TECHNICAL MEMORANDUM

REF: MAX-2013086.00
DATE:  July 10,2015

TO: The Cecil Group, Inc.
170 Milk Street, Suite 5
Boston, Massachusetts 02109

FROM: Mr. Jason M. DeGray, P.E., PTOE, Project Manager
Mr. Colin T. White, P.E., Project Engineer

RE: Acton Kelley’s Corner Improvements Initiative
Roads, Circulation & Infrastructure — Proposed Conditions Addendum
Acton, Massachusetts

This technical memorandum has been prepared as an addendum to GPI’s June 4, 2014 Kelley’s
Corner Roads, Circulation & Infrastructure Existing Conditions Report. It provides the technical
back-up to support the Infrastructure recommendations endorsed by the Kelley’s Corner steering
committee and include a description of proposed improvements and proposed conditions
operational analysis.

Recommended Infrastructure Improvements

The infrastructure improvements recommended for Kelley’s Corner must strike an appropriate
balance to satisfy the community’s goals of both easing congestion while also transitioning
Kelley’s Corner to a walkable, livable town center. Past attempts to address congestion within
Kelley’s Corner resulted in infrastructure proposals which greatly enhanced roadway capacity at
the expense of the pedestrian scale environment. As a result these proposals were rejected by the
community, sentiments which persist to date. The current infrastructure recommendations
address not only capacity, but also access, accessibility, pedestrian and bicycle needs and
aesthetics. This comprehensive improvement program will not only enhance the functionality
and vibrancy of Kelley’s Corner for existing users, it will establish the foundation upon which
future development can occur in line with the Town’s goals of establishing a walkable town
center.

Specifically the infrastructure recommendations consist of the following components:

e Vehicular congestion is being driven by two primary factors, the lack of capacity at the
existing signalized intersection of Main Street at Massachusetts Avenue and the lack of
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access management to the abutting land use. To address these components the
infrastructure recommendations propose:

o

Lengthening left-turn lanes along all approaches to the Main Street at
Massachusetts Avenue signalized intersection

Adding right-turn lanes to both approaches of Main Street

Modernizing traffic signal controller to implement various time of day plans
corresponding not only to commuting patterns, but also the unique patterns driven
by the school release period and the abutting retail land use

Creating center left-turn pockets along both Main Street and Massachusetts
Avenue to remove left-turning vehicles into the abutting properties from the
traffic flow which currently impede traffic

Eliminating redundant driveways and reducing the width of excessively
driveways

e To enhance the vitality of the commercial land use within Kelley’s Corner and to
promote future economic development it is recommended that the Town obtain control of
no name road (currently under private ownership) and establish it as a Town maintained
right-of-way (to be named Community Lane). To further enhance the accessibility of the
land use along Community Lane it is recommended:

(@]

o

The intersection of Community Lane at Main Street be placed under traffic signal
control

Community Lane at Massachusetts Avenue to should be widened to include a left-
turn and right-turn lanes

e To upgrade the accessibility of the area all traffic signal equipment should be upgraded to

o

o O O O

Include MUTCD and PROWAG compliant pedestrian signals (including
lengthening crossing intervals, countdown indications and audio-tactile
equipment)

Construct ADA compliant wheelchair ramps and sidewalks

Include tactile warning strips at all crosswalks

Remove utility obstructions within sidewalks

Install backplates and retro-reflective borders on all signal equipment

e To enhance the pedestrian and bicycle environment:

@)
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All roadways within Kelley’s Corner will be upgraded to include sidewalks along
both sides, most separated from the roadway by a landscaped grass strip

Bicycle lanes will be included along both sides of all roadways

Center islands will be constructed along both Main Street and Massachusetts
Avenue where left-turn pockets are not needed. These islands can serve as
pedestrian refuge areas

The proposed traffic signal at Main Street and Community Lane will serve a dual
purpose of creating an additional signalized crossing of Main Street
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Analysis Results

To quantify the vehicular capacity enhancements the recommended infrastructure improvements
represents a level-of-service and queue analysis was conducted. The results of this analysis are
shown in Table A-1 — A-6 and are discussed below. All capacity and queue analysis worksheets
are provided in the Appendix.
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Table A-1
LEVEL-OF-SERVICE AND QUEUE ANALYSIS SUMMARY
2014 Existing 2014 Proposed
Intersection/Peak Hour/Lane
Group V/C*  Del® LOS® Queue' | V/IC  Del. LOS  Queue

Massachusetts Ave at Main St

Weekday AM:
Main Street NB Left 0.56 30.3 C 811 0.37 26.2 C 68
Main Street NB Thru/(Right)  0.97 56.2 E 6131 0.84 40.2 D 637
Main Street NB Right -- -- -- -1 0.06 16.3 B 13
Main Street SB Left 0.08 17.1 B 171 0.08 21.7 C 21
Main Street SB Thru/(Right) 0.97 55.3 E 699 | 0.84 40.0 D 679
Main Street SB Right -- -- -- -1 0.10 11.7 B 17
Mass Ave WB Left 0.44 21.5 C 701 0.46 25.8 C 113
Mass Ave WB Thru/Right 0.81 42.6 D 2591 0.84 50.2 D 420
Mass Ave EB Left 0.75 254 C 162 0.75 27.9 C 317
Mass Ave EB Thru/Right 0.72 32.0 C 3431 0.68 324 C 513
Overall Intersection - 44.2 D - - 35.5 D -

Weekday PM:
Main Street NB Left 0.48 32.7 C 681 0.30 27.1 C 53
Main Street NB Thru/(Right) 1.36  210.1 F 1020 1.15 119.5 F 981
Main Street NB Right -- -- -- -1 0.05 14.2 B 16
Main Street SB Left 0.23 26.2 C 30| 0.23 26.8 C 34
Main Street SB Thru/(Right) 1.07 92.9 F 823 | 0.87 46.1 D 692
Main Street SB Right -- -- -- -1 0.09 14.9 B 20
Mass Ave WB Left 0.70 26.0 C 178 |1 0.69 24.6 C 199
Mass Ave WB Thru/Right 1.15 1247 F 772 1.13 1173 F 833
Mass Ave EB Left 1.07 105.8 F 4621 1.12 1202 F 504
Mass Ave EB Thru/Right 0.73 36.7 D 4931 0.77 40.4 D 549
Overall Intersection - 115.6 F - - 79.8 E -

Saturday Midday:
Main Street NB Left 0.29 21.9 C 63| 0.25 22.2 C 59
Main Street NB Thru/(Right) 0.90 45.7 D 7131 0.79 33.6 C 524
Main Street NB Right -- -- -- -1 0.08 12.7 B 18
Main Street SB Left 0.12 19.6 B 30| 0.11 20.7 C 30
Main Street SB Thru/(Right) 0.83 35.8 D 676 | 0.76 32.0 C 495
Main Street SB Right -- -- -- -1 0.10 11.8 B 19
Mass Ave WB Left 0.74 32.6 C 1741 0.58 18.9 B 195
Mass Ave WB Thru/Right 0.84 49.2 D 386 0.75 34.8 C 451
Mass Ave EB Left 0.78 33.5 C 4231 0.61 17.9 B 219
Mass Ave EB Thru/Right 0.83 46.9 D 4131 0.73 322 C 465
Overall Intersection - 41.0 D - - 27.7 C -

*Volume-to-capacity ratio.

® Average total delay in seconds per vehicle.

¢ Level of service.

495™ percentile queue length in feet per lane (assuming 25 feet per vehicle).
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Table A-2
LEVEL-OF-SERVICE AND QUEUE ANALYSIS SUMMARY
2024 Existing 2024 Proposed
Intersection/Peak Hour/Lane
Group V/C*  Del® LOS* Queue’ | V/C Del. LOS  Queue

Massachusetts Ave at Main St

Weekday AM:
Main Street NB Left 0.71 54.9 D 921 0.51 30.2 C 92
Main Street NB Thru/(Right) 1.12  105.7 F 7181 0.91 48.2 D 749
Main Street NB Right -- -- -- --1 0.07 15.8 B 17
Main Street SB Left 0.15 19.7 B 20| 0.11 21.8 C 24
Main Street SB Thru/(Right) 1.12  103.1 F 8141 0.90 47.0 D 791
Main Street SB Right -- -- -- -1 0.11 11.5 B 17
Mass Ave WB Left 049 214 C 751 0.56 28.3 C 121
Mass Ave WB Thru/Right 0.82 437 D 2821 0.92 64.9 E 466
Mass Ave EB Left 0.83  32.0 C 2401 0091 50.5 D 418
Mass Ave EB Thru/Right 0.75  33.0 C 389 | 0.77 37.8 D 579
Overall Intersection - 70.8 E - - 44.2 D -

Weekday PM:
Main Street NB Left 0.52 342 C 731 0.51 34.7 C 79
Main Street NB Thru/(Right) 1.50 271.6 F 1151] 1.29 179.1 F 1112
Main Street NB Right -- -- -- --1 0.06 14.6 B 19
Main Street SB Left 027 268 C 351 0.26 28.1 C 38
Main Street SB Thru/(Right) 1.20 141.1 F 957| 1.00 72.6 E 814
Main Street SB Right -- -- -- -1 0.10 15.5 B 21
Mass Ave WB Left 0.81 34.6 C 2411 0.79 31.0 C 345
Mass Ave WB Thru/Right 1.26 168.3 F 869 | 1.20 143.6 F 924
Mass Ave EB Left 1.18 140.6 F 514 1.23 160.9 F 566
Mass Ave EB Thru/Right 0.85 473 D 573| 0.84 45.2 D 624
Overall Intersection - 155.7 F - - 108.2 F -

Saturday Midday:
Main Street NB Left 043 274 C 80| 0.25 23.1 C 62
Main Street NB Thru/(Right) 1.08 954 F 857 0.83 38.5 D 645
Main Street NB Right -- -- -- -1 0.09 13.5 B 19
Main Street SB Left 023 24.0 C 321 0.12 21.7 C 28
Main Street SB Thru/(Right) 090 477 D 716 | 0.73 32.0 C 532
Main Street SB Right -- -- -- -1 0.10 13.0 B 19
Mass Ave WB Left 0.79 353 D 2051 0.72 26.2 C 238
Mass Ave WB Thru/Right 0.89 55.0 E 485] 0.81 41.8 D 539
Mass Ave EB Left 0.85 405 D 307 0.78 29.5 C 298
Mass Ave EB Thru/Right 0.81 45.1 D 4641 0.77 37.7 D 507
Overall Intersection - 57.7 E - - 32.7 C -

*Volume-to-capacity ratio.

® Average total delay in seconds per vehicle.

“Level of service.

495" percentile queue length in feet per lane (assuming 25 feet per vehicle).
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Table A-3
LEVEL-OF-SERVICE AND QUEUE ANALYSIS SUMMARY
2014 Existing 2014 Proposed
(unsignalized) (signalized)
Intersection/Peak Hour/Lane Group V/C*  Del® LOS® Queue® | V/C Del. LOS Queue
Main St at Community Ln
Weekday AM:
Main Street EB Thru/Right 0.49 0.0 A 0] 0.83 20.4 C 804
Main Street WB Left - - - -1 0.36 11.2 B 57
Main Street WB (Left)/Thru 0.14 3.6 A 121 0.52 6.1 A 406
Community Ln NB Left/Thru/ Right 0.59 39.0 E 86| 0.25 33.6 C 64
Overall Intersection - 4.8 A - - 15.5 B -
Weekday PM:
Main Street EB Thru/Right 0.61 0.0 A 0] 0.89 24.2 C 1137
Main Street WB Left -- - - --1 0.67 28.5 C 129
Main Street WB (Left)/Thru 0.23 6.0 A 22| 0.53 5.5 A 386
Community Ln NB Left/Thru/ Right 1.23 1939 F 302 0.38 44.5 D 123
Overall Intersection - 22.5 C - - 20.2 C -
Saturday Midday:
Main Street EB Thru/Right 0.45 0.0 A 0] 0.84 24.0 C 738
Main Street WB Left -- -- -- -1 0.52 12.9 B 97
Main Street WB (Left)/Thru 0.20 4.8 A 19] 0.44 6.9 A 320
Community Ln NB Left/Thru/ Right 0.99 92.6 F 2431 057 354 D 190
Overall Intersection - 16.0 C - - 19.3 B -

*Volume-to-capacity ratio.

® Average total delay in seconds per vehicle.

“Level of service.

495" percentile queue length in feet per lane (assuming 25 feet per vehicle).
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Table A-4
LEVEL-OF-SERVICE AND QUEUE ANALYSIS SUMMARY
2024 Existing 2024 Proposed
(unsignalized) (signalized)
Intersection/Peak Hour/Lane Group V/C*  Del® LOS® Queue® | V/C Del. LOS Queue
Main St at Community Ln
Weekday AM:
Main Street EB Thru/Right 0.55 0.0 A 0] 0.82 18.8 B 949
Main Street WB Left - - - -1 044 13.7 B 63
Main Street WB (Left)/Thru 0.17 4.5 A 16] 0.54 5.9 A 480
Community Ln NB Left/Thru/ Right 0.80 69.6 F 1421 0.31 41.0 D 73
Overall Intersection - 7.7 A - - 15.4 B -
Weekday PM:
Main Street EB Thru/Right 0.67 0.0 A 0] 098 38.3 D 1295
Main Street WB Left -- - - --] 0.83 51.8 D 186
Main Street WB (Left)/Thru 0.29 8.3 A 291 0.59 6.2 A 459
Community Ln NB Left/Thru/ Right 1.77 429.1 F 462] 0.42 45.0 D 132
Overall Intersection - 48.0 E - - 29.0 C -
Saturday Midday:
Main Street EB Thru/Right 0.52 0.0 A 0] 0.86 23.8 C 939
Main Street WB Left -- -- -- -] 0.64 19.8 B 165
Main Street WB (Left)/Thru 0.24 5.8 A 23| 0.48 6.5 A 400
Community Ln NB Left/Thru/ Right 1.36 236.7 F 386 0.74 54.8 D 212
Overall Intersection - 34.7 D - - 22.1 C -

*Volume-to-capacity ratio.

® Average total delay in seconds per vehicle.

“Level of service.

495" percentile queue length in feet per lane (assuming 25 feet per vehicle).
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Table A-5
LEVEL-OF-SERVICE AND QUEUE ANALYSIS SUMMARY
2014 Existing 2014 Proposed
(unsignalized) (unsignalized)
Intersection/Peak Hour/Lane Group V/C*  Del® LOS* Queue’ | V/IC Del. LOS  Queue

Massachusetts Ave at Community Ln

Weekday AM:
Mass Ave WB Left - - - --1 0.00 8.0 A 0
Mass Ave WB (Left)/Thru/Right 0.00 0.0 A 0] 0.29 0.0 A 0
Mass Ave EB Left - - - --| 0.06 8.6 A 5
Mass Ave EB (Left)/Thru/Right 0.06 1.9 A 51 0.22 0.0 A 0
TD Bank NB Left/Thru/Right 0.03 209 C 31 0.03 20.2 C 3
Community Ln SB Left/Thu/Right 0.60 325 D 90| 0.46 24.2 C 58
Overall Intersection - 6.2 A - - 4.6 A -

Weekday PM:
Mass Ave WB Left - - - --1 0.00 7.9 A 0
Mass Ave WB (Left)/Thru/Right 0.00 0.1 A 01 0.48 0.0 A 0
Mass Ave EB Left - - - -1 0.23 10.7 B 22
Mass Ave EB (Left)/Thru/Right 0.23 5.9 A 221 0.18 0.0 A 0
TD Bank NB Left/Thru/Right 0.17 99.2 F 141 0.12 64.6 F 9
Community Ln SB Left/Thu/Right 1.72 400.4 F 4741 1.05 81.8 F 269
Overall Intersection - 69.0 F - - 15.2 B -

Saturday Midday:

Mass Ave WB Left - - - --| 0.00 7.8 A 0
Mass Ave WB (Left)/Thru/Right 0.00 0.1 A 0] 0.30 0.0 A 0
Mass Ave EB Left - - - -1 0.18 9.1 A 16
Mass Ave EB (Left)/Thru/Right 0.18 4.9 A 16 0.16 0.0 A 0
TD Bank NB Left/Thru/Right 0.18 383 E 161 0.15 30.3 D 12
Community Ln SB Left/Thu/Right 1.03 104.9 F 269 | 0.69 343 D 125
Overall Intersection - 25.3 D - - 9.4 B -

*Volume-to-capacity ratio.
® Average total delay in seconds per vehicle.
“Level of service.

495" percentile queue length in feet per lane (assuming 25 feet per vehicle).
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Table A-6
LEVEL-OF-SERVICE AND QUEUE ANALYSIS SUMMARY
2024 Existing 2024 Proposed
(unsignalized) (unsignalized)
Intersection/Peak Hour/Lane Group v/C* Del.’ LOS® Queue’ | V/C Del. LOS  Queue

Massachusetts Ave at Community Ln

Weekday AM:
Mass Ave WB Left - - - -1 0.01 8.1 A 0
Mass Ave WB (Left)/Thru/Right 0.01 0.2 A 0] 0.31 0.0 A 0
Mass Ave EB Left - - - -] 0.07 8.7 A 6
Mass Ave EB (Left)/Thru/Right 0.07 2.0 A 6] 0.24 0.0 A 0
TD Bank NB Left/Thru/Right 0.15 26.5 D 131 0.13 243 C 11
Community Ln SB Left/Thu/Right 0.80 59.1 F 154 0.64 363 E 103
Overall Intersection - 11.1 B - - 71 A -

Weekday PM:
Mass Ave WB Left - - - -1 0.02 8.0 A 2
Mass Ave WB (Left)/Thru/Right 0.02 0.5 A 2| 0.51 0.0 A 0
Mass Ave EB Left - - - -1 0.26 11.2 B 26
Mass Ave EB (Left)/Thru/Right 0.26 6.4 A 261 0.21 0.0 A 0
TD Bank NB Left/Thru/Right 2.37 9527 F 185] 1.27 358.8 F 140
Community Ln SB Left/Thu/Right 3.68 Err F Err]| 2.39  706.5 F 651
Overall Intersection - 1686.3 F - - 130.0 F -

Saturday Midday:

Mass Ave WB Left - - - -1 0.01 7.9 A 7.9
Mass Ave WB (Left)/Thru/Right 0.01 0.4 A 1| 0.34 0.0 A 0.0
Mass Ave EB Left - - - -1 0.21 9.5 A 9.5
Mass Ave EB (Left)/Thru/Right 0.21 53 A 20 0.18 0.0 A 0.0
TD Bank NB Left/Thru/Right 1.00 196.6 F 133] 0.69 90.7 F 90.7
Community Ln SB Left/Thu/Right 1.86  453.6 F 593 1.33 216.1 F 216.1
Overall Intersection - 108.1 F - - 51.8 F -

*Volume-to-capacity ratio.

® Average total delay in seconds per vehicle.

“Level of service.

495" percentile queue length in feet per lane (assuming 25 feet per vehicle).
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Massachusetts Avenue at Main Street

Under Existing conditions, the signalized intersection of Massachusetts Avenue at Main Street
intersection operates at levels of service (LOS D) with 44 and 41 seconds of delay during the
AM and Saturday peak periods and a LOS F during the PM peak hour with 115 seconds of delay.
Under the 2024 design-year traffic conditions, all movements are expected to worsen during all
three peak periods. The AM and Saturday peak periods will operate at a level of Service (LOS E)
while the PM peak will operate at a failing level of service (LOS F).

The proposed conditions of adding right turn lanes and on Main Street, lengthening left-turn
lanes along all approaches and modernizing the traffic control improves the operations for all
three study periods. Under 2014 conditions the AM condition improves from 44 seconds of
delay to 35, the PM condition improves from 115 seconds of delay and LOS F to approximately
80 seconds of delay and LOS E and the Saturday midday peak hour improves from 41 seconds of
delay and a LOS D, to 27 seconds of delay and LOS C. Under the 2024 design year proposed
conditions the intersection will operate at the same LOS with the proposed improvements as
2014 conditions with the exception of the PM period which will degrade to LOS F. This is still
deemed to be as an acceptable condition as the amount of roadway widening and right-of-way
acquisition needed to further enhance the vehicular capacity at Kelley’s would be out of balance
with the Town’s goals and has previously been rejected by the community. Further the proposed
improvements still represent a significant savings in delay than would otherwise occur if no
improvements were made.

Main Street at Community Lane

Under existing traffic-volume conditions, the unsignalized intersection of Main Street at
Community Lane operates at a LOS A for the AM peak hour and a LOS C for the PM and
midday peak hours with 5, 22 and 16 seconds of delay respectively. However, the Community
Lane northbound approach has a failing LOS in the PM peak hour with 190 seconds of delay,
and in the midday peak hour with 92 seconds of delay. Under the 2024 design-year traffic
conditions, all movements are expected to worsen during all three peak periods. The Community
Lane northbound approach will operate with 236 seconds of delay in the midday peak hour and
with 429 seconds of delay in the PM peak hour.

The proposed addition of a signal and a Main Street westbound left turn lane will improve the
operations for Community Lane northbound approach for all three peak hours, while keeping the
operations on Main Street at acceptable levels. The intersection operates at a LOS B for the AM
and midday peak hours with 15 and 19 seconds of delay respectively, and at a LOS C with 20
seconds of delay for the PM peak hour. In the PM peak hour, the Community Lane northbound
approach improves from 190 seconds of delay for existing conditions to 44 seconds of delay for
the improved conditions. Under the 2024 design-year traffic conditions, all peak hours are
expected to degrade slightly, but will remain within acceptable operations. A signal warrant
analysis for this signal is included in the Appendix
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Massachusetts Avenue at Community Lane

Under existing traffic-volume conditions, the unsignalized intersection of Massachusetts Avenue
at Community Lane operates at a LOS A for the AM peak hour and a LOS D for the midday
peak hour with 6 and 25 seconds of delay respectively. The PM peak hour operates at LOS F
and a delay of 69 seconds and the Community Lane southbound approach and TD Bank
northbound approach both have a failing LOS with 400 and 99 seconds of delay respectively.
Under the 2024 design-year traffic conditions, all movements are expected to worsen during all
three peak periods with both the PM and midday peak hours having a LOS F for the overall
intersection.

The proposed addition of a Community Lane southbound right turn lane and left turn lanes on
Massachusetts Avenue will improve the operations for both the northbound and southbound
approaches for all three peak hours, while keeping the operations on Massachusetts Avenue at a
LOS A. The intersection operates at a LOS A for the AM peak hour with 4 seconds of delay,
and at a LOS B for the PM and midday peak hours with 15 and 9 seconds of delay respectively.
While both northbound and southbound approaches operate with failing LOS in the PM peak
hour, both approaches have significantly less delay. Under the 2024 design-year traffic
conditions, all peak hour operations are expected to degrade. While this intersection currently
does not satisfy traffic signal warrants the recommendations is for this location to be monitored
and for conduit to be installed as part of this project to facilitate the installation of a traffic signal
at such a time as it is warranted.
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APPENDIX

MAIN STREET AT COMMUNITY LANE TRAFFIC SIGNAL WARRANT ANALYSIS
CAPACITY ANALYSIS METHODOLOGY

CAPACITY AND QUEUE ANALYSIS WORKSHEETS
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MAIN STREET AT COMMUNITY LANE TRAFFIC SIGNAL WARRANT ANALYSIS

LOS-2015-06-17.docx




Traffic Control Signal Warrant Analyses

Intersection:

(Based on MUTCD-2009 Edition)

Main Street (Route 27) at Community Lane - SB left against NB volumes

Pop. <10,000? (Y/N) N Count Date:|April 2014 Analysis Date:|05/15/15
Speed (in mph): 30 mph Analysis Year:|2024 Projected Analyst:[SEB
Is Major?*  #Lanes* Adjustment Factor: |1 Raw counts
(YIN) (one way)

EB Major Lanes: 1 Enter the higher number of lanes for the major street approach

wB N 1 Minor Lanes: 1 Enter the number of lanes for the minor street approach you want to analyze
NB Y 1

SB Y 1 *Note: If intersection is a "T" intersection, leave cells blank for the non-existent approach
Time EBLT EB TH EB RT WB LT WB TH WB RT NB LT NB TH NB RT SBLT SB TH SB RT
7:00 0 0 0 0 775 83 0
8:00 0 0 0 0 782 105 0
9:00 0 0 0 0 721 88 0
10:00 0 0 0 0 651 81 0
11:00 0 0 0 0 593 82 0
12:00 0 0 0 0 737 93 0
13:00 0 0 0 0 775 81 0
14:00 0 0 0 0 756 177 0
15:00 0 0 0 1 855 155 0
16:00 0 0 0 2 893 143 0
17:00 0 0 0 0 976 116 0
18:00 0 0 0 0 799 100 0
19:00 0 0 0 0 679 78 0
Time > EB > WB > NB > SB Left X Major ¥ Minor X Max Minor W1 A W1B W1l1combo W2 W3
7:00 0 0 775 83 775 83 83 N Y N N N
8:00 0 0 782 105 782 105 105 N Y N N N
9:00 0 0 721 88 721 88 88 N N N N N
10:00 0 0 651 81 651 81 81 N N N N N
11:00 0 0 593 82 593 82 82 N N N N N
12:00 0 0 737 93 737 93 93 N N N N N
13:00 0 0 775 81 775 81 81 N Y N N N
14:00 0 0 756 177 756 177 177 Y Y Y Y N
15:00 0 0 856 155 856 155 155 Y Y Y Y N
16:00 0 0 895 143 895 143 143 N Y Y Y N
17:00 0 0 976 116 976 116 116 N Y N Y N
18:00 0 0 799 100 799 100 100 N Y N N N
19:00 0 0 679 78 679 78 78 N N N N N

20f8 8 of 8 30f8 4 of 0 of

Warrant Analyses

Warrant 1: Condition A Minimum Vehicular Volume Warrant is Not Met
Warrant 1: Condition B Interruption of Continuous Traffic Warrant is Met
Warrant 1: Combination of Warrants 1A and 1B is Not Met

Warrant 2: Four-Hour Warrant is Met
Warrant 3: One-Hour Warrant is Not Met
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CAPACITY ANALYSIS METHODOLOGY
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CAPACITY ANALYSIS METHODOLOGY

A primary result of capacity analysis is the assignment of levels of service to traffic facilities
under various traffic flow conditions. The capacity analysis methodology is based on the
concepts and procedures in the Highway Capacity Manual (HCM) for unsignalized intersections
and in the Trafficware Percentile Delay Method as provided in the Synchro analysis program for
signalized intersections. The concept of level of service (LOS) is defined as a qualitative
measure describing operational conditions within a traffic stream and their perception by
motorists and/or passengers. A level-of-service definition provides an index to quality of traffic
flow in terms of such factors as speed, travel time, freedom to maneuver, traffic interruptions,
comfort, convenience, and safety.

Six levels of service are defined for each type of facility. They are given letter designations from
A to F, with LOS A representing the best operating conditions and LOS F the worst. Since the
level of service of a traffic facility is a function of the traffic flows placed upon it, such a facility
may operate at a wide range of levels of service, depending on the time of day, day of week, or
period of year. A description of the operating condition under each level of service is provided
below:

e LOS A describes conditions with little to no delay to motorists.

e LOS B represents a desirable level with relatively low delay to motorists.

e LOS C describes conditions with average delays to motorists.

e LOS D describes operations where the influence of congestion becomes more noticeable.
Delays are still within an acceptable range.

e LOS E represents operating conditions with high delay values. This level is considered by
many agencies to be the limit of acceptable delay.

e LOS F is considered to be unacceptable to most drivers with high delay values that often
occur, when arrival flow rates exceed the capacity of the intersection.

Signalized Intersections

Levels of service for signalized intersections are calculated using the percentile delay
methodology of Trafficware’s Synchro analysis program. This methodology for signalized
intersections assesses five levels of traffic arrivals so signals can be evaluated under varying
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ROADS, CIRCULATION & INFRASTRUCTURE- PROPOSED CONDITIONS ADDENDUM

Kelley’s Corner - Acton, Massachusetts

traffic loads as well as capture and rationally model the non-linear behavior of actuated signals.
The percentile delay method calculations are quite complex evaluating detailed arrival pattern
information from adjacent signals. The definition of level of service for signalized intersections
is a function of average total delay. Total delay includes initial deceleration delay, queue move-
up time, stopped delay, and final acceleration delay. This delay analyzes the effects of signal
type, timing, phasing, and progression; vehicle mix; and geometrics. Table A1 summarizes the
relationship between level of service and average delay for signalized intersections.

Table A-1
LEVEL-OF-SERVICE CRITERIA
FOR SIGNALIZED INTERSECTIONS

Signalized Intersection Criteria

Level of Average Control Delay
Service (Seconds per Vehicle)

A <10

B >10 and <20

C >20 and <35

D >35 and <55

E >55 and <80

F >80

Source:  Highway Capacity Manual 2000,
Transportation Research Board; Washington,
D.C.; 2000. Page 10-16.

For signalized intersections, this delay criterion may be applied in assigning level-of-service
designations to individual lane groups, to individual intersection approaches, or to the entire
intersection.
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Kelley’s Corner - Acton, Massachusetts

CAPACITY AND QUEUE ANALYSIS WORKSHEETS
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Queues

2: Main Street (Route 27) & Massachusetts Avenue (Route 111)

Existing Geometry
2014 AM Peak Hour

e 2 N N 4
Lane Group EBL EBT WBL WBT NBL NBR SWL2 SWL
Lane Group Flow (vph) 284 424 146 370 44 632 10 691
v/c Ratio 073 072 043 081 056 097 008 098
Control Delay 27.1 354 179 468 570 568 221 56.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.1 354 179 468 570 568 221 56.0
Queue Length 50th (ft) 103 220 48 211 20 350 4 386
Queue Length 95th (ft) #162 343 70 259 #31  #613 17 #699
Internal Link Dist (ft) 508 673 663 617
Turn Bay Length (ft) 175 100 75 75 75
Base Capacity (vph) 398 654 460 608 78 650 125 708
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.71 065 032 0.61 056 097 008 098

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.

Queue shown is maximum after two cycles.

716/2015
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HCM Signalized Intersection Capacity Analysis

2: Main Street (Route 27) & Massachusetts Avenue (Route 111)

Existing Geometry
2014 AM Peak Hour

T T 2T N . S A
Movement EBL EBT EBR WBL WBT WBR NBL NBR NBR2 SWL2 SWL SWR
Lane Configurations b | N | b [ b i
Volume (vph) 261 349 41 114 272 16 38 468 76 9 489 126
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 10 10 10 10 10 10 10 10
Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00  1.00 1.00  1.00 1.00  1.00 1.00  1.00
Frt 1.00 098 1.00 099 1.00 0.85 1.00 097
Flt Protected 095 1.00 095 1.00 095 1.00 095 0.6
Satd. Flow (prot) 1589 1730 1668 1659 1560 1467 1685 1608
Flt Permitted 025 1.00 035 1.00 0.11 1.00 0.17  0.96
Satd. Flow (perm) 412 1730 614 1659 188 1467 300 1608
Peak-hour factor, PHF 092 092 092 078 078 078 08 08 08 089 089 0.9
Ad. Flow (vph) 284 379 45 146 349 21 44 544 88 10 549 142
RTOR Reduction (vph) 0 3 0 0 1 0 0 36 0 0 36 0
Lane Group Flow (vph) 284 421 0 146 369 0 44 596 0 10 655 0
Heavy Vehicles (%) 6% 1% 0% 1% 6% 6% 8% 3% 1% 0% 2% 6%
Turn Type pm+pt NA pm+pt NA Perm Prot Perm Prot
Protected Phases 5 2 1 6 4 8
Permitted Phases 2 6 4 8
Actuated Green, G (s) 448 325 357 264 402 402 402 402
Effective Green, g (s) 448 325 357 264 402 402 402 402
Actuated g/C Ratio 047  0.34 037 027 042 042 042 042
Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 381 585 330 456 78 614 125 673
v/s Ratio Prot c0.12  0.24 004 022 0.41 c0.41
v/s Ratio Perm c0.23 0.12 0.23 0.03
v/c Ratio 075 0.72 044  0.81 056  0.97 0.08 097
Uniform Delay, d1 186 278 212 324 212 273 168 274
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 6.8 4.2 03  10.1 90 289 03 279
Delay (s) 254 320 215 426 303  56.2 171 55.3
Level of Service C C C D C E B E
Approach Delay (s) 29.3 36.6 54.6 54.7
Approach LOS C D D D
Intersection Summary
HCM 2000 Control Delay 44.2 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.90
Actuated Cycle Length (s) 96.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 87.0% ICU Level of Service E
Analysis Period (min) 15
¢ Critical Lane Group
7/6/2015 Synchro 8 Report
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HCM Unsignalized Intersection Capacity Analysis
6: TD Bank/Private Drive & Massachusetts Avenue (Route 111)

Existing Geometry
2014 AM Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations Fi Y Fi Y Fi Y Fi Y
Volume (veh/h) 59 325 0 1 372 76 1 3 1 80 1 70
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 086 08 08 092 092 092 062 062 062 082 082 082
Hourly flow rate (vph) 69 378 0 1 404 83 2 5 2 98 1 85
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 753
pX, platoon unblocked 0.82 0.82 0.82 0.82 0.82 0.82
vC, conflicting volume 487 378 1049 1004 378 967 963 446
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 487 136 952 898 136 852 847 446
tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 94 100 99 98 100 55 99 86
cM capacity (veh/h) 1076 1202 162 217 755 216 232 610
Direction, Lane # EB1 WB1 NB1 SB1
Volume Total 447 488 8 184
Volume Left 69 1 2 98
Volume Right 0 83 2 85
cSH 1076 1202 234 309
Volume to Capacity 0.06 0.00 0.03 0.60
Queue Length 95th (ft) 5 0 3 90
Control Delay (s) 1.9 0.0 209 325
Lane LOS A A C D
Approach Delay (s) 1.9 0.0 209 325
Approach LOS C D
Intersection Summary
Average Delay 6.2
Intersection Capacity Utilization 70.1% ICU Level of Service C
Analysis Period (min) 15
7/6/2015 Synchro 8 Report
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HCM Unsignalized Intersection Capacity Analysis
7: Private Drive & Main Street (Route 27)

Existing Geometry

2014 AM Peak Hour

— N ¥ TN 7
Movement EBT EBR WBL WBT NBL NBR
Lane Configurations | < i
Volume (veh/h) 683 79 106 620 20 97
Sign Control Free Free  Stop
Grade 0% 0% 0%
Peak Hour Factor 0.91 0.91 092 092 080 0.0
Hourly flow rate (vph) 751 87 115 674 25 121
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 697
pX, platoon unblocked
vC, conflicting volume 837 1698 794
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 837 1698 794
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 86 72 69
cM capacity (veh/h) 806 88 391
Direction, Lane # EB1 WB1 NB1
Volume Total 837 789 146
Volume Left 0 115 25
Volume Right 87 0 121
cSH 1700 806 246
Volume to Capacity 049 014 059
Queue Length 95th (ft) 0 12 86
Control Delay (s) 0.0 3.6 390
Lane LOS A E
Approach Delay (s) 0.0 3.6 390
Approach LOS E
Intersection Summary
Average Delay 4.8
Intersection Capacity Utilization 96.3% ICU Level of Service
Analysis Period (min) 15
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Queues

2: Main Street (Route 27) & Massachusetts Avenue (Route 111)

Existing Geometry
2014 PM Peak Hour

e 2 N N 4
Lane Group EBL EBT WBL WBT NBL NBR SWL2 SWL
Lane Group Flow (vph) 330 421 265 646 31 781 15 681
v/c Ratio 105 072 067 113 048 132 023 1.06
Control Delay 948 404 260 1145 569 1848 377 823
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 948 404 260 1145 569 1848 377 823
Queue Length 50th (ft) ~186 240 94  ~495 15  ~647 7 ~463
Queue Length 95th (ft) #462  #493 178 #772 #68 #1020 30 #8323
Internal Link Dist (ft) 508 673 663 617
Turn Bay Length (ft) 175 100 75 75 75
Base Capacity (vph) 314 585 425 571 65 591 65 645
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 1056 072 062 113 048 132 023 1.06

Intersection Summary

~ Volume exceeds capacity, queue is theoretically infinite.

Queue shown is maximum after two cycles.

# 95th percentile volume exceeds capacity, queue may be longer.

Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis Existing Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2014 PM Peak Hour
T T 2T N . S A

Movement EBL EBT EBR WBL WBT WBR NBL NBR NBR2 SWL2 SWL SWR

Lane Configurations b | N | b [ b i

Volume (vph) 310 337 58 217 511 19 27 617 63 13 475 124

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Lane Width 10 10 10 10 10 10 10 10 10 10 10 10

Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00  1.00 1.00  1.00 1.00  1.00 1.00  1.00

Frt 1.00 098 1.00 099 1.00 0.85 1.00 097

Flt Protected 095 1.00 095 1.00 095 1.00 095 0.6

Satd. Flow (prot) 1668 1700 1685 1759 1685 1494 1685 1640

Flt Permitted 0.11 1.00 029 1.00 0.10  1.00 0.10  0.96

Satd. Flow (perm) 189 1700 516 1759 176 1494 176 1640

Peak-hour factor, PHF 094 094 094 082 082 082 08 08 08 08 08 088

Ad. Flow (vph) 330 359 62 265 623 23 31 709 72 15 540 141

RTOR Reduction (vph) 0 5 0 0 1 0 0 39 0 0 39 0

Lane Group Flow (vph) 330 416 0 265 645 0 31 742 0 15 642 0

Heavy Vehicles (%) 1% 2% 2% 0% 0% 7% 0% 1% 0% 0% 1% 0%

Turn Type pm+pt NA pm+pt NA Perm Prot Perm Prot

Protected Phases 5 2 1 6 4 8

Permitted Phases 2 6 4 8

Actuated Green, G (s) 532  37.1 492  35.1 402 402 402 402

Effective Green, g (s) 532 371 492  35.1 402 402 402 402

Actuated g/C Ratio 048  0.34 045 0.32 036  0.36 036  0.36

Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 307 572 379 560 64 544 64 598

v/s Ratio Prot c0.16  0.24 0.09 ¢0.37 c0.50 0.39

v/s Ratio Perm 0.36 0.22 0.18 0.09

v/c Ratio 1.07 073 070 115 048 136 023 1.07

Uniform Delay, d1 33.1 32.1 215 375 270 350 243 350

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 72.7 4.6 45 871 57 1751 19 579

Delay (s) 1058  36.7 26.0 1247 32.7  210.1 262 929

Level of Service F D C F C F C F

Approach Delay (s) 67.1 96.0 203.3 91.5

Approach LOS E F F F

Intersection Summary

HCM 2000 Control Delay 115.6 HCM 2000 Level of Service F

HCM 2000 Volume to Capacity ratio 1.19

Actuated Cycle Length (s) 110.2 Sum of lost time (s) 16.0

Intersection Capacity Utilization 101.6% ICU Level of Service G

Analysis Period (min) 15

¢ Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis
6: TD Bank/Private Drive & Massachusetts Avenue (Route 111)

Existing Geometry

2014 PM Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations Fi Y Fi Y Fi Y Fi Y
Volume (veh/h) 154 248 5 2 594 61 3 2 1 76 1 147
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.81 0.81 0.81 0.81 0.81 0.81 075 075 075 085 085 085
Hourly flow rate (vph) 190 306 6 2 733 75 4 3 1 89 1 173
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 753
pX, platoon unblocked 0.81 0.81 0.81 0.81 0.81 0.81
vC, conflicting volume 809 312 1639 1503 309 1468 1469 771
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 809 40 1671 1504 36 1461 1461 771
tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 77 100 86 97 100 0 99 57
cM capacity (veh/h) 826 1282 29 77 848 70 81 402
Direction, Lane # EB1 WB1 NB1 SB1
Volume Total 502 811 8 264
Volume Left 190 2 4 89
Volume Right 6 75 1 173
cSH 826 1282 46 153
Volume to Capacity 0.23 0.00 0.17 1.72
Queue Length 95th (ft) 22 0 14 474
Control Delay (s) 5.9 0.1 99.2 4004
Lane LOS A A F F
Approach Delay (s) 5.9 0.1 99.2 4004
Approach LOS F F
Intersection Summary
Average Delay 69.0
Intersection Capacity Utilization 81.8% ICU Level of Service D
Analysis Period (min) 15

7/6/2015

Greenman-Pedersen, Inc.

Synchro 8 Report
Page 3



HCM Unsignalized Intersection Capacity Analysis
7: Private Drive & Main Street (Route 27)

Existing Geometry

2014 PM Peak Hour

— N ¥ TN 7
Movement EBT EBR WBL WBT NBL NBR
Lane Configurations | < i
Volume (veh/h) 890 79 124 596 24 167
Sign Control Free Free  Stop
Grade 0% 0% 0%
Peak Hour Factor 093 093 0.81 0.81 086  0.86
Hourly flow rate (vph) 957 85 153 736 28 194
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 697
pX, platoon unblocked
vC, conflicting volume 1042 2041 999
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1042 2041 999
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 77 42 35
cM capacity (veh/h) 671 48 297
Direction, Lane # EB1 WB1 NB1
Volume Total 1042 889 222
Volume Left 0 153 28
Volume Right 85 0 194
cSH 1700 671 181
Volume to Capacity 0.61 0.23 1.23
Queue Length 95th (ft) 0 22 302
Control Delay (s) 0.0 6.0 1939
Lane LOS A F
Approach Delay (s) 0.0 6.0 1939
Approach LOS F
Intersection Summary
Average Delay 22.5
Intersection Capacity Utilization 111.5% ICU Level of Service
Analysis Period (min) 15
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Queues

Existing Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2014 AM Midday Peak Hour
e 2 N N 4

Lane Group EBL EBT WBL WBT NBL NBR SWL2 SWL
Lane Group Flow (vph) 258 388 231 374 41 578 17 579
v/c Ratio 075 082 072 083 029 090 012 083
Control Delay 349 507 324 529 351 477 300 395
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 349 507 324 529 351 477 300 395
Queue Length 50th (ft) 91 206 80 206 16 278 6 264
Queue Length 95th (ft) #223  #413 174 386 63  #713 30 #676
Internal Link Dist (ft) 508 673 663 617
Turn Bay Length (ft) 175 100 75 75 75
Base Capacity (vph) 377 620 383 625 141 641 142 698
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 068 063 060 060 029 090 012 0.3
Intersection Summary
# 95th percentile volume exceeds capacity, queue may be longer.

Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis

Existing Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2014 AM Midday Peak Hour
T T 2T N . S A

Movement EBL EBT EBR WBL WBT WBR NBL NBR NBR2 SWL2 SWL SWR

Lane Configurations b | N | b [ b i

Volume (vph) 250 327 49 215 325 23 39 436 119 16 406 132

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Lane Width 10 10 10 10 10 10 10 10 10 10 10 10

Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00  1.00 1.00  1.00 1.00  1.00 1.00  1.00

Frt 1.00 098 1.00 099 1.00 0.85 1.00 096

Flt Protected 095 1.00 095 1.00 095 1.00 095 0.6

Satd. Flow (prot) 1685 1738 1668 1756 1685 1489 1685 1630

Flt Permitted 0.21 1.00 024 1.00 020 1.00 020 0.96

Satd. Flow (perm) 381 1738 422 1756 349 1489 351 1630

Peak-hour factor, PHF 097 097 097 093 093 093 09 09 09 093 093 093

Ad. Flow (vph) 258 337 51 231 349 25 41 454 124 17 437 142

RTOR Reduction (vph) 0 4 0 0 2 0 0 37 0 0 37 0

Lane Group Flow (vph) 258 384 0 231 372 0 41 541 0 17 542 0

Heavy Vehicles (%) 0% 0% 0% 1% 0% 0% 0% 1% 2% 0% 1% 1%

Turn Type pm+pt NA pm+pt NA Perm Prot Perm Prot

Protected Phases 5 2 1 6 4 8

Permitted Phases 2 6 4 8

Actuated Green, G (s) 414 274 386  26.0 413 413 413 413

Effective Green, g (s) 414 274 386 260 413 413 413 413

Actuated g/C Ratio 040 027 038 025 040 040 040 040

Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 331 464 311 444 140 599 141 656

v/s Ratio Prot c0.11  ¢c0.22 009 0.21 c0.36 0.33

v/s Ratio Perm 0.21 0.19 0.12 0.05

v/c Ratio 0.78  0.83 0.74  0.84 029 0.90 012 0.3

Uniform Delay, d1 234 354 245  36.3 208 288 192 274

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 10.1 11.5 8.1 12.9 12 169 0.4 8.4

Delay (s) 335 469 326 492 219 457 196 358

Level of Service C D C D C D B D

Approach Delay (s) 41.5 42.9 44.1 35.4

Approach LOS D D D D

Intersection Summary

HCM 2000 Control Delay 41.0 HCM 2000 Level of Service D

HCM 2000 Volume to Capacity ratio 0.82

Actuated Cycle Length (s) 102.6 Sum of lost time (s) 16.0

Intersection Capacity Utilization 85.4% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis

Existing Geometry

6: TD Bank/Private Drive & Massachusetts Avenue (Route 111) 2014 AM Midday Peak Hour
A ey v ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations Fi Y Fi Y Fi Y Fi Y

Volume (veh/h) 177 251 0 2 387 86 5 5 4 92 1 160

Sign Control Free Free Stop Stop

Grade 0% 0% 0% 0%

Peak Hour Factor 093 093 093 092 092 092 058 058 058 0.91 0.91 0.91

Hourly flow rate (vph) 190 270 0 2 421 93 9 9 7 101 1 176

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (ft) 753

pX, platoon unblocked 0.82 0.82 0.82 0.82 0.82 0.82

vC, conflicting volume 514 270 1299 1169 2710 1133 1122 467

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 514 1256 1099 9 1056 1042 467

tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2

tC, 2 stage (s)

tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3

p0 queue free % 82 100 88 94 99 27 99 71

cM capacity (veh/h) 1062 1340 75 145 890 138 156 598

Direction, Lane # EB1 WB1 NB1 SB1

Volume Total 460 516 24 278

Volume Left 190 2 9 101

Volume Right 0 93 7 176

cSH 1062 1340 132 269

Volume to Capacity 0.18 0.00 0.18 1.03

Queue Length 95th (ft) 16 0 16 269

Control Delay (s) 4.9 0.1 383 1049

Lane LOS A A E F

Approach Delay (s) 4.9 0.1 38.3 1049

Approach LOS E F

Intersection Summary

Average Delay 25.3

Intersection Capacity Utilization 78.4% ICU Level of Service D

Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis

Existing Geometry

7: Private Drive & Main Street (Route 27) 2014 AM Midday Peak Hour
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations | < i

Volume (veh/h) 631 98 167 521 39 185

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 096 09 09 096 085 085

Hourly flow rate (vph) 657 102 174 543 46 218

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (ft) 697

pX, platoon unblocked

vC, conflicting volume 759 1599 708

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 759 1599 708

tC, single (s) 4.1 6.4 6.2

tC, 2 stage (s)

tF (s) 2.2 3.5 3.3

p0 queue free % 80 51 50

cM capacity (veh/h) 861 94 436

Direction, Lane # EB1 WB1 NB1

Volume Total 759 7 264

Volume Left 0 174 46

Volume Right 102 0 218

cSH 1700 861 267

Volume to Capacity 045 020 099

Queue Length 95th (ft) 0 19 243

Control Delay (s) 0.0 48 926

Lane LOS A F

Approach Delay (s) 0.0 48 926

Approach LOS F

Intersection Summary

Average Delay 16.0

Intersection Capacity Utilization 99.4% ICU Level of Service F

Analysis Period (min) 15
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Queues Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2014 AM Peak Hour
A T2 N BV S S S 4

Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 284 424 146 370 44 544 88 10 549 142
v/c Ratio 072 068 044 083 037 083 011 008 083 015
Control Delay 319 371 241 546 377 430 27 268 428 1.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 319 371 241 546 377 430 27 268 428 1.8
Queue Length 50th (ft) 108 227 50 224 19 298 0 4 301 0
Queue Length 95th (ft) #317  #513 113 #420 68  #637 16 21 #679 17
Internal Link Dist (ft) 508 673 663 617

Turn Bay Length (ft) 300 300 75 300 75 400
Base Capacity (vph) 393 626 344 446 127 694 818 141 701 918
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 072 068 042 083 035 078 011 007 078 0.15

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2014 AM Peak Hour
A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b | N | b 4 [l b 4 [l
Volume (vph) 261 349 41 114 272 16 38 468 76 9 439 126
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 10 10 10 10 10 10 10 10
Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 100 100 1.00 1.00 1.00
Frt 1.00  0.98 1.00  0.99 1.00 100 085 1.00 100 085
Flt Protected 095 1.00 095 1.00 095 100 1.00 095 100 1.00
Satd. Flow (prot) 1589 1730 1668 1659 1560 1722 1492 1685 1739 1422
Flt Permitted 023 1.00 040 1.00 019 100 1.00 020 100 1.00
Satd. Flow (perm) 377 1730 696 1659 316 1722 1492 351 1739 1422
Peak-hour factor, PHF 092 092 09 078 078 078 08 08 08 08 089 0.89
Adj. Flow (vph) 284 379 45 146 349 21 44 544 88 10 549 142
RTOR Reduction (vph) 0 3 0 0 1 0 0 0 48 0 0 64
Lane Group Flow (vph) 284 421 0 146 369 0 44 544 40 10 549 78
Heavy Vehicles (%) 6% 1% 0% 1% 6% 6% 8% 3% 1% 0% 2% 6%
Turn Type pm+pt NA pm+pt NA Perm NA pmtov  Perm NA pm+ov
Protected Phases 5 2 1 6 4 1 8 5
Permitted Phases 2 6 4 4 8 8
Actuated Green, G (s) 496  38.1 369 284 402 402 487 402 402 584
Effective Green, g (s) 496  38.1 369 284 402 402 487 402 402 584
Actuated g/C Ratio 046  0.36 034 0.27 038 038 046 038 038 055
Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 2.0 3.0 3.0 2.0
Lane Grp Cap (vph) 380 616 317 440 118 646 679 131 653 776
v/s Ratio Prot c0.13  0.24 0.04 ¢0.22 c0.32  0.00 032 0.2
v/s Ratio Perm 0.22 0.12 0.14 002 003 0.04
v/c Ratio 0.75 0.68 046  0.84 037 08 006 008 084 0.10
Uniform Delay, d1 210 293 254 371 242 305 163 215 305 117
Progression Factor 1.00 1.00 1.00  1.00 1.00 100 100 1.00 1.00 1.00
Incremental Delay, d2 6.9 3.1 04 130 2.0 9.7 0.0 0.2 9.6 0.0
Delay (s) 2719 324 258  50.2 262 402 163 217 400 117
Level of Service C C C D C D B C D B
Approach Delay (s) 30.6 43.3 36.2 34.0
Approach LOS C D D C
Intersection Summary
HCM 2000 Control Delay 35.5 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 107.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 73.8% ICU Level of Service D
Analysis Period (min) 15

¢ Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis Proposed Geometry

3: TD Bank Driveway/Private Drive & Massachusetts Avenue (Route 111) 2014 AM Peak Hour
A ey v ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations b | N | i Y < [l

Volume (veh/h) 59 325 0 1 372 76 1 3 1 80 1 70

Sign Control Free Free Stop Stop

Grade 0% 0% 0% 0%

Peak Hour Factor 086 08 08 092 092 092 062 062 062 08 082 082

Hourly flow rate (vph) 69 378 0 1 404 83 2 5 2 98 1 85

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh) 6

Median type None None

Median storage veh)

Upstream signal (ft) 753

pX, platoon unblocked 0.86 0.86 0.86 0.86 0.86 0.86

vC, conflicting volume 487 378 965 1004 378 967 963 446

vC1, stage 1 conf vol
vC2, stage 2 conf vol

vCu, unblocked vol 487 200 880 926 200 882 878 446
tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2
tC, 2 stage (s)

tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 94 100 99 98 100 55 99 86
cM capacity (veh/h) 1076 1195 190 219 730 216 233 610
Direction, Lane # EB1 EB2 WB1 WB2 NB1 SB1

Volume Total 69 378 1 487 8 184

Volume Left 69 0 1 0 2 98

Volume Right 0 0 0 83 2 85

cSH 1076 1700 1195 1700 246 404

Volume to Capacity 006 022 000 029 003 046

Queue Length 95th (ft) 5 0 0 0 3 58

Control Delay (s) 8.6 0.0 8.0 0.0 202 242

Lane LOS A A C C

Approach Delay (s) 1.3 0.0 202 242

Approach LOS C C

Intersection Summary

Average Delay 4.6

Intersection Capacity Utilization 48.7% ICU Level of Service A

Analysis Period (min) 15
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Queues

4: Private Drive & Main Street (Route 27)

Proposed Geometry
2014 AM Peak Hour

— ¢ TN

Lane Group EBT WBL WBT NBL
Lane Group Flow (vph) 838 115 674 146
v/c Ratio 082 035 0.51 0.58
Control Delay 23.8 7.7 8.7 22.6
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 23.9 7.7 87 226
Queue Length 50th (ft) 240 9 87 10
Queue Length 95th (ft) #3804 57 406 #64
Internal Link Dist (ft) 617 790 545
Turn Bay Length (ft) 75

Base Capacity (vph) 1390 329 1669 251
Starvation Cap Reductn 17 0 0 0
Spillback Cap Reductn 0 0 0 0
Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 0.61 035 040 058

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.

Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis
4: Private Drive & Main Street (Route 27)

Proposed Geometry
2014 AM Peak Hour

— N ¥ TN 7
Movement EBT EBR WBL WBT NBL NBR
Lane Configurations | b 4 i
Volume (vph) 683 79 106 620 20 97
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 4.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 0.89
Flt Protected 1.00 095 100 099
Satd. Flow (prot) 1873 1805 1900 1673
Flt Permitted 1.00 013 100 099
Satd. Flow (perm) 1873 242 1900 1673
Peak-hour factor, PHF 0.91 0.91 092 092 080 0.0
Adj. Flow (vph) 751 87 115 674 25 121
RTOR Reduction (vph) 3 0 0 0 111 0
Lane Group Flow (vph) 835 0 115 674 35 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%
Turn Type NA pm+pt NA Prot
Protected Phases 2 1 6 4
Permitted Phases 6
Actuated Green, G (s) 40.9 522 522 6.3
Effective Green, g (s) 40.9 522 522 6.3
Actuated g/C Ratio 0.54 069 069 0.8
Clearance Time (s) 6.0 4.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1007 316 1305 138
v/s Ratio Prot c0.45 0.03 ¢0.35 ¢0.02
v/s Ratio Perm 0.21
v/c Ratio 0.83 036 052 025
Uniform Delay, d1 14.6 10.5 58 326
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.7 0.7 0.3 1.0
Delay (s) 20.4 11.2 6.1 33.6
Level of Service C B A C
Approach Delay (s) 20.4 6.9 336
Approach LOS C A C
Intersection Summary
HCM 2000 Control Delay 15.5 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 76.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 67.0% ICU Level of Service C
Analysis Period (min) 15

¢ Critical Lane Group
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Queues Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2014 PM Peak Hour
A T2 N BV S S S 4

Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 330 421 265 646 31 709 72 15 540 141
v/c Ratio 109 076 067 112 029 113 008 023 08 0.16
Control Delay 1066 441 269 1089 379 1119 32 400 486 2.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 1066 441 269 1089 379 1119 32 400 486 2.2
Queue Length 50th (ft) ~184 237 90 ~469 14 ~520 2 7 314 0
Queue Length 95th (ft) #504  #549  #199  #833 53  #981 16 34 #692 20
Internal Link Dist (ft) 508 673 663 617

Turn Bay Length (ft) 300 300 75 300 75 400
Base Capacity (vph) 303 552 405 578 107 626 870 65 626 891
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 109 076 065 112 029 113 008 023 08 0.16

Intersection Summary

~ Volume exceeds capacity, queue is theoretically infinite.
Queue shown is maximum after two cycles.

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2014 PM Peak Hour
A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b | N | b 4 [l b 4 [l
Volume (vph) 310 337 58 217 511 19 27 617 63 13 475 124
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 10 10 10 10 10 10 10 10
Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 100 100 1.00 1.00 1.00
Frt 1.00  0.98 1.00  0.99 1.00 100 085 1.00 100 085
Flt Protected 095 1.00 095 1.00 095 100 1.00 095 100 1.00
Satd. Flow (prot) 1668 1700 1685 1759 1685 1756 1507 1685 1756 1507
Flt Permitted 012  1.00 025 1.00 017 100 1.00 010 100 1.00
Satd. Flow (perm) 202 1700 441 1759 301 1756 1507 185 1756 1507
Peak-hour factor, PHF 094 094 094 082 08 08 087 087 08 08 088 0.8
Adj. Flow (vph) 330 359 62 265 623 23 31 709 72 15 540 141
RTOR Reduction (vph) 0 4 0 0 1 0 0 0 33 0 0 72
Lane Group Flow (vph) 330 417 0 265 645 0 31 709 39 15 540 69
Heavy Vehicles (%) 1% 2% 2% 0% 0% 7% 0% 1% 0% 0% 1% 0%
Turn Type pm+pt NA pm+pt NA Perm NA pmtov  Perm NA pm+ov
Protected Phases 5 2 1 6 4 1 8 5
Permitted Phases 2 6 4 4 8 8
Actuated Green, G (s) 498 347 51.0 353 384 384 541 384 384 535
Effective Green, g (s) 498 347 51.0 353 384 384 541 384 384 535
Actuated g/C Ratio 046  0.32 047 032 035 035 050 035 035 049
Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 2.0 3.0 3.0 2.0
Lane Grp Cap (vph) 295 540 385 569 105 618 747 65 618 738
v/s Ratio Prot c0.15  0.25 c0.10  ¢0.37 c0.40  0.01 0.31 0.01
v/s Ratio Perm 0.35 0.22 0.10 002 0.08 0.03
v/c Ratio 112 0.77 069 1.3 030 115 005 023 087 0.09
Uniform Delay, d1 320 336 205 369 256 353 142 249 331 14.8
Progression Factor 1.00 1.00 1.00  1.00 1.00 100 100 1.00 1.00 1.00
Incremental Delay, d2 88.2 6.8 4.1 80.4 16 841 0.0 18 130 0.0
Delay (s) 1202 404 246 1173 271 1195 142 268  46.1 14.9
Level of Service F D C F C F B C D B
Approach Delay (s) 75.4 90.4 106.6 39.3
Approach LOS E F F D
Intersection Summary
HCM 2000 Control Delay 79.8 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 1.09
Actuated Cycle Length (s) 109.1 Sum of lost time (s) 16.0
Intersection Capacity Utilization 90.2% ICU Level of Service E
Analysis Period (min) 15

¢ Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis Proposed Geometry

3: TD Bank Driveway/Private Drive & Massachusetts Avenue (Route 111) 2014 PM Peak Hour
A ey v ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations b | N | i Y < [l

Volume (veh/h) 154 248 5 2 594 61 3 2 1 76 1 147

Sign Control Free Free Stop Stop

Grade 0% 0% 0% 0%

Peak Hour Factor 0.81 0.81 0.81 0.81 0.81 0.81 075 075 075 08 085 085

Hourly flow rate (vph) 190 306 6 2 733 75 4 3 1 89 1 173

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh) 6

Median type None None

Median storage veh)

Upstream signal (ft) 753

pX, platoon unblocked

vC, conflicting volume 809 312 1515 1503 309 1465 1469 771

vC1, stage 1 conf vol
vC2, stage 2 conf vol

vCu, unblocked vol 809 312 1515 1503 309 1465 1469 771
tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2
tC, 2 stage (s)

tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 77 100 91 97 100 0 99 57
cM capacity (veh/h) 826 1254 46 94 736 86 99 402
Direction, Lane # EB1 EB2 WB1 WB2 NB1 SB1

Volume Total 190 312 2 809 8 264

Volume Left 190 0 2 0 4 89

Volume Right 0 6 0 75 1 173

cSH 826 1700 1254 1700 68 251

Volume to Capacity 023 018 000 048 012 1.05

Queue Length 95th (ft) 22 0 0 0 9 269

Control Delay (s) 10.7 0.0 7.9 00 646 818

Lane LOS B A F F

Approach Delay (s) 4.0 0.0 646 818

Approach LOS F F

Intersection Summary

Average Delay 15.2

Intersection Capacity Utilization 61.0% ICU Level of Service B

Analysis Period (min) 15
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Queues

4: Private Drive & Main Street (Route 27)

Proposed Geometry
2014 PM Peak Hour

— ¢ TN

Lane Group EBT WBL WBT NBL
Lane Group Flow (vph) 1042 153 736 222
v/c Ratio 088 065 052 0.77
Control Delay 26.5 27.6 8.2 284
Queue Delay 4.6 0.0 0.0 0.0
Total Delay 310 276 82 284
Queue Length 50th (ft) 376 19 101 15
Queue Length 95th (ft) #1137  #129 386  #123
Internal Link Dist (ft) 617 790 545
Turn Bay Length (ft) 75

Base Capacity (vph) 1183 234 1418 289
Starvation Cap Reductn 93 0 0 0
Spillback Cap Reductn 0 0 0 0
Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 096 065 052 0.77

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.

Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis
4: Private Drive & Main Street (Route 27)

Proposed Geometry
2014 PM Peak Hour

— N ¥ TN 7
Movement EBT EBR WBL WBT NBL NBR
Lane Configurations | b 4 i
Volume (vph) 890 79 124 596 24 167
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 4.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 0.88
Flt Protected 1.00 095 100 099
Satd. Flow (prot) 1862 1787 1881 1651
Flt Permitted 1.00 007 100 099
Satd. Flow (perm) 1862 140 1881 1651
Peak-hour factor, PHF 093 093 0.81 0.81 086  0.86
Adj. Flow (vph) 957 85 153 736 28 194
RTOR Reduction (vph) 2 0 0 0 181 0
Lane Group Flow (vph) 1040 0 153 736 41 0
Heavy Vehicles (%) 1% 0% 1% 1% 0% 1%
Turn Type NA pm+pt NA Prot
Protected Phases 2 1 6 4
Permitted Phases 6
Actuated Green, G (s) 58.8 69.9 699 6.1
Effective Green, g (s) 58.8 69.9 699 6.1
Actuated g/C Ratio 0.62 074 074 0.6
Clearance Time (s) 6.0 4.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1162 228 1395 106
v/s Ratio Prot c0.56 c0.05 0.39 ¢0.02
v/s Ratio Perm 0.45
v/c Ratio 0.89 067 053 0.38
Uniform Delay, d1 15.1 21.0 52 422
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 9.1 7.5 0.4 2.3
Delay (s) 24.2 28.5 55 445
Level of Service C C A D
Approach Delay (s) 24.2 95 445
Approach LOS C A D
Intersection Summary
HCM 2000 Control Delay 20.2 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 94.2 Sum of lost time (s) 18.0
Intersection Capacity Utilization 83.5% ICU Level of Service E
Analysis Period (min) 15

¢ Critical Lane Group
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Queues Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2014 Midday Peak Hour
A T2 N BV S S S 4
Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 258 388 231 374 41 454 124 17 437 142
v/c Ratio 059 073 05 074 025 078 014 011 075 0.16
Control Delay 229 381 221 404 299 386 23 2711 370 2.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 229 381 221 404 299 386 23 2711 370 2.1
Queue Length 50th (ft) 68 171 60 167 15 202 0 6 192 0
Queue Length 95th (ft) #219  #465 #195  #451 59  #524 18 30  #495 19
Internal Link Dist (ft) 508 673 663 617
Turn Bay Length (ft) 300 300 75 300 75 400
Base Capacity (vph) 442 640 437 623 213 750 880 197 750 913
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 058 061 053 060 019 061 014 009 058 0.16
Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2014 Midday Peak Hour
A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b | N | b 4 [l b 4 [l
Volume (vph) 250 327 49 215 325 23 39 436 119 16 406 132
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 10 10 10 10 10 10 10 10
Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 100 100 1.00 1.00 1.00
Frt 1.00  0.98 1.00  0.99 1.00 100 085 1.00 100 085
Flt Protected 095 1.00 095 1.00 095 100 1.00 095 100 1.00
Satd. Flow (prot) 1685 1738 1668 1756 1685 1756 1478 1685 1756 1492
Flt Permitted 027  1.00 032 1.00 028 100 1.00 026 100 1.00
Satd. Flow (perm) 478 1738 559 1756 500 1756 1478 461 1756 1492
Peak-hour factor, PHF 097 097 097 093 093 093 09 09 09 093 093 093
Adj. Flow (vph) 258 337 51 231 349 25 41 454 124 17 437 142
RTOR Reduction (vph) 0 4 0 0 2 0 0 0 66 0 0 72
Lane Group Flow (vph) 258 384 0 231 372 0 41 454 58 17 437 70
Heavy Vehicles (%) 0% 0% 0% 1% 0% 0% 0% 1% 2% 0% 1% 1%
Turn Type pm+pt NA pm+pt NA Perm NA pmtov  Perm NA pm+ov
Protected Phases 5 2 1 6 4 1 8 5
Permitted Phases 2 6 4 4 8 8
Actuated Green, G (s) 405 263 369 245 285 285 409 285 285 427
Effective Green, g (s) 405 263 369 245 285 285 409 285 285 427
Actuated g/C Ratio 047  0.30 042 0.28 033 033 047 033 033 049
Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 2.0 3.0 3.0 2.0
Lane Grp Cap (vph) 420 526 395 495 163 575 695 151 575 733
v/s Ratio Prot c0.10  ¢0.22 0.08 0.21 c0.26  0.01 025 0.02
v/s Ratio Perm 0.19 0.16 0.08 003  0.04 0.03
v/c Ratio 0.61 0.73 058 0.75 025 079 0.08 0.11 0.76  0.10
Uniform Delay, d1 16.0 271 174 284 214 265 127 204 261 11.8
Progression Factor 1.00 1.00 1.00  1.00 1.00 100 100 1.00 1.00 1.00
Incremental Delay, d2 1.9 5.0 14 6.3 0.8 7.1 0.0 0.3 5.9 0.0
Delay (s) 179 322 189 3438 222 336 127 207 320 118
Level of Service B C B C C C B C C B
Approach Delay (s) 26.5 28.7 28.7 26.9
Approach LOS C C C C
Intersection Summary
HCM 2000 Control Delay 21.7 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 86.9 Sum of lost time (s) 16.0
Intersection Capacity Utilization 77.3% ICU Level of Service D
Analysis Period (min) 15

¢ Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis Proposed Geometry
3: TD Bank Driveway/Private Drive & Massachusetts Avenue (Route 111) 2014 Midday Peak Hour

A ey v ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b | N | i Y < [l
Volume (veh/h) 177 251 0 2 387 86 5 5 4 92 1 160
Sign Control Free Free Stop Stop

Grade 0% 0% 0% 0%

Peak Hour Factor 093 093 093 092 092 092 058 058 058 0.91 0.91 0.91
Hourly flow rate (vph) 190 270 0 2 421 93 9 9 7 101 1 176
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh) 6
Median type None None

Median storage veh)

Upstream signal (ft) 753

pX, platoon unblocked

vC, conflicting volume 514 270 1164 1169 2710 1133 1122 467

vC1, stage 1 conf vol
vC2, stage 2 conf vol

vCu, unblocked vol 514 270 1164 1169 2710 1133 1122 467
tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2
tC, 2 stage (s)

tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 82 100 92 95 99 32 99 71
cM capacity (veh/h) 1062 1305 105 160 774 149 170 598
Direction, Lane # EB1 EB2 WB1 WB2 NB1 SB1

Volume Total 190 270 2 514 24 278

Volume Left 190 0 2 0 9 101

Volume Right 0 0 0 93 7 176

cSH 1062 1700 1305 1700 166 405

Volume to Capacity 018 016 000 030 015 0.69

Queue Length 95th (ft) 16 0 0 0 12 125

Control Delay (s) 9.1 0.0 7.8 0.0 303 343

Lane LOS A A D D

Approach Delay (s) 3.8 0.0 303 343

Approach LOS D D

Intersection Summary

Average Delay 9.4

Intersection Capacity Utilization 57.2% ICU Level of Service B

Analysis Period (min) 15
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Queues

Proposed Geometry

4: Private Drive & Main Street (Route 27) 2014 Midday Peak Hour
— ¢ TN
Lane Group EBT WBL WBT  NBL
Lane Group Flow (vph) 759 174 543 264
v/c Ratio 083 050 043 075
Control Delay 271 11.8 9.0 29.4
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 27.1 11.8 9.0 294
Queue Length 50th (ft) 239 18 79 38
Queue Length 95th (ft) #738 #97 320  #190
Internal Link Dist (ft) 617 790 545
Turn Bay Length (ft) 75
Base Capacity (vph) 1256 346 1588 354
Starvation Cap Reductn 5 0 0 0
Spillback Cap Reductn 0 0 0 0
Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 0.61 050 034 075
Intersection Summary
# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.
7/6/2015 Synchro 8 Report
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HCM Signalized Intersection Capacity Analysis

Proposed Geometry

4: Private Drive & Main Street (Route 27) 2014 Midday Peak Hour
— N ¥ TN 7

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations | b 4 i

Volume (vph) 631 98 167 521 39 185

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900

Total Lost time (s) 6.0 4.0 6.0 6.0

Lane Util. Factor 1.00 1.00 1.00 1.00

Frt 0.98 1.00 1.00 0.89

Flt Protected 1.00 095 100 099

Satd. Flow (prot) 1847 1805 1900 1660

Flt Permitted 1.00 013 100 099

Satd. Flow (perm) 1847 254 1900 1660

Peak-hour factor, PHF 096 09 09 09 085 085

Adj. Flow (vph) 657 102 174 543 46 218

RTOR Reduction (vph) 5 0 0 0 148 0

Lane Group Flow (vph) 754 0 174 543 116 0

Heavy Vehicles (%) 1% 1% 0% 0% 0% 1%

Turn Type NA pm+pt NA Prot

Protected Phases 2 1 6 4

Permitted Phases 6

Actuated Green, G (s) 374 498 498 9.4

Effective Green, g (s) 374 498 498 94

Actuated g/C Ratio 0.49 065 065 0.12

Clearance Time (s) 6.0 4.0 6.0 6.0

Vehicle Extension (s) 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 899 334 1232 203

v/s Ratio Prot c0.41 ¢0.06 0.29 ¢0.07

v/s Ratio Perm 0.28

v/c Ratio 0.84 052 044 057

Uniform Delay, d1 171 11.4 66 318

Progression Factor 1.00 1.00 1.00 1.00

Incremental Delay, d2 6.9 1.5 0.3 3.6

Delay (s) 24.0 12.9 69 354

Level of Service C B A D

Approach Delay (s) 24.0 83 354

Approach LOS C A D

Intersection Summary

HCM 2000 Control Delay 19.3 HCM 2000 Level of Service

HCM 2000 Volume to Capacity ratio 0.70

Actuated Cycle Length (s) 76.8 Sum of lost time (s)

Intersection Capacity Utilization 75.3% ICU Level of Service

Analysis Period (min) 15

¢ Critical Lane Group
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Queues

2: Main Street (Route 27) & Massachusetts Avenue (Route 111)

Existing Geometry
2024 AM Peak Hour

I 2 Y
Lane Group EBL EBT WBL WBT NBL NBT SBL SBT
Lane Group Flow (vph) 315 458 159 398 47 705 1 767
v/c Ratio 0.81 075 047 082 071 1.02 015 112
Control Delay 339 368 185 475 837 713 279 1029
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 339 368 185 475 837 713 279 1029
Queue Length 50th (ft) 117 246 53 231 25 ~482 4  ~568
Queue Length 95th (ft) #240 389 75 282 #92  #706 20  #842
Internal Link Dist (ft) 508 673 663 617
Turn Bay Length (ft) 175 100 75 75

Base Capacity (vph) 387 642 441 590 66 689 71 684
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.81 0.71 036 067 0.71 1.02 015 112

Intersection Summary

~ Volume exceeds capacity, queue is theoretically infinite.

Queue shown is maximum after two cycles.

# 95th percentile volume exceeds capacity, queue may be longer.

Queue shown is maximum after two cycles.

Greenman-Pedersen, Inc.
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HCM Signalized Intersection Capacity Analysis

2: Main Street (Route 27) & Massachusetts Avenue (Route 111)

Existing Geometry
2024 AM Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b | N | b | b |
Volume (vph) 290 377 44 124 293 17 40 523 83 10 543 140
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 10 10 10 10 10 10 10 10
Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00  1.00 1.00  1.00 1.00  1.00 1.00  1.00
Frt 1.00 098 1.00 099 1.00 098 1.00 097
Flt Protected 095 1.00 095 1.00 095 1.00 095 1.00
Satd. Flow (prot) 1589 1730 1668 1659 1560 1691 1685 1672
Flt Permitted 023 1.00 0.31 1.00 0.10  1.00 0.10  1.00
Satd. Flow (perm) 383 1730 551 1659 164 1691 177 1672
Peak-hour factor, PHF 092 092 092 078 078 078 08 08 08 089 089 0.9
Ad. Flow (vph) 315 410 48 159 376 22 47 608 97 1 610 157
RTOR Reduction (vph) 0 3 0 0 1 0 0 4 0 0 7 0
Lane Group Flow (vph) 315 455 0 159 397 0 47 701 0 11 760 0
Heavy Vehicles (%) 6% 1% 0% 1% 6% 6% 8% 3% 1% 0% 2% 6%
Turn Type pm+pt NA pm+pt NA Perm NA Perm NA
Protected Phases 5 2 1 6 4 8
Permitted Phases 2 6 4 8
Actuated Green, G (s) 478 349 386 287 40.1 40.1 40.1 40.1
Effective Green, g (s) 478 349 386 287 40.1 40.1 40.1 40.1
Actuated g/C Ratio 048 035 039 029 0.41 0.41 0.41 0.41
Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 381 610 326 481 66 685 71 677
v/s Ratio Prot c0.13  0.26 005 0.24 0.41 c0.45
v/s Ratio Perm c0.26 0.14 0.29 0.06
v/c Ratio 083 075 049  0.82 0.71 1.02 015 112
Uniform Delay, d1 19.0 2841 210 328 246 294 187 294
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 13.1 49 04 110 303 404 10 737
Delay (s) 320 330 214 437 549 6938 19.7 1031
Level of Service C C C D D E B F
Approach Delay (s) 32.6 374 68.8 101.9
Approach LOS C D E F
Intersection Summary
HCM 2000 Control Delay 61.9 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 1.01
Actuated Cycle Length (s) 98.9 Sum of lost time (s) 16.0
Intersection Capacity Utilization 82.1% ICU Level of Service E
Analysis Period (min) 15
¢ Critical Lane Group
Greenman-Pedersen, Inc. Synchro 8 Report
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HCM Unsignalized Intersection Capacity Analysis

6: Massachusetts Avenue (Route 111)

Existing Geometry

2024 AM Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations Fi Y Fi Y Fi Y Fi Y
Volume (veh/h) 64 345 7 7 396 84 6 7 5 87 B 75
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 086 08 08 092 092 092 062 062 062 082 082 082
Hourly flow rate (vph) 74 401 8 8 430 91 10 1 8 106 6 91
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 753
pX, platoon unblocked 0.80 0.80 0.80 0.80 0.80 0.80
vC, conflicting volume 522 409 1140 1091 405 1059 1049 476
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 522 141 1051 990 136 951 939 476
tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 93 99 92 94 99 38 97 84
cM capacity (veh/h) 1045 1167 129 184 737 172 197 587
Direction, Lane # EB1 WB1 NB1 SB1
Volume Total 484 529 29 204
Volume Left 74 8 10 106
Volume Right 8 91 8 91
cSH 1045 1167 197 254
Volume to Capacity 0.07 0.01 0.15 0.80
Queue Length 95th (ft) 6 0 13 154
Control Delay (s) 2.0 02 265 591
Lane LOS A A D F
Approach Delay (s) 2.0 02 265  59.1
Approach LOS D F
Intersection Summary
Average Delay 11.1
Intersection Capacity Utilization 74.1% ICU Level of Service D
Analysis Period (min) 15

Greenman-Pedersen, Inc.
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HCM Unsignalized Intersection Capacity Analysis
7: Main Street (Route 27)

Existing Geometry

2024 AM Peak Hour

— N ¥ TN 7
Movement EBT EBR WBL WBT NBL NBR
Lane Configurations | < i
Volume (veh/h) 763 85 119 688 21 109
Sign Control Free Free  Stop
Grade 0% 0% 0%
Peak Hour Factor 0.91 0.91 092 092 080 0.0
Hourly flow rate (vph) 838 93 129 748 26 136
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 697
pX, platoon unblocked 0.50 0.50 0.50
vC, conflicting volume 932 1892 885
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 354 2290 260
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 79 0 65
cM capacity (veh/h) 603 17 388
Direction, Lane # EB1 WB1 NB1
Volume Total 932 877 162
Volume Left 0 129 26
Volume Right 93 0 136
cSH 1700 603 86
Volume to Capacity 055 0.21 1.89
Queue Length 95th (ft) 0 20 348
Control Delay (s) 0.0 6.0 522.1
Lane LOS A F
Approach Delay (s) 0.0 6.0 522.1
Approach LOS F
Intersection Summary
Average Delay 45.7
Intersection Capacity Utilization 106.0% ICU Level of Service
Analysis Period (min) 15

Greenman-Pedersen, Inc.
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Queues

2: Main Street (Route 27) & Massachusetts Avenue (Route 111)

Existing Geometry
2024 PM Peak Hour

e 2 N N 4
Lane Group EBL EBT WBL WBT NBL NBR SWL2 SWL
Lane Group Flow (vph) 361 466 289 706 33 858 17 758
v/c Ratio 115 084 079 124  0.51 145 026 1.18
Control Delay 1261 493 346 1552 599 2399 397 1243
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 1261 493 346 1552 599 2399 397 1243
Queue Length 50th (ft) ~228 281 104  ~582 17 ~757 8 ~573
Queue Length 95th (ft) #514  #573  #241  #869 #73 #1151 35  #957
Internal Link Dist (ft) 508 673 663 617
Turn Bay Length (ft) 175 100 75 75 75
Base Capacity (vph) 315 555 368 570 65 591 65 645
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 115 084 079 124  0.51 145 026 1.18

Intersection Summary

~ Volume exceeds capacity, queue is theoretically infinite.

Queue shown is maximum after two cycles.

# 95th percentile volume exceeds capacity, queue may be longer.

Queue shown is maximum after two cycles.

716/2015
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HCM Signalized Intersection Capacity Analysis Existing Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2024 PM Peak Hour
T T 2T N . S A

Movement EBL EBT EBR WBL WBT WBR NBL NBR NBR2 SWL2 SWL SWR

Lane Configurations b | N | b [ b i

Volume (vph) 339 376 62 237 559 20 29 675 71 15 529 138

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Lane Width 10 10 10 10 10 10 10 10 10 10 10 10

Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00  1.00 1.00  1.00 1.00  1.00 1.00  1.00

Frt 1.00 098 1.00 099 1.00 0.85 1.00 097

Flt Protected 095 1.00 095 1.00 095 1.00 095 0.6

Satd. Flow (prot) 1668 1702 1685 1760 1685 1494 1685 1640

Flt Permitted 0.11 1.00 020 1.00 0.10  1.00 0.10  0.96

Satd. Flow (perm) 200 1702 347 1760 176 1494 176 1640

Peak-hour factor, PHF 094 094 094 082 082 082 08 08 08 08 08 088

Ad. Flow (vph) 361 400 66 289 682 24 33 776 82 17 601 157

RTOR Reduction (vph) 0 5 0 0 1 0 0 39 0 0 39 0

Lane Group Flow (vph) 361 461 0 289 705 0 33 819 0 17 719 0

Heavy Vehicles (%) 1% 2% 2% 0% 0% 7% 0% 1% 0% 0% 1% 0%

Turn Type pm+pt NA pm+pt NA Perm Prot Perm Prot

Protected Phases 5 2 1 6 4 8

Permitted Phases 2 6 4 8

Actuated Green, G (s) 512  35.1 512  35.1 402 402 402 402

Effective Green, g (s) 512  35.1 512  35.1 402 402 402 402

Actuated g/C Ratio 046  0.32 046  0.32 036  0.36 036  0.36

Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 307 542 356 560 64 544 64 598

v/s Ratio Prot c0.17  0.27 0.12  ¢c0.40 c0.55 0.44

v/s Ratio Perm 0.37 0.26 0.19 0.10

v/c Ratio 118 085 0.81 1.26 052 150 027 120

Uniform Delay, d1 327 351 22.1 37.5 274 350 246 350

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 1079 122 125 130.7 6.9 236.6 22 106.1

Delay (s) 1406 473 346 168.3 342 2716 26.8 141.1

Level of Service F D C F C F C F

Approach Delay (s) 88.0 129.4 262.8 138.6

Approach LOS F F F F

Intersection Summary

HCM 2000 Control Delay 155.7 HCM 2000 Level of Service F

HCM 2000 Volume to Capacity ratio 1.31

Actuated Cycle Length (s) 110.2 Sum of lost time (s) 16.0

Intersection Capacity Utilization 109.6% ICU Level of Service H

Analysis Period (min) 15

¢ Critical Lane Group

7/6/2015 Synchro 8 Report
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HCM Unsignalized Intersection Capacity Analysis
6: TD Bank/Private Drive & Massachusetts Avenue (Route 111)

Existing Geometry

2024 PM Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations Fi Y Fi Y Fi Y Fi Y
Volume (veh/h) 165 263 25 20 635 66 19 13 13 82 13 159
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.81 0.81 0.81 0.81 0.81 0.81 075 075 075 085 085 085
Hourly flow rate (vph) 204 325 31 25 784 81 25 17 17 96 15 187
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 753
pX, platoon unblocked 0.77 0.77 0.77 0.77 0.77 0.77
vC, conflicting volume 865 356 1816 1662 340 1648 1637 825
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 865 17 1910 1710 0 1691 1678 825
tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 74 98 0 66 98 0 72 50
cM capacity (veh/h) 786 1240 13 51 842 33 54 374
Direction, Lane # EB1 WB1 NB1 SB1
Volume Total 559 890 60 299
Volume Left 204 25 25 96
Volume Right 31 81 17 187
cSH 786 1240 25 81
Volume to Capacity 0.26 0.02 237 3.68
Queue Length 95th (ft) 26 2 185 Err
Control Delay (s) 6.4 0.5 9527 Err
Lane LOS A A F F
Approach Delay (s) 6.4 0.5 9527 Err
Approach LOS F F
Intersection Summary
Average Delay 1686.3
Intersection Capacity Utilization 90.7% ICU Level of Service E
Analysis Period (min) 15

7/6/2015
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HCM Unsignalized Intersection Capacity Analysis
7: Private Drive & Main Street (Route 27)

Existing Geometry

2024 PM Peak Hour

— N ¥ TN 7
Movement EBT EBR WBL WBT NBL NBR
Lane Configurations | < i
Volume (veh/h) 975 86 143 665 26 187
Sign Control Free Free  Stop
Grade 0% 0% 0%
Peak Hour Factor 093 093 0.81 0.81 086  0.86
Hourly flow rate (vph) 1048 92 177 821 30 217
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 697
pX, platoon unblocked
vC, conflicting volume 1141 2269 1095
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1141 2269 1095
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 71 6 17
cM capacity (veh/h) 616 32 261
Direction, Lane # EB1 WB1 NB1
Volume Total 1141 998 248
Volume Left 0 177 30
Volume Right 92 0 217
cSH 1700 616 140
Volume to Capacity 0.67 0.29 1.77
Queue Length 95th (ft) 0 29 462
Control Delay (s) 0.0 8.3 429.1
Lane LOS A F
Approach Delay (s) 0.0 8.3 429.1
Approach LOS F
Intersection Summary
Average Delay 48.0
Intersection Capacity Utilization 122.4% ICU Level of Service
Analysis Period (min) 15

716/2015
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Queues Existing Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2024 Midday Peak Hour
e 2 N N 4
Lane Group EBL EBT WBL WBT NBL NBR SWL2 SWL
Lane Group Flow (vph) 279 411 257 423 43 655 15 602
v/c Ratio 082 081 076 088 043 1.07 022 090
Control Delay 431 492 349 576 468 873 396 485
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 431 492 349 576 468 873 396 485
Queue Length 50th (ft) 100 229 91 246 19  ~425 6 316
Queue Length 95th (ft) #307  #464  #205  #485 #30  #851 32 #716
Internal Link Dist (ft) 508 673 663 617
Turn Bay Length (ft) 175 100 75 75 75
Base Capacity (vph) 350 590 379 595 100 612 67 667
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 080 070 068 071 043 1.07 022 090

Intersection Summary

~ Volume exceeds capacity, queue is theoretically infinite.
Queue shown is maximum after two cycles.

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

7/6/2015 Synchro 8 Report
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HCM Signalized Intersection Capacity Analysis

Existing Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2024 Midday Peak Hour
T T 2T N . S A

Movement EBL EBT EBR WBL WBT WBR NBL NBR NBR2 SWL2 SWL SWR

Lane Configurations b | N | b [ b i

Volume (vph) 271 346 52 239 369 24 41 502 127 14 426 134

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Lane Width 10 10 10 10 10 10 10 10 10 10 10 10

Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00  1.00 1.00  1.00 1.00  1.00 1.00  1.00

Frt 1.00 098 1.00 099 1.00 0.85 1.00 096

Flt Protected 095 1.00 095 1.00 095 1.00 095 0.6

Satd. Flow (prot) 1685 1738 1668 1757 1685 1489 1685 1631

Flt Permitted 017  1.00 024 1.00 015  1.00 0.10  0.96

Satd. Flow (perm) 298 1738 418 1757 260 1489 174 1631

Peak-hour factor, PHF 097 097 097 093 093 093 09 09 09 093 093 093

Ad. Flow (vph) 279 357 54 257 397 26 43 523 132 15 458 144

RTOR Reduction (vph) 0 4 0 0 2 0 0 38 0 0 38 0

Lane Group Flow (vph) 279 407 0 257 421 0 43 617 0 15 564 0

Heavy Vehicles (%) 0% 0% 0% 1% 0% 0% 0% 1% 2% 0% 1% 1%

Turn Type pm+pt NA pm+pt NA Perm Prot Perm Prot

Protected Phases 5 2 1 6 4 8

Permitted Phases 2 6 4 8

Actuated Green, G (s) 462 307 426 289 408 408 408 408

Effective Green, g (s) 462 307 426 289 408 408 408 408

Actuated g/C Ratio 043  0.29 040 027 038 0.8 038 0.8

Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 330 500 327 475 99 569 66 623

v/s Ratio Prot c0.12  0.23 0.10  0.24 c0.41 0.35

v/s Ratio Perm c0.24 0.21 0.17 0.09

v/c Ratio 085  0.81 0.79  0.89 043  1.08 023 0.90

Uniform Delay, d1 234 353 244 373 244 330 223 311

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 171 9.8 109 177 30 624 18  16.6

Delay (s) 405  45.1 353  55.0 214 954 240 4717

Level of Service D D D E C F C D

Approach Delay (s) 43.3 47.5 91.2 47.2

Approach LOS D D F D

Intersection Summary

HCM 2000 Control Delay 57.7 HCM 2000 Level of Service E

HCM 2000 Volume to Capacity ratio 0.92

Actuated Cycle Length (s) 106.7 Sum of lost time (s) 16.0

Intersection Capacity Utilization 90.2% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group

71612015 Synchro 8 Report
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HCM Unsignalized Intersection Capacity Analysis
6: TD Bank/Private Drive & Massachusetts Avenue (Route 111)

Existing Geometry

2024 Midday Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations Fi Y Fi Y Fi Y Fi Y
Volume (veh/h) 194 274 15 15 445 92 17 14 13 98 11 184
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 093 093 093 092 092 092 058 058 058 0.91 0.91 0.91
Hourly flow rate (vph) 209 295 16 16 484 100 29 24 22 108 12 202
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 753
pX, platoon unblocked 0.81 0.81 0.81 0.81 0.81 0.81
vC, conflicting volume 584 311 1494 1336 303 1321 1294 534
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 584 24 1493 1297 14 1277 1245 534
tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 79 99 27 77 97 0 89 63
cM capacity (veh/h) 1001 1292 40 103 864 78 111 548
Direction, Lane # EB1 WB1 NB1 SB1
Volume Total 519 600 76 322
Volume Left 209 16 29 108
Volume Right 16 100 22 202
cSH 1001 1292 76 173
Volume to Capacity 0.21 0.01 1.00 1.86
Queue Length 95th (ft) 20 1 133 593
Control Delay (s) 5.3 04 1966 453.6
Lane LOS A A F F
Approach Delay (s) 5.3 04 1966 453.6
Approach LOS F F
Intersection Summary
Average Delay 108.1
Intersection Capacity Utilization 87.3% ICU Level of Service E
Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis

Existing Geometry

7: Private Drive & Main Street (Route 27) 2024 Midday Peak Hour
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations | < i

Volume (veh/h) 737 114 178 611 42 187

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 096 09 09 096 085 085

Hourly flow rate (vph) 768 119 185 636 49 220

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (ft) 697

pX, platoon unblocked

vC, conflicting volume 886 1834 827

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 886 1834 827

tC, single (s) 4.1 6.4 6.2

tC, 2 stage (s)

tF (s) 2.2 3.5 3.3

p0 queue free % 76 23 41

cM capacity (veh/h) 772 64 373

Direction, Lane # EB1 WB1 NB1

Volume Total 886 822 269

Volume Left 0 185 49

Volume Right 119 0 220

cSH 1700 772 198

Volume to Capacity 052 024 1.36

Queue Length 95th (ft) 0 23 386

Control Delay (s) 0.0 58 236.7

Lane LOS A F

Approach Delay (s) 0.0 58 236.7

Approach LOS F

Intersection Summary

Average Delay 34.7

Intersection Capacity Utilization 111.6% ICU Level of Service

Analysis Period (min) 15
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Queues Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2024 AM Peak Hour
A T2 N BV S S S 4

Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 315 458 159 398 47 608 97 1 610 157
v/c Ratio 088 076 054 091 050 09 012 011 089 0417
Control Delay 494 415 281 653 503 491 26 286 483 1.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 494 415 281 653 503 491 26 286 483 1.7
Queue Length 50th (ft) 130 252 55 246 22 353 0 4 353 0
Queue Length 95th (ft) #418  #579 121 #466 #92  #749 17 24 #7191 17
Internal Link Dist (ft) 508 673 663 617

Turn Bay Length (ft) 300 300 75 300 75 400
Base Capacity (vph) 358 605 298 437 94 678 836 102 685 934
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 088 076 053 091 050 09 012 011 089 017

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2024 AM Peak Hour
A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b | N | b 4 [l b 4 [l
Volume (vph) 290 377 44 124 293 17 40 523 83 10 543 140
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 10 10 10 10 10 10 10 10
Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 100 100 1.00 1.00 1.00
Frt 1.00  0.98 1.00  0.99 1.00 100 085 1.00 100 085
Flt Protected 095 1.00 095 1.00 095 100 1.00 095 100 1.00
Satd. Flow (prot) 1589 1730 1668 1659 1560 1722 1492 1685 1739 1422
Flt Permitted 017  1.00 032 1.00 014 100 1.00 015 100 1.00
Satd. Flow (perm) 291 1730 558 1659 238 1722 1492 260 1739 1422
Peak-hour factor, PHF 092 092 09 078 078 078 08 08 08 08 089 0.89
Adj. Flow (vph) 315 410 48 159 376 22 47 608 97 1 610 157
RTOR Reduction (vph) 0 3 0 0 1 0 0 0 51 0 0 70
Lane Group Flow (vph) 315 455 0 159 397 0 47 608 46 11 610 87
Heavy Vehicles (%) 6% 1% 0% 1% 6% 6% 8% 3% 1% 0% 2% 6%
Turn Type pm+pt NA pm+pt NA Perm NA pmtov  Perm NA pm+ov
Protected Phases 5 2 1 6 4 1 8 5
Permitted Phases 2 6 4 4 8 8
Actuated Green, G (s) 495 375 373 283 424 424 514 424 424 606
Effective Green, g (s) 495 375 373 283 424 424 514 424 424 606
Actuated g/C Ratio 045 0.34 034 0.26 039 039 047 039 039 055
Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 2.0 3.0 3.0 2.0
Lane Grp Cap (vph) 348 594 282 429 92 668 702 100 675 789
v/s Ratio Prot c0.15  0.26 005 0.24 c0.35  0.01 035 0.02
v/s Ratio Perm c0.26 0.15 0.20 003 0.04 0.04
v/c Ratio 0.91 0.77 056  0.92 0.51 0.91 0.07 0.1 090 0.1
Uniform Delay, d1 25.1 31.9 268 394 255 316 1568 213 35 115
Progression Factor 1.00 1.00 1.00  1.00 1.00 100 100 1.00 1.00 1.00
Incremental Delay, d2 25.4 5.8 15 255 47  16.6 0.0 05 155 0.0
Delay (s) 505 378 283 649 302 482 1568 218 470 115
Level of Service D D C E C D B C D B
Approach Delay (s) 43.0 54.5 42.9 39.5
Approach LOS D D D D
Intersection Summary
HCM 2000 Control Delay 44.2 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 109.2 Sum of lost time (s) 16.0
Intersection Capacity Utilization 78.3% ICU Level of Service D
Analysis Period (min) 15

¢ Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis
3: TD Bank Driveway/Private Drive & Massachusetts Avenue (Route 111)

Proposed Geometry
2024 AM Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b | N | i Y < [l
Volume (veh/h) 64 345 7 7 396 84 6 7 5 87 B 75
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 086 08 08 092 092 092 062 062 062 082 082 082
Hourly flow rate (vph) 74 401 8 8 430 91 10 1 8 106 6 91
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 6
Median type None None
Median storage veh)
Upstream signal (ft) 753
pX, platoon unblocked 0.83 0.83 0.83 0.83 0.83 0.83
vC, conflicting volume 522 409 1049 1091 405 1055 1049 476
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 522 192 959 1010 187 966 960 476
tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 93 99 94 94 99 39 97 84
cM capacity (veh/h) 1045 1162 154 186 "7 175 199 587
Direction, Lane # EB1 EB2 WB1 WB2 NB1 SB1
Volume Total 74 409 8 522 29 204
Volume Left 74 0 8 0 10 106
Volume Right 0 8 0 91 8 91
cSH 1045 1700 1162 1700 216 319
Volume to Capacity 007 024 0.01 0.31 013  0.64
Queue Length 95th (ft) 6 0 0 0 11 103
Control Delay (s) 8.7 0.0 8.1 00 243 363
Lane LOS A A C E
Approach Delay (s) 1.3 0.1 243 363
Approach LOS C E
Intersection Summary
Average Delay 71
Intersection Capacity Utilization 51.2% ICU Level of Service A
Analysis Period (min) 15
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Queues

4: Private Drive & Main Street (Route 27)

Proposed Geometry
2024 AM Peak Hour

— ¢ TN

Lane Group EBT WBL WBT NBL
Lane Group Flow (vph) 931 129 748 162
v/c Ratio 0.81 042 053 067
Control Delay 22.2 8.7 8.7 26.3
Queue Delay 1.0 0.0 0.0 0.0
Total Delay 23.2 8.7 87 263
Queue Length 50th (ft) 292 10 103 13
Queue Length 95th (ft) #949 63 480 #73
Internal Link Dist (ft) 617 790 545
Turn Bay Length (ft) 75

Base Capacity (vph) 1153 305 1407 242
Starvation Cap Reductn 68 0 0 0
Spillback Cap Reductn 0 0 0 0
Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 086 042 053 067

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.

Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis
4: Private Drive & Main Street (Route 27)

Proposed Geometry
2024 AM Peak Hour

— N ¥ TN 7
Movement EBT EBR WBL WBT NBL NBR
Lane Configurations | b 4 i
Volume (vph) 763 85 119 688 21 109
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 4.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 0.89
Flt Protected 1.00 095 100 099
Satd. Flow (prot) 1874 1805 1900 1671
Flt Permitted 1.00 012 100 099
Satd. Flow (perm) 1874 232 1900 1671
Peak-hour factor, PHF 0.91 0.91 092 092 080 0.0
Adj. Flow (vph) 838 93 129 748 26 136
RTOR Reduction (vph) 3 0 0 0 127 0
Lane Group Flow (vph) 928 0 129 748 35 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%
Turn Type NA pm+pt NA Prot
Protected Phases 2 1 6 4
Permitted Phases 6
Actuated Green, G (s) 53.8 649 649 6.1
Effective Green, g (s) 53.8 649 649 6.1
Actuated g/C Ratio 0.60 073 073 007
Clearance Time (s) 6.0 4.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1131 294 1383 114
v/s Ratio Prot c0.50 0.03 ¢0.39 ¢0.02
v/s Ratio Perm 0.28
v/c Ratio 0.82 044 054  0.31
Uniform Delay, d1 13.9 12.7 54 395
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.9 1.0 0.4 1.6
Delay (s) 18.8 13.7 59 410
Level of Service B B A D
Approach Delay (s) 18.8 7.0 410
Approach LOS B A D
Intersection Summary
HCM 2000 Control Delay 15.4 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 89.1 Sum of lost time (s) 18.0
Intersection Capacity Utilization 73.1% ICU Level of Service D
Analysis Period (min) 15

¢ Critical Lane Group
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Queues Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2024 PM Peak Hour
A T2 N BV S S S 4

Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 361 466 289 706 33 776 82 17 601 157
v/c Ratio 119 083 077 119  0.51 127 010 026 099 0.18
Control Delay 1423 481 328 1338 616 167.8 3.7 425 697 2.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 1423 481 328 1338 616 167.8 3.7 425 697 2.2
Queue Length 50th (ft) ~226 268 97  ~540 16  ~623 4 8 375 0
Queue Length 95th (ft) #5066 #0624  #265  #924 #79 #1112 19 38 #3814 21
Internal Link Dist (ft) 508 673 663 617

Turn Bay Length (ft) 300 300 75 300 75 400
Base Capacity (vph) 303 562 377 594 65 609 857 65 609 885
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 119 083 077 119  0.51 127 010 026 099 0.18

Intersection Summary

~ Volume exceeds capacity, queue is theoretically infinite.
Queue shown is maximum after two cycles.

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2024 PM Peak Hour
A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b | N | b 4 [l b 4 [l
Volume (vph) 339 376 62 237 559 20 29 675 71 15 529 138
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 10 10 10 10 10 10 10 10
Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 100 100 1.00 1.00 1.00
Frt 1.00  0.98 1.00  0.99 1.00 100 085 1.00 100 085
Flt Protected 095 1.00 095 1.00 095 100 1.00 095 100 1.00
Satd. Flow (prot) 1668 1702 1685 1760 1685 1756 1507 1685 1756 1507
Flt Permitted 0.11 1.00 020 1.00 0.11 1.00 100 0.11 1.00 1.00
Satd. Flow (perm) 199 1702 350 1760 190 1756 1507 190 1756 1507
Peak-hour factor, PHF 094 094 094 082 08 08 087 087 08 08 088 0.8
Adj. Flow (vph) 361 400 66 289 682 24 33 776 82 17 601 157
RTOR Reduction (vph) 0 4 0 0 1 0 0 0 34 0 0 82
Lane Group Flow (vph) 361 462 0 289 705 0 33 776 48 17 601 75
Heavy Vehicles (%) 1% 2% 2% 0% 0% 7% 0% 1% 0% 0% 1% 0%
Turn Type pm+pt NA pm+pt NA Perm NA pmtov  Perm NA pm+ov
Protected Phases 5 2 1 6 4 1 8 5
Permitted Phases 2 6 4 4 8 8
Actuated Green, G (s) 504 353 526 364 374 374 536 374 374 525
Effective Green, g (s) 504 353 526 364 374 374 536 374 374 525
Actuated g/C Ratio 046  0.32 048 0.33 034 034 049 034 034 048
Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 2.0 3.0 3.0 2.0
Lane Grp Cap (vph) 294 550 366 586 65 601 739 65 601 724
v/s Ratio Prot c0.17  0.27 c0.12  ¢0.40 c0.44  0.01 0.34  0.01
v/s Ratio Perm 0.40 0.26 0.17 002 0.09 0.04
v/c Ratio 123 084 079 1.20 0.51 129 006 026 1.00 0.10
Uniform Delay, d1 32.1 34.3 210 364 286 359 146 259 359 155
Progression Factor 1.00 1.00 1.00  1.00 1.00 100 100 1.00 1.00 1.00
Incremental Delay, d2 1288 109 10.0 107.2 6.1 1432 0.0 2.1 36.7 0.0
Delay (s) 1609 452 31.0 1436 34.7 1791 146 281 726 155
Level of Service F D C F C F B C E B
Approach Delay (s) 95.7 110.9 158.6 60.1
Approach LOS F F F E
Intersection Summary
HCM 2000 Control Delay 108.2 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 1.19
Actuated Cycle Length (s) 109.2 Sum of lost time (s) 16.0
Intersection Capacity Utilization 97.4% ICU Level of Service F
Analysis Period (min) 15

¢ Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis
3: TD Bank Driveway/Private Drive & Massachusetts Avenue (Route 111)

Proposed Geometry
2024 PM Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b | N | i Y < [l
Volume (veh/h) 165 263 25 20 635 66 19 13 13 82 13 159
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.81 0.81 0.81 0.81 0.81 0.81 075 075 075 085 085 085
Hourly flow rate (vph) 204 325 31 25 784 81 25 17 17 96 15 187
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 6
Median type None None
Median storage veh)
Upstream signal (ft) 753
pX, platoon unblocked
vC, conflicting volume 865 356 1682 1662 340 1632 1637 825
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 865 356 1682 1662 340 1632 1637 825
tC, single (s) 41 41 71 6.5 6.2 71 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 74 98 0 76 98 0 79 50
cM capacity (veh/h) 786 1209 25 71 707 52 74 374
Direction, Lane # EB1 EB2 WB1 WB2 NB1 SB1
Volume Total 204 356 25 865 60 299
Volume Left 204 0 25 0 25 96
Volume Right 0 31 0 81 17 187
cSH 786 1700 1209 1700 47 125
Volume to Capacity 026  0.21 0.02 0.51 127 239
Queue Length 95th (ft) 26 0 2 0 140 651
Control Delay (s) 11.2 0.0 8.0 0.0 3588 7065
Lane LOS B A F F
Approach Delay (s) 4.1 0.2 358.8 706.5
Approach LOS F F
Intersection Summary
Average Delay 130.0
Intersection Capacity Utilization 66.3% ICU Level of Service C
Analysis Period (min) 15
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Queues

4: Private Drive & Main Street (Route 27)

Proposed Geometry
2024 PM Peak Hour

— ¢ TN

Lane Group EBT WBL WBT NBL
Lane Group Flow (vph) 1140 177 821 247
v/c Ratio 096 080 058 0.80
Control Delay 372 457 9.2 29.2
Queue Delay 16.3 0.0 0.0 0.0
Total Delay 535 457 92 292
Queue Length 50th (ft) 468 42 122 16
Queue Length 95th (ft) #1295  #186 459  #132
Internal Link Dist (ft) 617 790 545
Turn Bay Length (ft) 75

Base Capacity (vph) 1183 221 1418 310
Starvation Cap Reductn 80 0 0 0
Spillback Cap Reductn 0 0 0 0
Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 103 080 058 0.80

Intersection Summary

# 95th percentile volume exceeds capacity, queue may be longer.

Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis
4: Private Drive & Main Street (Route 27)

Proposed Geometry
2024 PM Peak Hour

— N ¥ TN 7
Movement EBT EBR WBL WBT NBL NBR
Lane Configurations | b 4 i
Volume (vph) 975 86 143 665 26 187
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 4.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 0.88
Flt Protected 1.00 095 100 099
Satd. Flow (prot) 1862 1787 1881 1650
Flt Permitted 1.00 006 100 099
Satd. Flow (perm) 1862 120 1881 1650
Peak-hour factor, PHF 093 093 0.81 0.81 086  0.86
Adj. Flow (vph) 1048 92 177 821 30 217
RTOR Reduction (vph) 2 0 0 0 203 0
Lane Group Flow (vph) 1138 0 177 821 44 0
Heavy Vehicles (%) 1% 0% 1% 1% 0% 1%
Turn Type NA pm+pt NA Prot
Protected Phases 2 1 6 4
Permitted Phases 6
Actuated Green, G (s) 58.8 69.9 699 6.1
Effective Green, g (s) 58.8 69.9 699 6.1
Actuated g/C Ratio 0.62 074 074 0.6
Clearance Time (s) 6.0 4.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1162 214 1395 106
v/s Ratio Prot ¢0.61 ¢0.06 044 ¢0.03
v/s Ratio Perm 0.55
v/c Ratio 0.98 083 059 042
Uniform Delay, d1 171 29.6 56 423
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 21.2 22.3 0.6 2.6
Delay (s) 38.3 51.8 6.2 450
Level of Service D D A D
Approach Delay (s) 38.3 143 450
Approach LOS D B D
Intersection Summary
HCM 2000 Control Delay 29.0 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.87
Actuated Cycle Length (s) 94.2 Sum of lost time (s) 18.0
Intersection Capacity Utilization 90.8% ICU Level of Service E
Analysis Period (min) 15

¢ Critical Lane Group
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Queues Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2024 Midday Peak Hour
A T2 N BV S S S 4

Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 279 411 257 423 43 523 132 15 458 144
v/c Ratio 075 076 069 080 024 08 015 011 072 0.16
Control Delay 322 418 288 456 298 418 22 2719 36.2 2.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 322 418 288 456 298 418 22 2719 36.2 2.0
Queue Length 50th (ft) 88 206 80 219 17 264 0 6 220 0
Queue Length 95th (ft) #298  #507  #238  #539 62  #645 19 28 #532 19
Internal Link Dist (ft) 508 673 663 617

Turn Bay Length (ft) 300 300 75 300 75 400
Base Capacity (vph) 372 545 375 530 178 638 879 131 638 906
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 075 075 069 080 024 08 015 011 072 0.16

Intersection Summary
# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis Proposed Geometry

2: Main Street (Route 27) & Massachusetts Avenue (Route 111) 2024 Midday Peak Hour
A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations b | N | b 4 [l b 4 [l
Volume (vph) 271 346 52 239 369 24 41 502 127 14 426 134
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 10 10 10 10 10 10 10 10
Total Lost time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 100 100 1.00 1.00 1.00
Frt 1.00  0.98 1.00  0.99 1.00 100 085 1.00 100 085
Flt Protected 095 1.00 095 1.00 095 100 1.00 095 100 1.00
Satd. Flow (prot) 1685 1738 1668 1757 1685 1756 1478 1685 1756 1492
Flt Permitted 022 1.00 027  1.00 028 100 1.00 020 100 1.00
Satd. Flow (perm) 385 1738 469 1757 492 1756 1478 362 1756 1492
Peak-hour factor, PHF 097 097 097 093 093 093 09 09 09 093 093 093
Adj. Flow (vph) 279 357 54 257 397 26 43 523 132 15 458 144
RTOR Reduction (vph) 0 4 0 0 2 0 0 0 67 0 0 72
Lane Group Flow (vph) 279 407 0 257 421 0 43 523 65 15 458 72
Heavy Vehicles (%) 0% 0% 0% 1% 0% 0% 0% 1% 2% 0% 1% 1%
Turn Type pm+pt NA pm+pt NA Perm NA pmtov  Perm NA pm+ov
Protected Phases 5 2 1 6 4 1 8 5
Permitted Phases 2 6 4 4 8 8
Actuated Green, G (s) 445 303 423 292 354 354 485 354 354 496
Effective Green, g (s) 445 303 423 292 354 354 485 354 354 496
Actuated g/C Ratio 045  0.31 043 0.29 036 036 049 036 036 0.50
Clearance Time (s) 3.0 5.0 3.0 5.0 6.0 6.0 3.0 6.0 6.0 3.0
Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0 2.0 3.0 3.0 2.0
Lane Grp Cap (vph) 359 531 359 518 175 627 724 129 627 747
v/s Ratio Prot c0.11 0.23 0.09 c0.24 c0.30  0.01 026  0.01
v/s Ratio Perm 0.24 0.21 0.09 003  0.04 0.03
v/c Ratio 0.78  0.77 0.72  0.81 025 083 009 012 073 0.10
Uniform Delay, d1 202 311 206 324 224 291 135 213 277 130
Progression Factor 1.00 1.00 1.00  1.00 1.00 100 100 1.00 1.00 1.00
Incremental Delay, d2 9.3 6.5 5.6 9.4 0.7 9.3 0.0 0.4 44 0.0
Delay (s) 295 377 262 418 23.1 385 135 217 320 130
Level of Service C D C D C D B C C B
Approach Delay (s) 34.4 35.9 32.8 27.3
Approach LOS C D C C
Intersection Summary
HCM 2000 Control Delay 32.7 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 99.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 82.5% ICU Level of Service E
Analysis Period (min) 15

¢ Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis

Proposed Geometry

3: TD Bank Driveway/Private Drive & Massachusetts Avenue (Route 111) 2024 Midday Peak Hour
A ey v ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations b | N | i Y < [l

Volume (veh/h) 194 274 15 15 445 92 17 14 13 98 11 184

Sign Control Free Free Stop Stop

Grade 0% 0% 0% 0%

Peak Hour Factor 093 093 093 092 092 092 058 058 058 0.91 0.91 0.91

Hourly flow rate (vph) 209 295 16 16 484 100 29 24 22 108 12 202

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh) 6

Median type None None

Median storage veh)

Upstream signal (ft) 753

pX, platoon unblocked

vC, conflicting volume 584 311 1343 1336 303 1313 1294 534

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 584 311 1343 1336 303 1313 1294 534

tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2

tC, 2 stage (s)

tF (s) 2.2 2.2 35 4.0 3.3 3.5 4.0 3.3

p0 queue free % 79 99 54 80 97 0 91 63

cM capacity (veh/h) 1001 1261 64 121 742 94 128 548

Direction, Lane # EB1 EB2 WB1 WB2 NB1 SB1

Volume Total 209 311 16 584 76 322

Volume Left 209 0 16 0 29 108

Volume Right 0 16 0 100 22 202

cSH 1001 1700 1261 1700 110 241

Volume to Capacity 0.21 0.18  0.01 034 069 133

Queue Length 95th (ft) 20 0 1 0 90 428

Control Delay (s) 9.5 0.0 79 00 90.7 216.1

Lane LOS A A F F

Approach Delay (s) 3.8 0.2 90.7 216.1

Approach LOS F F

Intersection Summary

Average Delay 51.8

Intersection Capacity Utilization 62.1% ICU Level of Service B

Analysis Period (min) 15
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Queues

Proposed Geometry

4: Private Drive & Main Street (Route 27) 2024 Midday Peak Hour
— ¢ TN
Lane Group EBT WBL WBT  NBL
Lane Group Flow (vph) 887 185 636 269
v/c Ratio 084 062 047 085
Control Delay 26.9 19.5 9.1 42.4
Queue Delay 0.4 0.0 0.0 0.0
Total Delay 2713 195 9.1 424
Queue Length 50th (ft) 316 19 100 54
Queue Length 95th (ft) #939  #165 400  #212
Internal Link Dist (ft) 617 790 545
Turn Bay Length (ft) 75
Base Capacity (vph) 1051 298 1341 316
Starvation Cap Reductn 22 0 0 0
Spillback Cap Reductn 0 0 0 0
Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 086 062 047 085
Intersection Summary
# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.
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HCM Signalized Intersection Capacity Analysis

Proposed Geometry

4: Private Drive & Main Street (Route 27) 2024 Midday Peak Hour
— N ¥ TN 7

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations | b 4 i

Volume (vph) 737 114 178 611 42 187

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900

Total Lost time (s) 6.0 4.0 6.0 6.0

Lane Util. Factor 1.00 1.00 1.00 1.00

Frt 0.98 1.00 1.00 0.89

Flt Protected 1.00 095 100 099

Satd. Flow (prot) 1847 1805 1900 1661

Flt Permitted 1.00 0.11 1.00 099

Satd. Flow (perm) 1847 208 1900 1661

Peak-hour factor, PHF 096 09 09 09 085 085

Adj. Flow (vph) 768 119 185 636 49 220

RTOR Reduction (vph) 4 0 0 0 144 0

Lane Group Flow (vph) 883 0 185 636 125 0

Heavy Vehicles (%) 1% 1% 0% 0% 0% 1%

Turn Type NA pm+pt NA Prot

Protected Phases 2 1 6 4

Permitted Phases 6

Actuated Green, G (s) 49.7 618 618 9.1

Effective Green, g (s) 49.7 618 618 9.1

Actuated g/C Ratio 0.56 069 069 0.10

Clearance Time (s) 6.0 4.0 6.0 6.0

Vehicle Extension (s) 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1031 289 1319 169

v/s Ratio Prot c0.48 ¢0.06 0.33 ¢0.08

v/s Ratio Perm 0.39

v/c Ratio 0.86 064 048 0.74

Uniform Delay, d1 16.6 15.0 62 388

Progression Factor 1.00 1.00 1.00 1.00

Incremental Delay, d2 7.1 4.8 0.3 16.0

Delay (s) 23.8 19.8 65 548

Level of Service C B A D

Approach Delay (s) 23.8 95 548

Approach LOS C A D

Intersection Summary

HCM 2000 Control Delay 221 HCM 2000 Level of Service

HCM 2000 Volume to Capacity ratio 0.77

Actuated Cycle Length (s) 89.0 Sum of lost time (s)

Intersection Capacity Utilization 82.8% ICU Level of Service

Analysis Period (min) 15

¢ Critical Lane Group
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