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DESIGN BOSTON, MA 02109

MEMORANDUM

May 20, 2019

To: Peter Keating

Organization: Chittenden County Regional Planning Commission (CCRPC); City of South Burlington
From: Taylor Dennerlein, Ashley Haire

Project: South Burlington Multi-site Pedestrian Crossing/Bicycle Access Scoping

Re: Bike Lane Feasibility at Williston Road/Hinesburg Road, Williston Road/Kennedy Drive

Toole Design has prepared this memorandum summarizing the feasibility of continuing bicycle lanes through the
intersections of Williston Road at Kennedy Drive/Airport Drive and Williston Road at Hinesburg Road/Patchen
Road by reallocating roadway space used for vehicle travel lanes to bike lanes.

Existing Conditions

The study area encompasses the intersections of Williston Road at Kennedy Drive/Airport Drive and Williston
Road at Hinesburg Road/Patchen Road. Williston Road (U.S. Highway 2) runs in a general east-west direction.
The two study intersections are slightly less than one mile apart, with the Kennedy Drive intersection to the east
and the Hinesburg Road intersection to the west, as shown in Figure 1. Between the study intersections and to
the east of Kennedy Drive, Williston Road is one lane in each direction with a two-way left-turn lane and two 5-
foot bicycle lanes. West of Hinesburg Road, Williston Road is two lanes in each direction. Of note, both
intersections are considered high-crash locations.

Figure 1 Study Area Map

ENVISIONING WHAT COULD BE, THEN BUILDING IT



Williston Road at Kennedy Drive/Airport Drive

The Williston Road at Kennedy Drive/Airport Drive intersection is a signalized intersection, depicted in Figure 2. At
this intersection, the Williston Road westbound and eastbound approaches consist of a left-turn lane, a through
lane, and a shared through/right-turn lane. Both the Kennedy Drive northbound and Airport Drive southbound
approaches consist of a left-turn lane, a through lane, and a right-turn lane. The speed limit on Williston Road
within the study area is 35 miles per hour. The existing signal phasing scheme is as follows (see Figure 3):
Williston Road eastbound and westbound receive a leading left-turn arrow, followed by a permissive left-turn while
the through movements are allowed. Kennedy Drive northbound and Airport Drive southbound then receive a
leading left-turn arrow before the through movements are allowed. The pedestrian phase runs exclusively upon
actuation.
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Figure 3 Existing Signal Phasing for Williston Road at Kennedy Drive/Airport Drive




Williston Road at Hinesburg Road/Patchen Road

Williston Road at Hinesburg Road/Patchen Road is a signalized intersection (see Figure 4). At the intersection,
the Williston Road eastbound and westbound approaches consist of two general purpose lanes. Left turns are
prohibited from Williston Road eastbound. The Hinesburg Road northbound and Patchen Road southbound
approaches both consist of a left-turn lane and a shared through/right-turn lane. The speed limit on Williston Road
within the study area is 35 miles per hour. The existing signal phasing scheme is as follows (see Figure 5):
Williston Road westbound is allowed to proceed with a protected left-turn phase. Then, the westbound left-turn
phase transitions to a permissive phase while the Williston Road eastbound approach is allowed to proceed.
Hinesburg Road northbound and Patchen Road southbound then receive a leading left-turn arrow before the

through movements are allowed. The pedestrian phase runs exclusively upon actuation.
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Figure 4 Williston Road at Hinesburg Road/Patchen Road Aerial
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Figure 5 Existing Signal Phasing for Williston Road at Hinesburg Road/Patchen Road
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Proposed Design

The proposed design includes extending the bicycle lanes through the intersections to create a more complete
network for people riding bicycles. To achieve this, vehicles lanes are proposed to be reallocated to create space
within the right of way to connect the bicycle network. At the Kennedy Drive intersection, one through travel lane
in each direction on Williston Road is proposed to be reallocated, leaving a left-turn only lane and a through/right-
turn lane on each approach. Slight modifications to the signal phasing are proposed based on vehicle volume and
the proposed lane assignments (see Figure 6).
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Figure 6 Proposed Signal Phasing for Williston Road at Kennedy Drive/Airport Drive

At the Hinesburg Road intersection, there are two proposed alternatives. The first would work with the existing
medians, removing one travel lane from each approach and leaving one general travel lane in each direction on
Williston Road. The second would remove the median on the eastern leg to create a westbound left-turn lane,
similar to the majority of the corridor. This alternative offers the potential to also remove the median on the
western leg and implement a left-turn lane from Williston Road eastbound onto Patchen Road, removing the left-
turn restriction if desired. Slight modifications to the signal phasing are proposed based on vehicle volume and the
proposed lane assignments. The proposed signal phasing is the same for both alternatives with minor
adjustments to the phase lengths to account for the left-turn lane in Alternative 2 (see Figure 7 and Figure 8). For
both alternatives, the protected left-turn phase in the southbound and westbound directions are eliminated. In the
proposed design, the westbound direction will only cross one opposing lane of vehicle traffic. Additionally, in
Alternative 2, the westbound direction has an exclusive turn lane. According to the FHWA'’s Signalized
Intersections: Informational Guide, the rule-of-thumb threshold for protected phasing for these movements is not
metl.
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Figure 7 Proposed Signal Phasing (Alternative 1) for Williston Road at Hinesburg Road/Patchen Road

! Signalized Intersections: An Informational Guide. Federal Highway Administration (FHWA). 2013.
https://safety.fhwa.dot.gov/intersection/conventional/signalized/fhwasal3027/



https://safety.fhwa.dot.gov/intersection/conventional/signalized/fhwasa13027/
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Figure 8 Proposed Signal Phasing (Alternative 2) for Williston Road at Hinesburg Road/Patchen Road

Vehicle Level of Service Analysis

Capacity and queue analyses were conducted at both study intersections under existing lane geometry and traffic
operation control and under the proposed lane geometry and updated signal timing. This analysis includes an
evaluation of weekday morning and weekday evening peak hour traffic operations under existing volume
conditions. Turning movement counts (TMCs) were obtained from the Vermont Agency of Transportation
(VTRANS) Transportation Data Management System?2 and are included in the Attachments. It should be noted
that although left-turns from Williston Road eastbound onto Patchen Road are prohibited, the data shows a
nominal amount of vehicles making the turn.

The capacity analysis methodology is based on the concepts and procedures in the Highway Capacity Manual
(HCM)3 utilizing the latest version of Synchro software.* Table 1, an excerpt from the HCM, provides LOS criteria
for signalized and unsignalized intersections.

Table 1: Level of Service Criteria

Level of Service Average Stopped Delay (seconds/vehicle)
Signalized Intersection Unsignalized Intersection

A 0.0-10.0 0.0-10.0
B 10.1-20.0 10.1-15.0
C 20.1-35.0 15.1-25.0
D 35.1-55.0 25.1-35.0
E 55.1-80.0 35.1-50.0
F >80.0 >50.0

Source: Highway Capacity Manual, 2000. Transportation Research Board.

The level of service (LOS) results are tabulated in Tables 2 and 3, with the analysis worksheets for all conditions
provided in the Attachments.

For the Williston Road at Kennedy Drive/Airport Drive intersection, the greatest change in operations occurs
during the morning peak hour. The delay for the Williston Road eastbound through/right movement increases
from 28 seconds under existing conditions to 46 seconds under proposed conditions. This increase of 18 seconds

2 https://vtrans.ms2soft.com/tcds/tsearch.asp?loc=Vtrans&mod=
3 HCM 2000: Highway Capacity Manual. Washington, D.C.: Transport Research Board, 2000.
4Synchro plus SimTraffic 9; Trafficware Ltd.; Sugar Land, TX; 2014.



https://vtrans.ms2soft.com/tcds/tsearch.asp?loc=Vtrans&mod

changes the LOS from C to D, which is considered adequate. For this movement, the average queue increases
238 feet, or less than 10 vehicles.

For the Williston Road at Hinesburg Road/Patchen Road intersection, the greatest change in operations occurs
during the afternoon peak hour under proposed conditions without the additional left-turn lane (Alternative 1
where the median is maintained). The Patchen Road through/right-turn movement is expected to experience an
increase in delay from 40 seconds to 134 seconds, however the average queue is only expected to increase 31
feet. Similarly, the Hinesburg Road left-turn movement is expected to experience an increase in delay from 37
seconds to 120 seconds, however the average queue is only expected to increase 21 feet. More time from the
cycle length is given to the main road at the expense of Hinesburg Road and Patchen Road to accommodate the
vehicle traffic in a single lane.

It should be noted that this analysis did not identify the location on Williston Road west of the intersection where
the second travel lane would be eliminated. Identifying this point would require additional data and analysis. This
evaluation also did not investigate operations under a configuration with a shared use path or sidepath along the
south side of Williston Road, which has been discussed as a bicycle network option for this roadway.

Under proposed conditions with added left-turns lanes on the Williston Road eastbound and westbound
approaches vehicle operations remain relatively unchanged from existing conditions. All movements for both the
morning and afternoon peak hour are expected to remain at LOS D or better with left-turn lanes. Under 95t
percentile conditions, Williston Road eastbound may potentially queue past Midas Drive. Additional precautions
may be taken to ensure queuing vehicles do not block the intersection.



Table 2 Williston Road at Kennedy Drive/Airport Drive Signalized Capacity Analyses

Weekday Morning

Williston Rd EB Left
Williston Rd EB Thru/Right
Williston Rd WB Left
Williston Rd WB Thru/Right
Kennedy Dr NB Left
Kennedy Dr NB Thru
Kennedy Dr NB Right
Airport Dr SB Left

Airport Dr SB Thru

Airport Dr SB Right
Overall

Weekday Evening
Williston Rd EB Left
Williston Rd EB Thru/Right
Williston Rd WB Left
Williston Rd WB Thru/Right
Kennedy Dr NB Left
Kennedy Dr NB Thru
Kennedy Dr NB Right
Airport Dr SB Left

Airport Dr SB Thru

Airport Dr SB Right
Overall

Note: Using SYNCHRO 9 software

aVolume-to-capacity ratio

b Average total delay in seconds per vehicle

¢ Level of service

viC 2

0.06
0.64
0.59
0.39
0.48
0.63
0.18
0.54
0.64
0.01
0.60

0.12
0.56
0.57
0.57
0.67
0.73
0.14
0.68
0.48
0.01
0.64

Existing Conditions

Delay ?

20
28
18
19
28
39
33
29
39
31
28

24
30
19
24
31
40
29
31
32
28
29

LOS ©

O0O0O0OO0O00OmmOO

OO0O0O0O00TO0OwmOO

Queues
(50th/95th) d

5/23
148/291
51/#156

73/211
48/136
81/194
0/61
60/169
87/216
0/0

8/34
112/224
70/182
121/320
86/226
129/296
0/61
66/159
81/177
0/0

VvIC

0.05
0.92
0.76
0.53
0.69
0.71
0.18
0.77
0.74
0.01
0.83

0.18
0.84
0.76
0.80
0.77
0.75
0.14
0.80
0.49
0.01
0.83

450" and 95" percentile queue length in feet per lane (assuming 25 feet per vehicle)

~ Volume exceeds capacity, queue theoretically infinite

# Volume exceeds capacity, queue may be longer

Proposed Conditions

Delay

18
46
22
13
38
43
39
39
43
38
39

24
41
30
26
41
44
32
46
35
31
35

LOS

O O0OO0OD0DO0DO0OO0OwnOO0Ow

O0O0O0OOO00OO0O0O0O0

Queues
(50t/95)

7/28
386/#810
60/#226
174/391
T2/#167
107/#214
0/65
89/#228
116/#248
0/0

12/43
256/#541
73/#228
323/#708
116/#312
160/#348
0/65
88/#223
100/190
0/0



Table 3 Williston Road at Hinesburg Road/Patchen Road Signalized Capacity Analysis

Weekday Morning

Williston Rd EB Left
Williston Rd EB

Williston Rd WB Left
Williston Rd WB

Hinesburg Rd NB Left
Hinesburg Rd NB Thru/Right
Patchen Rd SB Left
Patchen Rd SB Thru/Right
Overall

Weekday Evening

Williston Rd EB Left
Williston Rd EB

Williston Rd WB Left
Williston Rd WB

Hinesburg Rd NB Left
Hinesburg Rd NB Thru/Right
Patchen Rd SB Left
Patchen Rd SB Thru/Right
Overall

viC 2

0.77

0.56
0.80
0.58
0.45
0.76
0.78

0.62
0.87
0.75
0.79
0.43
0.67
0.78

Note: Using SYNCHRO 9 software

aVolume-to-capacity ratio

Existing Conditions

Delay °

34

23
38
34
23
41
32

34

39
37
46
27
40
38

b Average total delay in seconds per vehicle

¢ Level of service

LOS ©

OO0 OO0O00O ' O«

@]

OO0O0O000o

Queues
(50th/95th) d

206/268
120/162
107/#158
120/170
67/104
171/240

140/274
191/#530
93/#226
170/#423
42/99
141/258

viC

0.91

0.81
0.89
0.35
0.71
0.80
0.92

0.59

1.05
1.08
0.63
0.85
1.11
1.00

Delay

34

26
54
21
42
45
35

18

66
120
34
79
134
64

450" and 95" percentile queue length in feet per lane (assuming 25 feet per vehicle)
~ Volume exceeds capacity, queue theoretically infinite

# Volume exceeds capacity, queue may be longer

Alternative 1

LOS

O

OO0O0O0O0O0O !

mmmO T m

Queues
(501795t

391/#617
297/#502
112/#163
93/133
95/#165
174/#262

184/481
479/#1145
~114/#348

156/#360

66/#180

~172/#377

viC

0.04
0.91
0.52
0.65
0.85
0.34
0.67
0.76
0.91

0.04
0.68
0.41
0.95
0.80
0.49
0.60
0.78
0.84

Alternative 2 (Recommended)

Delay

13
36
21
20
46
20
39
41
32

15
25
23
46
43
26
42
49
37

LOS

OO0O0OwWOwOOOw

OO0OO0OO0O0O0O0Oo

Queues
(50t/95M)

3/12
390/#613
22/#81
243/360
110/#175
92/130
94/152
171/240

1/9
228/#578
35/120
408/#992
97/#267
135/307
60/#139
147/#300



Conclusion

Williston Road from the Hinesburg Road/Patchen Road intersection eastward has bicycle lanes, however they are
dropped at this intersection, as well as the intersection with Kennedy Drive/Airport Drive, creating honcontinuous
bicycle infrastructure and potentially unsafe conditions. The proposed design of maintaining one through vehicle
lane and a left-turn lane at the study intersections to accommodate bicycle lanes will not only create a safer
environment for people riding bicycles, but will also maintain a more consistent lane pattern for drivers, creating
less confusion. Alternative 2 is recommended, as creating a dedicated left-turn lane at the Williston Road and
Hinesburg Road/Patchen Road intersection lessens the impact on drivers and also constitutes a safety benefit for
drivers. Under typical (average) conditions, the recommended alternative has minimal impacts on intersection
operations for both study intersections. Under 95™ percentile conditions, drivers may experience longer queues
under the recommended alternative than they would currently experience today.



Attachments

Turning Movement Count (TMC) data

Synchro Analysis Output
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12/28/2018

Peak Hour Data for Intersection

Traffic Count Database System (TCDS)

Int ID: 30414725
Community: SOUTH BURLINGTON Corridor: NA
Road 1: PATCHEN RD Road 3: VT-116
Road 2: us-2 Road 4: us-2

<<| <| >| >>||1-100f 10

AM Peak Hour
07/03/2018
NB EB SB wB
Start Int

App . App App App
Time _Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Total
122 g 0

7:45 AM| 66 | 52 9 0 |127]0146] 30 | O 17Gi 75 0 0 22(1 19
B:00 AM| 39| 39 | 8 | 0| 86 [0 [150] 40 | 0 |190[21]68 | 1 | 0 | 90 [21]121] 12 [ 0 | 154
B:15AM[ 54 37 | 5 [ 0| 96 [0 [120] 36 | 0 |156[42] 62| 0 | 0 |104[ 9 [136] 12 | 0157
B30 AM[ 55 27 | 14 [0 | 96 [0 [119] 31 | 0 |150(36]54 | 0 | 0] 90 [12]136] 11 | 0 159 [495]
Total 214 155 36 0 405 0 535 137 0 672 146 250 1_ 0 406 53 491 45 0 589 2072
PHF 081075064 080 089 086  0880780.86 025  0.830.630.90 0.94
HV% 1 5 3 6 5 15 0 110 9
¥ Cars ¥ Trucks ¥ Pedestrians ¥ Bikes
1D 30414725: Peak Hr Traffic by Movemen¥/3/2018 7:45 AM to 8:45 AM
]
)
PATCHEN RD
us-2
. 2
2> s —*
B W
o
H
Midday Peak Hour
07/03/2018
NB EB SB wB

Start App App App App Int
Time _Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Total
5[5

[11:00 AM[42] 43 | 17 | 0 | 102[ 0 [125[ 27 [ 0 |152[32[43] 3 [0 | 78 [20]127 0 ] 16t
11:15 AM[45 | 41 | 23 | 0 |109| 1 [128] 22 | 0 |151[25[58 | 3 | 1 | 86 [19]115] 23 | 0 | 157
11:30 AM[43 [ 43 | 12 [0 | 98 [ 2 [128] 23 | 0 1532148 [ 3 [0 | 72 [18]139] 14 | 0 | 171
11:45AM[44 [ 57 | 22 | 1 |123[ 1 [125] 18 | 0 |144[34[65[ 6 | 0 |105[21[112] 16 | 0 | 149
Total 174 184 74 1 432 4 506 90 0 600 112 214 15 1 341 78 493 74 0 645 2018

PHF 0.970.81 080  0.880.500.99 0.83 ~ 098082082 0.63 081093089 080 094
HV% 2 3 07 8 4 7 0 16 4
¥ Cars ¥ Trucks ¢ Pedestrians ' Bikes
1D 30414725: Peak Hr Traffic by Movemen¥/3/2018 11:00 AM to 12:00 PM
o
[
w =¥
2 & T
PATCHEN RD ‘_] & L.
&
us-2 0

NB

https://vtrans.ms2soft.com/tcds/tsearch.asp?loc=Vtrans&mod=



12/28/2018 Traffic Count Database System (TCDS)

Peak Hour Data for Intersection

Int ID: 30414725
Community: SOUTH BURLINGTON Corridor: NA
Road 1: PATCHEN RD Road 3: VT-116
Road 2: us-2 Road 4: us-2

<<| <| >| >>||1-100f 10

Midday Peak Hour
07/02/2018
NB EB SB wB
D

tart App App App App Int
Time _Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Total
12:00 PM[ 47 | 48 | 22 1 5 |3 4 | 2]|86[24]155] 8 | 0 | 187 [55
[12:15PM[43[ 54 [ 21 [ 1[118| 0 [133] 26 | 0 [159|24|50 | 5 | 0 | 79 [21]172] 17
12:30 PM[43 | 42 | 21 [ 0 |106 [ 0 [124] 35 [ 1 |159(33[54 | 1 1|88 |30[180] 23
1 0 1
2 4 4

o
~
3

o|o|
ey
3
88

[12:45PM| 63 | 47 | 24 134 [ 0 [149] 29 178 [33[ 73 | 2 108 [22]138] 20 [600]
Total 196 191 88 475 1 540 115 656 112 237 12 361 97 645 68 0 810 2302
PHF  0.780.88 0.92 0.890.250.91 0.82 0.920.850.81 0.60 0.840.810.90 0.74 0.87

5

H% 5 6 08 3 4 5 8 5 6 3

¥ Cars ¥ Trucks ¥ Pedestrians ¢ Bikes

1D 30414725: Peak Hr Traffic by Movemen¥/2/2018 12:00 PM to 1:00 PM
o
[

PATCHEN RD
&

us-2

Ls w8

—s

. rﬂ?
A

s || et )

B "o

© =
& 2 »
¢ 28

2
- [11]
-4

PM Peak Hour

07/02/2018

NB EB SB wB
Start App App App App Int
Time _Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Total
30 PM[ 65 63 | 13 | 0 | 141[3 [108] 29 [ 0 |140[27]40] 4 | 3| 71 [26]138] 34
l4:45 PM| 56 | 58 | 18 | 0 | 132 [0 [102] 23 [ 0 [125[23[70 | 4 | 0 | 97 [18165] 17 | 1
5:00 PM[ 44 [ 54 | 16 | 0 | 114 [0 [102] 29 | 0 |131[23[47 | 1 [0 | 71 [23]190] 13 | 0
515 PM[ 48 | 55 | 15 | 0 | 118 [0 [104] 23 | 0 |127[18[47 | 2 | 1| 67 [23[165] 14 | 0
Total 213 230 62 0 505 3 416 104 0 523 91 204 11 4 306 90 658 78 4 826 2160

PHF 0.820.91 0.86 0.900.250.96 0.90 0.930.840.73 0.69 0.790.870.87 0.57 0.91

H/% 2 0 0 0 6 1 5 2 9 02 0

# Cars ¥ Trucks ¥ Pedestrians ¥ Bikes

1D 30414725: Peak Hr Traffic by Movement /22018 4:30 PM to 5:30 PM
@
]

PATCHEN RD
&

us-2

Lrs wB

416 —»

EB 104 —*

398
NB

https://vtrans.ms2soft.com/tcds/tsearch.asp?loc=Vtrans&mod=



12/28/2018 Traffic Count Database System (TCDS)

Peak Hour Data for Intersection

Int ID: 30414730
Community: SOUTH BURLINGTON Corridor: NA
Road 1: AIRPORT DR Road 3: KENNEDY DR
Road 2: us-2 Road 4: us-2

<<| <l >| >>|]1-80f8

AM Peak Hour

07/03/2018
NB EB SB wB
Start App App App App Int
Time Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total
7:45AM[25[ 46 [ 74 [ 0 |145| 6 [120] 49 13 4 1 87 [40( 80 | 2 4

[8:00 AM[ 29[ 29 [ 55 [0 | 113 7 [120] 49 | 0 [176[29] 36 [ 2
815 AM[23 [ 40 | 53 |0 | 116 | 2 [118] 36 | 1 | 156 [44| 48 | 3
[8:30AM[46 | 38 | 40 [ 0 | 124 3 [101] 28 | 1 [132[40][47[ 2
Total 123 153 222 0 498 18 459 162 3 639 156 171 11 338 173 378 9
PHF 0.670.83 0.75 0.86 0.640.96 0.83 0.910.890.89 0.69 0.890.820.94

~lo|o|e
©
88
&)
of
<

HV% 8 9 10 0 4 4 4 5 0 12 8

¥ Cars ¥ Trucks ¥ Pedestrians ¥ Bikes

1D 30414730: Peak Hr Traffic by Movemenf¥/3/2018 7:45 AM to 8:45 AM
@
)

- &

=
AIRPORT DR ‘J ¢
)

us-2

—

WB

El e W=

123 J
—
222 j

153

8
NB

Midday Peak Hour
07/03/2018
NB EB SB wB

Start App App App App Int
Time _Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Total
3713 0

17:00 AM[ 34 ] 44 [ 40 | 0 | 118 [ 5 [103] 11 ] 0 | 119 [3 080 [39] 98] 33 [0]17
11:15 AM[ 38 | 33 | 54 | 1 |125[ 6 |114] 19 | 0 |139[38[32 | © [0 | 79 [40]707] 39 | 0 | 186
11:30 AM[ 47 | 44 | 53 | 0 | 144 [13[109] 15 | 2 |137[34] 23 | 4 [ 0 | 61 [63]104] 52 | 0 | 219
11:45 AM[ 46 | 66 | 53 | 0 | 165 [10[111] 21 | 0 |142[45]34| 6 | 0| 85 [47[117] 43 | 0 | 207
Total 165 187 200 1 552 34 437 66 2 537 147 126 32 0 305 189 426 167 0 782 2176
PHF 0.880.71 093  0.840.650.96 0.79 ~ 095082085 0.62 ~ 090075091 080 089
H% 5 9 11 0 6 1 6 6 3 9 5 6
¥ Cars ¥ Trucks ¢ Pedestrians ' Bikes
1D 30414730: Peak Hr Traffic by Movemen¥/3/2018 11:00 AM to 12:00 PM
o
[

388

AIRPORT DR
&

us-2

Lwr WB

+— 426

r189

NB

https://vtrans.ms2soft.com/tcds/tsearch.asp?loc=Vtrans&mod=



12/28/2018

Peak Hour Data for Intersection

Int ID: 30414730
Community: SOUTH BURLINGTON
Road 1: AIRPORT DR
Road 2: us-2

<<| <l >| >>|]1-80f8

Midday Peak Hour
07/02/2018
NB EB SB wB
Start Int

App App App App
Time _Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Total
[12:00 PM| 42 | 66 5 310 9 [0 ]105[56]135] 46 | 0 ]237
[12:15PM 65| 52 | 59 | 0 |176[10]112] 29 | 0 |151[41]43 | 7 | 0 | 91 [48[163] 37 | 0 | 248 [666|
12:30 PM[ 48 | 44 | 51 | 0 | 143[ 7 [130] 21 | 0 |158[47[ 39| 3 | 0 | 89 [50[123] 45 | 0 | 218

0 1

0 T

[12:45PM| 30 | 53 | 60 | 0 | 143 [12][147] 30 189 [60] 50 [ 17 127 [63[119] 39 [ 0 | 211
Total 185 215 217 0 617 36 518 103 657 197 179 36 412 207 540 167 0 914 2600

PHF 071081 090  0.880.750.88 0.86  0.870820.90 0.53 081092083 091 092
HV% 4 7 12 3 5 9 14 0 10 4 1
¥ Cars ¥ Trucks ¥ Pedestrians ¢ Bikes
1D 30414730: Peak Hr Traffic by Movemen¥/2/2018 12:00 PM to 1:00 PM
o
[

AIRPORT DR
&

us-2

L167 WB
36 J -

s || e )

B 0w

—sa0

r 207

489
NB

PM Peak Hour
07/02/2018
NB EB SB wB

Start App App App App Int
Time _Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Left Thru Right Ped Total Total

[4:00 PM[ 61 67 | 55 | 0 |173[6 [ 97 [ 26 [ 0 |129[53] 47 | 4 | 0 | 104 [42[123] 33 [ 0
l4-15PM| 62 | 55 | 44 | 0 |161[6 |96 [ 28 [ 0 |130[40[ 33| 4 | 0 | 77 [56]120] 38 | 0
[4:30PM| 58 | 86 | 44 | 0 |188[ 9 | 91|29 [0 |12932[ 41| 3 | 1| 76 [50[125] 69 | 0
[4:45PM| 55| 63 | 43 | 0 |161| 7 |83 | 25 | 0 |115[42[ 36| 7 | 0 | 85 [52]105] 33 | 0
Total 236 261 186 0 683 28 367 108 0 503 167 157 18 1 342 200 473 163 0 836 2364

PHF 0.950.76 0.85 0.910.780.95 0.93 0.970.790.84 0.64 0.820.890.95 0.69 0.89

H% 1 1 7 05 7 2 0 0 2 1 0

# Cars ¥ Trucks ¥ Pedestrians ¥ Bikes

1D 30414730: Peak Hr Traffic by Movemen¥/2/2018 4:00 PM to 5:00 PM
@
]

AIRPORT DR

&
us-2

Lﬁi] wB

+—473

r 200
28 J )

67—

B e —

4
—
186 j

NB

https://vtrans.ms2soft.com/tcds/tsearch.asp?loc=Vtrans&mod=

Traffic Count Database System (TCDS)

Corridor: NA
Road 3: KENNEDY DR
Road 4: us-2

7



Lanes, Volumes, Timings South Burlington

2: Kennedy Drive/Airport Drive & Williston Road Existing Conditions AM Peak
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations N +» % +» N 4 ul N 4 ul

Traffic Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11

Future Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11

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

Storage Length (ft) 125 675 150 225 330 150 50 50

Storage Lanes 1 1 1 1 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 4673 943 1082 762

Travel Time (s) 91.0 18.4 24.6 17.3

Peak Hour Factor 0.91 0.91 0.91 0.91 0.91 0.91 0.86 0.86 0.86 0.89 0.89 0.89

Heavy Vehicles (%) 0% 4% 4% 12% 8% 11% 8% 9% 10% 4% 5% 0%

Shared Lane Traffic (%)

Lane Group Flow (vph) 20 682 0 190 523 0 143 178 258 175 192 12

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

Protected Phases 5 2 1 6 3 8 7 4 9

Permitted Phases 2 6 8 8 4 4

Detector Phase 5 2 1 6 3 8 8 7 4 4

Switch Phase

Minimum Initial (s) 6.0 8.0 6.0 8.0 6.0 8.0 8.0 6.0 8.0 8.0 1.0

Minimum Split (s) 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 19.0

Total Split (s) 17.0 43.0 17.0 43.0 14.0 27.0 27.0 14.0 27.0 27.0 19.0

Total Split (%) 14.2% 35.8% 14.2%  35.8% 11.7% 225% 225% 11.7% 225% 22.5% 16%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 2.0

All-Red Time (s) 20 2.0 20 20 20 2.0 20 20 2.0 2.0 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lead Lag Lead Lag Lead Lag Lag Lead Lag Lag

Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Recall Mode None Min None Min None Min Min  None Min Min  None

v/c Ratio 0.05 0.72 0.59 0.38 0.45 0.60 0.55 0.51 0.61 0.03

Control Delay 15.3 314 24.0 19.5 29.3 44.0 10.1 30.6 43.9 0.1

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 15.3 314 24.0 19.5 29.3 44.0 10.1 30.6 43.9 0.1

Queue Length 50th (ft) 5 148 51 73 48 81 0 60 87 0

Queue Length 95th (ft) 23 291 #156 211 136 194 61 169 216 0

Internal Link Dist (ft) 4593 863 1002 682

Turn Bay Length (ft) 125 150 330 150 50 50

Base Capacity (vph) 485 1561 338 1531 324 456 574 343 473 537

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 0.04 0.44 0.56 0.34 0.44 0.39 0.45 0.51 0.41 0.02

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 84.1

Natural Cycle: 90

Control Type: Actuated-Uncoordinated

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

Splits and Phases:  2: Kennedy Drive/Airport Drive & Williston Road
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HCM Signalized Intersection Capacity Analysis South Burlington

2: Kennedy Drive/Airport Drive & Williston Road Existing Conditions AM Peak
R N N T T T
Movement EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations N +» % +» N 4 ul N 4 ul
Traffic Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11
Future Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.96 1.00 0.97 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3335 1612 3221 1671 1743 1468 1736 1810 1615
Flt Permitted 0.46 1.00 0.21 1.00 0.52 1.00 1.00 0.54 1.00 1.00
Satd. Flow (perm) 871 3335 358 3221 920 1743 1468 979 1810 1615
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.86 0.86 0.86 0.89 0.89 0.89
Adj. Flow (vph) 20 504 178 190 415 108 143 178 258 175 192 12
RTOR Reduction (vph) 0 30 0 0 17 0 0 0 216 0 0 10
Lane Group Flow (vph) 20 652 0 190 506 0 143 178 42 175 192 2
Heavy Vehicles (%) 0% 4% 4% 12% 8% 11% 8% 9% 10% 4% 5% 0%
Turn Type pm+pt NA pm+pt NA pm+pt NA  Perm  pm+pt NA  Perm
Protected Phases S 2 1 6 3 8 7 4
Permitted Phases 2 6 8 8 4 4
Actuated Green, G (s) 29.6 27.3 438 355 225 14.4 14.4 231 14.7 14.7
Effective Green, g (S) 29.6 27.3 43.8 355 225 14.4 14.4 23.1 14.7 147
Actuated g/C Ratio 0.33 0.31 0.49 0.40 0.25 0.16 0.16 0.26 0.17 0.17
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 313 1022 324 1284 300 282 237 325 298 266
v/s Ratio Prot 0.00 0.20 ¢0.07 0.16 0.04 0.10 c0.05 ¢c0.11
v/s Ratio Perm 0.02 c0.22 0.08 0.03 0.09 0.00
v/c Ratio 0.06 0.64 0.59 0.39 0.48 0.63 0.18 0.54 0.64 0.01
Uniform Delay, d1 20.0 26.6 149 19.1 27.2 34.8 32.2 27.2 347 311
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 13 2.7 0.2 12 4.6 0.4 17 4.7 0.0
Delay (s) 20.1 27.9 17.6 19.3 28.4 394 325 28.9 39.4 311
Level of Service C C B B C D C C D C
Approach Delay (s) 21.7 18.8 33.6 343
Approach LOS C B C C
Intersection Summary
HCM 2000 Control Delay 275 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 89.0 Sum of lost time () 26.0
Intersection Capacity Utilization 64.1% ICU Level of Service C
Analysis Period (min) 15

¢ Critical Lane Group

2018-EX-S Burlington-AM Peak.syn Synchro 9 Report
D Page 2



Lanes, Volumes, Timings South Burlington

4: Hinesburg Road/Patchen Road & Williston Road Existing Conditions AM Peak
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations +» 41 N T N T

Traffic Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

Future Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

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

Storage Length (ft) 0 0 615 0 0 0 0 150

Storage Lanes 0 0 1 0 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 828 4673 2435 1170

Travel Time (s) 16.1 91.0 55.3 26.6

Peak Hour Factor 0.88 0.88 0.88 0.93 0.93 0.93 0.80 0.80 0.80 0.83 0.83 0.83

Heavy Vehicles (%) 0% 6% 5% 2% 2% 2% 1% 5% 3% 1% 5% 0%

Shared Lane Traffic (%)

Lane Group Flow (vph) 0 774 0 0 633 0 268 239 0 176 313 0

Turn Type Perm NA D.P+P NA pm+pt NA pm+pt NA

Protected Phases 2 1 12 3 4 3 4 9

Permitted Phases 2 2 4 4

Detector Phase 2 2 1 12 3 4 3 4

Switch Phase

Minimum Initial (S) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 5.0

Minimum Split (s) 14.0 14.0 14.0 14.0 14.0 14.0 14.0 28.0

Total Split (s) 35.0 35.0 14.0 16.0 27.0 16.0 27.0 28.0

Total Split (%) 29.2%  29.2% 11.7% 13.3% 22.5% 133% 22.5% 23%

Yellow Time () 4.0 4.0 4.0 4.0 4.0 4.0 4.0 2.0

All-Red Time (s) 20 2.0 20 2.0 2.0 20 20 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lag Lag Lead Lead Lag Lead Lag

Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes

Recall Mode Min Min Min None Min None Min None

v/c Ratio 0.77 0.57 0.80 0.58 0.45 0.76

Control Delay 33.8 19.7 40.9 37.2 22.5 46.5

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 33.8 19.7 40.9 37.2 22.5 46.5

Queue Length 50th (ft) 206 120 107 120 67 171

Queue Length 95th (ft) 268 162 #158 170 104 240

Internal Link Dist (ft) 748 4593 2355 1090

Turn Bay Length (ft)

Base Capacity (vph) 1002 1119 334 409 395 413

Starvation Cap Reductn 0 0 0 0 0 0

Spillback Cap Reductn 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0

Reduced v/c Ratio 0.77 0.57 0.80 0.58 0.45 0.76

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 92

Natural Cycle: 125

Control Type: Actuated-Uncoordinated

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

Splits and Phases:  4: Hinesburg Road/Patchen Road & Williston Road
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HCM Signalized Intersection Capacity Analysis South Burlington

4: Hinesburg Road/Patchen Road & Williston Road Existing Conditions AM Peak
R N N T T T

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

Lane Configurations +» 41 N T N T

Traffic Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

Future Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

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

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0

Lane Uitil. Factor 0.95 0.95 1.00 1.00 1.00 1.00

Frt 0.97 0.99 1.00 0.97 1.00 1.00

Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00

Satd. Flow (prot) 3309 3483 1787 1765 1787 1809

Flt Permitted 0.94 0.74 0.33 1.00 0.47 1.00

Satd. Flow (perm) 3125 2576 616 1765 882 1809

Peak-hour factor, PHF 0.88 0.88 0.88 0.93 0.93 0.93 0.80 0.80 0.80 0.83 0.83 0.83

Adj. Flow (vph) 10 608 156 57 528 48 268 194 45 176 312 1

RTOR Reduction (vph) 0 17 0 0 4 0 0 6 0 0 0 0

Lane Group Flow (vph) 0 757 0 0 629 0 268 233 0 176 313 0

Heavy Vehicles (%) 0% 6% 5% 2% 2% 2% 1% 5% 3% 1% 5% 0%

Turn Type Perm NA D.P+P NA pm+pt NA pm+pt NA

Protected Phases 2 1 12 3 4 3 4

Permitted Phases 2 2 4 4

Actuated Green, G (s) 29.0 37.0 31.0 21.0 31.0 21.0

Effective Green, g (S) 29.0 37.0 31.0 21.0 31.0 21.0

Actuated g/C Ratio 0.32 0.40 0.34 0.23 0.34 0.23

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 985 1114 334 402 395 412

v/s Ratio Prot 0.05 0.09 0.13 0.05 0.17

v/s Ratio Perm c0.24 0.18 c0.18 0.10

v/c Ratio 0.77 0.56 0.80 0.58 0.45 0.76

Uniform Delay, d1 28.5 21.3 24.9 31.6 22.6 33.1

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 3.7 0.7 13.0 2.0 0.8 7.9

Delay (s) 32.1 21.9 37.9 33.6 234 41.0

Level of Service C C D C C D

Approach Delay (s) 321 219 359 34.7

Approach LOS C C D C

Intersection Summary

HCM 2000 Control Delay 30.7 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.78

Actuated Cycle Length (s) 92.0 Sum of lost time () 26.0

Intersection Capacity Utilization 81.5% ICU Level of Service D

Analysis Period (min) 15

¢ Critical Lane Group

2018-EX-S Burlington-AM Peak.syn Synchro 9 Report
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Lanes, Volumes, Timings
2: Kennedy Drive/Airport Drive & Williston Road

South Burlington
Existing Conditions PM Peak

R N N T T T
Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29
Lane Configurations N +» % +» N 4 ul N 4 ul
Traffic Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18
Future Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 125 675 150 225 330 150 50 50
Storage Lanes 1 1 1 1 1 0 1 1
Taper Length (ft) 25 25 25 25
Right Turn on Red Yes Yes Yes Yes
Link Speed (mph) 35 35 30 30
Link Distance (ft) 4673 943 1082 762
Travel Time (s) 91.0 18.4 24.6 17.3
Peak Hour Factor 0.97 0.97 0.97 0.89 0.89 0.89 0.91 0.91 0.91 0.82 0.82 0.82
Heavy Vehicles (%) 0% 5% 7% 2% 1% 0% 1% 1% % 2% 0% 0%
Shared Lane Traffic (%)
Lane Group Flow (vph) 29 489 0 225 714 0 259 287 204 204 191 22
Turn Type pm+pt NA pm+pt NA pm+pt NA  Perm  pm+pt NA  Perm
Protected Phases 5 2 1 6 3 8 7 4 9
Permitted Phases 2 6 8 8 4 4
Detector Phase 5 2 1 6 3 8 8 7 4 4
Switch Phase
Minimum Initial (s) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 1.0
Minimum Split (s) 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 19.0
Total Split (s) 18.0 35.0 18.0 35.0 14.0 34.0 34.0 14.0 34.0 34.0 19.0
Total Split (%) 15.0% 29.2% 15.0% 29.2% 11.7% 283% 283% 11.7% 283% 28.3% 16%
Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 2.0
All-Red Time (s) 20 2.0 20 20 20 2.0 20 20 2.0 2.0 0.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lead/Lag Lead Lag Lead Lag Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None Min None Min None Min Min  None Min Min  None
v/c Ratio 0.09 0.66 0.58 0.55 0.64 0.69 0.41 0.64 0.45 0.05
Control Delay 185 34.1 25.4 25.2 31.0 41.7 78 32.6 345 0.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 185 34.1 254 25.2 31.0 41.7 78 32.6 345 0.2
Queue Length 50th (ft) 8 112 70 121 86 129 0 66 81 0
Queue Length 95th (ft) 34 224 182 320 226 296 61 159 177 0
Internal Link Dist (ft) 4593 863 1002 682
Turn Bay Length (ft) 125 150 330 150 50 50
Base Capacity (vph) 420 1201 407 1343 407 649 654 319 655 658
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 0.07 0.41 0.55 0.53 0.64 0.44 0.31 0.64 0.29 0.03
Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 84.9
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Splits and Phases:  2: Kennedy Drive/Airport Drive & Williston Road
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HCM Signalized Intersection Capacity Analysis
2: Kennedy Drive/Airport Drive & Williston Road

South Burlington
Existing Conditions PM Peak

R N N T T T
Movement EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations N +» % +» N 4 ul N 4 ul
Traffic Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18
Future Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Uitil. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3307 1770 3446 1787 1881 1509 1770 1900 1615
FIt Permitted 0.37 1.00 0.29 1.00 0.56 1.00 1.00 0.35 1.00 1.00
Satd. Flow (perm) 701 3307 540 3446 1044 1881 1509 656 1900 1615
Peak-hour factor, PHF 0.97 0.97 0.97 0.89 0.89 0.89 0.91 091 091 0.82 0.82 0.82
Adj. Flow (vph) 29 378 111 225 531 183 259 287 204 204 191 22
RTOR Reduction (vph) 0 22 0 0 25 0 0 0 161 0 0 17
Lane Group Flow (vph) 29 467 0 225 689 0 259 287 43 204 191 5
Heavy Vehicles (%) 0% 5% 7% 2% 1% 0% 1% 1% % 2% 0% 0%
Turn Type pm+pt NA pm+pt NA pm+pt NA  Perm  pm+pt NA  Perm
Protected Phases S 2 1 6 3 8 7 4
Permitted Phases 2 6 8 8 4 4
Actuated Green, G (s) 255 22.8 40.2 315 27.2 18.8 18.8 27.2 18.8 18.8
Effective Green, g (s) 255 22.8 40.2 315 27.2 18.8 18.8 27.2 18.8 18.8
Actuated g/C Ratio 0.28 0.25 0.45 0.35 0.30 021 021 0.30 0.21 021
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 232 839 397 1208 385 393 315 302 397 338
v/s Ratio Prot 0.00 0.14 c0.07  ¢0.20 0.06  ¢c0.15 ¢0.06 0.10

v/s Ratio Perm 0.03 0.18 0.14 0.03 0.14 0.00
vic Ratio 0.12 0.56 0.57 0.57 0.67 0.73 0.14 0.68 0.48 0.01
Uniform Delay, d1 23.4 29.1 16.6 23.7 26.1 33.1 28.9 25.0 31.2 28.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.8 1.9 0.7 4.6 6.8 0.2 5.9 0.9 0.0
Delay (s) 23.6 29.9 18.5 24.3 30.7 40.0 29.1 30.9 321 28.2
Level of Service C C B C C D C C C C
Approach Delay (s) 29.6 229 338 313
Approach LOS C C C C
Intersection Summary

HCM 2000 Control Delay 28.7 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.64

Actuated Cycle Length (s) 89.8 Sum of lost time () 26.0

Intersection Capacity Utilization 67.9% ICU Level of Service C

Analysis Period (min) 15

¢ Critical Lane Group

2018-EX-S Burlington-PM Peak.syn Synchro 9 Report
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Lanes, Volumes, Timings South Burlington

4: Hinesburg Road/Patchen Road & Williston Road Existing Conditions PM Peak
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations +» 41 N T N T

Traffic Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11

Future Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11

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

Storage Length (ft) 0 0 615 0 0 0 0 150

Storage Lanes 0 0 1 0 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 828 4673 845 1170

Travel Time (s) 16.1 91.0 19.2 26.6

Peak Hour Factor 0.93 0.93 0.93 0.91 0.91 0.91 0.90 0.90 0.90 0.79 0.79 0.79

Heavy Vehicles (%) 0% 6% 1% 0% 2% 0% 2% 0% 0% 5% 2% 9%

Shared Lane Traffic (%)

Lane Group Flow (vph) 0 562 0 0 908 0 237 325 0 115 272 0

Turn Type Perm NA D.P+P NA pm+pt NA pm+pt NA

Protected Phases 2 1 12 3 4 3 4 9

Permitted Phases 2 2 4 4

Detector Phase 2 2 1 12 3 4 3 4

Switch Phase

Minimum Initial (S) 8.0 8.0 6.0 8.0 8.0 8.0 8.0 5.0

Minimum Split (s) 14.0 14.0 12.0 14.0 14.0 14.0 14.0 28.0

Total Split (s) 33.0 33.0 16.0 15.0 28.0 15.0 28.0 28.0

Total Split (%) 275% 27.5% 13.3% 125% 23.3% 125% 23.3% 23%

Yellow Time () 4.0 4.0 4.0 4.0 4.0 4.0 4.0 2.0

All-Red Time (s) 20 2.0 20 2.0 2.0 20 20 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lag Lag Lead Lead Lag Lead Lag

Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes

Recall Mode Min Min Min None Min None Min None

v/c Ratio 0.62 0.86 0.73 0.79 0.42 0.67

Control Delay 33.9 345 40.5 50.3 28.0 44.8

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 33.9 345 40.5 50.3 28.0 44.8

Queue Length 50th (ft) 140 191 93 170 42 141

Queue Length 95th (ft) 274 #530 #226  #423 99 258

Internal Link Dist (ft) 748 4593 765 1090

Turn Bay Length (ft)

Base Capacity (vph) 911 1053 323 430 272 425

Starvation Cap Reductn 0 0 0 0 0 0

Spillback Cap Reductn 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0

Reduced v/c Ratio 0.62 0.86 0.73 0.76 0.42 0.64

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 96.8

Natural Cycle: 105

Control Type: Actuated-Uncoordinated

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

Splits and Phases:  4: Hinesburg Road/Patchen Road & Williston Road
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HCM Signalized Intersection Capacity Analysis
4: Hinesburg Road/Patchen Road & Williston Road

South Burlington

Existing Conditions PM Peak

R N N T T T
Movement EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations +» 41 N T N T

Traffic Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11
Future Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0

Lane Uitil. Factor 0.95 0.95 1.00 1.00 1.00 1.00

Frt 0.97 0.99 1.00 0.97 1.00 0.99

Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00

Satd. Flow (prot) 3335 3484 1770 1839 1719 1842

FIt Permitted 0.95 0.69 0.38 1.00 0.28 1.00

Satd. Flow (perm) 3169 2416 708 1839 501 1842
Peak-hour factor, PHF 0.93 0.93 0.93 091 0.91 0.91 0.90 0.90 0.90 0.79 0.79 0.79
Adj. Flow (vph) 3 447 112 99 723 86 237 256 69 115 258 14
RTOR Reduction (vph) 0 17 0 0 6 0 0 8 0 0 2 0
Lane Group Flow (vph) 0 545 0 0 902 0 237 317 0 115 270 0
Heavy Vehicles (%) 0% 6% 1% 0% 2% 0% 2% 0% 0% 5% 2% 9%
Turn Type Perm NA D.P+P NA pm+pt NA pm+pt NA
Protected Phases 2 1 12 3 4 3 4
Permitted Phases 2 2 4 4

Actuated Green, G (s) 27.3 374 30.5 214 30.5 214

Effective Green, g (S) 27.3 374 30.5 214 30.5 214

Actuated g/C Ratio 0.28 0.38 0.31 0.22 031 0.22
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 881 1031 318 401 268 401

v/s Ratio Prot 0.09 c0.07  ¢c0.17 0.04 0.15

v/s Ratio Perm 0.17 c0.24 0.16 0.09

vic Ratio 0.62 0.87 0.75 0.79 0.43 0.67

Uniform Delay, d1 30.9 28.2 28.2 36.2 25.6 35.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 13 8.4 9.1 10.2 11 4.4

Delay (s) 32.2 36.6 37.3 46.4 26.7 39.6

Level of Service C D D D C D
Approach Delay (s) 322 36.6 426 35.8
Approach LOS C D D D
Intersection Summary

HCM 2000 Control Delay 36.8 HCM 2000 Level of Service D

HCM 2000 Volume to Capacity ratio 0.78

Actuated Cycle Length (s) 98.1 Sum of lost time () 26.0

Intersection Capacity Utilization 81.4% ICU Level of Service D

Analysis Period (min) 15

¢ Critical Lane Group

2018-EX-S Burlington-PM Peak.syn
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Lanes, Volumes, Timings South Burlington

2: Kennedy Drive/Airport Drive & Williston Road Proposed Conditions AM Peak
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations N T % T N 4 ul N 4 ul

Traffic Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11

Future Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11

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

Storage Length (ft) 125 675 150 225 330 150 50 50

Storage Lanes 1 0 1 0 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 4673 943 1082 762

Travel Time (s) 91.0 18.4 24.6 17.3

Peak Hour Factor 0.91 0.91 0.91 0.91 0.91 0.91 0.86 0.86 0.86 0.89 0.89 0.89

Heavy Vehicles (%) 0% 4% 4% 12% 8% 11% 8% 9% 10% 4% 5% 0%

Shared Lane Traffic (%)

Lane Group Flow (vph) 20 682 0 190 523 0 143 178 258 175 192 12

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

Protected Phases 2 1 6 3 8 7 4 9

Permitted Phases 2 6 8 8 4 4

Detector Phase 2 2 1 6 3 8 8 7 4 4

Switch Phase

Minimum Initial (s) 8.0 8.0 6.0 8.0 6.0 8.0 8.0 6.0 8.0 8.0 1.0

Minimum Split (s) 14.0 14.0 12.0 14.0 12.0 14.0 14.0 12.0 14.0 14.0 19.0

Total Split (s) 49.0 49.0 17.0 66.0 12.0 23.0 23.0 12.0 23.0 23.0 19.0

Total Split (%) 40.8%  40.8% 14.2%  55.0% 10.0% 192% 19.2% 10.0% 19.2% 19.2% 16%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 2.0

All-Red Time (s) 20 2.0 20 20 20 2.0 20 20 2.0 2.0 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lag Lag Lead Lead Lag Lag Lead Lag Lag

Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes

Recall Mode Min Min None Min None Min Min  None Min Min  None

v/c Ratio 0.05 0.91 0.75 0.52 0.68 0.70 0.59 0.76 0.73 0.03

Control Delay 214 46.5 38.2 16.1 514 58.4 116 56.8 59.6 0.2

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 214 46.5 38.2 16.1 514 58.4 116 56.8 59.6 0.2

Queue Length 50th (ft) 7 386 60 174 72 107 0 89 116 0

Queue Length 95th (ft) 28 #810 #226 391 #167  #214 65  #228  #248 0

Internal Link Dist (ft) 4593 863 1002 682

Turn Bay Length (ft) 125 150 330 150 50 50

Base Capacity (vph) 375 749 254 1002 210 290 459 230 301 397

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 0.05 0.91 0.75 0.52 0.68 0.61 0.56 0.76 0.64 0.03

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 102.8

Natural Cycle: 110

Control Type: Actuated-Uncoordinated

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

Splits and Phases:  2: Kennedy Drive/Airport Drive & Williston Road
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HCM Signalized Intersection Capacity Analysis South Burlington

2: Kennedy Drive/Airport Drive & Williston Road Proposed Conditions AM Peak
R N N T T T
Movement EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations N T % T N 4 ul N 4 ul
Traffic Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11
Future Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 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 1.00 1.00
Frt 1.00 0.96 1.00 0.97 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 1755 1612 1695 1671 1743 1468 1736 1810 1615
Flt Permitted 0.47 1.00 0.10 1.00 0.44 1.00 1.00 0.48 1.00 1.00
Satd. Flow (perm) 893 1755 169 1695 772 1743 1468 880 1810 1615
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.86 0.86 0.86 0.89 0.89 0.89
Adj. Flow (vph) 20 504 178 190 415 108 143 178 258 175 192 12
RTOR Reduction (vph) 0 10 0 0 7 0 0 0 221 0 0 10
Lane Group Flow (vph) 20 672 0 190 516 0 143 178 37 175 192 2
Heavy Vehicles (%) 0% 4% 4% 12% 8% 11% 8% 9% 10% 4% 5% 0%
Turn Type Perm NA pm+pt NA pm+pt NA  Perm  pm+pt NA  Perm
Protected Phases 2 1 6 3 8 7 4
Permitted Phases 2 6 8 8 4 4
Actuated Green, G (s) 433 433 60.4 60.4 21.0 15.0 15.0 21.0 15.0 15.0
Effective Green, g (S) 433 433 60.4 60.4 21.0 15.0 15.0 21.0 15.0 15.0
Actuated g/C Ratio 0.42 0.42 0.58 0.58 0.20 0.14 0.14 0.20 0.14 0.14
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 728 251 981 207 250 211 226 260 232
v/s Ratio Prot c0.38 0.08 0.30 0.04 0.10 c0.04 0.11
v/s Ratio Perm 0.02 0.36 0.10 003 c0.11 0.00
v/c Ratio 0.05 0.92 0.76 0.53 0.69 0.71 0.18 0.77 0.74 0.01
Uniform Delay, d1 18.2 28.9 22.2 133 37.6 42.6 39.2 38.6 42.8 38.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 17.3 12.3 0.5 9.5 9.2 0.4 15.2 10.4 0.0
Delay (s) 18.3 46.2 345 138 47.1 51.8 39.6 53.8 53.2 38.3
Level of Service B D C B D D D D D D
Approach Delay (s) 454 19.3 452 53.0
Approach LOS D B D D
Intersection Summary
HCM 2000 Control Delay 38.7 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 104.3 Sum of lost time () 26.0
Intersection Capacity Utilization 80.3% ICU Level of Service D
Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings South Burlington

4: Hinesburg Road/Patchen Road & Williston Road Proposed Conditions AM Peak
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations s s N T N T

Traffic Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

Future Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

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

Storage Length (ft) 0 0 615 0 0 0 0 150

Storage Lanes 0 0 0 0 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 828 4673 2435 1170

Travel Time (s) 16.1 91.0 55.3 26.6

Peak Hour Factor 0.88 0.88 0.88 0.93 0.93 0.93 0.80 0.80 0.80 0.83 0.83 0.83

Heavy Vehicles (%) 0% 6% 5% 2% 2% 2% 1% 5% 3% 1% 5% 0%

Shared Lane Traffic (%)

Lane Group Flow (vph) 0 774 0 0 633 0 268 239 0 176 313 0

Turn Type Perm NA Perm NA D.P+P NA Perm NA

Protected Phases 2 2 3 34 4 9

Permitted Phases 2 2 4 4

Detector Phase 2 2 2 2 3 34 4 4

Switch Phase

Minimum Initial (S) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 5.0

Minimum Split (s) 14.0 14.0 14.0 14.0 14.0 14.0 14.0 28.0

Total Split (s) 51.0 51.0 51.0 51.0 15.0 26.0 26.0 28.0

Total Split (%) 42.5%  42.5% 42.5% 42.5% 12.5% 21.7% 21.7% 23%

Yellow Time () 4.0 4.0 4.0 4.0 4.0 4.0 4.0 2.0

All-Red Time (s) 20 2.0 20 20 20 20 20 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lead Lag Lag

Lead-Lag Optimize? Yes Yes Yes

Recall Mode Min Min Min Min Min Min Min None

v/c Ratio 0.91 0.81 0.89 0.35 0.71 0.80

Control Delay 37.9 29.7 55.9 21.4 50.5 50.7

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 37.9 29.7 55.9 214 50.5 50.7

Queue Length 50th (ft) 391 297 112 93 95 174

Queue Length 95th (ft) #617 #502 #163 133 #165  #262

Internal Link Dist (ft) 748 4593 2355 1090

Turn Bay Length (ft)

Base Capacity (vph) 853 783 301 677 249 393

Starvation Cap Reductn 0 0 0 0 0 0

Spillback Cap Reductn 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0

Reduced v/c Ratio 0.91 0.81 0.89 0.35 0.71 0.80

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 92

Natural Cycle: 150

Control Type: Actuated-Uncoordinated

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

Splits and Phases:  4: Hinesburg Road/Patchen Road & Williston Road
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HCM Signalized Intersection Capacity Analysis South Burlington

4: Hinesburg Road/Patchen Road & Williston Road Proposed Conditions AM Peak
R N N T T T

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

Lane Configurations s s N T N T

Traffic Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

Future Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

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

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0

Lane Uitil. Factor 1.00 1.00 1.00 1.00 1.00 1.00

Frt 0.97 0.99 1.00 0.97 1.00 1.00

Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00

Satd. Flow (prot) 1747 1835 1787 1765 1787 1809

Flt Permitted 0.99 0.87 031 1.00 0.61 1.00

Satd. Flow (perm) 1733 1596 582 1765 1148 1809

Peak-hour factor, PHF 0.88 0.88 0.88 0.93 0.93 0.93 0.80 0.80 0.80 0.83 0.83 0.83

Adj. Flow (vph) 10 608 156 57 528 48 268 194 45 176 312 1

RTOR Reduction (vph) 0 6 0 0 2 0 0 6 0 0 0 0

Lane Group Flow (vph) 0 768 0 0 631 0 268 233 0 176 313 0

Heavy Vehicles (%) 0% 6% 5% 2% 2% 2% 1% 5% 3% 1% 5% 0%

Turn Type Perm NA Perm NA D.P+P NA Perm NA

Protected Phases 2 2 3 34 4

Permitted Phases 2 2 4 4

Actuated Green, G (s) 45.0 45.0 29.0 35.0 20.0 20.0

Effective Green, g (S) 45.0 45.0 29.0 35.0 20.0 20.0

Actuated g/C Ratio 0.49 0.49 0.32 0.38 0.22 0.22

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 847 780 301 671 249 393

v/s Ratio Prot 0.09 0.13 0.17

v/s Ratio Perm c0.44 0.40 c0.19 0.15

v/c Ratio 0.91 0.81 0.89 0.35 0.71 0.80

Uniform Delay, d1 21.6 19.9 27.7 20.3 33.3 34.1

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 13.2 6.2 26.2 0.3 8.8 10.7

Delay (s) 34.8 26.1 53.8 20.7 421 44.8

Level of Service C C D C D D

Approach Delay (s) 34.8 26.1 382 43.8

Approach LOS C C D D

Intersection Summary

HCM 2000 Control Delay 35.0 HCM 2000 Level of Service D

HCM 2000 Volume to Capacity ratio 0.92

Actuated Cycle Length (s) 92.0 Sum of lost time () 20.0

Intersection Capacity Utilization 101.8% ICU Level of Service G

Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings South Burlington

2: Kennedy Drive/Airport Drive & Williston Road Proposed Conditions PM Peak
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations N T % T N 4 ul N 4 ul

Traffic Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18

Future Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18

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

Storage Length (ft) 125 675 150 225 330 150 50 50

Storage Lanes 1 0 1 0 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 4673 943 1082 762

Travel Time (s) 91.0 18.4 24.6 17.3

Peak Hour Factor 0.97 0.97 0.97 0.89 0.89 0.89 0.91 0.91 0.91 0.82 0.82 0.82

Heavy Vehicles (%) 0% 5% 7% 2% 1% 0% 1% 1% % 2% 0% 0%

Shared Lane Traffic (%)

Lane Group Flow (vph) 29 489 0 225 714 0 259 287 204 204 191 22

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

Protected Phases 2 1 6 3 8 7 4 9

Permitted Phases 2 6 8 8 4 4

Detector Phase 2 2 1 6 3 8 8 7 4 4

Switch Phase

Minimum Initial (s) 8.0 8.0 6.0 8.0 6.0 8.0 8.0 6.0 8.0 8.0 1.0

Minimum Split (s) 14.0 14.0 12.0 14.0 12.0 14.0 14.0 12.0 14.0 14.0 19.0

Total Split (s) 44.0 44.0 15.0 59.0 13.0 29.0 29.0 13.0 29.0 29.0 19.0

Total Split (%) 36.7% 36.7% 125%  49.2% 10.8% 242% 242% 108% 242% 24.2% 16%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 2.0

All-Red Time (s) 20 2.0 20 20 20 2.0 20 20 2.0 2.0 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lag Lag Lead Lead Lag Lag Lead Lag Lag

Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes

Recall Mode Min Min None Min None Min Min  None Min Min  None

v/c Ratio 0.18 0.84 0.75 0.79 0.76 0.74 0.43 0.79 0.49 0.05

Control Delay 28.7 43.6 34.3 28.7 45.0 50.1 8.6 50.9 40.4 0.2

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 28.7 43.6 34.3 28.7 45.0 50.1 8.6 50.9 40.4 0.2

Queue Length 50th (ft) 12 256 73 323 116 160 0 88 100 0

Queue Length 95th (ft) 43 #541 #228  #708 #312  #348 65  #223 190 0

Internal Link Dist (ft) 4593 863 1002 682

Turn Bay Length (ft) 125 150 330 150 50 50

Base Capacity (vph) 196 720 300 1044 342 466 527 259 471 516

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 0.15 0.68 0.75 0.68 0.76 0.62 0.39 0.79 0.41 0.04

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 95.2

Natural Cycle: 100

Control Type: Actuated-Uncoordinated

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

Splits and Phases:  2: Kennedy Drive/Airport Drive & Williston Road
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HCM Signalized Intersection Capacity Analysis
2: Kennedy Drive/Airport Drive & Williston Road

South Burlington
Proposed Conditions PM Peak

R N N T T T
Movement EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations N T % T N 4 ul N 4 ul
Traffic Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18
Future Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Uitil. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 1740 1770 1813 1787 1881 1509 1770 1900 1615
FIt Permitted 0.25 1.00 0.17 1.00 0.54 1.00 1.00 0.33 1.00 1.00
Satd. Flow (perm) 480 1740 325 1813 1008 1881 1509 612 1900 1615
Peak-hour factor, PHF 0.97 0.97 0.97 0.89 0.89 0.89 0.91 091 091 0.82 0.82 0.82
Adj. Flow (vph) 29 378 111 225 531 183 259 287 204 204 191 22
RTOR Reduction (vph) 0 9 0 0 10 0 0 0 163 0 0 18
Lane Group Flow (vph) 29 480 0 225 704 0 259 287 41 204 191 4
Heavy Vehicles (%) 0% 5% 7% 2% 1% 0% 1% 1% % 2% 0% 0%
Turn Type Perm NA pm+pt NA pm+pt NA  Perm  pm+pt NA  Perm
Protected Phases 2 1 6 3 8 7 4
Permitted Phases 2 6 8 8 4 4
Actuated Green, G (s) 317 317 46.9 46.9 26.8 19.6 19.6 26.8 19.6 19.6
Effective Green, g (s) 317 317 46.9 46.9 26.8 19.6 19.6 26.8 19.6 19.6
Actuated g/C Ratio 0.33 0.33 0.49 0.49 0.28 0.20 0.20 0.28 0.20 0.20
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 157 572 296 882 338 382 306 256 386 328
v/s Ratio Prot 0.28 0.07  ¢0.39 0.06 0.15 ¢0.06 0.10

v/s Ratio Perm 0.06 0.30 0.16 0.03  ¢0.16 0.00
vic Ratio 0.18 0.84 0.76 0.80 0.77 0.75 0.14 0.80 0.49 0.01
Uniform Delay, d1 23.1 30.0 18.6 20.8 31.0 36.1 315 30.5 34.0 30.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 10.5 10.9 51 10.0 8.1 0.2 15.7 1.0 0.0
Delay (s) 23.7 40.5 29.5 25.9 40.9 44.2 317 46.2 35.0 30.7
Level of Service C D C C D D C D D C
Approach Delay (s) 39.5 26.7 39.7 40.3
Approach LOS D C D D
Intersection Summary

HCM 2000 Control Delay 35.1 HCM 2000 Level of Service D

HCM 2000 Volume to Capacity ratio 0.83

Actuated Cycle Length (s) 96.4 Sum of lost time () 26.0

Intersection Capacity Utilization 84.5% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings South Burlington

4: Hinesburg Road/Patchen Road & Williston Road Proposed Conditions PM Peak
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations s s N T N T

Traffic Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11

Future Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11

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

Storage Length (ft) 0 0 615 0 0 0 0 150

Storage Lanes 0 0 0 0 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 828 4673 845 1170

Travel Time (s) 16.1 91.0 19.2 26.6

Peak Hour Factor 0.93 0.93 0.93 0.91 0.91 0.91 0.90 0.90 0.90 0.79 0.79 0.79

Heavy Vehicles (%) 0% 6% 1% 0% 2% 0% 2% 0% 0% 5% 2% 9%

Shared Lane Traffic (%)

Lane Group Flow (vph) 0 562 0 0 908 0 237 325 0 115 272 0

Turn Type Perm NA Perm NA D.P+P NA Perm NA

Protected Phases 2 2 3 34 4 9

Permitted Phases 2 2 4 4

Detector Phase 2 2 2 2 3 34 4 4

Switch Phase

Minimum Initial (S) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 5.0

Minimum Split (s) 14.0 14.0 14.0 14.0 14.0 14.0 14.0 28.0

Total Split (s) 59.0 59.0 59.0 59.0 14.0 19.0 19.0 28.0

Total Split (%) 49.2%  49.2% 49.2%  49.2% 11.7% 158% 15.8% 23%

Yellow Time () 4.0 4.0 4.0 4.0 4.0 4.0 4.0 2.0

All-Red Time (s) 20 2.0 20 20 20 20 20 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lead Lag Lag

Lead-Lag Optimize? Yes Yes Yes

Recall Mode Min Min Min Min Min Min Min None

v/c Ratio 0.58 1.03 1.06 0.62 0.84 1.09

Control Delay 19.2 62.2 111.7 371.7 87.3 1249

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 19.2 62.2 111.7 31.7 873 1249

Queue Length 50th (ft) 184 479 ~114 156 66  ~172

Queue Length 95th (ft) 481 #1145 #348  #360 #180  #377

Internal Link Dist (ft) 748 4593 765 1090

Turn Bay Length (ft)

Base Capacity (vph) 968 881 223 521 137 249

Starvation Cap Reductn 0 0 0 0 0 0

Spillback Cap Reductn 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0

Reduced v/c Ratio 0.58 1.03 1.06 0.62 0.84 1.09

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 97.6

Natural Cycle: 150

Control Type: Actuated-Uncoordinated

~ 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.

Splits and Phases:  4: Hinesburg Road/Patchen Road & Williston Road
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HCM Signalized Intersection Capacity Analysis
4: Hinesburg Road/Patchen Road & Williston Road

South Burlington

Proposed Conditions PM Peak

R N N T T T
Movement EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations s s N T N T

Traffic Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11
Future Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0

Lane Uitil. Factor 1.00 1.00 1.00 1.00 1.00 1.00

Frt 0.97 0.99 1.00 0.97 1.00 0.99

Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00

Satd. Flow (prot) 1761 1836 1770 1839 1719 1842

FIt Permitted 1.00 0.87 0.31 1.00 0.56 1.00

Satd. Flow (perm) 1755 1601 569 1839 1021 1842
Peak-hour factor, PHF 0.93 0.93 0.93 091 0.91 0.91 0.90 0.90 0.90 0.79 0.79 0.79
Adj. Flow (vph) 3 447 112 99 723 86 237 256 69 115 258 14
RTOR Reduction (vph) 0 6 0 0 3 0 0 7 0 0 2 0
Lane Group Flow (vph) 0 556 0 0 905 0 237 318 0 115 270 0
Heavy Vehicles (%) 0% 6% 1% 0% 2% 0% 2% 0% 0% 5% 2% 9%
Turn Type Perm NA Perm NA D.P+P NA Perm NA
Protected Phases 2 2 3 34 4
Permitted Phases 2 2 4 4

Actuated Green, G (s) 53.6 53.6 212 212 13.1 131

Effective Green, g (S) 53.6 53.6 212 27.2 13.1 131

Actuated g/C Ratio 0.54 0.54 0.21 0.27 0.13 0.13
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 950 866 220 505 135 243

v/s Ratio Prot 0.09 0.17 0.15

v/s Ratio Perm 0.32 0.57 0.14 0.11

vic Ratio 0.59 1.05 1.08 0.63 0.85 111

Uniform Delay, d1 15.2 22.7 375 315 42.0 43.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.9 43.1 82.7 25 37.3 91.2

Delay (s) 16.2 65.8 120.3 33.9 793 1341

Level of Service B E F C E F
Approach Delay (s) 16.2 65.8 70.3 117.8
Approach LOS B E E F
Intersection Summary

HCM 2000 Control Delay 63.6 HCM 2000 Level of Service E

HCM 2000 Volume to Capacity ratio 1.00

Actuated Cycle Length (s) 99.0 Sum of lost time () 20.0

Intersection Capacity Utilization 115.9% ICU Level of Service H

Analysis Period (min) 15

¢ Critical Lane Group

2018-PR-S Burlington-PM Peak.syn

D

Synchro 9 Report
Page 4



Lanes, Volumes, Timings South Burlington

2: Kennedy Drive/Airport Drive & Williston Road Proposed Conditions AM Peak - LT Lanes
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations N T % T N 4 ul N 4 ul

Traffic Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11

Future Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11

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

Storage Length (ft) 125 675 150 225 330 150 50 50

Storage Lanes 1 0 1 0 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 4673 943 1082 762

Travel Time (s) 91.0 18.4 24.6 17.3

Peak Hour Factor 0.91 0.91 0.91 0.91 0.91 0.91 0.86 0.86 0.86 0.89 0.89 0.89

Heavy Vehicles (%) 0% 4% 4% 12% 8% 11% 8% 9% 10% 4% 5% 0%

Shared Lane Traffic (%)

Lane Group Flow (vph) 20 682 0 190 523 0 143 178 258 175 192 12

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

Protected Phases 2 1 6 3 8 7 4 9

Permitted Phases 2 6 8 8 4 4

Detector Phase 2 2 1 6 3 8 8 7 4 4

Switch Phase

Minimum Initial (s) 8.0 8.0 6.0 8.0 6.0 8.0 8.0 6.0 8.0 8.0 1.0

Minimum Split (s) 14.0 14.0 12.0 14.0 12.0 14.0 14.0 12.0 14.0 14.0 19.0

Total Split (s) 49.0 49.0 17.0 66.0 12.0 23.0 23.0 12.0 23.0 23.0 19.0

Total Split (%) 40.8%  40.8% 14.2%  55.0% 10.0% 192% 19.2% 10.0% 19.2% 19.2% 16%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 2.0

All-Red Time (s) 20 2.0 20 20 20 2.0 20 20 2.0 2.0 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lag Lag Lead Lead Lag Lag Lead Lag Lag

Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes

Recall Mode Min Min None Min None Min Min  None Min Min  None

v/c Ratio 0.05 0.91 0.75 0.52 0.68 0.70 0.59 0.76 0.73 0.03

Control Delay 214 46.5 38.2 16.1 514 58.4 116 56.8 59.6 0.2

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 214 46.5 38.2 16.1 514 58.4 116 56.8 59.6 0.2

Queue Length 50th (ft) 7 386 60 174 72 107 0 89 116 0

Queue Length 95th (ft) 28 #810 #226 391 #167  #214 65  #228  #248 0

Internal Link Dist (ft) 4593 863 1002 682

Turn Bay Length (ft) 125 150 330 150 50 50

Base Capacity (vph) 375 749 254 1002 210 290 459 230 301 397

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 0.05 0.91 0.75 0.52 0.68 0.61 0.56 0.76 0.64 0.03

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 102.8

Natural Cycle: 110

Control Type: Actuated-Uncoordinated

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

Splits and Phases:  2: Kennedy Drive/Airport Drive & Williston Road
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HCM Signalized Intersection Capacity Analysis
2: Kennedy Drive/Airport Drive & Williston Road

South Burlington
Proposed Conditions AM Peak - LT Lanes

R N N T T T
Movement EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations N T % T N 4 ul N 4 ul
Traffic Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11
Future Volume (vph) 18 459 162 173 378 98 123 153 222 156 171 11
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Uitil. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.96 1.00 0.97 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 1755 1612 1695 1671 1743 1468 1736 1810 1615
FIt Permitted 0.47 1.00 0.10 1.00 0.44 1.00 1.00 0.48 1.00 1.00
Satd. Flow (perm) 893 1755 169 1695 772 1743 1468 880 1810 1615
Peak-hour factor, PHF 0.91 0.91 091 091 0.91 0.91 0.86 0.86 0.86 0.89 0.89 0.89
Adj. Flow (vph) 20 504 178 190 415 108 143 178 258 175 192 12
RTOR Reduction (vph) 0 10 0 0 7 0 0 0 221 0 0 10
Lane Group Flow (vph) 20 672 0 190 516 0 143 178 37 175 192 2
Heavy Vehicles (%) 0% 4% 4% 12% 8% 11% 8% 9% 10% 4% 5% 0%
Turn Type Perm NA pm+pt NA pm+pt NA  Perm  pm+pt NA  Perm
Protected Phases 2 1 6 3 8 7 4
Permitted Phases 2 6 8 8 4 4
Actuated Green, G (s) 433 433 60.4 60.4 21.0 15.0 15.0 21.0 15.0 15.0
Effective Green, g (S) 433 433 60.4 60.4 21.0 15.0 15.0 21.0 15.0 15.0
Actuated g/C Ratio 0.42 0.42 0.58 0.58 0.20 0.14 0.14 0.20 0.14 0.14
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 728 251 981 207 250 211 226 260 232
v/s Ratio Prot c0.38 0.08 0.30 0.04 0.10 c0.04 0.11

v/s Ratio Perm 0.02 0.36 0.10 003 c0.11 0.00
vic Ratio 0.05 0.92 0.76 0.53 0.69 0.71 0.18 0.77 0.74 0.01
Uniform Delay, d1 18.2 28.9 22.2 133 37.6 42.6 39.2 38.6 42.8 38.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 17.3 12.3 0.5 9.5 9.2 0.4 15.2 10.4 0.0
Delay (s) 18.3 46.2 345 13.8 47.1 51.8 39.6 53.8 53.2 383
Level of Service B D C B D D D D D D
Approach Delay (s) 454 19.3 452 53.0
Approach LOS D B D D
Intersection Summary

HCM 2000 Control Delay 38.7 HCM 2000 Level of Service D

HCM 2000 Volume to Capacity ratio 0.83

Actuated Cycle Length (s) 104.3 Sum of lost time () 26.0

Intersection Capacity Utilization 80.3% ICU Level of Service D

Analysis Period (min) 15

¢ Critical Lane Group

2018-PR-S Burlington-AM Peak LT Lane.syn Synchro 9 Report
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Lanes, Volumes, Timings South Burlington

4: Hinesburg Road/Patchen Road & Williston Road Proposed Conditions AM Peak - LT Lanes
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations N T % T N T N T

Traffic Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

Future Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

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

Storage Length (ft) 0 0 615 0 0 0 0 150

Storage Lanes 1 0 1 0 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 828 4673 2435 1170

Travel Time (s) 16.1 91.0 55.3 26.6

Peak Hour Factor 0.88 0.88 0.88 0.93 0.93 0.93 0.80 0.80 0.80 0.83 0.83 0.83

Heavy Vehicles (%) 0% 6% 5% 2% 2% 2% 1% 5% 3% 1% 5% 0%

Shared Lane Traffic (%)

Lane Group Flow (vph) 10 764 0 57 576 0 268 239 0 176 313 0

Turn Type Perm NA Perm NA D.P+P NA Perm NA

Protected Phases 2 2 3 34 4 9

Permitted Phases 2 2 4 4

Detector Phase 2 2 2 2 3 34 4 4

Switch Phase

Minimum Initial (S) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 5.0

Minimum Split (s) 14.0 14.0 14.0 14.0 14.0 14.0 14.0 28.0

Total Split (s) 50.0 50.0 50.0 50.0 15.0 27.0 27.0 28.0

Total Split (%) 41.7%  41.7% 41.7% 41.7% 12.5% 225% 22.5% 23%

Yellow Time () 4.0 4.0 4.0 4.0 4.0 4.0 4.0 2.0

All-Red Time (s) 20 2.0 20 20 20 20 20 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lead Lag Lag

Lead-Lag Optimize? Yes Yes Yes

Recall Mode Min Min Min Min Min Min Min None

v/c Ratio 0.04 0.91 0.51 0.65 0.85 0.34 0.67 0.76

Control Delay 134 39.2 36.9 22.5 485 20.6 46.7 46.5

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 134 39.2 36.9 22.5 485 20.6 46.7 46.5

Queue Length 50th (ft) 3 390 22 243 110 92 94 171

Queue Length 95th (ft) 12 #613 #31 360 #175 130 152 240

Internal Link Dist (ft) 748 4593 2355 1090

Turn Bay Length (ft) 615

Base Capacity (vph) 253 838 111 881 315 696 262 413

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 0.04 0.91 0.51 0.65 0.85 0.34 0.67 0.76

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 92

Natural Cycle: 150

Control Type: Actuated-Uncoordinated

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

Splits and Phases:  4: Hinesburg Road/Patchen Road & Williston Road
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HCM Signalized Intersection Capacity Analysis South Burlington

4: Hinesburg Road/Patchen Road & Williston Road Proposed Conditions AM Peak - LT Lanes
R N N T T T

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

Lane Configurations N T % T N T N T

Traffic Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

Future Volume (vph) 9 535 137 53 491 45 214 155 36 146 259 1

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

Total Lost time (s) 6.0 6.0 6.0 6.0 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 0.97 1.00 0.99 1.00 0.97 1.00 1.00

Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00

Satd. Flow (prot) 1805 1741 1770 1839 1787 1765 1787 1809

Flt Permitted 0.28 1.00 0.12 1.00 0.33 1.00 0.61 1.00

Satd. Flow (perm) 530 1741 232 1839 616 1765 1148 1809

Peak-hour factor, PHF 0.88 0.88 0.88 0.93 0.93 0.93 0.80 0.80 0.80 0.83 0.83 0.83

Adj. Flow (vph) 10 608 156 57 528 48 268 194 45 176 312 1

RTOR Reduction (vph) 0 6 0 0 2 0 0 6 0 0 0 0

Lane Group Flow (vph) 10 758 0 57 574 0 268 233 0 176 313 0

Heavy Vehicles (%) 0% 6% 5% 2% 2% 2% 1% 5% 3% 1% 5% 0%

Turn Type Perm NA Perm NA D.P+P NA Perm NA

Protected Phases 2 2 3 34 4

Permitted Phases 2 2 4 4

Actuated Green, G (s) 44.0 44.0 44.0 44.0 30.0 36.0 21.0 21.0

Effective Green, g (S) 44.0 44.0 44.0 44.0 30.0 36.0 21.0 21.0

Actuated g/C Ratio 0.48 0.48 0.48 0.48 0.33 0.39 0.23 0.23

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0

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

Lane Grp Cap (vph) 253 832 110 879 315 690 262 412

v/s Ratio Prot c0.44 0.31 €0.08 0.13 0.17

v/s Ratio Perm 0.02 0.25 0.19 0.15

v/c Ratio 0.04 0.91 0.52 0.65 0.85 0.34 0.67 0.76

Uniform Delay, d1 12.8 22.2 16.6 18.2 26.7 19.6 324 33.1

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.1 14.0 41 1.8 19.2 0.3 6.6 7.9

Delay (s) 12.8 36.2 20.7 20.0 45.9 19.9 39.0 41.0

Level of Service B D C B D B D D

Approach Delay (s) 35.9 20.0 337 40.3

Approach LOS D C C D

Intersection Summary

HCM 2000 Control Delay 321 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.91

Actuated Cycle Length (s) 92.0 Sum of lost time () 20.0

Intersection Capacity Utilization 84.6% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group

2018-PR-S Burlington-AM Peak LT Lane.syn Synchro 9 Report
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Lanes, Volumes, Timings South Burlington

2: Kennedy Drive/Airport Drive & Williston Road Proposed Conditions PM Peak - LT Lanes
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations N T % T N 4 ul N 4 ul

Traffic Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18

Future Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18

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

Storage Length (ft) 125 675 150 225 330 150 50 50

Storage Lanes 1 0 1 0 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 4673 943 1082 762

Travel Time (s) 91.0 18.4 24.6 17.3

Peak Hour Factor 0.97 0.97 0.97 0.89 0.89 0.89 0.91 0.91 0.91 0.82 0.82 0.82

Heavy Vehicles (%) 0% 5% 7% 2% 1% 0% 1% 1% % 2% 0% 0%

Shared Lane Traffic (%)

Lane Group Flow (vph) 29 489 0 225 714 0 259 287 204 204 191 22

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

Protected Phases 2 1 6 3 8 7 4 9

Permitted Phases 2 6 8 8 4 4

Detector Phase 2 2 1 6 3 8 8 7 4 4

Switch Phase

Minimum Initial (s) 8.0 8.0 6.0 8.0 6.0 8.0 8.0 6.0 8.0 8.0 1.0

Minimum Split (s) 14.0 14.0 12.0 14.0 12.0 14.0 14.0 12.0 14.0 14.0 19.0

Total Split (s) 44.0 44.0 15.0 59.0 13.0 29.0 29.0 13.0 29.0 29.0 19.0

Total Split (%) 36.7% 36.7% 125%  49.2% 10.8% 242% 242% 108% 242% 24.2% 16%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 2.0

All-Red Time (s) 20 2.0 20 20 20 2.0 20 20 2.0 2.0 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lag Lag Lead Lead Lag Lag Lead Lag Lag

Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes

Recall Mode Min Min None Min None Min Min  None Min Min  None

v/c Ratio 0.18 0.84 0.75 0.79 0.76 0.74 0.43 0.79 0.49 0.05

Control Delay 28.7 43.6 34.3 28.7 45.0 50.1 8.6 50.9 40.4 0.2

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 28.7 43.6 34.3 28.7 45.0 50.1 8.6 50.9 40.4 0.2

Queue Length 50th (ft) 12 256 73 323 116 160 0 88 100 0

Queue Length 95th (ft) 43 #541 #228  #708 #312  #348 65  #223 190 0

Internal Link Dist (ft) 4593 863 1002 682

Turn Bay Length (ft) 125 150 330 150 50 50

Base Capacity (vph) 196 720 300 1044 342 466 527 259 471 516

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 0.15 0.68 0.75 0.68 0.76 0.62 0.39 0.79 0.41 0.04

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 95.2

Natural Cycle: 100

Control Type: Actuated-Uncoordinated

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

Splits and Phases:  2: Kennedy Drive/Airport Drive & Williston Road
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HCM Signalized Intersection Capacity Analysis
2: Kennedy Drive/Airport Drive & Williston Road

South Burlington
Proposed Conditions PM Peak - LT Lanes

R N N T T T
Movement EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations N T % T N 4 ul N 4 ul
Traffic Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18
Future Volume (vph) 28 367 108 200 473 163 236 261 186 167 157 18
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Uitil. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 1740 1770 1813 1787 1881 1509 1770 1900 1615
FIt Permitted 0.25 1.00 0.17 1.00 0.54 1.00 1.00 0.33 1.00 1.00
Satd. Flow (perm) 480 1740 325 1813 1008 1881 1509 612 1900 1615
Peak-hour factor, PHF 0.97 0.97 0.97 0.89 0.89 0.89 0.91 091 091 0.82 0.82 0.82
Adj. Flow (vph) 29 378 111 225 531 183 259 287 204 204 191 22
RTOR Reduction (vph) 0 9 0 0 10 0 0 0 163 0 0 18
Lane Group Flow (vph) 29 480 0 225 704 0 259 287 41 204 191 4
Heavy Vehicles (%) 0% 5% 7% 2% 1% 0% 1% 1% % 2% 0% 0%
Turn Type Perm NA pm+pt NA pm+pt NA  Perm  pm+pt NA  Perm
Protected Phases 2 1 6 3 8 7 4
Permitted Phases 2 6 8 8 4 4
Actuated Green, G (s) 317 317 46.9 46.9 26.8 19.6 19.6 26.8 19.6 19.6
Effective Green, g (s) 317 317 46.9 46.9 26.8 19.6 19.6 26.8 19.6 19.6
Actuated g/C Ratio 0.33 0.33 0.49 0.49 0.28 0.20 0.20 0.28 0.20 0.20
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 157 572 296 882 338 382 306 256 386 328
v/s Ratio Prot 0.28 0.07  ¢0.39 0.06 0.15 ¢0.06 0.10

v/s Ratio Perm 0.06 0.30 0.16 0.03  ¢0.16 0.00
vic Ratio 0.18 0.84 0.76 0.80 0.77 0.75 0.14 0.80 0.49 0.01
Uniform Delay, d1 23.1 30.0 18.6 20.8 31.0 36.1 315 30.5 34.0 30.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 10.5 10.9 51 10.0 8.1 0.2 15.7 1.0 0.0
Delay (s) 23.7 40.5 29.5 25.9 40.9 44.2 317 46.2 35.0 30.7
Level of Service C D C C D D C D D C
Approach Delay (s) 39.5 26.7 39.7 40.3
Approach LOS D C D D
Intersection Summary

HCM 2000 Control Delay 35.1 HCM 2000 Level of Service D

HCM 2000 Volume to Capacity ratio 0.83

Actuated Cycle Length (s) 96.4 Sum of lost time () 26.0

Intersection Capacity Utilization 84.5% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings South Burlington

4: Hinesburg Road/Patchen Road & Williston Road Proposed Conditions PM Peak - LT Lanes
R N N T T T

Lane Group EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR 29

Lane Configurations N T % T N T N T

Traffic Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11

Future Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11

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

Storage Length (ft) 0 0 615 0 0 0 0 150

Storage Lanes 1 0 1 0 1 0 1 1

Taper Length (ft) 25 25 25 25

Right Turn on Red Yes Yes Yes Yes

Link Speed (mph) 35 35 30 30

Link Distance (ft) 828 4673 845 1170

Travel Time (s) 16.1 91.0 19.2 26.6

Peak Hour Factor 0.93 0.93 0.93 0.91 0.91 0.91 0.90 0.90 0.90 0.79 0.79 0.79

Heavy Vehicles (%) 0% 6% 1% 0% 2% 0% 2% 0% 0% 5% 2% 9%

Shared Lane Traffic (%)

Lane Group Flow (vph) 3 559 0 99 809 0 237 325 0 115 272 0

Turn Type Perm NA Perm NA D.P+P NA Perm NA

Protected Phases 2 2 3 34 4 9

Permitted Phases 2 2 4 4

Detector Phase 2 2 2 2 3 34 4 4

Switch Phase

Minimum Initial (S) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 5.0

Minimum Split (s) 14.0 14.0 14.0 14.0 14.0 14.0 14.0 28.0

Total Split (s) 51.0 51.0 51.0 51.0 16.0 25.0 25.0 28.0

Total Split (%) 42.5%  42.5% 42.5% 42.5% 13.3% 20.8% 20.8% 23%

Yellow Time () 4.0 4.0 4.0 4.0 4.0 4.0 4.0 2.0

All-Red Time (s) 20 2.0 20 20 20 20 20 0.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lead/Lag Lead Lag Lag

Lead-Lag Optimize? Yes Yes Yes

Recall Mode Min Min Min Min Min Min Min None

v/c Ratio 0.04 0.67 0.40 0.94 0.78 0.49 0.59 0.77

Control Delay 20.7 26.7 26.5 44.7 46.2 28.1 51.7 54.0

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 20.7 26.7 26.5 44.7 46.2 28.1 51.7 54.0

Queue Length 50th (ft) 1 228 35 408 97 135 60 147

Queue Length 95th (ft) 9  #578 120 #992 #267 307 #139  #300

Internal Link Dist (ft) 748 4593 765 1090

Turn Bay Length (ft) 615

Base Capacity (vph) 78 830 247 865 302 678 202 366

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 0.04 0.67 0.40 0.94 0.78 0.48 0.57 0.74

Intersection Summary

Area Type: Other

Cycle Length: 120

Actuated Cycle Length: 97

Natural Cycle: 150

Control Type: Actuated-Uncoordinated

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

Splits and Phases:  4: Hinesburg Road/Patchen Road & Williston Road

S0 J “1@3 EtTm | J;g-@g

51s [ 165 |

2018-PR-S Burlington-PM Peak LT Lane.syn Synchro 9 Report
D Page 3



HCM Signalized Intersection Capacity Analysis
4: Hinesburg Road/Patchen Road & Williston Road

South Burlington

Proposed Conditions PM Peak - LT Lanes

R N N T T T
Movement EBL EBT EBR  WBL  WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations N T % T N T N T

Traffic Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11
Future Volume (vph) 3 416 104 90 658 78 213 230 62 91 204 11
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lane Uitil. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Frt 1.00 0.97 1.00 0.98 1.00 0.97 1.00 0.99

Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00

Satd. Flow (prot) 1805 1755 1805 1837 1770 1839 1719 1842

FIt Permitted 0.09 1.00 0.28 1.00 0.33 1.00 0.56 1.00

Satd. Flow (perm) 167 1755 526 1837 615 1839 1021 1842
Peak-hour factor, PHF 0.93 0.93 0.93 091 0.91 0.91 0.90 0.90 0.90 0.79 0.79 0.79
Adj. Flow (vph) 3 447 112 99 723 86 237 256 69 115 258 14
RTOR Reduction (vph) 0 6 0 0 3 0 0 7 0 0 2 0
Lane Group Flow (vph) 3 553 0 99 806 0 237 318 0 115 270 0
Heavy Vehicles (%) 0% 6% 1% 0% 2% 0% 2% 0% 0% 5% 2% 9%
Turn Type Perm NA Perm NA D.P+P NA Perm NA
Protected Phases 2 2 3 34 4
Permitted Phases 2 2 4 4

Actuated Green, G (s) 45.6 45.6 45.6 45.6 28.7 34.7 18.6 18.6

Effective Green, g (S) 45.6 45.6 45.6 45.6 28.7 34.7 18.6 18.6

Actuated g/C Ratio 0.46 0.46 0.46 0.46 0.29 0.35 0.19 0.19
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0

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

Lane Grp Cap (vph) 77 812 243 850 297 647 192 347

v/s Ratio Prot 0.31 c0.44 c0.08 0.17 0.15

v/s Ratio Perm 0.02 0.19 0.15 0.11

vic Ratio 0.04 0.68 041 0.95 0.80 0.49 0.60 0.78

Uniform Delay, d1 145 20.7 175 25.3 29.5 25.0 36.5 38.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 24 11 19.2 13.8 0.6 5.0 10.6

Delay (s) 14.7 23.1 18.6 445 433 25.6 415 48.6

Level of Service B C B D D C D D
Approach Delay (s) 231 417 331 46.5
Approach LOS C D C D
Intersection Summary

HCM 2000 Control Delay 36.1 HCM 2000 Level of Service D

HCM 2000 Volume to Capacity ratio 0.84

Actuated Cycle Length (s) 98.5 Sum of lost time () 20.0

Intersection Capacity Utilization 89.2% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group
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