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Executive Summary

McMahon Associates, Inc. has completed a transportation impact study for the proposed St. Mary’s Villa
residential redevelopment, to be located at the existing site on the eastern side of Bethlehem Pike (S.R. 2018)
between Lindenwold Terrace and Highland Avenue in Upper Dublin Township, Montgomery County, PA.
The development is proposed to consist of 250 senior living apartment units, 32 single family attached
twins, and 72 single family attached townhomes. Access to the site is proposed via two driveways along
Bethlehem Pike (S.R. 2018); a full movement driveway directly opposite Mattison Avenue, and an enter-only
driveway opposite Church Street. Additionally, an enter-only driveway is proposed along Lindenwold
Terrace.

A Scoping Meeting Application was submitted to PennDOT on October 28, 2013. The scoping application
was deemed acceptable per their traffic review letter November 21, 2013. A Transportation Impact Study
was submitted to PennDOT, Upper Dublin Township, and Ambler Borough in November 2014. Additional
correspondence with PennDOT can be found in Appendix A. The scope of this Transportation Impact
Study is based on the approved scoping application, PennDOT/Township/Borough comments, as well as
PennDOT guidelines, per the Department’s publication Policies and Procedures for Transportation Impact
Studies Related to Highway Occupancy Permits, dated January 28, 2009, revised October 21, 2013 (SOL 494-13-
13). The scope of this transportation impact study includes an evaluation of the weekday morning and
weekday afternoon commuter peak hours for existing (2016) conditions, future build-out year (2018)
conditions, and future design year (2023) conditions, both without-development and with-development of
the proposed site at each of the following five study area intersections, which have been reviewed and
agreed upon by PennDOT District 6-0:

¢ Lindenwold Terrace and Proposed enter-only Access.

¢ Bethlehem Pike (S.R. 2018) and Lindenwold Avenue/Terrace

o Bethlehem Pike (S.R. 2018) and Mattison Avenue/Proposed Access

¢ Bethlehem Pike (S.R. 2018) and Church Street/Proposed enter-only Access
s Bethlehem Pike (S.R. 2018) and Highland Avenue

The evaluation of traffic conditions associated with the proposed development reveals the following
findings and conclusions:

¢ Existing Traffic Volumes — Manual turning movement traffic counts were conducted in March 2014
during the weekday morning peak period (7:00 A.M. to 9:00 A.M.) and weekday afternoon peak
period (4:00 P.M. to 6:00 P.M), at each of the study intersections. Furthermore, traffic counts were
conducted in March 2016 at Bethlehem Pike (S.R. 2018) and Lindenwold Avenue/Terrace to
determine the increase/decrease in traffic growth in the area from 2014 to 2016. Based on the relative
change in traffic volumes, the 2014 traffic volumes at each intersection were increased by 2.18
percent to obtain existing 2016 traffic volumes at the study area intersections.

¢ Future Traffic Volumes without Development — To account for regional traffic growth, the 2016
traffic volumes were increased by an annual traffic growth rate of 0.64 percent. Itis our
understanding that there are no other proposed developments that would affect the future traffic
conditions in the vicinity of the site.




Trip Generation — Based on trip generation data compiled from numerous studies contained in the
Institute of Transportation Engineers (ITE) publication, Trip Generation, 9 Edition, the proposed
development will generate approximately 111 total (inbound and outbound) new trips during the
weekday morning peak hour and 133 total (inbound and outbound) new trips during the weekday
afternoon peak hour.

Site Access Recommendations — Access to the site will be provided via three access driveways; one
enter-only driveway along Lindenwold Terrace located approximately 1,000 feet to the east of
Bethlehem Pike (S.R. 2018); one full-movement driveway along Bethlehem Pike (S.R. 2018) directly
opposite Mattison Avenue; and one enter-only driveway along Bethlehem Pike (S.R. 2018) directly
opposite Church Street. The following recommendations have been made regarding the proposed
design of the accesses for the development:

Lindenwold Terrace and Access

— Provide one 16-foot wide ingress lane for the driveway
— Provide a minimum driveway radii of 25 feet at the access driveway, which should be
designed based on the largest vehicle anticipated to utilize this driveway

Bethlehem Pike (S.R. 2018) and Mattison Avenue/Access

—~ Provide one 14-foot wide ingress lane, one 12-foot wide separate left-turn egress lane, and
14-foot wide shared through/right-turn egress lane for the driveway

~  Provide a minimum driveway radii of 25 feet at the access driveway, which should be
designed based on the largest vehicle anticipated to utilize this driveway

— A two-way center left-turn lane is currently provided along Bethlehem Pike (S.R. 2018) along
the site frontage. This lane should be restriped to provide 75-foot left-turn lanes in both the
northbound and southbound directions at its intersection with Bethlehem Pike (S.R. 2018)
and Mattison Avenue/Proposed Site Access

— Upgrade the pedestrian facilities at the intersection, including ADA compliant curb ramps
and crosswalks

— Turning movements at this intersection (to or from Mattison Avenue) may be restricted
depending upon the potential future actions of Ambler Borough, which is considering the
adoption of an ordinance to make Mattison Avenue one-way

- The Applicant is desirable of a traffic signal at this location. Analysis has been provided
under this scenario. However, PennDOT does not support a traffic signal at this location at
this time. As outlined in PennDOT’s review letter dated August 10, 2016, the Applicant will
perform a post development study after the proposed site is open and fully occupied to
determine if the traffic signal warrant is satisfied.

Bethlehem Pike (S.R. 2018) and Church Street/Access
- Provide one 16-foot wide ingress lane for the driveway
~  Provide a minimum driveway radii of 25 feet at the access driveway, which should be
designed based on the largest vehicle anticipated to utilize this driveway
—~ A two-way center left-turn lane is already provided along Bethlehem Pike (S.R. 2018) and
should be utilized for ingress vehicles




¢ Pedestrian Amenities - The applicant will provide updated ADA compliant crosswalks and ramps
at the intersection of Bethlehem Pike (S.R. 2018) and Lindenwold Avenue/Terrace. Additionally, the
pedestrian facilities will be upgraded at the intersection of Bethlehem Pike (S.R. 2018) and Mattison
Avenue/Access, including ADA compliant curb ramps and crosswalks.

¢ Capacity/Level-of-Service Results for Off-Site Intersections — The study intersections were
evaluated to determine the operational characteristics under existing and future without- and with-
development conditions. A review of the levels-of-service indicates that the study intersections will
operate with similar levels-of-service overall, as well as along the individual lane groups during the
future build-out year (2018) and future design year (2023) without-development and with-
development conditions.

The traffic analyses contained herein reveals that efficient access to and from the proposed development can
be provided and that site-generated traffic can be accommodated at the off-site study area intersections with
the construction of the recommended improvements. Level-of-service matrix tables are provided at the
end of the report for each of the study area intersections.



Introduction

McMahon Associates, Inc. has completed a Transportation Impact Study for the proposed St. Mary’s Villa
residential redevelopment, to be located at the existing site on the eastern side of Bethlehem Pike (S.R. 2018)
between Lindenwold Terrace and Highland Avenue in Upper Dublin Township, Montgomery County, PA.
(Figure 1). The development is proposed to consist of 250 senior living apartment units, 32 single family
attached twins, and 72 single family attached townhomes. Access to the site is proposed via two driveways
along Bethlehem Pike (S.R. 2018); a full movement driveway directly opposite Mattison Avenue, and an
enter-only driveway opposite Church Street. Additionally, an enter-only driveway is proposed along
Lindenwold Terrace. A copy of the latest development site plan is illustrated in Figure 2.

The purpose of this Transportation Impact Study is to present an evaluation of the incremental traffic
impacts associated with the proposed additional traffic that will be generated as a result of the proposed
mixed use development within the study area in Upper Dublin Township, as well as to provide
recommendations regarding the site access designs in order to provide safe and efficient access to the site.
The scope of this Transportation Impact Study is based on the approved PennDOT scoping application,
PennDOT/Township/Borough comment letters, as well as PennDOT guidelines entitled, Policies and
Procedures for Transportation Impact Studies Related to Highway Occupancy Permits, dated January 28, 2009,
revised October 21, 2013 (SOL 494-13-13) . Copies of the relevant correspondence, including the application
and PennDOT review letters are provided in Appendix A.

Manual turning movement traffic counts were completed in March 2014 at four intersections during the
weekday morning peak period (7:00 A.M. to 9:00 A.M.) and the weekday afternoon peak period (4:00 A.M.
to 6:00 P.M. Traffic counts were also conducted in March 2016 at Bethlehem Pike (S.R. 2018) and
Lindenwold Terrace/Avenue in order to determine the relative change in traffic from 2014 to 2016, at the
request of the Township. Accordingly, the 2014 traffic volumes at the study area intersections were
increased by a growth rate of 2.18 percent to obtain 2016 traffic volumes. In order to assess the 2016 existing
traffic conditions, these traffic volumes were subjected to detailed capacity/level-of-service analysis, in
accordance with accepted methodologies, for the highest peak hour during each peak period, which serves
as the basis for this evaluation.

Next, future traffic volumes without the proposed development were projected utilizing an annual traffic
growth rate to account for regional traffic growth. The future traffic volumes were projected to the year
2018, the anticipated build-out year of the development and 2023, the anticipated design year of the
development, at each of the study intersections. The future traffic volumes without development were then
subjected to detailed capacity/level-of-service analysis.

Finally, the traffic generated by the development was established based on accepted methodologies and
assigned to the roadway network and site accesses. The site-generated traffic volumes were added to future
without-development traffic volumes, and subjected to detailed capacity/level-of-service analysis to assess
the future traffic conditions with the development.




Existing Transportation Setting

The proposed development will be located on the east side of Bethlehem Pike (S.R. 2018), south of
Lindenwold Terrace in Upper Dublin Township, Montgomery County, PA. The existing roadways and
intersections in the vicinity of the site, which comprise the study area roadway network, are described in

this section.

Roadway Characteristics

The study area roadway network and characteristics are summarized below in Table 1.

Table 1 - Existing Roadway Characteristics

Roadway Classification

Travel Speed
Roadway Daily Traffic Smart PennDOT/ Lanes . pee
Roadway e . . . Sidewalks| Limit
Jurisdiction Volume |Transportation | Township® (per
o (mph)
direction)
Bethlehem Pike Community | Urban - Minor
@
(SR. 2018) State 14,521 Arterial Arterial 1 Yes 40
Highland Avenue .. Neighborhood Urban -
M 1 4,886® 1 Y
(G216) umieipa 8 Collector Collector s %
Mattison Avenue Municipal NA Local NA 1 Yes 25
Church Street Municipal NA Local NA 1 Yes 25
Lindenwold Municipal 1,200 Local NA 1 Yes 25
Avenue/Terrace

(1) Based on Table 5.1 - Roadway Categories in the PennDOT publication, Smart Transportation Guidebook.

(2) Based on the roadway classifications provided on PennDOT’s Internet Traffic Monitoring System (iTMS) website

(3) Based on the average daily traffic provided in PennDOT's iTMS
(4) Based on counts conducted by McMahon.

The following key intersections in the vicinity of the site comprise the study area.

¢ Lindenwold Terrace and Proposed enter-only Access.
¢ Bethlehem Pike (S.R. 2018) and Lindenwold Avenue/Terrace
o Bethlehem Pike (S.R. 2018) and Mattison Avenue/Proposed Access

e Bethlehem Pike (S.R. 2018) and Church Street/Proposed enter-only Access

¢ Bethlehem Pike (S.R. 2018) and Highland Avenue

The study intersections were reviewed and agreed upon by PennDOT District 6-0. The existing
characteristics of the study intersections, including photographs, field sketches, sight distance (PennDOT
M-950S) forms and signal permit plans are provided in Appendix B.




Existing Traffic Volumes

Daily traffic counts were conducted in March 2014, along Lindenwold Terrace in the vicinity of the enter-
only driveway. Lindenwold Terrace carries approximately 1,290 vehicles per day (total both directions),
while the 85t percentile speed was between 25-26 mph. Copies of the count worksheets have been included
in Appendix C.

Manual turning movement traffic counts were also conducted in March 2014 during the weekday morning
peak period (7:00 A.M. to 9:00 A.M.) and the weekday afternoon peak period (4:00 A.M. to 6:00 P.M) at each
of the study intersections. Furthermore, traffic counts were conducted in March 2016 at Bethlehem Pike
(S.R. 2018) and Lindenwold Terrace/Avenue to determine the relative change in traffic volumes from 2014 to
2016. The 2014 traffic volumes at each intersection were increased by a growth rate of 2.18 percent to obtain
existing 2016 traffic volumes. The results of these traffic counts are tabulated by 15-minute intervals in
Appendix D. The four highest consecutive 15-minute peak intervals during these traffic count periods
constitute the peak hours that are the basis of this traffic analysis. The 2016 peak hour traffic volumes are
depicted in Figure 3A for the weekday morning and weekday afternoon peak hours.

Area Transit Services

SEPTA Bus Route 94 (Montgomery Mall to/from Chestnut Hill) and Route 95 (Willow Grove to/from Gulph
Mills) have stops along Bethlehem Pike (S.R. 2018) at Highland Avenue, Church Street, and Lindenwold
Terrace/Avenue. The Applicant anticipates coordinating with SEPTA for possible bus stop consolidation
along the Bethlehem Pike corridor at the intersection with Mattison Avenue.

Existing Pedestrian-Bicycle Facilities Surrounding the Site

There is currently sidewalk provided along the west side of Bethlehem Pike (S.R. 2018) (with a few missing
sections), both sides of Highland Avenue, and both sides of Lindenwold Terrace/Avenue. There are no
dedicated bicycle lanes provided along either roadway adjacent to the site frontage. Crosswalks and
pedestrian push buttons are located at the signalized intersection of Bethlehem Pike (S.R. 2018) and
Highland Avenue.

Planned Roadway Improvements

Through a review of PennDOT’s Twelve Year Transportation Program, there are no definitive plans to improve
any of the study area roadways by PennDOT, Upper Dublin Township, or Ambler Borough.



Future Build-Out Year (2018) Traffic Volumes without Development

This section presents projected traffic volumes without the proposed development for the future build-out
year 2018. The 2018 future without-development traffic volumes were estimated by increasing the 2016
existing peak hour traffic volumes to account for regional growth as described below. The 2018 future
without-development traffic volumes for the weekday morning and weekday afternoon peak hours are
illustrated in Figure 5A.

Regional Traffic Growth

To account for regional traffic growth, the existing traffic volumes were increased by an annual traffic
growth rate of 0.64 percent compounded to the proposed build-out year (2018). This growth rate is
consistent with the traffic growth rate recommended by the PennDOT Bureau of Planning and Research
Growth Factors for August 2015 to July 2016 for similar, non-interstate, urban roadways in Montgomery
County.

Local Traffic Growth

It is our understanding that there are no other proposed developments that would affect the future traffic
conditions in the vicinity of the site.




Future Build-Out Year (2018) Traffic Volumes with Development

Evaluation of the proposed development is based upon the incremental increase in traffic volumes

generated by the development during the peak hours, as described below, for the anticipated full build-out

year (2018) of the site.

Trip Generation

Traffic volumes expected to be generated by the proposed development were prepared based on trip
generation data compiled from numerous studies contained in the Institute of Transportation Engineers

(ITE) publication, Trip Generation, 9*Edition. A combination of the rates for Residential Condo/Townhouse

(ITE Land Use Code 230) and Senior Adult Housing-Attached (ITE Land Use Code 252) were utilized for all
peak hours to calculate the trip generation for the residential units.

Table 2 indicates trip generation rates and equations utilized in the subsequent analysis.

Table 2 — Trip Generation Rates/Equations

Weekday Morning Peak Hour . | Weekday Afternoon Peak Hour
Land Use Land Use Code Daily
Equation/Rate Enter Equation/Rate Enter
Single Family 230 (Residential _ _ o N o
Attached Twins | Condo/Townhotse) Ln(T)=87Ln(x)+2.46 | Ln(T)=.80Ln(x)}+0.26 17% Lin(T)=.82Ln(x)+0.32 67%
Single Family . .
230 (Residential _ _ o 5 o
Attached Condo/Townhotse) Ln(T)=87Ln(x)}+2.46 | Ln(T)=.80Ln(x)+0.26 17% Lin(T)=.82Ln(x)+0.32 67%
Townhomes
Senior
Independent 252 (Senior Adult
T=3. =, % = %
Living Housing - Attached) 3.44(x) T=20(x) 349% T=25() 54%
Apartments
Table 3 indicates the anticipated new trip generation for the overall development.
Table 3 - Vehicular Trip Generation
Average .
L. Dwelling . Weekday Morning Weekday Afternoon
Description Units Daily
Weekday In Out Total In Out Total
Single Family Attached Twins 32 239 4 17 21 16 8 24
Single Family Attached Townhomes 72 483 7 33 40 31 15 46
Senior Living Apartments 250 860 17 33 50 34 29 63
Total 1,582 28 83 111 81 52 133




Trip Distribution and Assignment

Site-generated traffic will approach and depart the site via different routes depending on factors such as the
existing traffic patterns, location of roadways, and the location of the development’s site accesses. The
distribution percentages for the anticipated directions of approach and departure are illustrated in Figure
4A. These patterns are consistent with existing traffic patterns in the area during both peak hours.

Application of the percentages illustrated in Figure 4A to the total new peak hour trips contained in Table 3,
provides an estimate of site traffic to be added to the study area. Figure 4B provides a summary of the total
new site trips.

The site-generated traffic volumes illustrated in Figure 4B were then added to the future without-
development traffic volumes illustrated in Figure 5A for each peak hour to result in total future peak hour
traffic volumes with development for each peak hour. The 2018 future traffic volumes with development
are illustrated in Figures 5B for the weekday morning and weekday afternoon peak hours for the
surrounding roadway network.



Future Design Year (2023) Traffic Volumes without Development

This section presents projected traffic volumes without the proposed development for the future design year
2023. The 2023 future without-development traffic volumes were estimated by increasing the 2016 existing
peak hour traffic volumes to account for regional growth as described below. The 2023 future without-
development traffic volumes for the weekday moming and weekday afternoon peak hours are illustrated in
Figure 6A.

Regional Traffic Growth

To account for regional traffic growth, the existing traffic volumes were increased by an annual traffic
growth rate of 0.64 percent compounded to the proposed build-out year (2023). This growth rate is
consistent with the traffic growth rate recommended by the PennDOT Bureau of Planning and Research
Growth Factors for August 2015 to July 2016 for similar, non-interstate, urban roadways in Montgomery
County.

Local Traffic Growth

It is our understanding that there are no other proposed developments that would affect the future traffic
conditions in the vicinity of the site.
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Future Design Year (2023) Traffic Volumes with Development

Evaluation of the proposed development is based upon the incremental increase in traffic volumes
generated by the development during the peak hours, as described below.

Trip Generation

Estimates of total traffic generated by the development are the same as described in the “Future Build-Out
Year (2018) Traffic Volumes with Development” section. Table 3, previously shown, details the estimated
trip generation for the proposed development of the site.

Trip Distribution and Assignment

The distribution percentages for the anticipated directions of approach and departure, and the total new site
trips, are illustrated in Figures 4A and 4B, as previously noted.

The site generated traffic volumes were added to the future without-development traffic volumes to result
in total future peak hour traffic volumes with development for each peak hour. The 2023 future traffic
volumes with development are illustrated in Figures 6B for the weekday morning and weekday afternoon
peak hours.

-11-




Site Access

The site will have access provided via an enter-only, unsignalized driveway located along Lindenwold
Terrace approximately 1,000 feet to the east of Bethlehem Pike (S.R. 2018). Another enter-only, unsignalized
driveway will be provided along Bethlehem Pike (S.R. 2018), directly opposite Church Street. Primary
access to the site is proposed to be provided via a proposed full-movement, unsignalized intersection along
Bethlehem Pike (S.R. 2018), directly opposite Mattison Avenue.

It should be noted that this limited proposed access along Lindenwold Terrace is intended, in part, so as to
not create cut-thru traffic along Lindenwold Terrace. Any existing cut-thru traffic which may currently be
on Lindenwold Terrace is not associated with this development, nor will it be encouraged by this
development.

Additionally, the geometric design of the proposed site access driveways were preliminarily evaluated
based on guidelines contained in the Pennsylvania Code, Chapter 441, Access to and Occupancy of Highways
by Driveway and Local Roads, as well as local PennDOT District polices. PennDOT lane warrant
worksheets were compiled to determine any recommended turn lanes (if necessary) and appropriate
lengths and are located in Appendix L. Based on the results of this evaluation, the following access
configurations and traffic controls are recommended, subject to the detailed engineering of the site accesses:

Lindenwold Terrace and Access

— Provide one 16-foot wide ingress lane for the driveway
— Provide a minimum driveway radii of 25 feet at the access driveway, which should be
designed based on the largest vehicle anticipated to utilize this driveway

Bethlehem Pike (S.R. 2018) and Mattison Avenue/Access

— Provide one 14-foot wide ingress lane, one 12-foot wide separate left-turn egress lane, and
14-foot wide shared through/right-turn egress lane for the driveway

— Provide a minimum driveway radii of 25 feet at the access driveway, which should be
designed based on the largest vehicle anticipated to utilize this driveway

— A two-way center left-turn lane is currently provided along Bethlehem Pike (S.R. 2018) along
the site frontage. This lane should be restriped to provide 75-foot left-turn lanes in both the
northbound and southbound directions at its intersection with Bethlehem Pike (S.R. 2018)
and Mattison Avenue/Proposed Site Access

— Upgrade the pedestrian facilities at the intersection, including ADA compliant curb ramps
and crosswalks

— Turning movements at this intersection (to or from Mattison Avenue) may be restricted
depending upon the potential future actions of Ambler Borough, which is considering the
adoption of an ordinance to make Mattison Avenue one-way.

— The Applicant is desirable of a traffic signal at this location. Analysis has been provided
under this scenario. However, PennDOT does not support a traffic signal at this location at
this time. As outlined in PennDOT’s review letter dated August 10, 2016, the Applicant will
perform a post development study after the proposed site is open and fully occupied to
determine if the traffic signal warrant is satisfied.
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Bethlehem Pike (S.R. 2018) and Church Street/Access
— Provide one 16-foot wide ingress lane for the driveway
— Provide a minimum driveway radii of 25 feet at the access driveway, which should be
designed based on the largest vehicle anticipated to utilize this driveway
- A two-way center left-turn lane is already provided along Bethlehem Pike (S.R. 2018) and
should be utilized for ingress vehicles

Sight Distance

Sight distance field measurements and an evaluation were performed for the proposed access roadway
intersections. Generally, the prevailing (or 85 percentile) travel speeds, posted speed limit, roadway
grades and profiles, and the number of travel lanes play a role in determining if safe sight distances are
available for egress and ingress at each driveway. The existing sight distances at the proposed access
locations were measured and compared to PennDOT’s requirements, which are contained in the PennDOT
publication Pennsylvania Code, Chapter 441, Access to and Occupancy of Highways by Driveways and Local Roads.

Table 4 summarizes the available sight distance measurements, as well as the required desirable and
minimum PennDOT sight distances for each driveway location along Bethlehem Pike (S.R. 2018) and
Lindenwold Terrace.

Table 4 — Sight Distance Evaluation
Lindenwold Terrace and Enter-only Access

PennDOT Required .
Posted Speed | Approximate Sight Di feet Available
Movement Direction P PP ight Distance (feet) Sight Distance
(mph) Grade
Desirable | Minimum (feet)
Leftturn | Looking Ahead 25 +1.0% 190 159 1000+
Entering From the Rear 25 -1.0% 190 164 700+
Bethlehem Pike (S.R. 2018) and Mattison Ave/Access
Posted Speed | Approximate g en}?]]))OT Requflred Available
Movement Direction P PP ight Distance (feet) Sight Distance
(mph) Grade ¢
Desirable | Minimum (feet)
Looking Left 40 +2.0% 537 314 800+
Exiting ) )
Looking Right 40 -2.0% 460 337 468
Left turn Looking Ahead 40 +2.0% 373 314 500+
Entering From the Rear 40 2.0% 373 337 444

13-



Bethlehem Pike (S.R. 2018) and Church Street/Enter-only Access

PennDOT Required Available
Movement Direction Posted Speed | Approximate Sight Distance (feet) Sight Distance
(mph) Grade
Desirable | Minimum (feet)
Left turn Looking Ahead 40 +1.0% 373 319 600+
Entering From the Rear 40 -1.0% 373 331 600+

As shown in Table 4 above, the existing available sight distance measurements exceed the desirable
PennDOT requirements based upon the posted speed limits. It is recommended that any proposed
landscaping be maintained along the site frontages to continue to provide for adequate sight distance
according to the above tables. Furthermore, the available sight distance at the site accesses should be
verified during the detailed engineering of the site.

Future Pedestrian Facilities Surrounding the Site
The applicant will provide updated ADA compliant crosswalks and ramps at the intersection of Bethlehem
Pike (S.R. 2018) and Lindenwold Avenue/Terrace. Additionally, the pedestrian facilities will be upgraded

at the intersection of Bethlehem Pike (S.R. 2018) and Mattison Avenue/Access, including ADA compliant
curb ramps and crosswalks for crossing Bethlehem Pike (S.R. 2018).

-14-



Capacity/Level-of-Service Analysis

The peak hour traffic volumes were analyzed to determine the existing conditions and future conditions,
without and with the proposed development, in accordance with the standard techniques contained in the
current Highway Capacity Manual (2010). These standard capacity/level-of-service analysis techniques, which
calculate total control delay, are more thoroughly described in Appendix E for unsignalized and signalized
intersections, as well the correlation between average total control delay and the respective level-of-service
(LOS) criteria for each intersection type.

Please note that according to PennDOT’s Policies and Procedures for Transportation Impact Studies Related to
Highway Occupancy Permits, dated January 28, 2009, revised October 21, 2013 (SOL 494-13-13), no mitigation
requirements are required for an overall level-of-service drop from without- to with-development
conditions (i.e. LOS D to LOS E), if the increase in the overall delay per vehicle is less than 10 seconds (i.e.
48.2 to 56.5 seconds per vehicle). The results of the capacity/level-of-service analyses are illustrated in
Figures 3B, 5C, 5D, 6C, and 6D for the existing conditions, 2018 future without-development conditions,
2018 future with-development conditions, 2023 future without-development conditions, and 2023 future
with-development respectively, at the study area intersections and proposed access driveways.

Detailed capacity/level-of-service analysis worksheets, as well as the intersection volume spreadsheets, are
contained in Appendices F, G, H, I, and J for the existing, 2018 future without-development, 2018 future
with-development, 2023 future without-development, 2023 future with-development peak hour traffic
conditions at the study area intersections, respectively. The analysis results are summarized below for each
study intersection and matrix tables are provided at the end of the study.

Lindenwold Terrace and Enter-only Access

The ingress movements at the proposed enter-only site access along Lindenwold Terrace will operate at a
highly acceptable LOS A during all peak hours under 2018 and 2023 future with-development conditions
based upon the design recommendations previously presented for each driveway.

Bethlehem Pike (S.R. 2018) and Lindenwold Avenue/Terrace

Under existing, 2018 and 2023 without-development conditions, the stop-controlled approaches of
Lindenwold Avenue/Terrace will operate at acceptable level-of-service conditions (LOS D or better) during
all peak hours, except for Lindenwold Avenue/Terrace approaches during the weekday afternoon peak

hour, which will operate at LOS E or F.

Under with development conditions, this intersection will operate at similar overall levels-of-service as
under without development conditions, with no LOS degradations.
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Bethlehem Pike (S.R. 2018) and Mattison Avenue/Access

The Mattison Avenue approach to Bethlehem Pike (S.R. 2018) is stop-controlled. The stop-controlled
approach operates at acceptable levels-of-service (LOS D or better) under existing and future 2018 and 2023
without- and with-development conditions. The Proposed Access approach to Bethlehem Pike (S.R. 2018) is
stop-controlled. The stop-controlled approach will operate at acceptable levels-of-service (LOS D or better)
under future 2018 and 2023 without- and with-development conditions, except for the left-turn egress
movement, which will operate at LOS E.

It should be noted that a Signal Feasibility Study, dated June 23, 2016, was previously submitted.

Based on the speed study conducted on August 18, 2016, the prevailing speed is 38 mph in both the
northbound and southbound directions of Bethlehem Pike. Therefore, the traffic signal warrants were
updated to include the results from the speed study. The four-hour weekday manual turning movement
traffic volumes at this intersection were utilized to determine if the intersection satisfies warrants for a
traffic signal. Based on the projection of the existing four-hour count data to the design year (2023) with-
development conditions, Warrant 3 (Peak Hour) is not satisfied for the weekday morning and afternoon
peak hours. Warrant 2 (Four-Hour) is not satisfied. With signalization of this intersection, the intersection
and all movements will operate at acceptable levels of service.

The Applicant is desirable of a traffic signal at this location. Analysis has been provided under this scenario.
However, PennDOT does not support a traffic signal at this location at this time. As outlined in PennDOT’s
review letter dated August 10, 2016, the Applicant will perform a post development study after the
proposed site is open and fully occupied to determine if the traffic signal warrant is satisfied. A copy of the
traffic signal warrant analysis is provided in Appendix K.

Bethlehem Pike (S.R. 2018) and Church Street/Enter-only Access

The Church Street approach to Bethlehem Pike (S.R. 2018) is stop-controlled. The stop-controlled approach
operates at acceptable levels-of-service (LOS C or better) under existing and future 2018 and 2023 without-
and with-development conditions.

The proposed enter-only driveway will create a fourth leg to this intersection. The intersection will continue
to operate at acceptable LOS C or better during all peak hours under 2018 and 2023 future with-
development conditions based upon the design recommendations previously presented for each driveway.

Bethlehem Pike (S.R. 2018) and Highland Avenue

This signalized intersection currently operates at acceptable levels-of-service overall (LOS C or better) under
existing, 2018 without-development conditions, and 2023 without-development conditions with the lane
groups also operating acceptably (LOS C or better) during all three peak hours.

With development of the site, this intersection will continue to operate at the same acceptable levels-of-

service as under without-development conditions overall and on the lane groups. Therefore, no mitigation
measures are recommended at this intersection.
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Alternatives Analysis — Roundabout Analysis

There are movements at the study intersections along Bethlehem Pike (S.R. 2018) that cannot be mitigated to
pre-development LOS/delay conditions with conventional traffic improvements as previously described due
to various reasons such traffic signal warrants not being satisfied, or Right-of-Way limitations; specifically,
at Lindenwold Avenue/Terrace and Mattison Avenue/Proposed Access. Therefore, a single-lane
roundabout was analyzed at these intersections in the future 2023 with development conditions, in
accordance with the standard techniques contained in the current Highway Capacity Manual (2010) utilizing
the proposed 2015 parameters per the Technical Memo, “PennDOT Open-End Roundabout Support” by
Kittelson & Associates, Inc., dated August 10, 2015.

A single-lane roundabout at Bethlehem Pike (S.R. 2018) and Lindenwold Avenue/Terrace will operate at
acceptable LOS B or better during all peak hours. However, based on a conceptual plan, this roundabout
will have significant impacts to adjacent properties, and does not appear feasible based on right-of-way
acquisition and driveway restrictions for private properties.

A single-lane roundabout at Bethlehem Pike (S.R. 2018) and Mattison Avenue/proposed Access will operate
with acceptable LOS B or better during all peak hours. However, based on a conceptual plan, this
roundabout will have significant impacts to adjacent properties, and does not appear feasible based on
right-of-way acquisition and driveway restrictions for private properties.

Each concept has been developed based upon requirements outlined in the NCHRP Report 672 Roundabouts:
an Informational Guide

The results of the capacity/level-of-service analyses are illustrated in Figure 6D, and a copy of the

roundabout analyses are provided in Appendix M. A conceptual plan has been completed for these
intersections, and is provided in Appendix M.
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Conclusions

In conjunction with the proposed development, the following recommendations are proposed for the three
driveways that will provide access to the site:

Lindenwold Terrace and Access

Provide one 16-foot wide ingress lane for the driveway
Provide a minimum driveway radii of 25 feet at the access driveway, which should be
designed based on the largest vehicle anticipated to utilize this driveway

Bethlehem Pike (S.R. 2018) and Mattison Avenue/Access

Provide one 14-foot wide ingress lane, one 12-foot wide separate left-turn egress lane, and
14-foot wide shared through/right-turn egress lane for the driveway

Provide a minimum driveway radii of 25 feet at the access driveway, which should be
designed based on the largest vehicle anticipated to utilize this driveway

A two-way center left-turn lane is currently provided along Bethlehem Pike (S.R. 2018) along
the site frontage. This lane should be restriped to provide 75-foot left-turn lanes in both the
northbound and southbound directions at its intersection with Bethlehem Pike (S.R. 2018)
and Mattison Avenue/Proposed Site Access.

Upgrade the pedestrian facilities at the intersection, including ADA compliant curb ramps
and crosswalks

Tuming movements at this intersection (to or from Mattison Avenue) may be restricted
depending upon the potential future actions of Ambler Borough, which is considering the
adoption of an ordinance to make Mattison Avenue one-way

The Applicant is desirable of a traffic signal at this location. Analysis has been provided
under this scenario. However, PennDOT does not support a traffic signal at this location at
this time. As outlined in PennDOT’s review letter dated August 10, 2016, the Applicant will
perform a post development study after the proposed site is open and fully occupied to
determine if the traffic signal warrant is satisfied.

Bethlehem Pike (S.R. 2018) and Church Street/Access

Provide one 16-foot wide ingress lane for the driveway

Provide a minimum driveway radii of 25 feet at the access driveway, which should be
designed based on the largest vehicle anticipated to utilize this driveway

A two-way center left-turn lane is already provided along Bethlehem Pike (S.R. 2018) and
should be utilized for ingress vehicles

In conjunction with the development of the site, the applicant will provide updated ADA compliant
crosswalks and ramps at the intersection of Bethlehem Pike (S.R. 2018) and Lindenwold Avenue/Terrace.
Additionally, the pedestrian facilities will be upgraded at the intersection of Bethlehem Pike (S.R. 2018) and
Mattison Avenue/Access, including ADA compliant curb ramps and crosswalks.

The traffic analyses contained herein reveals that safe and efficient access to and from the proposed
development can be provided and that site-generated traffic can be accommodated at the off-site study area
intersections with the construction of the recommended improvements.
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Table 1 indicates trip generation rates and equations utilized in the subsequent analysis.

TABLE 1
TRIP GENERATION RATES/EQUATIONS
Weekday Morning Peak Hour Weekday Afternoon Peak Hour
Land Use Land Use Code Daily
Equation/Rate Enter Equation/Rate Enter
Single Family 230 (Residential B _ o _ o
Attached Twins | Condo/Townhouse) | R(D=87Ln(x)2.46 Ln(T)=.80Ln(x)}+0.26 17% Ln(T)=82Ln(x)+0.32 67%
Single Family . .
Attached 230 (Residential Ln(T)=87Ln(x)+2.46 Ln(T)=.80Ln(x)+0.26 17% Ln(T)=82Ln(x)+0.32 67%
Condo/Townhouse)
Townhomes
Age Targeted 230 (Residential B _ o _ o
Condomniums® | CondofTownhouse) | LP(D=87Ln(x)246 Ln(T)=.80Ln{x)+0.26 17% Ln(T)=82Ln(x)+0.32 67%
Isjgloren dent 252 (Senior Adult
1¢ep Housing - T=3.44(x) T=20() 34% T=25(x) 54%
Living
Attached)
Apartments

X =Independent Variable (units)
T = Traffic Volume
(1) Age Targeted Condominiums are marketed towards adults 55 and older; however are not explicitly age-restricted.
Therefore, to be conservative, LU Code 230 was utilized.

Table 2 indicates the anticipated new trip generation for the overall development.

TABLE 2
TRIP GENERATION
PROPOSED DEVELOPMENT
Weekday Morning Weekday Afternoon
. . Peak H Peak H
Land Use Size | Daily - o ras o
Enter | Exit | Total | Enter | Exit | Total

Slngle Family Attached 34} 252 4 18 » 17 8 25
Twins Units
Single Family Attached 54
Tovwnhomes Units 376 5 27 32 24 12 36
Age Targeted 40
Condominiums Units 290 4 21 % 19 ? 28
S?n.ior Independent 259 360 17 33 50 34 29 63
Living Apartments Units
Total Trips 1,778 30 99 129 94 58 152

(5) ESTIMATED DAILY TRIP GENERATION/DRIVEWAY CLASSIFICATION:

(a) Estimated Daily Trip Generation of Proposed Development — Assuming One Full-
Movement Access Point, and One Enter-Only Access Point along S. Bethlehem Pike
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©)

(10)

Land use context (Refer to Smart Transportation Handbook):
Urban

Known Congestion Areas:

N/A

Known Safety Concerns:

N/A

Known Environmental Constraints:

N/A

Pedestrian/Bike Review (Community Centers, Parks, Schools, etc.):

Trinity Episcopal Church is located along S. Bethlehem Pike (S.R. 2018), north of Highland
Avenue. Veterans Memorial Park is located along Highland Avenue, east of S. Bethlehem
Pike (S.R. 2018). Multiple baseball fields are located along Highland Avenue, west of S.
Bethlehem Pike (S.R. 2018). Sidewalk is currentlv provided along the western side of S.
Bethlehem Pike (S.R. 2018), along Highland Avenue, as well as Lindenwold
Terrace/Avenue.

Transit Review (Current routes/stops):

Septa Bus Route 94 (Montgomery Mall to/from Chestnut Hill) and Route 95 (Willow
Grove to/from Gulph Mills) have stops along S. Bethlehem Pike (S.R. 2018)at Highland
Avenue, Church Street, and Lindenwold Terrace/Avenue.

STUDY AREA TYPE: Urban _X Rural
TIS ANALYSIS PERIODS AND TIMES:

McMahon will analyze the following conditions:
Existing conditions,
2016 full build-out without development conditions
2016 full build-out with development conditions
2021 horizon vear full build-out without development conditions
2021 horizon vear full build-out with development conditions

McMahon will analyze the following time periods:
Weekday morning peak hour (7:00-9:00 AM)
Weekday afternoon peak hour (4:00-6:00 PM)




Mz. Francis Hanney
October 28, 2013
Page 6 of 10

(11) TRAFFIC ADJUSTMENT FACTORS:

(a) Seasonal Adjustment: (Identify counts requiring adjustment and methodology):
N/A

(b) Annual Base Traffic Growth: 0.73 %/yr.
Source: PennDOT Growth Factor Table for September 2012 to July 2013

(c) Pass-By Trips:

Land Use % Source
N/A N/A N/A

(d) Captured Trips for Multi-Use Sites:
o N/A

(e) Modal Split Reductions:
N/A

(f) Other Reductions:
N/A
(12) OTHER PROJECTS WITHIN STUDY AREA TO BE ADDED TO BASE TRAFFIC:
(Identify proposed developments with issued permits that need to be included.)
None

(13) TRIP DISTRIBUTION AND ASSIGNMENT:

The trips will be distributed based on existing traffic patterns and the location of any
local attractions.

(14) APPROVAL OF DATA COLLECTION ELEMENTS AND METHODOLOGIES:

Location Period
AM M

S.R. 2018 and Highland Avenue MIM 7-9AM MTM 4-6PM

S.R. 2018 and Church Street MTM 7-9AM MTM 4-6PM

S.R. 2018 and Mattison Avenue MTM 7-9AM MTM 4-6PM

S.R. 2018 and Lindenwold MTM 7-9AM MTM 4-6PM

Terrace/Avenue
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(15) CAPACITY/LOS ANALYSIS:
Location Period Type
Site access intersections AM and PM  Synchro 8 (HCM2010 Results)

(16)

and study intersections
listed above

ROADWAY IMPROVEMENTS/MODIFICATIONS BY OTHERS TO BE INCLUDED:
(Projects programmed for construction of other developments with issued permits.)

None

(17) OTHER NEEDED ANALYSES:

(a) Sight Distance Analysis:
(Required for all site access driveways; identify other locations)

McMahon will complete this for the proposed site accesses

(b) Signal Warrant Analysis:

McMahon will perform a traffic signal warrant analysis at the intersection of S.
Bethlehem Pike (S.R. 2018)and Mattison Avenue/Proposed Access in future with
development conditions

(c) Required Signal Phasing/Timing Modifications:

McMahon will indicate any proposed signal modifications at S. Bethlehem Pike (S.R.
2018) and Highland Avenue

(d) Traffic Signal Corridor/Network Analysis:

If a sienal is warranted at S. Bethlehem Pike (S.R. 2018) and Mattison Avenue under
build conditions, a corridor analysis will be performed for S. Bethlehem Pike (S.R.
2018)/Highland Avenue and S. Bethlehem Pike (S.R. 2018)/Mattison Avenue, as they
are approximately 1,100 feet apart.

(e) Analysis of the Need for Turning Lanes:
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DEPARTMENT OF TRANSPORTATION

Date: 08/10/2016
Subject: Highway Occupancy Permit Application No. 113792 Returned For Revisions
To: Lindenwold Residential Associates, LLC
P.O. Box 845
Bensalem, PA 19020
From: PennDOT Engineering District 6-0
7000 Geerdes Boulevard

King of Prussia, PA 19406

Dear Applicant,

PennDOT has reviewed your application for completeness, consistency and compliance with
applicable Department Regulations. This review has identified issues that must be addressed in
order for our review to continue.

The Department's review comments are attached.

Once the comments have been addressed, please resubmit the application and associated material
for further review.

Upon resubmission, the applicant's engineer should put together a letter that describes how each
comment has been addressed and where each can be found. This will help expedite the review.
For guidance on HOP applications refer to 67 PA Code, Chapter 441, Chapter 459 and PennDOT
Publication 282, "Highway Occupancy Permit Guidelines". Additional comments may follow
upon review of the resubmitted application.

If you have any questions regarding this matter, you may contact Drew Sirianni of Pennoni
Associates, at (215) 254-7893.






ELLEN CULHANE, PERMITS UNIT, 7000 GEERDES BLVD. KING OF PRUSSIA, PA. 19406.

PLEASE INCLUDE THE APPLICATION NUMBER ON THE CHECK FOR OUR REFERENCE.
(3) The following comments pertain to the roundabout concepts.

GENERAL

a. Based on the roundabout concepts provided, neither concept appears to be infeasible, however it

is recognized that significant property owner coordination is required. Since the volume of traffic

on Lindenwold is higher than Mattison is seems that Lindenwold is a more logical location for a

roundabout, however the Mattison location would still be acceptable.

b. The proposed medians on the northbound and southbound approaches of both roundabouts could

be cut back substantially in order to maintain existing level of access (left turns) in and out of

several properties along SR 2018.

c. A stone wall that is old, is not necessarily historical. It appears that there is sufficient setback

available to relocate/reconstruct the wall if necessary to accommodate construction of the

roundabout. In order to further assess impacts, please provide formal documentation from a

historical/cultural resources professional and/or PHMC indicating that the stone walls shown on the

plan are historical/cultural resources.

BETHLEHEM PIKE (SR 2018) AND MATTISON AVENUE
d. Approval from Ambler Borough will be required for the removal of any on-street parking spaces
on Mattison Avenue. The proposed median on the eastbound approach could be cut back to

minimize the number of lost on-street parking spaces.

BETHLEHEM PIKE (SR 2018) AND LINDENWOLD TERRACE/AVENUE

e. The location of the crosswalk over the eastern leg of the roundabout should be revised so that the
existing residential driveway doesn't need to be removed.

f. The plan indicates removal of driveways on the southbound approach, however there do not

appear to be any driveways in this area. Please clarify.

Transportation Impact Study/Transportation Impact Assessment

(1) As previously indicated, the following information must be provided and/or revised:
a. Provide crash data/history for critical intersections/roadway network. A summary of crash
analysis can be included in the report; however, actual crash records should be included within the
appendix with a confidentiality statement on the cover. It is recommended to separate the crash

record appendix from the main TIS report.







APPENDIX B

Study Area Sketches, Photographs, Sight Distance Worksheets
(M-950S), and Signal Permit Plans
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M-9508 (3-04)

PENNCOT RIVEWAY SIGHT DISTANCE MEASUREMENTS

(FOR LOCAL ROADS, USE PENNDOT PUB 70)
APPLICANT, ) APPLICATION NO. -
S.R. SEG. OFFSET, ' _ LEGAL SPEED LIMIT__ 25 m(ol.,
MEASURED BY__~""Y% DATE 3 /“ /14
FOR DEPARTMENT USE ONLY: Safe-Running Speed - 85th Percentile Speed

] A

-
P * D
: <€ loos '+ s o
B =N —_soos e f—’ PPN

+
"'a-r.,,‘QRADE #( % t L R =)

= e *
Sighf L',fn.‘e" -

— EDGE OF

TRAVEL LANE
DISTANCE REQUIRED

DISTANCE REQUIRED
FSD=__ 250 ! 5 penaasie

FSD= {45’ ograsae

THE MAXIMUM LENGTH OF ROADWAY ALONG WHICH A DRIVER AT A DRIVEWAY LOCATION
CAN CONTINUOUSLY SEE ANOTHER VEHICLE APPROACHING ON THE ROADWAY.

- %

&
.
w Y ( DISTANCE REQUIRED
FSD= /907 = bestaasi
THE MAXIMUM LENGTH OF ROADWAY ALONG WHICH A DRIVER ON THE ROADWAY CAN

CONTINUOUSLY SEE THE REAR OF A VEHICLE WHICH IS LOCATED IN THE DRIVER'S TRAVEL LANE
AND WHICH IS POSITIONED TO MAKE A LEFT TURN INTO A DRIVEWAY.

DISTANCE REQUIRED
FSD= /90 ! Hogricagie

THE MAXIMUM LENGTH OF ROADWAY ALONG WHICH A DRIVER OF A VEHICLE INTENDING TO MAKE A LEFT TURN
INTO A DRIVEWAY CAN CONTINUOUSLY SEE A VEHICLE APPROACHING FROM THE OPPOSITE DIRECTION.
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M-9508 (3-04)
PENNOT RIVEWAY SIGHT DISTANCE MEASUREMENTS

(FOR LOCAL ROADS, USE PENNDOT PUB 70)

APPLICANT - - APPLICATION NO. ‘ L
S.R. SEG. OFFSET ' LEGAL SPEED LIMIT__ /0y &
MEASURED BY. il DATE 3/"/"’
FOR DEPARTMENT USE ONLY: Safe-Running Speed : 85th Percentile Speed

~— 48’ [—>
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=t [ goure e
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Yy EDGE OF

TRAVEL LANE
DISTANCE REQUIRED

FSD= S35 D PDesinage

DISTANCE REQUIRED
FSD= (6 "= pediaadee

THE MAXIMUM LENGTH OF ROADWAY ALONG WHICH A DRIVER AT A DRIVEWAY LOCATION
CAN CONTINUOUSLY SEE ANOTHER VEHICLE APPROACHING ON THE ROADWAY.

M
w Y ( DISTANCE REQUIRED
FSD= 372/ S vesinag i

THE MAXIMUM LENGTH OF ROADWAY ALONG WHICH A DRIVER ON THE ROADWAY CAN
CONTINUQUSLY SEE THE REAR OF A VEHICLE WHICH IS LOCATED IN THE DRIVER'S TRAVEL LANE
AND WHICH IS POSITIONED TO MAKE A LEFT TURN INTO A DRIVEWAY.

DISTANCE REQUIRED
ESD=_ 372 7-3 derianmbie

THE MAXIMUM LENGTH OF ROADWAY ALONG WHICH A DRIVER OF A VEHICLE INTENDING TO MAKE A LLEFT TURN
INTO A DRIVEWAY CAN CONTINUOUSLY SEE A VEHICLE APPROACHING FROM THE OPPOSITE DIRECTION.
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M-8508 (3-04)

PENNDOT  HRIVEWAY SIGHT DISTANCE MEASUREMENTS

(FOR LOCAL ROADS, USE PENNDOT PUB 70)

APPLICANT : APPLICATION NO. L
S.R. SEG. OFFSET ' LEGAL SPEED LIMIT P~ gl
MEASURED BY___7*% oAt 3/n /N

FOR DEPARTMENT USE ONLY: Safe-Running Speed : 85th Percentile Speed

~ ) A
Sight e~y . R DRIVER'S EYE 10'
- S S EDGE OF
o TRAVEL LANE
DISTANCE REQUIRED o DISTANCE REQUIRED
FSD= 357 S besimance i ESD= ©{6 "= besinadl€

THE MAXIMUM LENGTH OF ROADWAY ALONG WHICH A DRIVER AT A DRIVEWAY LOCATION
CAN CONTINUOUSLY SEE ANOTHER VEHICLE APPROACHING ON THE ROADWAY.

¥
&
&
. X o
Y DISTANCE REQUIRED
FSD= 2L Do
THE MAXIMUM LENGTH OF ROADWAY ALONG WHICH A DRIVER ON THE ROADWAY CAN

CONTINUOUSLY SEE THE REAR OF A VEHICLE WHICH IS LOCATED IN THE DRIVER'S TRAVEL LANE
AND WHICH IS POSITIONED TO MAKE A LEFT TURN INTO A DRIVEWAY.,

ey
—_“\‘K‘

GRADE __+!

DISTANCE REQUIRED
FSD= L S REnan e

THE MAXIVMUM LENGTH OF ROADWAY ALONG WHICH A DRIVER OF A VEHICLE INTENDING TO MAKE A LEFT TURN
INTO A DRIVEWAY CAN CONTINUOUSLY SEE A VEHICLE APPROACHING FROM THE OPFOSITE DIRECTION.


























































EMERGENCY PRE—EMPTION PHASING

- -~
MOVEMENT, SEQUENCE AND TIMING DIAGRAM
1 l 1 1 SYMBOL
=5 i = = L8 S.R. 2018
C
I 5t L R
PHASE 2 4 6 8 % i%
vl ]i]12] []s 1617 | 18 18 |20 | 21 v]@ Ega
1 ZANSERE RIRIR RIRIR RIRIR idMvdendacd i
28 s v®RE Twrlair RIR|R R|RIR T
14 R|R|R R|RIR c vORE |[RlRIR JRERENRAREAREQN|
56 R|R|R GlYIR RIR|R| IR|R|R : g
7.8 RIR|R FE R|R|R clv|r
191 | R]IRIR RIRIR RiRrR]R RIR|R 2
: : 3
FIXED HRE ez wl% |2 wle]2 a5
«* FOR DURATION. OF PRE—EMPTION HE
NOTEL -
IF PRE~EMPTION EQUIPMENT HAS ENCODING CAPABILITIES FOR VEHICLE @J

IDENTIFICATION,, IT iS RECOMMENDED TO HAVE THE ZERO "00” FEATURE
ON, TO GIVE UNCODED EMITTERS THE "ABILITY TO ACTIVATE THE
EMERGENCY PRE—~EMFTION.

@ G/ WHEN RETURNING -TO NORMAL OPERATION
@G WHEN RETURNING TO NORMAL OPERATION

Y = N

. CONTROLLER JO BE EQUIPFPED WITH EMERGENCY PRE-EMP“DN FOR THE

NDRTHBOUND & SOUTHBOUND APPROACHES OF BETHLEHEM PIKE (SR. 2018) AND

THE FA D & WESTBOUND APPROACHES OF HIGHLAND AVENUE WITH A FAL
CE FDR EACH DIRECTION OF OPERATION. THIS EMERGENCY: BEACON SHALL

CONS&ST OF A FLASHING -WHITE FLOOL LIGHT, AND SHALL FLASH WHEN THI

EMERGENCY VEHlCIl HAS CONTROL OF THE INTERSECTION FOR THE APPROPR!ATE

APPROACH, LOCATION OF EMERGENCY VEHICLE DETECTORS ARE TO BE

ARJUSTED TO- AOHIEVE MAXIMUM OPERATION. ;

= THE SIGNALS, WHEN ACTIVATED BY AN ENERGENCY VD{ICLE. SHALL TERMINATE

ALL GREEN INDICATIONS IMMEDIATELY. FOLLOWED BY THE C! TE YELLOW AND RED
ANCE INTERVALS, ACCORDINGLY. THEN THE GREEN INTERVAL FOR THE

PRE-EMPTED PHASE SHALL FOLLOW.

+  THE SIGNALS, WHEN ACTIVATED BY AN EMRENCY VEHICLE, SHALL TIME OUT . -
ALL YELLOW AND: RED INDICATIONS, FOLLOWED
FRE~EMPTION PHASE GOVERNED BY THE APPROACHING EMmC

o IF SIGHALS HAVE BEEN ACTUATED BY PEDESTRIAR PUSH BUTTON AND THE —

SIGNAL 1S PRE~EMPTED, THE PEDESTRIAN TIME SHALL BE SPLIT BETWEEN "PED

WALK® AND "PED CLEAR™, THE “PED WALK" INTERVAL SHALL TERWINATE IMMEDIATELY
FOLLOWED BY THE "PED CLEAR™ INTERVAL THIS INTERVAL SHALL TIME QUT FOLLOWED -
EFY?EmEi{ Angm»\T{ SELECTIVE CLEARANCES BEFORE GOING INTO EMERGENCY

PRE~ e

» F THE SIGNALS, WHEN AC'DVATED B8Y AN EMERGENCY VEHICLE, ARE FLASHING
ALL SIGNALS SHALL REMAIN FLASHING.

« [F ADDITIONAL PRE~EMPTION PHASES ARE ACTIVATED WHILE IN PRE-EMPTION,
THE ORIGINAL PRE~EMPTION PHASE SHALL TIME OUT BEFORE PROCEEDING TO THE
NEXT PRE~EMPTION PHASE.

ON COMPLETION OF PRE-EMPTION, PHASE 2,46 OR 8 N RETURNING TO
NORMAL CPERATION, PHASE 246 INTERVAL 4 SHALL FOLLOW.

» iN EMERGENCY PRE~EMPTION, NO PRIORITY SHALL BE ESTAEJS&ED.
PRE-EMPTION SHALL BE A "FIRST COME, FIRST SERVE" OPERATION.

MOVEMENT, SEQUENCE AND TIMING DIAGRAM
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FIXED 4 2> . .4 2 412
MINIMUM 13 271 3
PASSAGE 3 3
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MAXIMUM 2 | 7 16
PEDESTRIAN® . . 117
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MERGENCY PREEMPTION
FLASHING BEACON

MERGENCY PREEMPTION
DETECTOR

UMINAIRE

« SIGNAL TURE CUT RAWP
FROM OB MLITY POLE
® SIGNAL TGiasp NuMBER

GENERAL NOTES

NO MODIFICATIONS OF THIS INSTALLATION ARE PERMITTED UNLESS
PRIOR APPROVAL 15 GRANTED IN WRITING BY A REPRESENTATIVE OF
THE DEPARTMENT OF TRANSPORTATION,

ALL MAINTENANCE WORK INCLUDING TRIMMING OF TREES,
NECESSARY FOR PROPER VISIBILITY OF THE SIGNALS IS THE
RESPONSIBILITY OF THE PERMITTEE.

All. SIGNS AND PAVEMENT MARKINGS INDICATED ON THIS DRAWING
ARE CONSIDERED PARY OF THE PERMIT AND SHALL BE INSTALLED
AND MAINTAINED IN ACCORDANCE WiTH PUBLICATION NO. 212, °

POST MOUNTED SIGNALS SHALL BE INSTALLED WITH THE SIGNAL
HEADS A MINIMUM OF 2 FEET BEHIND THE FACE OF CURB CR THE
EDGE OF THE SHOULDER. SUPPORT POLES FOR OVERHEAD SIGNALS
SHALL ALSO HAVE A MINIMUM CLEARANCE HORIZONTALLY OF 2 FEET.

. SIGNALS ERECTED OVER THE ROADWAY SHALL HAVE A MINIMUM
VERTICAL CLEARANCE OF 18 FT. ABOVE THE ROADWAY. POST
MOUNTED SIGNALS SHALL BE A MINIMUM OF 8 FT. ABOVE THE
SIDEWALK OR PAVEMENT,

ALL OVERHEAD SIGNALS MUST BE RIGIDLY MOUNTED, TOP AND
BOTTOM, AND EQUIPPED WITH BACKPLATES.

THE MINIMUM HORIZONTAL DISTANCE BETWEEN SIGNALS MEASURED
AT RIGHT ANGLES TO THE APPROACH SHALL BE 8 FEET.

EXACT LOCATICN OF DETECTORS SHALL BE DETERMINED PRIOR TO
INSTALLATION 8Y A REPRESENTATIVE OF PENNOOT.

CURBING TC BE INSTALLED BY MUNICIPALITY AND WHERE NOTED,
SHALL BE PLAIN CEMENT CONCRETE CURB OR GRANITE CURB,
INSTALLED IN ACCORDANCE WITH DEPARTMENT SPECIFICATIONS
FORM 408.

PRIOR TO INSTALLATION THE CONTRACTOR SHALL CONSULT WITH
THE LOCAL OFFICIALS AND UTILITY COMPANIES TO RESOLVE ANY
PROBLEMS WHICH MAY BE CREATED DUE TO THE LOCATION OF
UTILITIES.

THIS DRAWING CANNOT BE USED AS A CONSTRUCTION DRAWING
UNLESS THE PERMITTEE COMPUES WITH THE PROVISIONS OF THE
LATEST AMENDMENT TO ACT 287, PREVENTION OF DAMAGE 70
UNDERGROUND UTILITIES, DATED -DECEMBER 20, 1974.

WHEN LIQUID FUELS MONEY IS USED, SIGNAL INSTALLATION MUST
CONFORM TO FORM 408 AND A COPY OF THE PROPOSED
SPECIFICATIONS MUST BE SUBMITTED TQ THE DISTRICT TRAFFIC
UNIT FOR REVIEW PRIOR TO BIDDING.

PERMITTEE SHALL OBTAIN A HIGHWAY OCCUPANCY PERMIT FOR
ANY CHANGES IN INTERSECTION GEOMETRY REGARDING EXCAVATION.

CONDUIT INSTALLED iIN BITUMINOUS ROADWAY LESS THAN 5§ YEARS
OLD, OR CONCRETE RCADWAY REGARDLESS OF AGE, MUST BE BORED
OR JACKED UNDER THE ROADWAY. INSTALL IN ACCORDANCE WITH
IRAFFIC SIGNAL STANDARDS TC-8800 SERIES.

PENNSYLVANIA DEPARTMENT OF TRANSPORTATION
ENGINEERING DISTRICT 6-0

COUNTY: MONTGOMERY

MUNICIPALITY: _UPPER DUBLIN_ TOWNSHIP

INTERSECTION: BETHLEHEM PIKE (S.R. 2018)
AND HIGHLAND AVENUE

™ REVIEWED:
GATE
MURIGFAL GEFICIAL DATE
RECOMMENDED:
J. BARSZOWSKI 7/13/73
SIGNALS ENGINEER i DATE
ED WOODS JR. 7/13/73
DISTRICT TRAFFIC _ENGINEER DATE
{ne. REVISON R, [ DATE | REVW. | OATE [RECOM.| DATE
1| ADDED SIGNS “A"&"E" PATRMR] WK [V oW

|77 |
rempevap———— D W e T
o7

ADD PRE-EMPT TO ALL APPROACHES | B0 | o/ | A2r |o/ifor| LRb |9/22/08

REVISED CLEARANCES EE EL bbb
uaaliel

Njojoieik|N

SHEET 2 OF zlPERMIT #_64-1793 FILE #1793




APPENDIX C

Automatic Traffic Recorder (ATR) Counts




























APPENDIX D

Manual Turning Movement (MTM) Counts



McMahon Associates Inc.
425 Commerce Drive, Suite 200
Fort Washington, PA 19034

Municipality: Upper Dublin Township File Name : bethpkO1w
Location: Bethlehem Pike & Site Code : 81346801
Lindenwold Terrace Start Date : 3/5/2014
Counter/Board #: LB Page No :1

Groups Printed- Passenger Vehicles - Heavy Vehicles

Bethlehem Pk Lindenwold Terrace Bethlehem Pk Lindenwold Terrace
Southbound Westbound Northbound Eastbound
Start Time Left| Thrul Right Left] Thrul Right Left] Thrul Right Left! Thru| Right| Int. Total]
07:00 0 103 4 6 3 2 4 78 7 2 4 10 223
07:15 0 155 8 1 2 2 12 84 2 2 3 5 276
07:30 0 156 4 2 3 0 5 95 2 1 2 15 285
07:45 1 120 4 4 8 0 9 77 4 0 5 4 236
Total 1 534 20 13 16 4 30 334 15 5 14 34 1020
08:00 0 109 12 5 3 0 18 84 2 1 3 8 245
08:15 1 137 6 4 10 0 8 104 4 3 5 15 297
08:30 0 114 6 3 4 1 12 76 4 1 7 13 241
08:45 1 117 5 4 5 2 13 81 0 2 6 14 250
Total 2 477 29 16 22 3 51 345 10 7 21 50 1033
hkk BREAK KkK
16:00 2 101 9 1 6 0 23 108 5 6 7 12 280
16:15 2 88 10 1 6 0 17 107 4 2 5 17 259
16:30 1 115 11 0 3 1 13 130 4 5 8 12 303
16:45 1 94 9 3 7 0 13 113 7 5 11 6 269
Total 6 398 39 5 22 1 66 458 20 18 31 47 1111
17:00 3 113 10 2 1 1 16 116 1 4 12 19 308
17:15 0 77 8 7 6 3 13 139 8 6 9 15 291
17:30 0 109 9 4 8 0 17 117 5 5 7 14 295
17:45 5 86 11 2 10 5 14 123 6 4 6 20 292
Total 8 385 38 15 35 9 60 495 20 19 34 68 1186
Grand Total 17 1794 126 49 95 17 207 1632 65 49 100 199 4350
Apprch % 0.9 92.6 6.5 30.4 59 10.6 10.9 85.7 3.4 14.1 28.7 57.2
Total % 0.4 41.2 2.9 1.1 2.2 0.4 4.8 37.5 1.5 1.1 2.3 4.6
Passenger Vehicles 16 1746 122 48 94 15 194 1592 63 47 100 188 4225
% Passenger Vehicles 941 97.3 96.8 98 98.9 88.2 93.7 97.5 96.9 95.9 100 94.5 97.1
Heavy Vehicles 1 48 4 1 1 2 13 40 2 2 0 11 125
% Heavy Vehicles 5.9 2.7 3.2 2 1.1 11.8 6.3 2.5 3.1 4.1 0 5.5 2.9

Zero Pedestrians were observed during this study.







McMahon Associates Inc.
425 Commerce Drive, Suite 200
Fort Washington, PA 19034

Municipality: Upper Dublin Township File Name : bethpkO1w
Location: Bethlehem Pike & Site Code : 81346801
Lindenwold Terrace Start Date : 3/5/2014
Counter/Board #: LB PageNo :3
Bethlehem Pk Lindenwold Terrace Bethlehem Pk Lindenwold Terrace
Southbound Westbound Northbound Eastbound
Start Time | Left] Thru | Right | App. towm | _Left | Thru | Right | App. Total | Left | Thru | Right [ pp. total | Left | Thru | Right [ App. Total [ Int. Total
Peak Hour Analysis From 12:00 to 17:45 - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 17:00
17:00 3 113 10 126 2 11 1 14 16 116 1 133 4 12 19 35 308
17:15 0 77 8 85 7 6 3 16 13 139 8 160 6 9 15 30 291
17:30 o 109 9 118 4 8 0 12 17 117 5 139 5 7 14 26 295
17:45 5 86 1 102 2 10 5 17 14 123 6 143 4 6 20 30 292
Total Volume 8 385 38 431 15 35 9 59 60 495 20 575 19 34 68 121 1186
% App. Total 1.9 893 8.8 254 593 153 104 86.1 35 15.7 281 56.2
PHF | 400 .852 .864 855 .536 795 .450 .868 | .882 890 .625 898 | 792 .708 .850 .864 .963
Passenger Vehicles 8 381 36 425 14 35 9 58 57 490 20 567 19 34 64 117 1167
o passengervetices | 100 99.0 947 986 | 933 100 100 983 950 99.0 100 986 100 100 94.1 96.7 98.4
Heavy Vehicles 0 4 2 6 1 0 0 1 3 5 0 8 [¢] 0 4 4 19
% Heavy Vehicles 0 1.0 5.3 14 6.7 0 0 17 5.0 1.0 0 1.4 0 0 5.9 3.3 1.6
Bethlehem Pk
Qut In Yotal
518 425 943
5 6 11
523 431 954

!*’J*_!
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= ﬁ——‘V —3F n| o Q
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S5 9 k= e ]
53979 23 et NN
o R
— [ O

Left Thru Right
57, 490 20

3 5 0

60| 495 20

459 567 1026

9 8 17
468 575 1043
Out In Total

Bethlehem Pk







McMahon Associates Inc.
425 Commerce Drive, Suite 200

Fort Washington, PA 19034

Municipality: Upper Dublin Township File Name : bethpkO2w
Location: Bethlehem Pike & Site Code : 81346803
Mattiston Avenue Start Date : 3/5/2014
Counter/Board #: HR PageNo :2
Bethiehem Pk Bethlehem Pk Mattison Ave
Southbound Northbound Eastbound
Start Time Thru]  Right| App. Total Left | Thru| App. Total Left|  Right] App. Total Int. Total |
Peak Hour Analysis From 07:00 to 11:45 - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:30
07:30 179 5 184 0 104 104 2 6 8 296
07:45 182 2 184 2 119 121 1 4 5 310
08:00 141 5 146 4 - 125 129 1 5 3] 281
08:15 164 5 169 4 116 120 5 9 14 303
Total Volume 666 17 683 10 464 474 9 24 33 1190
% App. Total 97.5 2.5 2.1 97.9 27.3 72.7
PHF 915 .850 .928 .625 .928 919 450 .667 .589 .960
Passenger Vehicles 632 14 646 10 435 445 9 24 33 1124
% Passenger Vehicles 94.9 824 94.6 100 93.8 93.9 100 100 100 94.5
Heavy Vehicles 34 3 37 0 29 29 0 0 0 66
% Heavy Vehicles 51 17.6 54 0 6.3 6.1 [¢] 0 0 5.5
Bethlehem Pk
Out In Total
444 646] | 1090
29 37 66
473 683] | 1156
14] 632
3 34
17] 666
E?ht TTU
Peak Hour Data
=578
kel
™ o oo tj North
< cl 8°8 - Peak Hour Begins at 07:30
g £
{724 =<t O |+
= NN Passenger Vehicles
g praye bg:’_iv Heavy Vehicles
‘5’ o~ N
0
Left Thru
10] 435
0] 29
10464
656 445| [ 1101
34 29 63
690 474] | 1164
Qut In Total
Bethlghem Pk




McMahon Associates Inc.
425 Commerce Drive, Suite 200
Fort Washington, PA 19034

Municipality: Upper Dublin Township File Name : bethpk02w
Location; Bethlehem Pike & Site Code : 81346803
Mattiston Avenue Start Date : 3/5/2014
Counter/Board #: HR PageNo :3
Bethlehem Pk Bethlehem Pk Mattison Ave
Southbound Northbound Eastbound
Start Time Thrul _ Right! App. Total Left | Thru| _App. Total Left|  Right] App. Total Int. Total |
Peak Hour Analysis From 12:00 to 17:45 - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 17:00
17:00 143 7 150 4 139 143 1 6 7 300
17:15 110 4 114 4 170 174 4 4 8 296
17:30 130 8 138 5 149 154 3 4 7 299
17:45 109 8 117 3 162 165 4 4 8 290
Total Volume 492 27 519 16 620 636 12 18 30 1185
% App. Total 94.8 52 2.5 97.5 40 60
PHF .860 .844 .865 .800 912 .914 750 .750 938 .988
Passenger Vehicles 482 25 507 16 612 628 11 18 29 1164
% Passenger Vehicles 98.0 92.6 97.7 100 98.7 98.7 M7 100 96.7 98.2
Heavy Vehicles 10 2 12 0 8 8 1 0 1 21
% Heavy Vehicles 20 74 2.3 0 1.3 1.3 8.3 0 33 1.8
Bethlehem Pk
Out In Total
623 507| [ 1130
9 12 21
632 519] [(1151
25] 482
2| 10
27| 492
Eij}ht Tiru
Peak Hour Data
TR
: T

North
Peak Hour Begins at 17:00

1
1
12

Right Left
g 0

Passenger Vehicles
Heavy Vehicles

43

Mattison Ave
|

29

1

30
18
0
18

Out

q 1

Left Thru
16| 612
Q 8
16| 620

500 628 1128

10 8 18
510 636 1146
Qut In Total

Bethlehem Pk




McMahon Associates Inc.
425 Commerce Drive, Suite 200
Fort Washington, PA 19034

Municipality: Upper Dublin Township File Name : bethpkO3w
Location: Bethlehem Pike & Site Code : 81346802
Church Road / Private Road Start Date : 3/5/2014
Counter/Board #: RR PageNo :1
Groups Printed- Passenger Vehicles - Heavy Vehicles
Bethlehem Pk Private Rd Bethlehem Pk Church St
Southbound Westbound Northbound Eastbound
Start Time Left] Thru| Right Left] Thru! Right Left] Thru| Right Left| Thrul Right| Int. Total|
07:00 0 125 0 0 0 1 91 1 0 10 229
07:15 0 160 5 0 0 0 2 90 0 4 0 9 270
07:30 0 182 0 0 0 0 4 106 0 2 0 6 300
07:45 0 170 3 0 0 0 3 116 0 0 0 10 302
Total 0 637 9 0 0 0 10 403 0 7 0 35 1101
08:00 0 138 0 0 0 0 4 117 0 1 0 R 271
08:15 0 169 2 0 0 0 3 111 0 2 0 3 290
08:30 0 137 0 0 0 0 5 105 0 1 0 12 260
08:45 0 134 6 0 0 0 8 96 0 1 0 6 251
Total 0 578 8 0 0 0 20 429 0 5 0 32 1072
*kk BREAK *xk
16:00 0 113 4 0 0 0 10 146 0 3 0 3 279
16:15 0 110 2 0 0 0 4 134 0 1 0 6 257
16:30 0 128 4 0 0 0 4 153 0 1 0 6 296
16:45 0 98 4 0 0 0 9 134 0 5 0 6 256
Total 0 449 14 0 0 0 27 567 0 10 0 21 1088
17:00 0 131 1 0 0 0 5 132 0 4 0 15 288
17:15 0 102 5 0 0 0 8 171 0 4 0 11 301
17:30 0 124 3 0 0 0 12 143 0 4 0 9 295
17:45 0 109 4 0 0 0 10 160 0 4 0 6 293
Total 0 466 13 0 0 0 35 606 0 16 0 41 1177
Grand Total 0 2130 44 0 0 0 92 2005 0 38 0 129 4438
Apprch % 0 98 2 0 0 0 44 956 0| 228 0 772
Total % 0 48 1 0 0 0 2.1 45.2 0 0.9 0 2.9
Passenger Vehicles 0 2058 41 0 0 0 92 1942 0 38 0 127 4298
% Passenger Vehicles 0 96.6 93.2 0 0 0 100 96.9 0 100 0 984 96.8
Heavy Vehicles 0 72 3 0 0 0 0 63 0 0 0 2 140
% Heavy Vehicles 0 3.4 6.8 0 0 0 0 3.1 0 0 0 1.6 3.2

Zero Pedestrians were observed during this study.






McMahon Associates Inc.
425 Commerce Drive, Suite 200
Fort Washington, PA 19034

Municipality: Upper Dublin Township File Name : bethpkO3w
Location: Bethiehem Pike & Site Code : 81346802
Church Road / Private Road Start Date : 3/5/2014
Counter/Board #: RR PageNo :3
Bethlehem Pk Private Rd Bethlehem Pk Church St
Southbound Westbound Northbound Eastbound
Start Time |_Left| Thru | Right | App. Totat |_Left | Thru | Right | App. Total | Left | Thru | Right | app. Tow | _Left | Thru | Right [ App. Tott | int. Total |
Peak Hour Analysis From 12:00 to 17:45 - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 17:00
17:00 0 13 1 132 0 0 0 0 5 132 0 137 4 0 15 19 288
17:15 0 102 5 107 0 0 0 0 8 1M 0 179 4 0 11 15 301
17:30 0 124 3 127 0 0 0 0 12 143 0 155 4 0 9 13 295
17:45 0 109 4 113 0 0 0 0 10 1860 0 170 4 0 6 10 293
Total Volume 0 466 13 479 0 0 0 0 35 606 0 641 16 0 441 57 1177
% App. Total 0 973 27 0 0 0 55 945 0 28.1 0 719
PHF | .000 .889 .6850 .907 | .000 .000 .000 .000| .729 .886 .000 .895| 1.00 .000 .683 .750 .978
Passenger Vehicles 0 456 12 468 0 0 0 0 35 598 0 633 16 0 41 57 1 158
% Passenger Vehicles 0 979 923 97.7 0 0 0 0| 100 987 0 98.8| 100 0 100 100 98.4
Heavy Vehicles 0 10 1 1 0 0 0 0 0 8 0 8 0 0 0 0 19
% Heavy Vehicles 0 21 7.7 2.3 0 0 0 0 0 1.3 0 1.2 0 0 0 0 1.6
Bethlehem Pk
OQut In Total
614 468| | 1082
8 11 19
622 479] [ 1101
12| 456 0
1 10 0
13] 466 0
:{_i?ht Thru  Left
Peak Hour Data
—i{t L0}
go |2
ChaN Loe .. 3| =
:‘3—? North t‘é- ceo
5 =ad i oo o ;U
< o 0 I=X=r= E_’ Peak Hour Begins at 17:0Q 3 =
= s 4—3 =
2 = Passenger Vehicles Sleee el o %
© P 93z Heavy Vehicles —- =
8" | 21 FPobo )
oo o 2
Left Thru Right
35] 598 0
0 8 0
35] 606 0
497 633| | 1130
10 8 18
507 641 1148
Out in Total
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McMahon Associates Inc.
425 Commerce Drive, Suite 200
Fort Washington, PA 19034

Municipality: Upper Dublin Township File Name : bethpkO4w
Location: Bethlehem Pike & Site Code : 81346804
Highland Avenue Start Date : 3/5/2014
Counter/Board #: BW Page No :1
Groups Printed- Passenger Vehicles - Heavy Vehicles
Bethiehem Pk Highland Ave Bethlehem Pk Highland Ave
Southbound Westbound Northbound Eastbound
Start Time | Left| Thru]| ROR]| Right| Left| Thru| ROR] Right| Left] Thru] ROR| Right| Left| Thru]| ROR] Right [ int. Total
07:00] 60 65 0 4] 12 16 0 34 2 49 0 24 3 12 0 3 284
07:15| 53 101 0 2| 14 15 0 36 1 40 0o 24| 1 14 0 8 319
07:30| 64 137 0 2| 13 14 0 36 2 89 0o 1 3 23 0 4 378
0745 64 119 0 3 4 24 0 36 5 80 0 8 9 18 0 3 373
Total | 241 422 0 11| 43 69 0 142] 10 238 0 67| 26 67 0 18| 1354
08:00| 53 92 0 3 6 13 0 55 3 0 0 8 6 19 0 6 335
08:15| 58 112 0 2 9 17 0 44 3 69 0o 21 7 20 0 7 369
08:30| 64 93 0 3, 10 14 0 56 3 59 0 7 2 13 0 1 325
08:45| 61 74 0 1 14 20 0 39 361 0 15 4 23 0 5 320
Total | 236 371 0 9] 39 64 0 194] 12 260 0 51 19 75 0 19| 1349
dedkdk BREAK *hk
16:00] 33 72 0 4 11 31 0 52 7 76 o 18 2 14 0 4 324
16:15| 44 59 0 7] 11 23 0 53 5 104 0 8 2 13 0 4 333
16:30 | 47 82 0 6| 13 27 0 43 3 93 0 7 3 18 0 3 345
1645, 31 73 0 3 9 13 D 55 2 92 0 16 5 24 0 1 324
Total| 155 286 0 20| 44 94 0 203 17 365 0 49] 12 69 0 12| 1326
17:.00| 48 82 o 10| 14 23 0 48 9 83 0 5 1 21 0 4 348
1715| 34 91 0 4| 12 24 0 59 6 95 0 7 5 18 0 5 360
17:30| 49 60 0 7] 14 31 0 63 4 9 0 13 4 22 0 2 359
17:45| 44 67 0 5/ 10 27 0 61 4 120 0 8 3 16 0 1 366
Total | 175 300 0 26| 50 105 0 231| 23 388 o 33| 13 77 0 12| 1433
Grand Total | 807 1379 0 66| 176 332 0 770 62 1251 0 200 70 288 0 61| 5462
Apprch % | 358  61.2 0 29| 138 26 0 603 4.1 827 0 132| 167 687 0 146
Total % | 14.8 252 0 12| 32 6.1 0 141 11 229 0 37| 13 53 o 11
Passenger Vehicles 795 1 326 0 65 173 323 0 757 60 1 1 98 4} 1 95 68 285 0 56 5301
9 Passengervenives | 98.5  96.2 0 985| 983 973 0 983| 968 958 0 975 971 99 0 918| 97.1
Heavy Vehicles | 12 53 0 1 3 9 0 13 2 53 0 5 2 3 0 5 161
%HeawyVehcles | 1.5 3.8 0 15| 17 27 0 17| 32 42 0 25| 29 1 0 82 29




McMahon Associates Inc.
425 Commerce Drive, Suite 200
Fort Washington, PA 19034

Municipality: Upper Dublin Township File Name : bethpkO4w
Location: Bethlehem Pike & Site Code : 81346804
Highland Avenue Start Date : 3/5/2014
Counter/Board #: BW PageNo :2

Bethlehem Pk Highland Ave Bethlehem Pk Highland Ave

Southbound Westbound Northbound Eastbound

Start Time | Left | Thru | ROR 1 Right | App.Total | Left ] Thru ! ROR [ Right | oo, Tatat | LEFE [ Thru | ROR [ Right | App.Totat | LEft | Thru [ ROR | Right I App. Total InLTo@d
Peak Hour Analysis From 07:00 to 11:45 - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:30

07:30 | 64 137 0 2 203 13 14 0 36 63 2 89 0 11 82 3 23 0 4 30} 378
0745 64 119 0 3 186 4 24 0 36 64 5 80 0 8 93 9 18 0 3 30, 373
08:00, 53 92 0 3 148 6 13 0 55 74 3 M 0 8 82 6 19 0 6 31, 335
0815, 58 112 0 2 172 9 17 0 44 70 3 69 0 21 93 7 20 0 7 34 369
Total Volume | 239 460 0 10 709, 32 68 0 171 271 13 289 0 48 350| 25 80 0 20 125 1455

% App. Total | 33.7 64.9 0 14 11.8 25.1 0 63.1 37 826 0 13.7 20 64 0 16
PHF | .934 .839 .000 .833 .873|.615 .708 .000 .777 916 |.650 .903 .000 .571 .941|.694 .870 .000 .714 819 .962

Passenger Vehicles

wrassengarvenices | 98.3  93.7 0 90.0 952938 926 0 971 956 100 917 0 958 926|960 988 0 950 976, 94.8

Heavy Vehicles

%Heavy Vehides | 1.7 8.3 0 10.0 48| 63 74 0 29 4.4 0 83 0 4.2 74| 40 13 0 50 2.4 52

Bethlehem Pk

Out In Total
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McMahon Associates Inc.
425 Commerce Drive, Suite 200
Fort Washington, PA 19034

Municipality: Upper Dublin Township File Name : bethpkO4w
Location: Bethlehem Pike & Site Code : 81346804
Highland Avenue Start Date : 3/5/2014
Counter/Board #: BW Page No :1
Groups Printed- Pedestrians
Bethlehem Pk Highland Ave Bethlehem Pk Highland Ave
Southbound Westbound Northbound Eastbound
Start Time E/W N/S E/W N/S Int. Total |

Fkk BREAK * kK

07:45 0 0 0 1 1

Total 0 0 0 1 1
*kk BREAK kv

08:15 | 1] 0l ol ol 1
dkk BREAK dkk

Total | 1] 0] 0] 0] 1
£33 BREAK £33

12:30 | 0] 0l 1] ol 1
kkk BREAK kkk

Total | 0] 0l 1] 0] 1
*RE BREAK E2 23

16:00 | 0] 0l 0] 1] 1
*kdk BREAK dekk

Total | 0] 0] 0l 1] 1
Fhk BREAK *kk

17:45 | 0] 1] 0] 0] 1

Total | 0| 1] 0l 0l 1

Grand Total 1 1 1 2 5
Appreh % 100 100 100 100
Total % 20 20 20 40







McMahon Associates, Inc.
425 Commerce Drive, Suite 200
Fort Washington, P A 19034

Municipality: Ambler Borough File Name : lindenwold01w
Location: Bethlehem Pike & Site Code : 81346801
Lindenwold Avenue / Lindenwold Terrace Start Date : 3/31/2016
Counter/Board #: GG+KB PageNo :2
Bethlehem Pk Lindenwold Terrace Bethlehem Pk Lindenwold Ave
Southbound Westhound Northbound Eastbound
Start Time | Left| Thru | Right | App. Total |_Left | Thru | Right | Ap.Total | Left | Thru | Right | App.Totat | Left [ Thru | Right | App. Total | Int. Totat |
Peak Hour Analysis From 07:00 to 11:45 - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:30
07:30 2 140 4 146 0 3 1 4 6 86 2 94 1 4 7 12 256
07:45 0 131 7 138 5 6 3 14 12 106 3 121 0 2 10 12 285
08:00 0 105 4 109 5 6 0 11 8 86 3 97 0 4 14 18 235
08:15 0 118 6 124 4 8 0 12 9 121 7 137 0 6 11 17 290
Total Volume 2 494 21 517 14 23 4 41 35 399 15 449 1 16 42 59 1066
% App. Total 04 956 4.1 341 56.1 9.8 7.8 889 3.3 1.7 2714 712
PHF | .250 .882 .750 .885| 700 .719 .333 732 729 824 536 819 | .250 .667. .750 .819 919
Passenger Vehicles 2 472 19 493 14 22 4 40 31 379 15 425 1 15 41 57 1015
o Passenger veicles | 100 955 90.5 954 | 100 957 100 9761 886 950 100 947| 100 938 976 96.6 95.2
Heavy Vehicles 0 22 2 24 0 1 0 1 4 20 0 24 0 1 1 2 51
% Heavy Vehicles 0 4.5 9.5 4.6 0 4.3 0 24| 114 5.0 0 5.3 0 6.3 2.4 34 4.8
Bethlehem Pk
Qut In Total
384 493 877
20 24 44
404 517 921
19] 472 2
2 22 0
211 494 2
‘R_i?ht Thru  Left
Peak Hour Data
03 T 5
o~ |7 - ol
gk ?j North tg 8‘%55
< M N Q) TRo g
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Left Thru Right
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Out In Total
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McMahon Associates, Inc.
425 Commerce Drive, Suite 200
Fort Washington, P A 19034

Municipality: Ambler Borough File Name : lindenwold01w
Location: Bethlehem Pike & Site Code : 81346801
Lindenwold Avenue / Lindenwold Terrace Start Date : 3/31/2016
Counter/Board #: GG+KB PageNo :3
Bethlehem Pk Lindenwold Terrace Bethlehem Pk Lindenwold Ave
Southbound Westbound Northbound Eastbound
Start Time | Left| Thru | Right | app.Total | Left | Thru | Right [ app. Terat | Left | Thru | Right [ app.Totat | Left [ Thru | Right | app. Total | Int. Total |
Peak Hour Analysis From 12:00 to 17:45 - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 17:00
17:00 1 114 8 123 2 7 0 9 15 120 1 136 7 15 11 33 301
17:15 3 110 15 128 0 6 0 6 15 145 3 163 7 8 19 34 331
17:30 1 123 12 136 3 7 4 14 18 135 1 154 6 9 13 28 332
17:45 4 122 14 140 2 6 2 10 14 148 3 165 3 14 15 32 347
Total Volume 9 469 49 527 7 26 6 39 62 548 8 618 23 46 58 127 1311
% App. Total 1.7 89 9.3 179 66.7 154 10 887 1.3 181 36.2 457
PHF | 563 953 .817 941 | 583 929 .375 696 | .861 926 .667 936 | .821 767 .763 .934 .945
Passenger Vehicles 9 467 49 525 7 26 6 39 60 547 8 615 23 46 56 125 1304
% Passenger Vehicles | 100 99.6 100 996 | 100 100 100 100 | 968 998 100 995 100 100 96.6 98.4 99.5
Heavy Vehicles 0 2 0 2 0 0 0 0 2 1 0 3 0 0 2 2 7
% Heavy Vehicles 0 0.4 0 0.4 0 0 0 0 3.2 0.2 0 05 0 0 3.4 1.6 0.5
Bethliehem Pk
Out In Total
576 525 [ 1101
1 2 3
577 527) 1104
49 467 9
0 2 0
49 469 9
?i?ht Thru  Left
Peak Hour Data
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APPENDIX E

HCM Methodology




CAPACITY/LEVEL-OF-SERVICE ANALYSIS METHODOLOGY

The detailed capacity/level-of-service analysis contained in this transportation impact study was performed in
accordance with the standard techniques contained in the Highway Capacity Manual 2010. By definition, capacity
represents “the maximum sustainable hourly flow rate at which persons or vehicles reasonably can be expected
to traverse a point or a uniform section of a lane or roadway during a given time period under prevailing
roadway, environmental, traffic, and control conditions.” The level at which an intersection or a uniform section
of a lane or roadway function can be expressed in terms of a level of service. Level of service (LOS) is defined as
“a quantitative stratification of a performance measure or measures that represent quality of service, measured
on an A-F scale, with LOS A representing the best operating conditions from the traveler’s perspective and LOS F
the worst.”

Stop-Controlled Intersections

At unsignalized stop-controlled intersections, such as two-way stop-controlled (TWSC) or all-way stop-
controlled (AWSC), a methodology for evaluating the relative functioning of these intersections is based upon the
control delay. For these types of unsignalized intersections, the analysis of the control delay is based upon the
following data:

»  Number and configuration of lanes on each approach;

*  Percentage of heavy vehicles on each approach;

=  Demand flow rate for each entering vehicular movement and pedestrian crossing movement;

»  Unique geometric factors such as, channelization aspects; two-way left-turn lanes, raised or striped
median storage; approach grades, flared approaches on the minor street; and upstream signals within
0.25 miles.

At TWSC intersections, only drivers on the minor street approaches are required to stop before proceeding into
the intersection and left-turning drivers from the major street may have to yield to on-coming major street
through or right-turning traffic, but are not required to stop in the absence of on-coming traffic. The capacity at
stop-controlled legs is based primarily on three factors: the distribution of gaps in the major stream, driver
judgment in selecting the gaps, and the follow-up headways required by each driver in a queue.

At AWSC intersections, every vehicle is required to stop at the intersection before proceeding, and as a result, the
decision to proceed is a function of the traffic conditions on the other approaches. Each driver proceeds only
after determining that no vehicles are currently in the intersection and that it is the driver’s turn to proceed.
Capacity at an AWSC intersection is described by the saturation headway or time between departures of
successive vehicles on a given approach for a particular case assuming a continuous queue; departure headway
or the average time between departures of successive vehicles on a given approach accounting for the probability
of each possible case; and service time or the average time sent by a vehicle in first position waiting to depart.

At both TWSC and AWSC intersections, the level of service is based upon the control delay, as well as the
corresponding volume-to-capacity ratio for each movement/lane group. For TWSC intersections, the level of
service is not calculated for major-street approaches or for the intersection as a whole; however, the intersection-
wide level of service is calculated for AWSC intersections. The following table provides a summary of the
relationship between the level of service, control delay, and volume-to-capacity ratio for TWSC and AWSC
intersections.




Control Delay LOS by Volume-to-Capacity Ratio

(Sec/Veh) vic<1.0 vic>1.0
<10 A F
>10-15 B F
>15-25 C F
>25-35 D F
>35-50 E F
>50 F F

Signalized Intersections

At three or four-legged signalized intersections, a methodology for evaluating the capacity and quality of service
provided to road users traveling through the signalized intersection. For signalized intersections, the level of
service can be characterized for the entire intersection, each approach, and each lane group. The level of service
is based upon the control delay and volume-to-capacity ratio. The delay quantifies the increase in travel time due
to the traffic signal control and is a surrogate measure of driver discomfort and fuel consumption, while the
volume-to-capacity ratio quantifies the degree to which a phase’s capacity is utilized by a lane group. Input data

in determining the delay and volume-to-capacity ratio include:

*  Demand flow rate for each entering vehicular movement and pedestrian crossing movement, including

right-turn on red volumes and percent of heavy vehicles;

= Initial queue for each lane group;

= Number and configuration of lanes on each approach;

= Type of signal control and phase sequence;
»  Allocation of minimum/maximum green times and clearance intervals (Yellow plus All Red phases); and

»  Phase recall.

At signalized intersections, the level of service is based upon the control delay, as well as the corresponding
volume-to-capacity ratio for each movement/lane group. The following table provides a summary of the
relationship between the level of service, control delay, and volume-to-capacity ratio for signalized intersections.

Control Delay LOS by Volume-to-Capacity Ratio

(Sec/Veh) v/c<1.0 vie>1.0
<10 A F
>10-20 B F
>20-35 C F
>35-55 D F
>55-80 E F
>80 F F
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2016 Existing
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APPENDIX G

2018 Future without Development
Capacity/Level-of-Service
Analysis and Intersection Volume Worksheets




St. Mary's Villa Residential Redevelopment

INTERSECTION VOLUME SUMMARY

Enter Only Access/Lindenwold Ave

A:\813468 - St. Mary's Villa\Traffic\Analysis\May 2016\SDS\[SDS 2018 Opening Y Weekday 7-9 AM

2018 Opening Year

EASTBOUND NORTHBOUND WESTBOUND SOUTHBOUND
Lindenwold Ave Enter Only Access Lindenwold Ave Enter Only Access
Traffic Component L S R L S R L S R L S R
EXISTING TRAFFIC 0 29 o o 0 s 39 ¢ 0 0 o
2014 to 2016 Growth Factor 1.022 0 30 0 0 [4} 0 0 40 0 0 0 0
Balancing Adjustments 0 0 o 0 0 0 0 0 0 0
ADJUSTED EXISTING TRAFFIC 0 30 0 0 0 0 0 40 0 0 0 0
Background Growth 128%| 0 0 0 0 0 ) 0 1 i 0 0 i
EXISTING W/ BACKGROUND 0 30 0 ol 0 0 0 41 0 0 0 0
TOTAL "OTHER" DEVELOPMENTS 0 0 0 o s} 0 0 0 0 0 0 0
Other Adjustments 0 0 0 o 0 o 0 0 0 o 0 0
FUTURE TRAFFIC W/O PROJECT 1] 30 0 0 o 0 0 41 0 0 0 0
TOTAL "NEW" SITE TRAFFIC 0 3 1 0 0 0 1 0 [V 0 0 0
Single Family Attached Twins 0 1 0 0 0 0 0 0 0 0 Q ]
Single Family Attached Townhomes 0 1 0 Q 0 0 0 0 0 0 0 0
0 0 0 0 o] 4] 0 0 0 0 4] 0
Senior Living Apartments 0 1 1 0 3} 0 1 0 0 0 0 0
o 0 0 0 a 1] 0 0 0 0 o] 0
0 0 0 0 [ 0 0 i} 0 0 ] o]
] o] 0 0 0 0 [¢] 0 o 0 0 4]
0 0 0 0 0 0 0 0 0 0 o] 0
Pass-By Traffic 0 0 4} 0 0 0 0 0 0 0 0 0
Other Adjustments 0 0 0 0 0 0 0 0 a 0 0 0
FUTURE TRAFFIC W/ PROJECT 0 33 1 (4} 0 0 1 41 0 0 0 0
"New" Site Traffic % of Total HHHA 0.0 9.1 100.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0

Int01





















































































APPENDIX H

2018 Future with Development
Capacity/Level-of-Service Analysis Worksheets























































































APPENDIX1

2023 Future without Development
Capacity/Level-of-Service Analysis and Intersection Volume
Worksheets



St. Mary's Villa Residential Redevelopment

INTERSECTION VOLUME SUMMARY
Enter Only Access/Lindenwold Ave

A:\813468 - St. Mary's Villa\Traffic\Analysis\May 2016\SDS\[SDS 2023 Design Ye Weekday 7-9 AM

2023 Design Year
EASTBOUND NORTHBOUND WESTBOUND SOUTHBOUND
Lindenwold Ave Enter Only Access Lindenwold Ave Enter Only Access
Traffic Component L S R L S R L S R L S R
EXISTING TRAFFIC 0 29 0 0 0 0 0 39 ¢ 0 0 0
2014 to 2016 Growth Factor 1.022 o] 30 0 0 0 0 40 0 ] 0 0
Balancing Adjustments 0 0 0 0 0 0 0 0 0 0 0 0
ADJUSTED EXISTING TRAFFIC 0 30 0 0 0 0 0 40 0 0 0 0
Background Growth 457 % 0 1 0 0 o 0 0 2 0 0 0 0
EXISTING W/ BACKGROUND 0 31 0 0 0 0 0 42 0 0 0 0
TOTAL "OTHER" DEVELOPMENTS 0 0 0 0 0 0 0 0 0 0 0 0
Other Adjustments 0 0 0 0 0 0 0 0 0 0 0 0
FUTURE TRAFFIC W/O PROJECT [} 31 0 [} 0 0 0 42 0 0 0 0
TOTAL "NEW" SITE TRAFFIC [}] 3 1 0 0 [} 1 0 0 0 0 [}
Single Family Attached Twins 0 1 0 0 0 0 0 0 o 0 0 0
Single Family Attached Townhomes 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 o 0 0 0 0
Senior Living Apartments 0 1 1 0 0 0 1 0 0 Q 0 0
0 0 0 0 0 0 0 0 0 o 0 0
0 0 o] 0 0 0 0 0 0 o 0 0
0 0 0 0 [ 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 4] 0 0
Pass-By Traffic 0 0 0 0 0 0 0 0 0 0 0 0
Other Adjustments 0 0 0 0 0 0 0 0 0 0 0 0
FUTURE TRAFFIC W/ PROJECT 0 34 1 0 0 0 1 42 0 0 0 [}

"New" Site Traffic % of Total HHH

0.0 8.8 100.0

0.0 0.0 0.0

100.0 0.0 0.0

0.0 0.0 0.0

Int0L




















































































APPENDIX]

2023 Future with Development
Capacity/Level-of-Service Analysis Worksheets























































































APPENDIX K

Traffic Signal Warrants







































Existing 2016 Traffic Signal Warrants
Bethlehem Pike (S.R. 2018) and Lindenwold
Avenue/Lindenwold Terrace

































Future 2023 Traffic Signal Warrants
Bethlehem Pike (S.R. 2018) and Lindenwold
Avenue/Lindenwold Terrace































Future 2023 Traffic Signal Warrants
Bethlehem Pike (S.R. 2018) and
Mattison Avenue/Proposed Site Access


































APPENDIX L

Auxiliary Turn Lane Warrant Worksheets




























APPENDIX M

Roundabout Analysis
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