009



NFPA 90A, Standard for the Installation of Air Conditioning
and Ventilating Systems, 2009



NFPA 101, Life Safety Code®, latest edition



NFPA 255, Standard Method of Test of Surface Burning
Characteristics of Building Materials



NFPA 262, Standard Method of Test for Flame Travel and
Smoke of Wires and Cables for Use in Air-Handling Spaces
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NFPA 780, Standard for the Installation of Lightning
Protection Systems



NFPA 5000™, Building Construction and Safety Code



CFR 47 Telecommunications, Part 15, Radio Frequency
Devices



CFR 47 Telecommunications, Part 90, Private Land Mobile
Radio Services.



The design will also comply with SEPTA Standards and
Regional Rail Guidelines with these having priority since
SEPTA is the Authority Having Jurisdiction (AHJ).



Applicable ANSI, TIA and BICSI standards will be followed in
the 15% to 30% design development and stated in the 30%
Preliminary Design Document.

16.02.2 Radio
Our preliminary investigation shows that the existing SEPTA 502
MHZ RF coverage is weak in the western end of the proposed KOP
Extension and that the existing SEPTA voice radio network provides
inadequate coverage for the trains. Additionally, the proposed cut
located near the proposed Henderson station and the WYE, adds
geological issues to the existing SEPTA network ability to cover the
proposed extension.
A new radio tower acting as a “gap filler” will remediate these issues.
The tower design will comply to ANSI/TI-222-G. For the purposes of
this design we will use -70dB as a minimum target value for the
coverage. The radio may require simulcast if the install uses
frequencies common to other SEPTA deployments. Frequency
coordination will be required with AAR/TTCI or others and tribal
coordination may be required for tower site planning.
The radio hut will be environmentally controlled and will contain two
equipment racks. The first rack will contain the voice radio. This
radio will operate at 502 MHz and will have a transmit power of 35W.
The radio rack will additionally contain any filters required to
operate the base station. The radio rack will also have the media
conversion required to connect the radio to the OTN Systems
ethernet switch located in the second rack. The second rack will be
the CTS Mini-Node containing an OTN Systems Ethernet Switch, a
fiber patch panel and a shared DC battery backed power supply.

Fiber optic cables will be run from the Radio Hut to separate adjacent
Communication Rooms located at Henderson Road and Court
Stations. (See drawings CM-801 and CM-807 for further detail.)
Active fibers in these cables will connect to separate single mode
fiber port pairs on the Radio Hut Ethernet Switch. These independent
fiber pairs will connect to separate OTN Systems Nodes located in
the Station Communications Rooms. This connection arrangement
provides a protected failsafe connection.

16.02.3 Telephones
VoIP telephones will be located in the Communications Huts, Radio
Hut, CILs and TPSS RTU Houses. Specifications for these VoIP
telephones based on SEPTA standards will be further developed in
the 15% to 30% design phase.
Various telephone devices located in the stations are covered in a
separate 15% Basis of Design Document.
Emergency Telephones, Emergency Power Disconnect Switches
along with associate Blue Lights have been eliminated in this basis
of design as a result of information provided by SEPTA that the few
existing devices are no longer used. Their service has been replaced
by the use of radios.

16.02.4 Public Address
Public Address equipment located in the stations are covered in a
separate 15% Basis of Design Document.

16.02.4.1 Variable Message Boards
Variable Message Boards located in the stations are covered in a
separate 15% Basis of Design Document.

16.02.5 NPT (New Payment Technology) Equipment
Each station’s communications room will have a dedicated locked
data cabinet for NPT equipment. Communication will be provided on
the SEPTA CTS network. The NPT Equipment will be connected to
the local OTN Systems Node located in the room. Alternately, SEPTA
may elect to connect fiber pairs serving the NPT Equipment
independently at the Communications Rooms to form an
independent Ethernet Loop for the NPT System. (See drawing CM803 for more detail.)
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16.02.6 Closed Circuit Television
Closed Circuit Television (CCTV) Cameras will be located in and/or
around the Communications Huts, Radio Hut, CILs and TPSS RTU
Houses. Specifications for these cameras based on SEPTA standards
will be further developed in the 30% design phase.
Cameras will be connected to an OTN Systems Ethernet Switch in a
CIL, TPSS House or Comms Hut. The Ethernet switch will connect
directly to the OTN Systems Node in a Comms Hut. Primary and
redundant (backup) fiber optic cables will be run from each TPSS or
CIL to separate adjacent Communication Rooms or Huts. (See
drawings CM-804, CM-805, CM-806 and CM-807 for further detail.)
Active fibers in these cables will connect to separate single mode
fiber port pairs on the OTN Systems Ethernet Switch. These
independent fiber pairs will connect to separate OTN Systems Nodes
located in the Communications Rooms or Huts. This connection
arrangement provides a protected failsafe connection.
Closed Circuit Television Equipment located in the stations is
covered in a separate 15% Basis of Design Document.

16.02.7 Carrier Transmission System
A Carrier Transmission Subsystem (CTS), consisting of fiber optic
cables, OTN nodes, Ethernet switches, media convertors and copper
cable connections shall be utilized to provide the network
connectivity for various required services. The CTS shall link
together facilities on the new King of Prussia Rail Project and
provide access to OTN nodes on the SEPTA CTS network, which will
provide redundant, fault tolerant connectivity to the main control
center located at 1234 Market Street.
The overall KOP Extension CTS system is depicted in Drawing CM8O1 and Matrix CM-809.
A 96-strand single mode fiber optic cable will be installed from the
existing Hughes Park Comms Hut to a new Comms Hut (#1) at the
WYE. The 96-strand cable will continue through the five station
Comms rooms to a new Comms Hut (#2) at the WYE where the
existing NHSL backbone cable will be connected to the new
backbone cable.
Lateral cables having 12 to 24 strand single mode fibers will be
installed between CILs, TPSS Houses and the Radio Hut to adjacent
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Comms Huts and Rooms as shown on Drawing CM-801. These cables
enable fault tolerant communications within the KOP Extension.
All fiber optic communication cables serving the extension facilities
will be independently housed in inner-ducts will be installed in
conduits, troughs and/or duct banks.
Environmentally controlled Communication Huts will house CTS
Nodes having an OTN Systems Node, OTN Systems Ethernet
Switch(s), Media Convertors, Patch Panels and DC battery backed
power supplies.
CILs, TPSS Houses and the Radio Hut will have Mini-Nodes consisting
of OTN Systems Ethernet Switch(s), Media Convertors, Patch Panels
and DC battery backed power supplies.

16.02.8 Supervisory Control and Data Acquisition System
(SCADA)
The SCADA System RTU used to control three present NHSL
substations is the CG Automation ePAQ-9410 Multifunction Gateway
(an upgrade from the original QEI system). This same SCADA
equipment will be utilized for any required SCADA control and
indication of new King of Prussia Rail Project traction power system
facilities from the existing main control center at 1234 Market Street.
Communication will be provided on the SEPTA CTS network. The
SCADA RTU will be connected to an OTN Systems Ethernet Switch.
Primary and redundant (backup) fiber optic cables will be run from
each TPSS to separate adjacent Communication Rooms or Huts. (See
drawings CM-801 and Matrix CM-809 for further detail.) Active
fibers in these cables will connect to separate single mode fiber port
pairs on the OTN Systems Ethernet Switch. These independent fiber
pairs will connect to separate OTN Systems Nodes located in the
Communications Rooms or Huts. This connection arrangement
provides a protected failsafe connection. Alternately, SEPTA may
elect to connect the fiber pairs serving the RTU(s) through
independent ethernet switches at the Communications Rooms or
Huts and form an independent Ethernet Loop for the SCADA System.

16.02.9 Centralized Traffic Control (CTC)
The new interlockings being provided for the King of Prussia Rail
Project will interface to the present Suburban Operations Control
Center (SOCC) Centralized Traffic Control (CTC) system, where the
NHSL is controlled today. The new interlockings are planned to be

designed based on the same typical signal system logic and
functionality as the existing NHSL, such that the “code charts” listing
controls and indications for the new interlockings will be fully
consistent functionally with the NHSL interlockings that are
currently in service.
Communication will be provided on the SEPTA CTS network. The
Non-Vital Signals Processor will be connected to an OTN Systems
Ethernet Switch in a CIL. Primary and redundant (backup) fiber optic
cables will be run from each TPSS to separate adjacent
Communication Rooms or Huts. (See drawings CM-801 and Matrix
CM-809 for further detail.) Active fibers in these cables will connect
to separate single mode fiber port pairs on the OTN Systems
Ethernet Switch. These independent fiber pairs will connect to
separate OTN Systems Nodes located in the Communications Rooms
or Huts. This connection arrangement provides a protected failsafe
connection. Alternately, SEPTA may elect to connect the fiber pairs
serving the RTU(s) through independent ethernet switches at the
Communications Rooms or Huts and form an independent Ethernet
Loop for the CTC System.

16.02.10 Access Control
Electronic Access Control as stated in the Design Criteria has been
removed as a result of information provided by SEPTA and
observations made that SEPTA uses locksets and magnetic door
switches in facilities along the right of way. Falcon Lock T Series or
equal key-in-lever cylindrical locksets that meet the new ANSI/BHMA
A156.2, Series 4000, Grade 1 for key-in-lever locksets will be
specified. Locksets shall be UL Listed (3 hour A Label). Lever designs
shall be solid and meet the Federal ADA and State disability
requirements. Steel door contacts will contain a hermetically sealed
magnetic reed switch. Housings shall be molded from flameretardant ABS plastic. Steel door contacts will be GE Interlogix 1078
Series Steel Door contacts or equal. These door contacts will connect
to the Fire Detection and Intrusion Alarm System described in
Section 17.01.12.

16.02.11 Fire Detection and Intrusion Alarm
Fire Detection and Intrusion Alarm Systems will be designed for the
Comms Huts, Radio Hut, CILs and TPSS RTU Houses. Each facility will
have a combined system that satisfies the following National Fire
Protection Association (NFPA) and Underwriters Laboratory (UL)
standards:
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NFPA 70 National Electrical Code (NEC)



NFPA 72 National Fire Alarm Code



NFPA 72D Installation, Maintenance, and Use of Proprietary
Protective Signaling Systems



NFPA 72H Testing Procedures for Local, Auxiliary, Remote
Station



NFPA 101 Life Safety Code



UL 268 Smoke Detectors for Fire Protective Signaling
Systems



Performance and capacities of signaling line circuits and
initiating device circuits will be designed in accordance with
NFPA 72. The system will be electrically supervised and will
use closed loop initiating device circuits with individual zone
supervision,
individual
indicating
appliance
circuit
supervision, incoming and standby power supervision. The
system design will include a control panel, manual pull
stations, automatic smoke and heat detectors, annunciator,
external horn/strobe, all wiring, connections to devices,
outlet boxes, junction boxes, and all other material and
accessories as necessary to provide a complete operating
system. All panels and peripheral devices in the design will be
the standard products of a single manufacturer.





The System Control Panel (FSACP) will be designed; housed
in a NEMA 12 wall-mounted cabinet, red in color, with a door
and viewing windows.
Automatic detectors shall be provided. These shall be stable,
solid state, addressable, unipolar ionization detectors
capable of detecting visible and invisible products of
combustion. The detectors shall be provided with a
measuring chamber and a protected reference chamber
sensitive to changes in temperature and humidity only. The
measuring chamber shall be protected from damage and
insects. The system shall provide a built-in five second delay
to minimize detection signals due to transient smoke. The
system shall be designed to safeguard radioactive parts and
to protect circuitry against electrical transients,
electromagnetic interference, and polarity reversal. The
detector sensitivity shall be factory set and provide for field
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adjustment within the range of UL defined sensitivity. The
detector shall be tamper-resistant and plug-mounted to a
separate base. A built-in shorting device shall be provided to
permit checking of the installation wiring before detector
installation.




16.03

Security monitoring will be provided through the exterior
door switch(s). These switches will be armed and disarmed at
the control panel near the main access door. An alarm delay
will be applied to allow passage through the main access door
after setting or before disarming the security system.
The specific location at which these alarms shall be
monitored will be as defined in the final procurement
requirements document. The system shall also be designed
for remote monitoring by SEPTA's Tyco IS contractor

Design Approach

Information obtained from SEPTA through answers to RFIs (29, 32
and 34), a site visit to 69th Street and Wynnewood and the August
7th C&S Meeting has been used in this basis of design development.
The design team will coordinate its work with SEPTA’s C&S
Department and SEPTA’s NPT department to ensure consistency
with SEPTA’s installed Carrier Transmission Subsystem (CTS)
Network. Communications for Subsystems and NPT (Fare Vending)
equipment will be designed to be compatible with SEPTA’s existing
service.
Each station will have a designated communications room. The room
will have data and communications racks along with a power supply
rack that will supply 48VDC/24VDC/12VDC backup power to Carrier
Transmission System (CTS) and Station Communication System
equipment. Station data and communications racks will include
equipment such as the Station Control Unit (SCU), ethernet switches,
VOIP gateway, patch panels, audio amplifier, surge suppression,
cable management, etc.

specific subsystems are described in a separate basis of design
document.

16.04

Summary & Recommendations

These, if identified, will be presented as the design develops.

16.04.1

CCTV Camera Locations

We recommend that at least one CCTV camera be located inside
each hut or house. This camera would not only observe people in the
building but provide a means of assessment in the event of a fire
alarm. We also recommend that cameras be installed at the fence
line to observe the hut or house from at least two diagonal positions.
In the event of buildings in a compound, we recommend arranging
cameras to view the buildings from diverse angles.

16.04.2 Design Development
The Communications Sub-systems design will progress in the 15% 30% period by:


Responding to SEPTA’s 15% Comments



Requesting further information through RFIs



Meeting with SEPTA C&S representatives to further define
the sub-systems



Conduct a site visit between Hughes Park and Norristown to
further assess the existing CTS system and its connections



Determine SEPTA’s construction, testing, commissioning and
training requirements



Determine SEPTA’s spares requirements

Information gathered in this period will used to develop and present
the Pre-30% and 30% Design.

A CTS Node as described in section 17.01.08 shall be in a dedicated
equipment rack located in each station communications room and in
two communications huts located at the WYE.
Subsystems described in this document will be designed to serve
local facilities and trains along the NHSL – KOP Extension. Station

Page 16-3

SEPTA | King of Prussia Rail Project
Basis of Design Report

17.0 Landscape Architecture



Pennsylvania Turnpike Commission Landscape Guidelines.



Evergreen Trees

17.01



Southeastern Pennsylvania
Landscape Design Guidelines.



Shrubs

Introduction

This section describes criteria, approach, and methodology used for
the conceptual landscape design for the King of Prussia Rail
Extension and provides project stakeholders, reviewers, and
designers with an overall framework for developing landscaped
areas within the project limits. All landscaping will be developed in
accordance with the objectives and guidelines set forth in this
design.
The intent of the landscape design at a 15% level of completion is to
convey information to ensure the landscape design for the project
is:



Transportation

Authority

In addition, as the Landscape design is further developed, any
Utility Companies with overhead or underground utilities in
the project area should be contacted to determine if these
agencies have any guidelines for landscaping in or near their
facilities.

The general considerations for the landscape design will follow the
following criteria.

6’ height

24” height

Based on the above criteria, the initial list of plant material proposed
at the 15% level of design consists of native plan material which will
require minimal watering to establish and will be able to withstand
periods of drought.
Plantings shown at the 15% level have been located to replace trees
removed during construction, infill naturalized wooded areas,
enhance station areas and entrances, screen undesirable views, and
provide shading for parking and vehicular areas. The plantings are
indicated in these areas to define locations where detailed
refinement should centered during future design.



Use plantings native, or adapted, to the region.

Integrated into the built project and natural fabric of the
area.



Landscaping will complement the station architecture and
draw the user to the station entry points.

17.03



Ecologically sound.



Existing mature trees should be retained to the greatest
extent possible.



Appropriately design for road corridors and parking areas.





Safe for road users and patrons.

Landscaping should be used to create view sheds, frame
vistas, screen undesirable views, and define spatial areas.

Use of the strategies listed in this section are intended to ensure that
the public spaces within the project area are attractive, function
efficiently, and provide an inviting and comfortable pedestrian
experience.



Low maintenance.



17.02



Ornamental trees, shrubs, and flowering plants should be
used to accent station entry points and high-profile areas of
the project.



If possible, the use of non-maintained ground cover, or
grasses, should be considered over manicured lawn areas to
reduce maintenance and watering needs.



The use of irrigation systems should be discouraged.



The use of any plant species which are considered invasive
should not be used.



Plants with thorns, berries, or obnoxious odors should be
avoided in any areas that may be near pedestrian traffic.



Minimum tree sizes, at time of installation, should be as
follows:

Design Criteria and Constraints

Design of the proposed landscape enhancements should provide a
unified appearance for the overall corridor. Individual areas may
have unique features; however, the general characteristic of the
corridor should appear consistent. These guidelines are not
intended to replace, but instead, to supplement applicable codes.
The landscape design will be in accordance with the following design
manuals, publications, and standards:


Upper Merion Township Landscape Requirements.



Montgomery County Landscape Requirements.



Pennsylvania Department of Conservation and Natural
Resources Landscape Guidelines.



Pennsylvania Department of Transportation Landscape
Guidelines.
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Deciduous Trees

2” caliper



Ornamental Trees

2” caliper

Summary & Recommendations

As the design progresses, refinement and detailed plantings shall be
developed for station entrances, streetscapes, and stormwater
detention areas. The final plant palettes should be designed to
provide visual interest throughout the year and provide a framework
to accent the development.
Another item to be addressed as the landscape design progresses is
the review of proposed planting plans and material selection with
individual property owners and local municipalities to ensure these
stakeholders are acceptable of the proposed improvements and all
improvements meet guidelines and owner expectations.
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18.0 Environmental Permitting
18.01

Introduction

Various environmental permits will be required for the construction
and operations of the KOP Rail Extension. Permits are generally
applied for and granted when the design of the project has advanced
to a point where impacts can be fully quantified and mitigation
strategies considered. The following section describes some of the
permits that may be required for the project, the timing of the
application, and other actions required.

18.02

Design Criteria and Constraints

The following permits may be required for the project. As the design
progresses beyond the 15% stage a more complete list of required
permits will be developed.
State Permits (From the PA Code Title 25- Environmental Protection


Chapter 105 Dam Safety and Waterway Management Act:
Required for all work projecting over or into the 100-year
Floodway or wetlands including bridges, utility crossings and
new stormwater outfalls.

Federal Permits


Section 404 of the Clean Water Act: Required for dredging or
discharge of fill material within waters of the US which may
include wetlands and waterways.



Chapter 401: State Certification of Water Quality

Chapter 105 and Section 404 and 401 of the Clean Water Act, will be
required. The JPA will be utilized to permit all activities which result
in impacts to the 100-year regulated floodway such as utility line and
pole relocations, new storm water outfalls, and new structural
features. A pre-application meeting with the PA Department of
Environmental Protection (PADEP) and US Army Corps of Engineers
(ACOE) will occur as design progresses to review the project and
confirm the applicability of the Joint Permit Application. The preapplication meeting will also be utilized to confirm the applicability
of the Federal Pennsylvania State Programmatic General Permit
(PASPGP) which will be issued by the ACOE and will cover work
within regulated waterways and wetlands. In addition, a preapplication meeting will also be held with the Montgomery County
Conservation District regarding the project’s anticipated earth
disturbance and post-construction storm water management
measures permitted under the National Pollutant Discharge
Elimination System (NPDES) permit.

18.04

Summary & Recommendations

Depending on the final project delivery approach, either SEPTA
(either directly or through a consultant) or a design-builder will be
responsible for applying for the required permits. A pre-application
conference should be held once the conceptual design is completed
and a basic understanding of the features impacted is obtained. The
full waterway permit, typically submitted during the 60% design
phase, requires waterway and wetland features to be been formally
delineated, surveyed, and a detailed assessment of impacts
developed. Typically, the review process for a JPA in Pennsylvania
is six to eight months from submittal to permit signing.

Erosion Control/Stormwater Management


18.03

The requirements for erosion control and stormwater
management are covered in other sections of this report.

Permitting Approach

Based on the project’s anticipated crossing of streams such as Crow
and Trout Creeks as well as the potential to intersect wetlands,
permitting will be required for compliance with Federal and State
regulations. As several new crossings are proposed over regulated
waterways, it is anticipated that a Joint Permit Application (JPA),
which combines State and Federal authorizations under the PA Code
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19.0 Federal Transit Administration Funding
19.01

Introduction

SEPTA, and its project partners, are exploring various scenarios for
funding the capital construction costs of the King of Prussia Rail
Project. During the 15% Design process, HNTB provided an overview
and strategic advice on the FTA Capital Investment Grants Process.

19.02

Design Criteria and Constraints

The U.S. Federal Transit Administration (FTA) administers the
Capital Investment Grants (CIG) program (49 U.S.C. 5309) which can
be used to fund fixed guideway investments such as those
envisioned by the King of Prussia Rail Project. These funds are
commonly known as New Starts and Small Starts funding. The CIG
program is a discretionary grant program, that historically has had
significantly more funding requests than available funding.
Currently, the CIG program is funded at approximately $2.3 billion
per year, although the funding amount is subject to annual
appropriation by Congress.

19.02.1

Capital Investment Grants



Project Justification—six criteria totaling 50% of the overall
score.



Local Financial Commitment – three elements totaling the
remaining 50% of the score.

The evaluations are conducted using a five-point rating scale
including:


Low



Low Medium



Medium



Medium High



High

Figure 19.2 Project Justification Rating

Projects must have an overall rating of medium to move forward in
the process. The graphics below show the overall process and the
individual criteria for both the project justification and the local
financial commitment evaluations.

The CIG process is proscribed in statute, regulation, and various
guidance documents. As a method of keeping the process moving,
FTA has established various points where a project must meet
established milestones and seek permission to move forward. The
milestones include: project development, entry into engineering, and
the full funding grant agreement. The graphic, on the following
page, shows the steps in the process, timing, and the information
that needs to be available for FTA to move the project towards
eventual funding. It should be noted that, as of September 2019, the
King of Prussia Rail Project has not requested entry into the CIG
process and the project development phase.

Figure 19.3 Local Financial Commitment Rating

19.02.2 Summary of Project Evaluation Process
The CIG process requires that all potential projects be evaluated and
rated at entry into engineering and before a full funding grant
agreement is awarded, at a minimum. Two equally weighted
evaluations are performed for each rating:
Figure 19.1 Overall Rating Process
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Figure 19.4 FTA Approval Process

September 2019

Page 19-2

