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MEMO
TO: Jeffrey Swartz, P.Eng. — 555 Canal Bank Developments GP Inc.
FROM: Nawfal Kammah, B.Eng., E.|.T. & David Lukezic, M.Eng. LEL, RPP — WSP

SUBJECT: 401 Canal Bank Street Draft Plan of Subdivision Phase 1 — Updated Traffic Analysis (Phase 1)
DATE: March 10, 2020

EXECUTIVE SUMMARY

WSP assessed the traffic impacts associated by the Phase 1 development of the proposed 401 Canal Bank Street Draft Plan of
Subdivision, which consists of 263 dwelling units. The proposed Phase 1 development is projected to generate a total of 184
trips during the AM peak hour (46 inbound and 138 outbound) and a total of 242 trips during the PM peak hour (153 inbound
and 59 outbound). Review of the forecasted 2027 future total conditions confirms that the addition of the Phase 1 development
is projected to have minor impacts to the boundary road network. The addition of site traffic is projected to increase delay by
a maximum of 4 seconds at turning movements within the study area, which is not significant.

In order to accommodate site traffic, the only recommendation identified as part of this analysis is the signal timing
optimization for the intersection of Highway 58 at Townline Tunnel Road during the PM peak hour. Additionally, unrelated
to the proposed development, WSP recommends that the intersection of Kingsway at Forks Road operate under two-way stop-
control, with Kingsway operating under free flow conditions until the Forks Road Bridge is re-opened, as to improve delay at
the intersection.

Overall, WSP is of the opinion that the existing roadway network can accommodate the proposed Phase 1 development. As
stated in this memorandum, a more comprehensive analysis and fulsome TIS with new traffic counts will be completed for
the overall proposed subdivision once the remaining density is confirmed and the plans for the west parcel (former John Deere
Factory) are further developed. The overall subdivision TIS will be completed based on updated traffic data and
correspondence with the City and MTO to confirm all study parameters

100 Commerce Valley Drive West
Thornhill, ON
Canada L3T 0Al

T:+1 905 882-1100
F: +1 905 882-0055
wsp.com
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INTRODUCTION

WSP has been retained to complete an updated traffic analysis in support of the 401 Canal Bank Street Draft Plan of
Subdivision Phase 1 Development, proposed within the City of Welland. The proposed subdivision is bounded by Forks Road
to the south, the Welland Canal to the east and rail lines to the west and north, with access proposed via Forks Road. Phase 1
of the development includes the southern portion of the subject lands. Please refer to Attachment A for the overall Conceptual
Plan of Subdivision and the approximate boundary of Phase 1.

It is WSP’s understanding that a Traffic Impact Study for the proposed Subdivision was prepared by Paradigm Transportation
Solutions Limited (referred to as Paradigm hereafter) in June of 2019. The study was based on 787 proposed dwelling units
but did not account for the Forks Road Bridge closure (on November 2, 2018), which has impacted the flow of traffic within
the study area. Accordingly, an updated study for the proposed development is required to confirm if the existing transportation
network can accommaodate the Phase 1 development, and if any improvements are required.

The latest draft plan of subdivision for the proposed development identifies a density of approximately 1,405 dwelling units.
As part of this memorandum, WSP only assessed the traffic impacts associated by the proposed Phase 1 development, which
consists of 263 dwelling units. The analysis findings have been detailed below.

It should be noted that the analysis completed a part of this memorandum is based on the data from the Paradigm June 2019
study (with applicable traffic redistribution, as detailed below). A more comprehensive analysis and a fulsome TIS with new
traffic counts will be completed for the overall proposed subdivision once the remaining density is confirmed and the plans
for the west parcel (former John Deere Factory) are further developed. The overall subdivision TIS will be completed based
on updated traffic data and correspondence with the City and MTO to confirm all study parameters.

STUDY INTERSECTIONS

As part of this memorandum, WSP assessed traffic operations at the same study intersections as within the Paradigm June
2019 TIS study, except for the intersections of Reaker Road at Highway 58A and at Netherby Road as the redistribution of
traffic created by the Forks Road Bridge closure does not impact traffic at these two intersections. The intersections assessed
have been listed below:

Nugent Road at Forks Road

Highway 58 at Forks Road Access

Forks Road at Highway 58 Access
Kingsway (Canal Bank Street) at Forks Road
Highway 58 at Townline Tunnel Road

o o &~ w0 poRE

Townline Tunnel Road at Canal Bank Street

Please refer to Figure 1 for the illustrated lane configurations at the study intersections.

TRAFFIC DATA

In order to derive the 2020 existing traffic volumes along the study intersections, WSP used turning movement counts (TMC)
from the Paradigm June 2019 study. Surveys dated November and December of 2017 were completed at the study intersections
on a weekday during the AM period (6-9), Midday period (11-1) and PM period (4-7). Only the AM and PM peak hours of
traffic were assessed as part of this review. The surveyed traffic data was grown to the 2020 horizon year using a 2% annual
growth rate, as recommended to Paradigm by City staff.
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In addition to the baseline traffic growth, a redistribution of traffic was applied in order to account for the Forks Road Bridge
closure. Please refer to Figure 2 and Figure 3 for the derived 2020 existing traffic volumes during the AM and PM peak
hours, respectively. The surveyed TMC data has been included in Attachment B.

EXISTING CONDITIONS

WSP completed a review of existing traffic conditions. The peak hour factor, pedestrian volumes and heavy vehicle
percentages surveyed for each intersection from the TMC data was used as part of this analysis. The review has been completed
using the Synchro 10.0 software with HCM 2000 methodology.

Table 1 provides a summary of the intersection traffic operations under existing conditions. It should be noted that only critical
movements (movements with a volume-to-capacity ratio of 0.85 or higher, or LOS E or F), as well as movements operating
under stop control were documented. The LOS definitions have been included in Attachment C, and the Synchro results have
been included in Attachment D. The existing signal timing plans for the study intersections were coded as within the Synchro
reports from the Paradigm June 2019 study (the actual signal timing plans were not provided in the report).

Table 1 2020 Existing Traffic Conditions

Intersection Control AM Peak Hour PM Peak Hour
Type Delay Delay

Movement V/IC (sec) LOS | VIC  (sec.) LOS

Nugent Road at Forks Road Coitisl-le d

Northbound Left+Right 0.19 10 B 0.33 12 B

Highway 58 at Forks Road Access Coii?gl-le d

Eastbound Right 0.09 11 B 0.14 13

Westbound Right 0.40 16 o 0.42 15

Highway 58 Access at Forks Road Coiicr)sl-le d

Northbound Left+Right 0.13 12 B 0.13 14 B

Kingsway at Forks Road Stop- 019 7 A | 027 8 A
Controlled

Eastbound Left+Through+Right 0.00 0 A 0.00 0 A

Westhound Left+Through+Right 0.08 7 A 0.06 7 A

Northbound Left+Through+Right 0.12 8 A 0.07 8 A

Southbound Left+Through+Right 0.05 8 A 0.23 8 A

Highway 58 at Townline Tunnel Road Signalized | 0.60 18 B | 074 23 C

Townline Tunnel Road at Canal Bank Street | Signalized | .39 14 B | 045 15 B

Based on the above table, the intersections currently operate with good LOS C or better during the study periods. No turning
movements currently operate under critical conditions, showing available capacity for future traffic growth.
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FUTURE BACKGROUND CONDITIONS

The Applicant informed WSP that Phase 1 of the proposed development is projected to become operational by the year 2022.
Accordingly, a 5-year horizon past opening year was selected to assess future conditions.

The 2027 future background traffic conditions were derived by applying a general growth rate to the existing volumes. Per
the Paradigm June 2019 report, AADT data along Highway 58 shows an average annual growth rate of 1.7% along the
corridor. Accordingly, for the purpose of conservative analysis, WSP applied an annual 2% growth rate to the existing traffic
volumes in order to derive the 2027 baseline volumes (as approved by the City in the Paradigm June 2019 report).

In addition to general growth, WSP included the planned adjacent development traffic volumes. Traffic generated by the 291
dwelling units planned for the lands south of Forks Road was included, as within the Paradigm June 2019 study. The traffic
volumes were derived based on the TIS completed for the proposed development, with a redistribution of traffic to account
for the Forks Road Bridge closure.

Please refer to Figure 4 and Figure 5 for the 2027 future background traffic volumes during the AM and PM peak hours,
respectively. Table 2 provides a summary of the project traffic operations at the study intersections. The Synchro results have
been included in Attachment D. No changes were made to the existing traffic signal timings.

Table 2 2027 Future Background Traffic Conditions

Intersection Control AM Peak Hour PM Peak Hour
Type Delay Delay
Movement VIC (sec) LOS | VIC  (sec.) LOS
Nugent Road at Forks Road Coiiisl-le d
Northbound Left+Right 0.26 11 B 0.41 13 B
Highway 58 at Forks Road Access Coiiigl-le d
Eastbound Right 0.11 11 B 0.17 14 B
Westbound Right 0.53 20 C 0.59 20 Cc
Highway 58 Access at Forks Road Corswftisl-le d
Northbound Left+Right 0.18 14 B 0.20 19 C
Kingsway at Forks Road Stop- 0.34 9 A | 042 11 B
Controlled
Eastbound Left+Through+Right 0.00 0 A 0.00 0 A
Westbound Left+Through+Right 0.16 8 A 0.11 8 A
Northbound Left+Through+Right 0.32 9 A 0.19 9 A
Southbound Left+Through+Right 0.14 8 A 0.51 12 B
Highway 58 at Townline Tunnel Road Signalized | 0.71 21 C | 085 30 C
Westbound Left - - - 0.93 52 D
Townline Tunnel Road at Canal Bank Street | Signalized | 051 16 B | 061 17 B

Based on the above table, the intersections are projected to operate with good LOS C or better during the study periods. All
turning movements are projected to operate under the critical threshold, with the exception of the westbound left-turn at the
intersection of Highway 58 at Townline Tunnel Road during the PM peak hour, projected at LOS D and a v/c of 0.93.

All turning movements are projected to operate below capacity, with a maximum turning movement delay of 52 seconds for

the aforementioned critical movement. Accordingly, the 2027 future background conditions are projected to be acceptable.
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FUTURE TOTAL CONDITIONS

The 2027 future total conditions were derived by applying the forecasted site generated trips to the future background
conditions.

The site generated trips were forecasted using the Institute of Transportation Engineers (ITE) Trip Generation Manual (10™
Edition). The Land Use Code (LUC) 210 — Single Family Detached Housing was used for the 219 single detached dwelling
units proposed, while LUC 230 — Multifamily Housing (Low Rise) was used for the 44 townhouse dwelling units proposed.
The site generated trips were then assigned to the study roadways based on the existing traffic distribution.

Please refer to Table 3 for the projected site trip generation and Table 4 for the projected site trip distribution.

Table 3 Site Generated Trips

Number AM Peak Hour PM Peak Hour
Site Source of Item
Component Dwelling In out Total In out Total
units
Directional o o o o 0 o
Single ITE Distribution 25% 75% 100% 63% 37% 100%
Detached LUC 219 . _ _
Housing 210 Trip Rate T=0.74X T=0.99X
Trips 41 122 163 137 80 217
Directional
ITE Distribution 23% 7% 100% 63% 37% 100%
Townhouses ngg 44 Trip Rate T=0.46X T=0.56X
Trips 5 16 21 16 9 25
Total Site Generated Trips 46 138 184 153 89 242
Table 4 Site Trip Distribution
To/From Distribution
North 40%
South 25%
East 25%
West 10%

The projected site generated trips were distributed to the boundary road network for the AM and PM peak hour, as illustrated
in Figure 6 and Figure 7, respectively. WSP then derived the 2027 future total traffic volumes for the AM and PM peak hour,
as illustrated in Figure 8 and Figure 9, respectively.

For the purpose of conservative analysis, WSP assessed the traffic operations assuming only one access to the proposed
development via Forks Road as part of this preliminary review.

Table 5 provides a summary of the projected traffic operations under the 2027 future total conditions. The Synchro results
have been included in Attachment D. No changes to the existing signal timing plans were made.
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Table 5 2027 Future Total Traffic Conditions

Intersection Control AM Peak Hour PM Peak Hour
Type Delay Delay
Movement VIC (sec) LOS | VIC (sec.) LOS
Nugent Road at Forks Road CorS;?EI-Ie d
Northbound Left+Right 0.28 11 B 0.43 13 B
Highway 58 at Forks Road Access CorS;?EI-Ie d
Eastbound Right 0.11 12 B 0.18 14 B
Westhound Right 0.55 21 C 0.65 23 C
Highway 58 Access at Forks Road Coiiisl-le d
Northbound Left+Right 0.18 14 B 0.20 19 C
Kingsway at Forks Road Stop- 045 10 A | 056 18 c
Controlled
Eastbound Left+Through+Right 0.00 0 A 0.00 0 A
Westbound Left+Through+Right 0.36 10 A 0.27 10 A
Northbound Left+Through+Right 0.35 10 B 0.22 10 A
Southbound Left+Through+Right 0.22 10 A 0.78 22 C
Highway 58 at Townline Tunnel Road Signalized | 075 23 C | 089 35 C
Westbound Left - - - 1.02 77 E
Townline Tunnel Road at Canal Bank Street | Signalized | 060 18 B | 075 20 B
Northbound Left - - - 0.88 46 D
Forks Road at Site Access Corswtigl- led
Southbound Right 0.14 9 A 0.09 9 A

Based on the above table, the intersections are projected to operate with acceptable LOS C or better during the study periods.
All turning movements are projected to operate under capacity, with the exception of the westbound left-turn movement at
the intersection of Highway 58 at Townline Tunnel Road during the PM peak hour projected at LOS E and a v/c of 1.02.

The above projected future total traffic conditions are based on existing signal timing plans. In order to improve the projected
delay and forecast all turning movements below capacity, WSP recommends optimizing the signal timing splits for the
intersection of Highway 58 at Townline Tunnel Road during the PM peak hour.

Additionally, unrelated to the proposed development, WSP recommends modifying the all-way stop-control at the intersection
of Forks Road at Kingsway to a two-way stop-control until the Forks Road Bridge is reopened. With the bridge closure, the
only conflicting movement to traffic along Kingsway is along Forks Road at the westbound approach. As the intersection
primarily operates as a T-intersection, a two-way stop-control with Kingsway under free-flow would be more adequate to
improve traffic operations as northbound and southbound vehicles would operate with reduced delay.

The projected traffic operations with the applied recommendation have been summarized in Table 6.
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Table 6 2027 Future Total Traffic Conditions with Applied Recommendations

Intersection AM Peak Hour PM Peak Hour
Control
Tvpe Delay Delay
Movement P VIC (sec) LOS | VIC  (sec.) LOS
; Stop-
Kingsway at Forks Road Controlled
Eastbound Left+Through+Right 0.00 0 A 0.00 0 A
Westbound Left+Through+Right 0.38 12 B 0.21 10 B
Northbound Left+Through+Right 0.00 0 A 0.00 0 A
Southbound Left+Through+Right 0.07 5 A 0.21 5 A
Highway 58 at Townline Tunnel Road Signalized 0.87 31 C
Westbound Left 0.92 48 D

With the applied recommendations, the westbound left-turn at the intersection of Highway 58 at Townline Tunnel Road is
projected to operate below capacity at LOS D during the PM peak hour. Additionally, delay is projected to improve at the
northbound and southbound approaches of the Kingsway at Forks Road intersection (operating under free flow) during the
study periods. Delay at the southbound approach is projected to reduce from 22 seconds to 5 seconds during the PM peak
hour.

The addition of the Phase 1 proposed development is projected to increase delay by a maximum of 4 seconds at turning
movements within the study area, which is not significant. Under the 2027 future total conditions, the overall signalized
intersections and all turning movements at the stop-control intersections are projected to operate with LOS C or better,
confirming that the proposed Phase 1 development can be accommodated by the existing roadway network.

CONCLUSION

The proposed Phase 1 development is projected to generate a total of 184 trips during the AM peak hour (46 inbound and 138
outbound) and a total of 242 trips during the PM peak hour (153 inbound and 59 outbound). Review of the forecasted 2027
future total conditions confirms that the addition of the Phase 1 development is projected to have minor impacts to the
boundary road network. The addition of site traffic is projected to increase delay by a maximum of 4 seconds at turning
movements within the study area, which is not significant.

In order to accommodate site traffic, the only recommendation identified as part of this analysis is the signal timing
optimization for the intersection of Highway 58 at Townline Tunnel Road during the PM peak hour. Additionally, unrelated
to the proposed development, WSP recommends that the intersection of Kingsway at Forks Road operate under two-way stop-
control, with Kingsway operating under free flow conditions until the Forks Road Bridge is re-opened, as to improve delay at
the intersection.

Overall, WSP is of the opinion that the existing roadway network can accommodate the proposed Phase 1 development. As
stated in this memorandum, a more comprehensive analysis and fulsome TIS with new traffic counts will be completed for
the overall proposed subdivision once the remaining density is confirmed and the plans for the west parcel (former John Deere
Factory) are further developed. The overall subdivision TIS will be completed based on updated traffic data and
correspondence with the City and MTO to confirm all study parameters.

Should you have any questions about this memorandum, please do not hesitate to contact us.

Thank you.
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REF: 201-02725-00

Enclosed:
Attachment A — Conceptual Plan of Subdivision

Attachment B — TMC Data
Attachment C — LOS Definition

Attachment D — Synchro Results

Figure 1 — Existing Lane Configuration

Figure 2 — 2020 Existing Traffic Volumes — AM Peak Hour

Figure 3 — 2020 Existing Traffic Volumes — PM Peak Hour

Figure 4 — 2027 Future Background Traffic Volumes — AM Peak Hour
Figure 5 — 2027 Future Background Traffic Volumes — PM Peak Hour
Figure 6 — Site Generated Traffic Volumes — AM Peak Hour

Figure 7 — Site Generated Traffic Volumes — PM Peak Hour

Figure 8 — 2027 Future Total Traffic Volumes — AM Peak Hour

Figure 9 — 2027 Future Total Traffic Volumes — PM Peak Hour
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Site Generated Trips - AM Peak Hour

Dain City Development, Welland - Transportation Study Memorandum
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LEVEL OF SERVICE DEFINITIONS AT SIGNALIZED INTERSECTIONS"

Level of service for signalized intersections is defined in terms of delay, which is a measure of driver
discomfort and frustration, fuel consumption, and lost travel time. Specifically, level-of-service (LOS)
criteria are stated in terms of the average control delay per vehicle, typically for a 15-min analysis
period. The criteria are given in the table below. Delay may be measured in the field or estimated using
software such as Highway Capacity Software. Delay is a complex measure and is dependent upon a
number of variables, including quality of progression, the cycle length, the green ratio, and the v/c ratio

for the lane group in question.

Level of

Service

A

Features

LOS A describes operations with very low delay, up to 10 sec
per vehicle. This level of service occurs when progression is
extremely favourable and most vehicles arrive during the green
phase. Most vehicles do not stop at all. Short cycle lengths
may also contribute to low delay.

LOS B describes operations with delay greater than 10 and up
to 20 sec per vehicle. This level generally occurs with good
progression, short cycle lengths, or both. More vehicles stop
than with LOS A, causing higher levels of average delay.

LOS C describes operations with delay greater than 20 and up
to 35 sec per vehicle. These higher delays may result from fair
progression, longer cycle lengths, or both. Individual cycle
failures may begin to appear at this level. The number of
vehicles stopping is significant at this level, though many still
pass through the intersection without stopping.

LOS D describes operations with delay greater than 35 and up
to 55 sec per vehicle. At level D, the influence of congestion
becomes more noticeable. Longer delays may result from
some combination of unfavourable progression, long cycle
lengths, of high v/c ratios. Many vehicles stop, and the
proportion of vehicles not stopping declines. Individual cycle
failures are noticeable.

LOS E describes operations with delay greater than 55 and up
to 80 sec per vehicle. This level is considered by many
agencies to be the limit of acceptable delay. These high delay
values generally indicate poor progression, long cycle lengths,
and high v/c ratios. Individual cycle failures are frequent
occurrences.

LOS F describes operations with delay in excess of 80 sec per
vehicle. This level, considered to be unacceptable to most
drivers, often occurs with oversaturation, that is, when arrival
flow rates exceed the capacity of the intersection. It may also
occur at high v/c ratios below 1.0 with many individual cycle
failures. Poor progression and long cycle lengths may also be
major contributing causes to such delay levels.

(1) Highway Capacity Manual 2000

J:\General Office\Appendix\Capacity Appendix\Signalized\hcs signalized delay.doc

Control

Delay per
vehicle (sec)

<10

>10and <20

>20and <35

>35and <55

>55and < 80

> 80
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LEVEL OF SERVICE DEFINITIONS AT UNSIGNALIZED INTERSECTIONS"

The level of service criteria for unsignalized intersections are given in the table below. As used here,
total delay is defined as the total elapsed time from when a vehicle stops at the end of the queue until the
vehicle departs from the stop line; this time includes the time required for the vehicle to travel from the
last-in-queue position to the first-in-queue position. The average total delay for any particular minor
movement is a function of the service rate or capacity of the approach and the degree of saturation.

Level of Service

A

(1) Highway Capacity Manual 2000.

Features

Little or no traffic delay occurs. Approaches appear
open, turning movements are easily made, and drivers
have freedom of operation.

Short traffic delays occur. Many drivers begin to feel
somewhat restricted in terms of freedom of operation.

Average traffic delays occur. Operations are generally
stable, but drivers emerging from the minor street may
experience difficulty in completing their movement.
This may occasionally impact on the stability of flow on
the major street.

Long traffic delays occur. Motorists emerging from the
minor street experience significant restriction and
frustration. Drivers on the major street will experience
congestion and delay as drivers emerging from the minor
street interfere with the major through movements.

Very long traffic delays occur. Operations approach the
capacity of the intersection.

Saturation occurs, with vehicle demand exceeding the
available capacity. Very long traffic delays occur.

J:\Capacity Appendix\Unsignalized\hcs unsignalized delay.doc

Average Total
Delay (sec/veh)
<10

>10and <15

>15and <25

> 25 and < 35

>35and <50

> 50
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HCM Unsignalized Intersection Capacity Analysis

<2020 Existing> AM Peak Hour

1: Nugent Road & Forks Road 03/05/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 107 60 3 71 51 98

Future Volume (Veh/h) 107 60 3 71 51 98

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 094 094 094 094 094 094

Hourly flow rate (vph) 114 64 3 76 54 104

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 178 228 146

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 178 228 146

tC, single (s) 4.1 6.5 6.2

tC, 2 stage (s)

tF (s) 22 3.6 3.3

p0 queue free % 100 93 89

cM capacity (veh/h) 1410 750 906

Direction, Lane # EB1 WB1 NB1

Volume Total 178 79 158

Volume Left 0 3 54

Volume Right 64 0 104

cSH 1700 1410 846

Volume to Capacity 010 000 0.19

Queue Length 95th (m) 0.0 0.0 5.2

Control Delay (s) 0.0 03 102

Lane LOS A B

Approach Delay (s) 0.0 0.3 10.2

Approach LOS B

Intersection Summary

Average Delay 4.0

Intersection Capacity Utilization 24.8% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2020 Existing> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2020 Existing> AM Peak Hour

2: Highway 58 & Forks Road Access 03/05/2020
A ey v ANt 2 M4

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

Lane Configurations [l [l 4 [l 4 [l

Traffic Volume (veh/h) 0 0 57 0 0 204 0 502 62 0 338 142

Future Volume (Veh/h) 0 0 57 0 0 204 0 502 62 0 338 142

Sign Control Stop Stop Free Free

Grade 0% 0% 0% 0%

Peak Hour Factor 094 094 094 094 094 094 094 094 094 094 094 094

Hourly flow rate (vph) 0 0 61 0 0 217 0 534 66 0 360 151

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 1111 960 360 894 894 534 360 600

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 1111 960 360 894 894 534 360 600

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

tC, 2 stage (s)

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

p0 queue free % 100 100 91 100 100 60 100 100

cM capacity (veh/h) 113 259 689 241 283 546 1210 987

Direction, Lane # EB1 WB1 NB1 NB2 SB1 SB2

Volume Total 61 217 534 66 360 151

Volume Left 0 0 0 0 0 0

Volume Right 61 217 0 66 0 151

cSH 689 546 1700 1700 1700 1700

Volume to Capacity 009 040 0.31 004  0.21 0.09

Queue Length 95th (m) 22 144 0.0 0.0 0.0 0.0

Control Delay (s) 10.7 15.9 0.0 0.0 0.0 0.0

Lane LOS B C

Approach Delay (s) 10.7 15.9 0.0 0.0

Approach LOS B C

Intersection Summary

Average Delay 3.0

Intersection Capacity Utilization 45.7% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2020 Existing> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2020 Existing> AM Peak Hour

3: Highway 58 Access & Forks Road 03/05/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 102 106 99 8 67 2

Future Volume (Veh/h) 102 106 99 8 67 2

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 093 093 093 093 093 093

Hourly flow rate (vph) 110 114 106 9 72 2

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 224 388 167

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 224 388 167

tC, single (s) 4.1 6.5 6.2

tC, 2 stage (s)

tF (s) 22 3.6 3.3

p0 queue free % 92 87 100

cM capacity (veh/h) 1357 560 882

Direction, Lane # EB1 WB1 NB1

Volume Total 224 115 74

Volume Left 0 106 72

Volume Right 114 0 2

cSH 1700 1357 566

Volume to Capacity 013 008 0.13

Queue Length 95th (m) 0.0 1.9 34

Control Delay (s) 0.0 73 123

Lane LOS A B

Approach Delay (s) 0.0 7.3 12.3

Approach LOS B

Intersection Summary

Average Delay 4.2

Intersection Capacity Utilization 31.6% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2020 Existing> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis <2020 Existing> AM Peak Hour

4: Kingsway & Forks Road 03/05/2020
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

Sign Control Stop Stop Stop Stop

Traffic Volume (vph) 0 0 0 0 0 66 0 95 0 13 20 0

Future Volume (vph) 0 0 0 0 0 66 0 95 0 13 20 0

Peak Hour Factor 08 08 08 08 08 08 08 08 08 08 086 0.86

Hourly flow rate (vph) 0 0 0 0 0 77 0 110 0 15 23 0

Direction, Lane # EB1 WB1 NB1 SB1

Volume Total (vph) 0 77 110 38

Volume Left (vph) 0 0 0 15

Volume Right (vph) 0 77 0 0

Hadj (s) 000 -060 000 0.3

Departure Headway (s) 4.3 3.6 4.1 4.3

Degree Utilization, x 0.00 0.08 0.12 0.05

Capacity (veh/h) 812 953 854 817

Control Delay (s) 7.3 6.9 7.7 7.5

Approach Delay (s) 0.0 6.9 7.7 7.5

Approach LOS A A A A

Intersection Summary

Delay 7.4

Level of Service A

Intersection Capacity Utilization 19.2% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2020 Existing> AM Peak Hour Synchro 10 Report
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HCM Signalized Intersection Capacity Analysis <2020 Existing> AM Peak Hour

5: Highway 58 & Townline Tunnel Road 03/05/2020
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

Traffic Volume (vph) 20 10 7 209 20 119 17 395 320 50 284 18

Future Volume (vph) 20 10 7 209 20 119 17 395 320 50 284 18

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

Lane Width 3.0 35 35 3.0 35 35 3.0 35 3.0 3.0 35 35

Total Lost time (s) 7.0 7.0 7.0 7.0 1.7 1.7 1.7 3.0 1.7

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

Frpb, ped/bikes 1.00 099 1.00 1.00 100 100 100 100 1.00

Flpb, ped/bikes 1.00  1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00

Frt 1.00 094 1.00 0.87 1.00 1.00 085 1.00 0.99

Flt Protected 095 1.00 095 1.00 095 100 100 095 1.00

Satd. Flow (prot) 1685 1744 1648 1558 1685 1860 1478 1652 1845

Flt Permitted 066  1.00 075 1.00 056 100 100 032 1.00

Satd. Flow (perm) 1170 1744 1293 1558 994 1860 1478 558 1845

Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

Adj. Flow (vph) 22 11 8 230 22 131 19 434 352 55 312 20

RTOR Reduction (vph) 0 5 0 0 90 0 0 0 232 0 3 0

Lane Group Flow (vph) 22 14 0 230 63 0 19 434 120 58 329 0

Confl. Peds. (#/hr) 1 1

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

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

Protected Phases 4 8 2 1 6

Permitted Phases 4 8 2 2 6

Actuated Green, G (s) 22 222 22 222 242 242 242 339 339

Effective Green, g (s) 22 222 22 222 242 242 242 339 339

Actuated g/C Ratio 0.31 0.31 0.31 0.31 034 034 034 048 048

Clearance Time (s) 7.0 7.0 7.0 7.0 7.7 7.7 7.7 3.0 7.7

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

Lane Grp Cap (vph) 366 546 405 488 339 635 505 370 883

v/s Ratio Prot 0.01 0.04 c0.23 0.01 c0.18

v/s Ratio Perm 0.02 c0.18 0.02 0.08 0.06

v/c Ratio 0.06  0.02 057 0.3 006 068 024 015 037

Uniform Delay, d1 170 168 203 174 156 200 167 107 117

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.1 0.0 1.8 0.1 0.1 3.0 0.2 0.2 0.3

Delay (s) 171 16.8 22.1 17.5 157 231 169 109 120

Level of Service B B C B B C B B B

Approach Delay (s) 17.0 20.3 20.2 11.8

Approach LOS B C C B

Intersection Summary

HCM 2000 Control Delay 18.1 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.60

Actuated Cycle Length (s) 70.8 Sum of lost time (s) 17.7

Intersection Capacity Utilization 70.2% ICU Level of Service C

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2020 Existing> AM Peak Hour Synchro 10 Report
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HCM Signalized Intersection Capacity Analysis

<2020 Existing> AM Peak Hour

6: Canal Bank Street & Townline Tunnel Road 03/05/2020
A ey v ANt 2 M4

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

Lane Configurations % 4 [l N 4 [l % B % B

Traffic Volume (vph) 85 311 20 57 201 98 139 56 59 93 37 11

Future Volume (vph) 85 311 20 57 201 98 139 56 59 93 37 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 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Util. Factor 100 100 100 100 100 100 100 1.00 1.00 1.00

Frpb, ped/bikes 100 100 100 100 100 100 100 1.00 1.00 1.00

Flpb, ped/bikes 100 100 100 100 100 100 100 1.00 1.00 1.00

Frt 1.00 100 08 100 100 08 100 0.92 1.00  0.97

FIt Protected 095 100 1.00 09 100 1.00 095 1.00 095 1.00

Satd. Flow (prot) 1785 1740 1597 1785 1606 1566 1782 1701 1733 1665

FIt Permitted 062 1.00 1.00 0.51 1.00 1.00 072 1.00 0.67  1.00

Satd. Flow (perm) 1160 1740 1597 953 1606 1566 1354 1701 1230 1665

Peak-hour factor, PHF 089 089 089 089 089 089 089 089 089 089 089 089

Adj. Flow (vph) 96 349 22 64 226 110 156 63 66 104 42 12

RTOR Reduction (vph) 0 0 11 0 0 58 0 43 0 0 8 0

Lane Group Flow (vph) 96 349 11 64 226 52 156 86 0 104 46 0

Confl. Peds. (#/hr) 1 1

Heavy Vehicles (%) 0% 8% 0% 0%  17% 2% 0% 4% 0% 3% 1% 0%

Turn Type Perm NA Perm Perm NA Perm Perm NA Perm NA

Protected Phases 4 8 2 6

Permitted Phases 4 4 8 8 2 6

Actuated Green, G (s) 340 340 340 330 330 330 240 240 230 230

Effective Green, g (s) 340 340 340 330 330 330 240 240 230 230

Actuated g/C Ratio 049 049 049 047 047 047 034 034 033 033

Clearance Time (s) 6.0 6.0 6.0 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Grp Cap (vph) 563 845 775 449 757 738 464 583 404 547

v/s Ratio Prot c0.20 0.14 0.05 0.03

v/s Ratio Perm 0.08 0.01 0.07 0.03 ¢0.12 0.08

v/c Ratio 017  0.41 0.01 014 030 007 034 015 026  0.08

Uniform Delay, d1 10.1 11.6 93 105 114  10.1 17.1 15.9 172 16.2

Progression Factor 100 100 100 100 100 100 100 1.00 1.00 1.00

Incremental Delay, d2 0.7 1.5 0.0 0.7 1.0 0.2 20 05 1.5 0.3

Delay (s) 10.7 131 94 1141 124 103 190 164 188  16.5

Level of Service B B A B B B B B B B

Approach Delay (s) 12.4 11.6 17.9 18.0

Approach LOS B B B B

Intersection Summary

HCM 2000 Control Delay 14.0 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.39

Actuated Cycle Length (s) 70.0 Sum of lost time (s) 14.0

Intersection Capacity Utilization 67.5% ICU Level of Service C

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2020 Existing> AM Peak Hour Synchro 10 Report

WSP
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HCM Unsignalized Intersection Capacity Analysis

<2020 Existing> PM Peak Hour

1: Nugent Road & Forks Road 03/05/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 115 74 3 56 113 135

Future Volume (Veh/h) 115 74 3 56 113 135

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 093 093 093 093 093 093

Hourly flow rate (vph) 124 80 3 60 122 145

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 204 230 164

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 204 230 164

tC, single (s) 4.1 6.4 6.2

tC, 2 stage (s)

tF (s) 22 3.5 3.3

p0 queue free % 100 84 84

cM capacity (veh/h) 1380 754 886

Direction, Lane # EB1 WB1 NB1

Volume Total 204 63 267

Volume Left 0 3 122

Volume Right 80 0 145

cSH 1700 1380 820

Volume to Capacity 012 000 033

Queue Length 95th (m) 0.0 00 108

Control Delay (s) 0.0 04 115

Lane LOS A B

Approach Delay (s) 0.0 04 11.5

Approach LOS B

Intersection Summary

Average Delay 5.8

Intersection Capacity Utilization 31.8% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2020 Existing> PM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2020 Existing> PM Peak Hour

2: Highway 58 & Forks Road Access 03/05/2020
A ey v ANt 2 M4

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

Lane Configurations [l [l 4 [l 4 [l

Traffic Volume (veh/h) 0 0 69 0 0 244 0 413 43 0 515 242

Future Volume (Veh/h) 0 0 69 0 0 244 0 413 43 0 515 242

Sign Control Stop Stop Free Free

Grade 0% 0% 0% 0%

Peak Hour Factor 094 094 094 094 094 094 094 094 094 094 094 094

Hourly flow rate (vph) 0 0 73 0 0 260 0 439 46 0 548 257

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 1247 1033 548 987 987 439 548 485

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 1247 1033 548 987 987 439 548 485

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

tC, 2 stage (s)

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

p0 queue free % 100 100 86 100 100 58 100 100

cM capacity (veh/h) 88 234 540 198 249 618 1032 1088

Direction, Lane # EB1 WB1 NB1 NB2 SB1 SB2

Volume Total 73 260 439 46 548 257

Volume Left 0 0 0 0 0 0

Volume Right 73 260 0 46 0 257

cSH 540 618 1700 1700 1700 1700

Volume to Capacity 014 042 026 003 032 015

Queue Length 95th (m) 35 158 0.0 0.0 0.0 0.0

Control Delay (s) 12.7 15.0 0.0 0.0 0.0 0.0

Lane LOS B B

Approach Delay (s) 12.7 15.0 0.0 0.0

Approach LOS B B

Intersection Summary

Average Delay 3.0

Intersection Capacity Utilization 43.5% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2020 Existing> PM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2020 Existing> PM Peak Hour

3: Highway 58 Access & Forks Road 03/05/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 144 107 139 13 46 3

Future Volume (Veh/h) 144 107 139 13 46 3

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 089 089 089 089 089 0.89

Hourly flow rate (vph) 162 120 156 15 52 3

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 282 549 222

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 282 549 222

tC, single (s) 4.1 6.5 6.2

tC, 2 stage (s)

tF (s) 22 3.6 3.3

p0 queue free % 88 88 100

cM capacity (veh/h) 1292 426 823

Direction, Lane # EB1 WB1 NB1

Volume Total 282 171 55

Volume Left 0 156 52

Volume Right 120 0 3

cSH 1700 1292 438

Volume to Capacity 017 012  0.13

Queue Length 95th (m) 0.0 3.1 32

Control Delay (s) 0.0 75 144

Lane LOS A B

Approach Delay (s) 0.0 7.5 14.4

Approach LOS B

Intersection Summary

Average Delay 4.1

Intersection Capacity Utilization 35.8% ICU Level of Service A

Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis <2020 Existing> PM Peak Hour

4: Kingsway & Forks Road 03/05/2020
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

Sign Control Stop Stop Stop Stop

Traffic Volume (vph) 0 0 0 0 0 46 0 55 0 66 112 0

Future Volume (vph) 0 0 0 0 0 46 0 55 0 66 112 0

Peak Hour Factor 089 08 08 08 089 08 08 089 089 089 089 0.9

Hourly flow rate (vph) 0 0 0 0 0 52 0 62 0 74 126 0

Direction, Lane # EB1 WB1 NB1 SB1

Volume Total (vph) 0 52 62 200

Volume Left (vph) 0 0 0 74

Volume Right (vph) 0 52 0 0

Hadj (s) 000 -060 0.00 0.8

Departure Headway (s) 4.5 3.9 4.2 4.2

Degree Utilization, x 0.00 0.06 0.07 0.23

Capacity (veh/h) 757 870 829 852

Control Delay (s) 7.5 7.1 7.5 8.4

Approach Delay (s) 0.0 7.1 7.5 8.4

Approach LOS A A A A

Intersection Summary

Delay 8.0

Level of Service A

Intersection Capacity Utilization 26.9% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2020 Existing> PM Peak Hour Synchro 10 Report
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HCM Signalized Intersection Capacity Analysis

<2020 Existing> PM Peak Hour

5: Highway 58 & Townline Tunnel Road 03/05/2020
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

Traffic Volume (vph) 41 30 18 332 17 109 0 392 289 123 453 17

Future Volume (vph) 41 30 18 332 17 109 0 392 289 123 453 17

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

Lane Width 3.0 35 35 3.0 35 35 3.0 35 3.0 3.0 35 35

Total Lost time (s) 7.0 7.0 7.0 7.0 1.7 1.7 3.0 1.7

Lane Util. Factor 1.00 1.00 1.00 1.00 100 100 100 1.00

Frpb, ped/bikes 1.00 099 1.00 1.00 100 100 1.00 1.00

Flpb, ped/bikes 1.00  1.00 1.00  1.00 1.00  1.00 1.00 1.00

Frt 1.00 094 1.00 0.87 1.00 085 1.00 099

Flt Protected 095 1.00 095 1.00 1.00 1.00 095 1.00

Satd. Flow (prot) 1685 1759 1648 1554 1860 1478 1668 1851

Flt Permitted 067 1.00 072  1.00 1.00 1.00 030 1.00

Satd. Flow (perm) 1190 1759 1256 1554 1860 1478 532 1851

Peak-hour factor, PHF 094 094 094 094 094 094 094 094 094 094 094 094

Adj. Flow (vph) 44 32 19 353 18 116 0 417 307 131 482 18

RTOR Reduction (vph) 0 12 0 0 75 0 0 0 210 0 2 0

Lane Group Flow (vph) 44 39 0 353 59 0 0 417 97 131 498 0

Confl. Peds. (#/hr) 1 1

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

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

Protected Phases 4 8 2 1 6

Permitted Phases 4 8 2 2 6

Actuated Green, G (s) 219 2719 219 2719 253 253 313 373

Effective Green, g (s) 219 279 219 279 253 253 373 373

Actuated g/C Ratio 035 035 035 035 032 032 047 047

Clearance Time (s) 7.0 7.0 7.0 7.0 7.7 7.7 3.0 7.7

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

Lane Grp Cap (vph) 415 614 438 542 588 468 376 864

v/s Ratio Prot 0.02 0.04 c0.22 0.04 c0.27

v/s Ratio Perm 0.04 c0.28 0.07 0.12

v/c Ratio 0.11 0.06 0.81 0.11 0.71 0.21 035 0.8

Uniform Delay, d1 176 173 235 176 24.1 200 133 155

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.1 0.0 10.4 0.1 3.9 0.2 0.6 0.9

Delay (s) 177 173 39 177 280 202 139 165

Level of Service B B C B C C B B

Approach Delay (s) 17.5 29.5 24.7 15.9

Approach LOS B C C B

Intersection Summary

HCM 2000 Control Delay 22.7 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.74

Actuated Cycle Length (s) 79.9 Sum of lost time (s) 17.7

Intersection Capacity Utilization 94.3% ICU Level of Service F

Analysis Period (min) 15

¢ Critical Lane Group
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HCM Signalized Intersection Capacity Analysis

<2020 Existing> PM Peak Hour

6: Canal Bank Street & Townline Tunnel Road 03/05/2020
A ey v ANt 2 M4

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

Lane Configurations % 4 [l N 4 [l % B % B

Traffic Volume (vph) 106 304 58 136 307 124 183 30 31 88 141 15

Future Volume (vph) 106 304 58 136 307 124 183 30 31 88 141 15

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 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Util. Factor 100 100 100 100 100 100 100 1.00 1.00 1.00

Frpb, ped/bikes 100 100 100 100 100 100 100 1.00 1.00 1.00

Flpb, ped/bikes 100 100 100 100 100 100 100 1.00 1.00 1.00

Frt 1.00 100 08 100 100 08 100 0.92 1.00  0.99

FIt Protected 09 100 1.00 09 1.00 1.00 095 1.00 0.95 1.00

Satd. Flow (prot) 1785 1740 1597 1785 1693 1566 1783 1678 1733 1799

FIt Permitted 05 1.00 1.00 053 1.00 1.00 0.65 1.00 0.71 1.00

Satd. Flow (perm) 1014 1740 1597 994 1693 1566 1221 1678 1304 1799

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

Adj. Flow (vph) 114 327 62 146 330 133 197 32 33 95 152 16

RTOR Reduction (vph) 0 0 32 0 0 70 0 22 0 0 ® 0

Lane Group Flow (vph) 114 327 30 146 330 63 197 43 0 95 163 0

Confl. Peds. (#/hr) 1 1

Heavy Vehicles (%) 0% 8% 0% 0% 1% 2% 0% 7% 0% 3% 3% 0%

Turn Type Perm NA Perm Perm NA Perm Perm NA Perm NA

Protected Phases 4 8 2 6

Permitted Phases 4 4 8 8 2 6

Actuated Green, G (s) 340 340 340 330 330 330 240 240 230 230

Effective Green, g (s) 340 340 340 330 330 330 240 240 230 230

Actuated g/C Ratio 049 049 049 047 047 047 034 034 033 033

Clearance Time (s) 6.0 6.0 6.0 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Grp Cap (vph) 492 845 775 468 798 738 418 575 428 591

v/s Ratio Prot 0.19 c0.19 0.03 0.09

v/s Ratio Perm 0.11 002 015 0.04 ¢0.16 0.07

v/c Ratio 023 039 004 0.31 0.41 008 047 0.8 022 028

Uniform Delay, d1 104 114 94 115 121 102 180 155 170 173

Progression Factor 100 100 100 100 100 100 100 1.00 1.00 1.00

Incremental Delay, d2 1.1 1.3 0.1 1.7 1.6 0.2 3.8 0.3 1.2 1.2

Delay (s) 115 127 95 132 137 104 218 158 182 185

Level of Service B B A B B B C B B B

Approach Delay (s) 12.1 12.9 20.3 18.4

Approach LOS B B C B

Intersection Summary

HCM 2000 Control Delay 14.7 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.45

Actuated Cycle Length (s) 70.0 Sum of lost time (s) 14.0

Intersection Capacity Utilization 82.6% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2020 Existing> PM Peak Hour Synchro 10 Report

WSP

Page 6



ATTACHMENT

D-2 2027 FUTURE
BACKGROUND



ATTACHMENT



HCM Unsignalized Intersection Capacity Analysis

<2027 FB> AM Peak Hour

1: Nugent Road & Forks Road 03/06/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 123 69 3 82 59 146

Future Volume (Veh/h) 123 69 3 82 59 146

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 094 094 094 094 094 094

Hourly flow rate (vph) 131 73 3 87 63 155

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 204 260 168

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 204 260 168

tC, single (s) 4.1 6.5 6.2

tC, 2 stage (s)

tF (s) 22 3.6 3.3

p0 queue free % 100 91 82

cM capacity (veh/h) 1380 718 882

Direction, Lane # EB1 WB1 NB1

Volume Total 204 90 218

Volume Left 0 3 63

Volume Right 73 0 155

cSH 1700 1380 827

Volume to Capacity 012 000 026

Queue Length 95th (m) 0.0 0.0 8.0

Control Delay (s) 0.0 03 109

Lane LOS A B

Approach Delay (s) 0.0 0.3 10.9

Approach LOS B

Intersection Summary

Average Delay 4.7

Intersection Capacity Utilization 29.6% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FB> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis
2: Highway 58 & Forks Road Access

<2027 FB> AM Peak Hour

03/06/2020

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations [l [l 4 4 [l
Traffic Volume (veh/h) 0 0 65 0 0 245 0 578 0 394 196
Future Volume (Veh/h) 0 0 65 0 0 245 0 578 0 394 196
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 094 094 094 094 094 094 094 094 094 094 094
Hourly flow rate (vph) 0 0 69 0 0 261 0 615 0 419 209
Pedestrians
Lane Width (m)
Walking Speed (m/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (m)
pX, platoon unblocked
vC, conflicting volume 1295 1110 419 1034 1034 615 419 691
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1295 1110 419 1034 1034 615 419 691
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 35 4.0 3.3 35 4.0 3.3 2.2 2.2
p0 queue free % 100 100 89 100 100 47 100 100
cM capacity (veh/h) 66 211 638 189 234 491 1151 913
Direction, Lane # EB1 WB1 NB1 NB2 SB1 SB2
Volume Total 69 261 615 76 419 209
Volume Left 0 0 0 0 0 0
Volume Right 69 261 0 76 0 209
cSH 638 491 1700 1700 1700 1700
Volume to Capacity 0.11 053 036 004 025 0.2
Queue Length 95th (m) 27 234 0.0 0.0 0.0 0.0
Control Delay (s) 1.3 203 0.0 0.0 0.0 0.0
Lane LOS B C
Approach Delay (s) 1.3 203 0.0 0.0
Approach LOS B C
Intersection Summary
Average Delay 3.7
Intersection Capacity Utilization 52.3% ICU Level of Service
Analysis Period (min) 15
Dain City Phase 1 03/04/2020 <2027 FB> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2027 FB> AM Peak Hour

3: Highway 58 Access & Forks Road 03/06/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 150 122 125 9 77 2

Future Volume (Veh/h) 150 122 125 9 77 2

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 093 093 093 093 093 093

Hourly flow rate (vph) 161 131 134 10 83 2

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 292 504 226

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 292 504 226

tC, single (s) 4.1 6.5 6.2

tC, 2 stage (s)

tF (s) 22 3.6 3.3

p0 queue free % 90 82 100

cM capacity (veh/h) 1281 466 818

Direction, Lane # EB1 WB1 NB1

Volume Total 292 144 85

Volume Left 0 134 83

Volume Right 131 0 2

cSH 1700 1281 470

Volume to Capacity 017 010  0.18

Queue Length 95th (m) 0.0 2.7 5.0

Control Delay (s) 0.0 76 143

Lane LOS A B

Approach Delay (s) 0.0 7.6 14.3

Approach LOS B

Intersection Summary

Average Delay 4.4

Intersection Capacity Utilization 37.1% ICU Level of Service A

Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis

4: Kingsway & Forks Road

<2027 FB> AM Peak Hour
03/06/2020

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
Sign Control Stop Stop Stop Stop
Traffic Volume (vph) 0 0 0 0 0 17 0 226 0 29 62 0
Future Volume (vph) 0 0 0 0 0 17 0 226 0 29 62 0
Peak Hour Factor 086 08 08 08 08 08 08 086 08 08 086 0.86
Hourly flow rate (vph) 0 0 0 0 0 136 0 263 0 34 72 0
Direction, Lane # EB1 WB1 NB1 SB1
Volume Total (vph) 0 136 263 106
Volume Left (vph) 0 0 0 34
Volume Right (vph) 0 136 0 0
Hadj (s) 000 -060 000 0.12
Departure Headway (s) 4.9 4.1 4.3 4.6
Degree Utilization, x 0.00 0.16 0.32 0.14
Capacity (veh/h) 672 798 805 741
Control Delay (s) 7.9 7.9 9.3 8.3
Approach Delay (s) 0.0 7.9 9.3 8.3
Approach LOS A A A A
Intersection Summary
Delay 8.7
Level of Service A
Intersection Capacity Utilization 34.0% ICU Level of Service A
Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FB> AM Peak Hour
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HCM Signalized Intersection Capacity Analysis

<2027 FB> AM Peak Hour

5: Highway 58 & Townline Tunnel Road 03/06/2020
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

Traffic Volume (vph) 23 11 8 279 23 145 20 454 380 60 326 21

Future Volume (vph) 23 11 8 279 23 145 20 454 380 60 326 21

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

Lane Width 3.0 35 35 3.0 35 35 3.0 35 3.0 3.0 35 35

Total Lost time (s) 7.0 7.0 7.0 7.0 1.7 1.7 1.7 3.0 1.7

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

Frpb, ped/bikes 1.00 099 1.00 1.00 100 100 100 100 1.00

Flpb, ped/bikes 1.00  1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00

Frt 1.00 094 1.00 0.87 1.00 1.00 085 1.00 0.99

Flt Protected 095 1.00 095 1.00 095 100 100 095 1.00

Satd. Flow (prot) 1685 1741 1648 1555 1685 1860 1478 1652 1845

Flt Permitted 064 1.00 0.74  1.00 054 100 100 025 1.00

Satd. Flow (perm) 1138 1741 1290 1555 950 1860 1478 435 1845

Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

Adj. Flow (vph) 25 12 9 307 25 159 22 499 418 66 358 23

RTOR Reduction (vph) 0 6 0 0 107 0 0 0 260 0 3 0

Lane Group Flow (vph) 25 15 0 307 77 0 22 499 158 66 378 0

Confl. Peds. (#/hr) 1 1

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

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

Protected Phases 4 8 2 1 6

Permitted Phases 4 8 2 2 6

Actuated Green, G (s) 255 255 255 255 215 215 215 317 317

Effective Green, g (s) 255 255 255 255 215 215 215 317 3717

Actuated g/C Ratio 033 033 033 033 035 035 035 048 048

Clearance Time (s) 7.0 7.0 7.0 7.0 7.7 7.7 7.7 3.0 7.7

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

Lane Grp Cap (vph) 372 569 422 509 335 656 521 323 892

v/s Ratio Prot 0.01 0.05 c0.27 0.02 c0.21

v/s Ratio Perm 0.02 c0.24 0.02 0.11 0.08

v/c Ratio 0.07  0.03 073 0.5 007 076 030 020 042

Uniform Delay, d1 180 178 23.1 18.5 167 223 183 123 1341

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.1 0.0 6.2 0.1 0.1 5.2 0.3 0.3 0.3

Delay (s) 18.1 17.8 293 187 168 275 186 126 134

Level of Service B B C B B C B B B

Approach Delay (s) 18.0 25.3 23.3 13.3

Approach LOS B C C B

Intersection Summary

HCM 2000 Control Delay 21.3 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.71

Actuated Cycle Length (s) 77.9 Sum of lost time (s) 17.7

Intersection Capacity Utilization 75.9% ICU Level of Service D

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2027 FB> AM Peak Hour Synchro 10 Report
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HCM Signalized Intersection Capacity Analysis

<2027 FB> AM Peak Hour

6: Canal Bank Street & Townline Tunnel Road 03/06/2020
A ey v ANt 2 M4

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

Lane Configurations % 4 [l N 4 [l % B % B

Traffic Volume (vph) 98 357 38 83 231 113 207 114 129 107 60 13

Future Volume (vph) 98 357 38 83 231 113 207 114 129 107 60 13

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 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Util. Factor 1.00 100 100 1.00 100 100 1.00 1.00 1.00 1.00

Frpb, ped/bikes 1.00 100 100 100 100 100 1.00 1.00 1.00  1.00

Flpb, ped/bikes 100 100 100 100 100 100 100 1.00 1.00  1.00

Frt 1.00 100 08 100 100 08 100 0.92 1.00 097

Flt Protected 095 100 100 095 100 1.00 095 1.00 095  1.00

Satd. Flow (prot) 1785 1740 1597 1785 1606 1566 1782 1697 1733 1670

FlIt Permitted 060 1.00 100 046 1.00 1.00 070 1.00 053  1.00

Satd. Flow (perm) 1125 1740 1597 859 1606 1566 1320 1697 975 1670

Peak-hour factor, PHF 089 08 08 089 08 08 08 089 08 08 089 0.89

Adj. Flow (vph) 110 401 43 93 260 127 233 128 145 120 67 15

RTOR Reduction (vph) 0 0 22 0 0 67 0 58 0 0 10 0

Lane Group Flow (vph) 110 401 21 93 260 60 233 215 0 120 72 0

Confl. Peds. (#/hr) 1 1

Heavy Vehicles (%) 0% 8% 0% 0%  17% 2% 0% 4% 0% 3% 1% 0%

Turn Type Perm NA Perm Perm NA Perm Perm NA Perm NA

Protected Phases 4 8 2 6

Permitted Phases 4 4 8 8 2 6

Actuated Green, G (s) 340 340 340 330 330 330 240 240 230 230

Effective Green, g (s) 340 340 340 330 330 330 240 240 230 230

Actuated g/C Ratio 049 049 049 047 047 047 034 034 033 0.33

Clearance Time (s) 6.0 6.0 6.0 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Grp Cap (vph) 546 845 775 404 757 738 452 581 320 548

v/s Ratio Prot c0.23 0.16 0.13 0.04

v/s Ratio Perm 0.10 0.01 0.11 0.04 ¢0.18 0.12

vic Ratio 020 047 003 023 034 008 052 037 038 0.13

Uniform Delay, d1 103 120 94 110 17 102 184 173 180 165

Progression Factor 1.00 100 100 100 100 100 1.00 1.00 1.00  1.00

Incremental Delay, d2 0.8 1.9 0.1 1.3 1.2 0.2 4.2 1.8 3.3 0.5

Delay (s) 11.1 13.9 94 123 129 104 225 191 213 170

Level of Service B B A B B B C B C B

Approach Delay (s) 13.0 12.1 20.7 19.6

Approach LOS B B C B

Intersection Summary

HCM 2000 Control Delay 15.8 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.51

Actuated Cycle Length (s) 70.0 Sum of lost time (s) 14.0

Intersection Capacity Utilization 86.1% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2027 FB> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2027 FB> PM Peak Hour

1: Nugent Road & Forks Road 03/06/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 132 85 3 64 130 176

Future Volume (Veh/h) 132 85 3 64 130 176

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 093 093 093 093 093 093

Hourly flow rate (vph) 142 91 3 69 140 189

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 233 262 188

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 233 262 188

tC, single (s) 4.1 6.4 6.2

tC, 2 stage (s)

tF (s) 22 3.5 3.3

p0 queue free % 100 81 78

cM capacity (veh/h) 1346 723 860

Direction, Lane # EB1 WB1 NB1

Volume Total 233 72 329

Volume Left 0 3 140

Volume Right 91 0 189

cSH 1700 1346 796

Volume to Capacity 014 000 041

Queue Length 95th (m) 0.0 01 155

Control Delay (s) 0.0 03 127

Lane LOS A B

Approach Delay (s) 0.0 0.3 12.7

Approach LOS B

Intersection Summary

Average Delay 6.6

Intersection Capacity Utilization 36.8% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FB> PM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis
2: Highway 58 & Forks Road Access

<2027 FB> PM Peak Hour

03/06/2020

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations [l [l 4 4 [l
Traffic Volume (veh/h) 0 0 79 0 0 316 0 477 0 596 299
Future Volume (Veh/h) 0 0 79 0 0 316 0 477 0 596 299
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 094 094 094 094 094 094 094 094 094 094 094
Hourly flow rate (vph) 0 0 84 0 0 336 0 507 0 634 318
Pedestrians
Lane Width (m)
Walking Speed (m/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (m)
pX, platoon unblocked
vC, conflicting volume 1477 1193 634 1141 1141 507 634 559
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1477 1193 634 1141 1141 507 634 559
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 35 4.0 3.3 35 4.0 3.3 2.2 2.2
p0 queue free % 100 100 83 100 100 41 100 100
cM capacity (veh/h) 43 188 483 148 202 566 959 1022
Direction, Lane # EB1 WB1 NB1 NB2 SB1 SB2
Volume Total 84 336 507 52 634 318
Volume Left 0 0 0 0 0 0
Volume Right 84 336 0 52 0 318
cSH 483 566 1700 1700 1700 1700
Volume to Capacity 017 059 030 003 037 0.19
Queue Length 95th (m) 47 294 0.0 0.0 0.0 0.0
Control Delay (s) 14.0 20.2 0.0 0.0 0.0 0.0
Lane LOS B C
Approach Delay (s) 140  20.2 0.0 0.0
Approach LOS B C
Intersection Summary
Average Delay 4.1
Intersection Capacity Utilization 51.3% ICU Level of Service
Analysis Period (min) 15
Dain City Phase 1 03/04/2020 <2027 FB> PM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2027 FB> PM Peak Hour

3: Highway 58 Access & Forks Road 03/06/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 186 123 196 15 53 3

Future Volume (Veh/h) 186 123 196 15 53 3

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 089 089 089 089 089 0.89

Hourly flow rate (vph) 209 138 220 17 60 3

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 347 735 278

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 347 735 278

tC, single (s) 4.1 6.5 6.2

tC, 2 stage (s)

tF (s) 22 3.6 3.3

p0 queue free % 82 81 100

cM capacity (veh/h) 1223 309 766

Direction, Lane # EB1 WB1 NB1

Volume Total 347 237 63

Volume Left 0 220 60

Volume Right 138 0 3

cSH 1700 1223 318

Volume to Capacity 020 018 020

Queue Length 95th (m) 0.0 5.0 55

Control Delay (s) 0.0 8.1 19.1

Lane LOS A C

Approach Delay (s) 0.0 8.1 19.1

Approach LOS 0

Intersection Summary

Average Delay 4.8

Intersection Capacity Utilization 42.3% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FB> PM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

4: Kingsway & Forks Road

<2027 FB> PM Peak Hour
03/06/2020

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
Sign Control Stop Stop Stop Stop
Traffic Volume (vph) 0 0 0 0 0 79 0 136 0 120 252 0
Future Volume (vph) 0 0 0 0 0 79 0 136 0 120 252 0
Peak Hour Factor 089 08 08 089 08 08 08 089 08 08 089 0.89
Hourly flow rate (vph) 0 0 0 0 0 89 0 153 0 135 283 0
Direction, Lane # EB1 WB1 NB1 SB1
Volume Total (vph) 0 89 153 418
Volume Left (vph) 0 0 0 135
Volume Right (vph) 0 89 0 0
Hadj (s) 000 -0.60 000 0.08
Departure Headway (s) 53 4.6 4.6 4.4
Degree Utilization, x 0.00 0.1 0.19 0.51
Capacity (veh/h) 602 698 757 804
Control Delay (s) 8.3 8.2 8.7 11.8
Approach Delay (s) 0.0 8.2 87 118
Approach LOS A A A B
Intersection Summary
Delay 10.6
Level of Service B
Intersection Capacity Utilization 41.9% ICU Level of Service A
Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FB> PM Peak Hour

WSP
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HCM Signalized Intersection Capacity Analysis

<2027 FB> PM Peak Hour

5: Highway 58 & Townline Tunnel Road 03/06/2020
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

Traffic Volume (vph) 47 34 21 406 20 130 0 450 371 152 520 20

Future Volume (vph) 47 34 21 406 20 130 0 450 371 152 520 20

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

Lane Width 3.0 35 35 3.0 35 35 3.0 35 3.0 3.0 35 35

Total Lost time (s) 7.0 7.0 7.0 7.0 1.7 1.7 3.0 1.7

Lane Util. Factor 1.00 1.00 1.00 1.00 100 100 100 1.00

Frpb, ped/bikes 1.00 099 1.00 1.00 100 100 1.00 1.00

Flpb, ped/bikes 1.00  1.00 1.00  1.00 1.00  1.00 1.00 1.00

Frt 1.00 094 1.00 0.87 1.00 085 1.00 099

Flt Protected 095 1.00 095 1.00 1.00 1.00 095 1.00

Satd. Flow (prot) 1685 1757 1648 1553 1860 1478 1668 1851

Flt Permitted 066  1.00 072  1.00 1.00 1.00 0.21 1.00

Satd. Flow (perm) 1164 1757 1247 1553 1860 1478 377 1851

Peak-hour factor, PHF 094 094 094 094 094 094 094 094 094 094 094 094

Adj. Flow (vph) 50 36 22 432 21 138 0 479 395 162 553 21

RTOR Reduction (vph) 0 14 0 0 87 0 0 0 271 0 2 0

Lane Group Flow (vph) 50 44 0 432 72 0 0 479 124 162 572 0

Confl. Peds. (#/hr) 1 1

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

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

Protected Phases 4 8 2 1 6

Permitted Phases 4 8 2 2 6

Actuated Green, G (s) 332 332 332 332 280 280 411 4141

Effective Green, g (s) 332 332 332 332 280 280 411 411

Actuated g/C Ratio 037 037 037 037 0.31 0.31 046 046

Clearance Time (s) 7.0 7.0 7.0 7.0 7.7 7.7 3.0 7.7

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

Lane Grp Cap (vph) 434 655 465 579 585 464 320 854

v/s Ratio Prot 0.03 0.05 c0.26 0.06 c0.31

v/s Ratio Perm 0.04 c0.35 0.08 0.18

v/c Ratio 012  0.07 093 0.3 082 027 0.51 0.67

Uniform Delay, d1 183 179 268 183 282 228 164 187

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.1 0.0 24.9 0.1 8.7 0.3 1.3 21

Delay (s) 184  18.0 516 184 369 231 176 207

Level of Service B B D B D C B C

Approach Delay (s) 18.2 42.7 30.7 20.1

Approach LOS B D C C

Intersection Summary

HCM 2000 Control Delay 29.8 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.85

Actuated Cycle Length (s) 89.0 Sum of lost time (s) 17.7

Intersection Capacity Utilization 103.0% ICU Level of Service G

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2027 FB> PM Peak Hour Synchro 10 Report
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HCM Signalized Intersection Capacity Analysis <2027 FB> PM Peak Hour

6: Canal Bank Street & Townline Tunnel Road 03/06/2020
A ey v ANt 2 M4

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

Lane Configurations % 4 [l N 4 [l % B % B

Traffic Volume (vph) 122 349 117 217 353 142 240 65 74 101 215 17

Future Volume (vph) 122 349 17 217 353 142 240 65 74 101 215 17

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 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Util. Factor 1.00 100 100 1.00 100 100 1.00 1.00 1.00 1.00

Frpb, ped/bikes 1.00 100 100 100 100 100 100 1.00 1.00  1.00

Flpb, ped/bikes 100 100 100 100 100 100 100 1.00 1.00  1.00

Frt 1.00 100 08 100 100 08 100 0.92 1.00 099

Flt Protected 095 100 100 095 100 1.00 095 1.00 095 1.00

Satd. Flow (prot) 1785 1740 1597 1785 1693 1566 1783 1674 1733 1805

FlIt Permitted 049 100 100 048 1.00 1.00 059 1.00 066  1.00

Satd. Flow (perm) 922 1740 1597 906 1693 1566 1109 1674 1207 1805

Peak-hour factor, PHF 093 093 093 093 093 093 093 093 093 093 093 093

Adj. Flow (vph) 131 375 126 233 380 153 258 70 80 109 231 18

RTOR Reduction (vph) 0 0 65 0 0 81 0 53 0 0 4 0

Lane Group Flow (vph) 131 375 61 233 380 72 258 97 0 109 245 0

Confl. Peds. (#/hr) 1 1

Heavy Vehicles (%) 0% 8% 0% 0% 1% 2% 0% 7% 0% 3% 3% 0%

Turn Type Perm NA Perm Perm NA Perm Perm NA Perm NA

Protected Phases 4 8 2 6

Permitted Phases 4 4 8 8 2 6

Actuated Green, G (s) 340 340 340 330 330 330 240 240 230 230

Effective Green, g (s) 340 340 340 330 330 330 240 240 230 230

Actuated g/C Ratio 049 049 049 047 047 047 034 034 033 0.33

Clearance Time (s) 6.0 6.0 6.0 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Grp Cap (vph) 447 845 775 427 798 738 380 573 396 593

v/s Ratio Prot 0.22 0.22 0.06 0.14

v/s Ratio Perm 0.14 0.04 ¢0.26 0.05 ¢0.23 0.09

v/c Ratio 029 044 008 055 048 010 068 017 028  0.41

Uniform Delay, d1 108 118 96 132 126 103 197  16.0 173 183

Progression Factor 1.00 100 100 100 100 100 1.00 1.00 1.00 1.00

Incremental Delay, d2 1.7 1.7 0.2 4.9 2.0 0.3 9.4 0.6 1.7 2.1

Delay (s) 125 135 98 181 146 105 291 16.7 19.1 20.4

Level of Service B B A B B B C B B C

Approach Delay (s) 12.5 14.9 245 20.0

Approach LOS B B C B

Intersection Summary

HCM 2000 Control Delay 16.9 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.61

Actuated Cycle Length (s) 70.0 Sum of lost time (s) 14.0

Intersection Capacity Utilization 87.7% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2027 FB> PM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2027 FT> AM Peak Hour

1: Nugent Road & Forks Road 03/09/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 127 69 3 82 70 146

Future Volume (Veh/h) 127 69 3 82 70 146

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 094 094 094 094 094 094

Hourly flow rate (vph) 135 73 3 87 74 155

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 208 264 172

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 208 264 172

tC, single (s) 4.1 6.5 6.2

tC, 2 stage (s)

tF (s) 22 3.6 3.3

p0 queue free % 100 90 82

cM capacity (veh/h) 1375 714 877

Direction, Lane # EB1 WB1 NB1

Volume Total 208 90 229

Volume Left 0 3 74

Volume Right 73 0 155

cSH 1700 1375 817

Volume to Capacity 012 000 028

Queue Length 95th (m) 0.0 0.0 8.7

Control Delay (s) 0.0 03 111

Lane LOS A B

Approach Delay (s) 0.0 0.3 11.1

Approach LOS B

Intersection Summary

Average Delay 49

Intersection Capacity Utilization 30.4% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FT> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis
2: Highway 58 & Forks Road Access

<2027 FT> AM Peak Hour

03/09/2020

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations [l [l 4 4 [l
Traffic Volume (veh/h) 0 0 65 0 0 249 0 589 0 428 207
Future Volume (Veh/h) 0 0 65 0 0 249 0 589 0 428 207
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 094 094 094 094 094 094 094 094 094 094 094
Hourly flow rate (vph) 0 0 69 0 0 265 0 627 0 455 220
Pedestrians
Lane Width (m)
Walking Speed (m/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (m)
pX, platoon unblocked
vC, conflicting volume 1347 1158 455 1082 1082 627 455 703
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1347 1158 455 1082 1082 627 455 703
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 35 4.0 3.3 35 4.0 3.3 2.2 2.2
p0 queue free % 100 100 89 100 100 45 100 100
cM capacity (veh/h) 59 198 609 175 219 484 1116 904
Direction, Lane # EB1 WB1 NB1 NB2 SB1 SB2
Volume Total 69 265 627 76 455 220
Volume Left 0 0 0 0 0 0
Volume Right 69 265 0 76 0 220
cSH 609 484 1700 1700 1700 1700
Volume to Capacity 0.11 055 037 004 027 013
Queue Length 95th (m) 29 247 0.0 0.0 0.0 0.0
Control Delay (s) "7 211 0.0 0.0 0.0 0.0
Lane LOS B C
Approach Delay (s) "7 211 0.0 0.0
Approach LOS B C
Intersection Summary
Average Delay 3.7
Intersection Capacity Utilization 53.1% ICU Level of Service
Analysis Period (min) 15
Dain City Phase 1 03/04/2020 <2027 FT> AM Peak Hour Synchro 10 Report

WSP

Page 2



HCM Unsignalized Intersection Capacity Analysis

<2027 FT> AM Peak Hour

3: Highway 58 Access & Forks Road 03/09/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 150 126 125 9 77 2

Future Volume (Veh/h) 150 126 125 9 77 2

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 093 093 093 093 093 093

Hourly flow rate (vph) 161 135 134 10 83 2

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 296 506 228

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 296 506 228

tC, single (s) 4.1 6.5 6.2

tC, 2 stage (s)

tF (s) 22 3.6 3.3

p0 queue free % 90 82 100

cM capacity (veh/h) 1277 464 816

Direction, Lane # EB1 WB1 NB1

Volume Total 296 144 85

Volume Left 0 134 83

Volume Right 135 0 2

cSH 1700 1277 469

Volume to Capacity 017 010  0.18

Queue Length 95th (m) 0.0 2.7 5.0

Control Delay (s) 0.0 76 144

Lane LOS A B

Approach Delay (s) 0.0 7.6 14.4

Approach LOS B

Intersection Summary

Average Delay 4.4

Intersection Capacity Utilization 37.4% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FT> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

4: Kingsway & Forks Road

<2027 FT> AM Peak Hour
03/09/2020

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
Sign Control Stop Stop Stop Stop
Traffic Volume (vph) 0 0 0 0 0 255 0 226 0 75 62 0
Future Volume (vph) 0 0 0 0 0 255 0 226 0 75 62 0
Peak Hour Factor 086 08 08 08 08 08 08 086 08 08 086 0.86
Hourly flow rate (vph) 0 0 0 0 0 297 0 263 0 87 72 0
Direction, Lane # EB1 WB1 NB1 SB1
Volume Total (vph) 0 297 263 159
Volume Left (vph) 0 0 0 87
Volume Right (vph) 0 297 0 0
Hadj (s) 000 -060 000 0.5
Departure Headway (s) 54 4.3 4.8 5.1
Degree Utilization, x 0.00 0.36 0.35 0.22
Capacity (veh/h) 592 770 709 658
Control Delay (s) 8.4 9.7 10.4 9.6
Approach Delay (s) 0.0 97 104 9.6
Approach LOS A A B A
Intersection Summary
Delay 9.9
Level of Service A
Intersection Capacity Utilization 45.1% ICU Level of Service A
Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FT> AM Peak Hour

WSP

Synchro 10 Report
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HCM Signalized Intersection Capacity Analysis

<2027 FT> AM Peak Hour

5: Highway 58 & Townline Tunnel Road 03/09/2020
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

Traffic Volume (vph) 23 12 8 324 26 186 20 454 395 74 326 21

Future Volume (vph) 23 12 8 324 26 186 20 454 395 74 326 21

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

Lane Width 3.0 35 35 3.0 35 35 3.0 35 3.0 3.0 35 35

Total Lost time (s) 7.0 7.0 7.0 7.0 1.7 1.7 1.7 3.0 1.7

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

Frpb, ped/bikes 1.00 099 1.00 1.00 100 100 100 100 1.00

Flpb, ped/bikes 1.00  1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00

Frt 1.00 094 1.00 0.87 1.00 1.00 085 1.00 0.99

Flt Protected 095 1.00 095 1.00 095 100 100 095 1.00

Satd. Flow (prot) 1685 1748 1648 1551 1685 1860 1478 1652 1845

Flt Permitted 059  1.00 0.74  1.00 054 100 100 024 1.00

Satd. Flow (perm) 1049 1748 1289 1551 950 1860 1478 416 1845

Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

Adj. Flow (vph) 25 13 9 356 29 204 22 499 434 81 358 23

RTOR Reduction (vph) 0 6 0 0 134 0 0 0 273 0 3 0

Lane Group Flow (vph) 25 16 0 356 99 0 22 499 161 81 378 0

Confl. Peds. (#/hr) 1 1

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

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

Protected Phases 4 8 2 1 6

Permitted Phases 4 8 2 2 6

Actuated Green, G (s) 283 283 283 283 286 286 286 392 392

Effective Green, g (s) 283 283 283 283 286 286 286 392 392

Actuated g/C Ratio 034 034 034 034 035 035 035 048 048

Clearance Time (s) 7.0 7.0 7.0 7.0 7.7 7.7 7.7 3.0 7.7

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

Lane Grp Cap (vph) 361 601 443 533 330 647 514 312 879

v/s Ratio Prot 0.01 0.06 c0.27 0.02 c0.21

v/s Ratio Perm 0.02 c0.28 0.02 0.11 0.10

v/c Ratio 0.07  0.03 080 0.19 007 077  0.31 026 043

Uniform Delay, d1 18.1 17.8 244 189 179 239 196 135 142

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.1 0.0 10.1 0.2 0.1 5.7 0.4 0.4 0.3

Delay (s) 182 179 346 191 180 296 200 140 145

Level of Service B B C B B C B B B

Approach Delay (s) 18.0 28.4 24.9 14.4

Approach LOS B C C B

Intersection Summary

HCM 2000 Control Delay 234 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.75

Actuated Cycle Length (s) 82.2 Sum of lost time (s) 17.7

Intersection Capacity Utilization 78.4% ICU Level of Service D

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2027 FT> AM Peak Hour Synchro 10 Report
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HCM Signalized Intersection Capacity Analysis

<2027 FT> AM Peak Hour

6: Canal Bank Street & Townline Tunnel Road 03/09/2020
A ey v ANt 2 M4

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

Lane Configurations % 4 [l N 4 [l % B % B

Traffic Volume (vph) 98 357 68 95 231 113 296 128 164 107 64 13

Future Volume (vph) 98 357 68 95 231 113 296 128 164 107 64 13

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 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Util. Factor 1.00 100 100 1.00 100 100 1.00 1.00 1.00 1.00

Frpb, ped/bikes 1.00 100 100 100 100 100 1.00 1.00 1.00  1.00

Flpb, ped/bikes 100 100 100 100 100 100 100 1.00 1.00  1.00

Frt 1.00 100 08 100 100 08 100 0.92 1.00 097

Flt Protected 095 100 100 095 100 1.00 095 1.00 095  1.00

Satd. Flow (prot) 1785 1740 1597 1785 1606 1566 1782 1691 1733 1671

FlIt Permitted 060 1.00 100 046 1.00 1.00 070 1.00 046  1.00

Satd. Flow (perm) 1125 1740 1597 859 1606 1566 1314 1691 836 1671

Peak-hour factor, PHF 089 08 08 089 08 08 08 089 08 08 089 0.89

Adj. Flow (vph) 110 401 76 107 260 127 333 144 184 120 72 15

RTOR Reduction (vph) 0 0 39 0 0 67 0 66 0 0 10 0

Lane Group Flow (vph) 110 401 37 107 260 60 333 262 0 120 77 0

Confl. Peds. (#/hr) 1 1

Heavy Vehicles (%) 0% 8% 0% 0%  17% 2% 0% 4% 0% 3% 1% 0%

Turn Type Perm NA Perm Perm NA Perm Perm NA Perm NA

Protected Phases 4 8 2 6

Permitted Phases 4 4 8 8 2 6

Actuated Green, G (s) 340 340 340 330 330 330 240 240 230 230

Effective Green, g (s) 340 340 340 330 330 330 240 240 230 230

Actuated g/C Ratio 049 049 049 047 047 047 034 034 033 0.33

Clearance Time (s) 6.0 6.0 6.0 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Grp Cap (vph) 546 845 775 404 757 738 450 579 274 549

v/s Ratio Prot c0.23 0.16 0.16 0.05

v/s Ratio Perm 0.10 002 0.12 0.04 ¢0.25 0.14

vic Ratio 020 047 005 026 034 008 074 045 044  0.14

Uniform Delay, d1 103 120 95 12 17 102 203 179 184 165

Progression Factor 1.00 100 100 100 100 100 1.00 1.00 1.00  1.00

Incremental Delay, d2 0.8 1.9 0.1 1.6 1.2 02 105 25 5.0 0.5

Delay (s) 11.1 13.9 96 128 129 104 307 204 235 1741

Level of Service B B A B B B C C C B

Approach Delay (s) 12.8 12.2 25.6 20.8

Approach LOS B B C C

Intersection Summary

HCM 2000 Control Delay 17.9 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.60

Actuated Cycle Length (s) 70.0 Sum of lost time (s) 14.0

Intersection Capacity Utilization 91.0% ICU Level of Service F

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2027 FT> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2027 FT> AM Peak Hour

9: Forks Road & Site Access 03/09/2020
A AN S

Movement EBL EBT WBT WBR SBL SBR

Lane Configurations | B wr

Traffic Volume (veh/h) 46 0 0 0 0 138

Future Volume (Veh/h) 46 0 0 0 0 138

Sign Control Free  Free Stop

Grade 0% 0% 0%

Peak Hour Factor 092 092 092 092 092 092

Hourly flow rate (vph) 50 0 0 0 0 150

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None  None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 0 100 0

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 100 0

tC, single (s) 4.1 6.4 6.2

tC, 2 stage (s)

tF (s) 22 35 3.3

p0 queue free % 97 100 86

cM capacity (veh/h) 1623 871 1085

Direction, Lane # EB1 WB1 SB1

Volume Total 50 0 150

Volume Left 50 0 0

Volume Right 0 0 150

cSH 1623 1700 1085

Volume to Capacity 0.03 000 0.14

Queue Length 95th (m) 0.7 0.0 36

Control Delay (s) 7.3 0.0 8.8

Lane LOS A A

Approach Delay (s) 7.3 0.0 8.8

Approach LOS A

Intersection Summary

Average Delay 8.5

Intersection Capacity Utilization 18.5% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FT> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2027 FT> PM Peak Hour

1: Nugent Road & Forks Road 03/09/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 144 85 3 64 137 176

Future Volume (Veh/h) 144 85 3 64 137 176

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 093 093 093 093 093 093

Hourly flow rate (vph) 155 91 3 69 147 189

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 246 276 200

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 246 276 200

tC, single (s) 4.1 6.4 6.2

tC, 2 stage (s)

tF (s) 22 3.5 3.3

p0 queue free % 100 79 78

cM capacity (veh/h) 1332 710 846

Direction, Lane # EB1 WB1 NB1

Volume Total 246 72 336

Volume Left 0 3 147

Volume Right 91 0 189

cSH 1700 1332 781

Volume to Capacity 014 000 043

Queue Length 95th (m) 0.0 01 16.6

Control Delay (s) 0.0 03 131

Lane LOS A B

Approach Delay (s) 0.0 0.3 13.1

Approach LOS B

Intersection Summary

Average Delay 6.7

Intersection Capacity Utilization 37.8% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FT> PM Peak Hour Synchro 10 Report

WSP
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HCM Unsignalized Intersection Capacity Analysis

<2027 FT> PM Peak Hour

2: Highway 58 & Forks Road Access 03/09/2020
A ey v ANt 2 M4

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

Lane Configurations [l [l 4 [l 4 [l

Traffic Volume (veh/h) 0 0 79 0 0 328 0 515 49 0 618 306

Future Volume (Veh/h) 0 0 79 0 0 328 0 515 49 0 618 306

Sign Control Stop Stop Free Free

Grade 0% 0% 0% 0%

Peak Hour Factor 094 094 094 094 094 094 094 094 094 094 094 094

Hourly flow rate (vph) 0 0 84 0 0 349 0 548 52 0 657 326

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 1554 1257 657 1205 1205 548 657 600

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 1554 1257 657 1205 1205 548 657 600

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

tC, 2 stage (s)

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

p0 queue free % 100 100 82 100 100 35 100 100

cM capacity (veh/h) 32 173 468 133 185 536 940 987

Direction, Lane # EB1 WB1 NB1 NB2 SB1 SB2

Volume Total 84 349 548 52 657 326

Volume Left 0 0 0 0 0 0

Volume Right 84 349 0 52 0 326

cSH 468 536 1700 1700 1700 1700

Volume to Capacity 018 065 032 003 039 0.9

Queue Length 95th (m) 49 354 0.0 0.0 0.0 0.0

Control Delay (s) 144 234 0.0 0.0 0.0 0.0

Lane LOS B C

Approach Delay (s) 144 234 0.0 0.0

Approach LOS B C

Intersection Summary

Average Delay 4.6

Intersection Capacity Utilization 54.1% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FT> PM Peak Hour Synchro 10 Report

WSP

Page 2



HCM Unsignalized Intersection Capacity Analysis

<2027 FT> PM Peak Hour

3: Highway 58 Access & Forks Road 03/09/2020
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations B i wr

Traffic Volume (veh/h) 186 135 196 15 53 3

Future Volume (Veh/h) 186 135 196 15 53 3

Sign Control Free Free  Stop

Grade 0% 0% 0%

Peak Hour Factor 089 089 089 089 089 0.89

Hourly flow rate (vph) 209 152 220 17 60 3

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 361 742 285

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 361 742 285

tC, single (s) 4.1 6.5 6.2

tC, 2 stage (s)

tF (s) 22 3.6 3.3

p0 queue free % 82 80 100

cM capacity (veh/h) 1209 305 759

Direction, Lane # EB1 WB1 NB1

Volume Total 361 237 63

Volume Left 0 220 60

Volume Right 152 0 3

cSH 1700 1209 314

Volume to Capacity 0.21 018  0.20

Queue Length 95th (m) 0.0 5.0 5.6

Control Delay (s) 0.0 8.1 19.3

Lane LOS A C

Approach Delay (s) 0.0 8.1 19.3

Approach LOS 0

Intersection Summary

Average Delay 4.8

Intersection Capacity Utilization 43.0% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FT> PM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

4: Kingsway & Forks Road

<2027 FT> PM Peak Hour
03/09/2020

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
Sign Control Stop Stop Stop Stop
Traffic Volume (vph) 0 0 0 0 0 168 0 136 0 273 252 0
Future Volume (vph) 0 0 0 0 0 168 0 136 0 273 252 0
Peak Hour Factor 089 08 08 08 08 08 08 089 089 089 089 0.9
Hourly flow rate (vph) 0 0 0 0 0 189 0 153 0 307 283 0
Direction, Lane # EB1 WB1 NB1 SB1
Volume Total (vph) 0 189 153 590
Volume Left (vph) 0 0 0 307
Volume Right (vph) 0 189 0 0
Hadj (s) 000 -060 000 0.11
Departure Headway (s) 6.1 5.1 5.2 4.7
Degree Utilization, x 0.00 0.27 0.22 0.78
Capacity (veh/h) 534 640 656 745
Control Delay (s) 9.1 9.9 96 222
Approach Delay (s) 0.0 9.9 96 222
Approach LOS A A A C
Intersection Summary
Delay 17.6
Level of Service C
Intersection Capacity Utilization 55.9% ICU Level of Service B
Analysis Period (min) 15
Dain City Phase 1 03/04/2020 <2027 FT> PM Peak Hour Synchro 10 Report
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HCM Signalized Intersection Capacity Analysis

<2027 FT> PM Peak Hour

5: Highway 58 & Townline Tunnel Road 03/09/2020
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

Traffic Volume (vph) 47 37 21 435 22 157 0 450 421 198 520 20

Future Volume (vph) 47 37 21 435 22 157 0 450 421 198 520 20

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

Lane Width 3.0 35 35 3.0 35 35 3.0 35 3.0 3.0 35 35

Total Lost time (s) 7.0 7.0 7.0 7.0 1.7 1.7 3.0 1.7

Lane Util. Factor 1.00 1.00 1.00 1.00 100 100 100 1.00

Frpb, ped/bikes 1.00 099 1.00 1.00 100 100 1.00 1.00

Flpb, ped/bikes 1.00  1.00 1.00  1.00 1.00  1.00 1.00 1.00

Frt 1.00 0.95 1.00 0.87 1.00 085 1.00 099

Flt Protected 095 1.00 095 1.00 1.00 1.00 095 1.00

Satd. Flow (prot) 1685 1763 1648 1549 1860 1478 1668 1851

Flt Permitted 064 1.00 072  1.00 1.00 1.00 0.21 1.00

Satd. Flow (perm) 1131 1763 1244 1549 1860 1478 367 1851

Peak-hour factor, PHF 094 094 094 094 094 094 094 094 094 094 094 094

Adj. Flow (vph) 50 39 22 463 23 167 0 479 448 211 553 21

RTOR Reduction (vph) 0 14 0 0 106 0 0 0 308 0 2 0

Lane Group Flow (vph) 50 47 0 463 84 0 0 479 140 211 572 0

Confl. Peds. (#/hr) 1 1

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

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

Protected Phases 4 8 2 1 6

Permitted Phases 4 8 2 2 6

Actuated Green, G (s) 332 332 332 332 284 284 431 431

Effective Green, g (s) 332 332 332 332 284 284 431 431

Actuated g/C Ratio 036 0.36 036 0.36 0.31 0.31 047 047

Clearance Time (s) 7.0 7.0 7.0 7.0 7.7 7.7 3.0 7.7

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

Lane Grp Cap (vph) 412 643 453 565 580 461 341 876

v/s Ratio Prot 0.03 0.05 c0.26 0.08 c0.31

v/s Ratio Perm 0.04 c0.37 0.09 0.21

v/c Ratio 012  0.07 1.02 015 083 030 062 065

Uniform Delay, d1 192 189 289 194 290 238 168 183

Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.1 0.0 48.0 0.1 94 04 3.3 1.8

Delay (s) 193 189 769 195 384 242 201 20.0

Level of Service B B E B D C C C

Approach Delay (s) 19.1 60.2 315 20.0

Approach LOS B E C C

Intersection Summary

HCM 2000 Control Delay 34.9 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.89

Actuated Cycle Length (s) 91.0 Sum of lost time (s) 17.7

Intersection Capacity Utilization 103.0% ICU Level of Service G

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2027 FT> PM Peak Hour Synchro 10 Report
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HCM Signalized Intersection Capacity Analysis <2027 FT> PM Peak Hour

6: Canal Bank Street & Townline Tunnel Road 03/09/2020
A ey v ANt 2 M4

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

Lane Configurations % 4 [l N 4 [l % B % B

Traffic Volume (vph) 122 349 216 255 353 142 298 74 96 101 231 17

Future Volume (vph) 122 349 216 255 353 142 298 74 96 101 231 17

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 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Util. Factor 1.00 100 100 1.00 100 100 1.00 1.00 1.00 1.00

Frpb, ped/bikes 1.00 100 100 100 100 100 100 1.00 1.00  1.00

Flpb, ped/bikes 100 100 100 100 100 100 100 1.00 1.00  1.00

Frt 1.00 100 08 100 100 08 100 0.92 1.00 099

Flt Protected 095 100 100 095 100 1.00 095 1.00 095 1.00

Satd. Flow (prot) 1785 1740 1597 1785 1693 1566 1783 1669 1733 1807

FlIt Permitted 049 100 100 048 1.00 1.00 057 1.00 064  1.00

Satd. Flow (perm) 922 1740 1597 906 1693 1566 1064 1669 1171 1807

Peak-hour factor, PHF 093 093 093 093 093 093 093 093 093 093 093 093

Adj. Flow (vph) 131 375 232 274 380 153 320 80 103 109 248 18

RTOR Reduction (vph) 0 0 119 0 0 81 0 66 0 0 4 0

Lane Group Flow (vph) 131 375 113 274 380 72 320 17 0 109 262 0

Confl. Peds. (#/hr) 1 1

Heavy Vehicles (%) 0% 8% 0% 0% 1% 2% 0% 7% 0% 3% 3% 0%

Turn Type Perm NA Perm Perm NA Perm Perm NA Perm NA

Protected Phases 4 8 2 6

Permitted Phases 4 4 8 8 2 6

Actuated Green, G (s) 340 340 340 330 330 330 240 240 230 230

Effective Green, g (s) 340 340 340 330 330 330 240 240 230 230

Actuated g/C Ratio 049 049 049 047 047 047 034 034 033 0.33

Clearance Time (s) 6.0 6.0 6.0 7.0 7.0 7.0 6.0 6.0 7.0 7.0

Lane Grp Cap (vph) 447 845 775 427 798 738 364 572 384 593

v/s Ratio Prot 0.22 0.22 0.07 0.15

v/s Ratio Perm 0.14 0.07 ¢0.30 0.05 ¢0.30 0.09

v/c Ratio 029 044 015 064 048 010 088 0.20 028 044

Uniform Delay, d1 108 118 100 140 126 103 216 163 174 185

Progression Factor 1.00 100 100 100 100 100 1.00 1.00 1.00  1.00

Incremental Delay, d2 1.7 1.7 0.4 7.2 2.0 03 247 0.8 1.8 24

Delay (s) 125 135 104 212 146 105 464 171 192 208

Level of Service B B B C B B D B B C

Approach Delay (s) 12.3 16.1 35.7 20.4

Approach LOS B B D C

Intersection Summary

HCM 2000 Control Delay 19.7 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.75

Actuated Cycle Length (s) 70.0 Sum of lost time (s) 14.0

Intersection Capacity Utilization 90.9% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group

Dain City Phase 1 03/04/2020 <2027 FT> PM Peak Hour Synchro 10 Report
WSP Page 6



HCM Unsignalized Intersection Capacity Analysis

<2027 FT> PM Peak Hour

9: Forks Road & Site Access 03/09/2020
A AN S

Movement EBL EBT WBT WBR SBL SBR

Lane Configurations | B wr

Traffic Volume (veh/h) 153 0 0 0 0 89

Future Volume (Veh/h) 153 0 0 0 0 89

Sign Control Free  Free Stop

Grade 0% 0% 0%

Peak Hour Factor 092 092 092 092 092 092

Hourly flow rate (vph) 166 0 0 0 0 97

Pedestrians

Lane Width (m)

Walking Speed (m/s)

Percent Blockage

Right turn flare (veh)

Median type None  None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 0 332 0

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 332 0

tC, single (s) 4.1 6.4 6.2

tC, 2 stage (s)

tF (s) 22 3.5 3.3

p0 queue free % 90 100 91

cM capacity (veh/h) 1623 595 1085

Direction, Lane # EB1 WB1 SB1

Volume Total 166 0 97

Volume Left 166 0 0

Volume Right 0 0 97

cSH 1623 1700 1085

Volume to Capacity 010  0.00 0.09

Queue Length 95th (m) 26 0.0 2.2

Control Delay (s) 7.5 0.0 8.6

Lane LOS A A

Approach Delay (s) 7.5 0.0 8.6

Approach LOS A

Intersection Summary

Average Delay 7.9

Intersection Capacity Utilization 20.7% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FT> PM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis

<2027 FT w Recom> AM Peak Hour

4: Kingsway & Forks Road 03/09/2020
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

Traffic Volume (veh/h) 0 0 0 0 0 255 0 226 0 75 62 0

Future Volume (Veh/h) 0 0 0 0 0 255 0 226 0 75 62 0

Sign Control Stop Stop Free Free

Grade 0% 0% 0% 0%

Peak Hour Factor 086 08 08 08 08 08 08 08 08 08 086 0.86

Hourly flow rate (vph) 0 0 0 0 0 297 0 263 0 87 72 0

Pedestrians 2

Lane Width (m) 35

Walking Speed (m/s) 1.1

Percent Blockage 0

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 806 509 74 511 509 263 72 263

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 806 509 74 511 509 263 72 263

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

tC, 2 stage (s)

tF (s) 35 4.0 3.3 35 4.0 3.3 22 22

p0 queue free % 100 100 100 100 100 62 100 93

cM capacity (veh/h) 178 439 992 451 439 781 1541 1313

Direction, Lane # EB1 WB1 NB1 SB1

Volume Total 0 297 263 159

Volume Left 0 0 0 87

Volume Right 0 297 0 0

cSH 1700 781 1541 1313

Volume to Capacity 0.00 0.38 0.00 0.07

Queue Length 95th (m) 0.0 13.6 0.0 1.6

Control Delay (s) 0.0 12.4 0.0 4.6

Lane LOS A B A

Approach Delay (s) 0.0 12.4 0.0 4.6

Approach LOS A B

Intersection Summary

Average Delay 6.1

Intersection Capacity Utilization 45.1% ICU Level of Service A

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FT w Recom> AM Peak Hour Synchro 10 Report
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HCM Unsignalized Intersection Capacity Analysis <2027 FT w Recom> PM Peak Hour

4: Kingsway & Forks Road 03/09/2020
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

Traffic Volume (veh/h) 0 0 0 0 0 168 0 136 0 273 252 0

Future Volume (Veh/h) 0 0 0 0 0 168 0 136 0 273 252 0

Sign Control Stop Stop Free Free

Grade 0% 0% 0% 0%

Peak Hour Factor 089 089 089 089 089 089 089 089 089 089 089 089

Hourly flow rate (vph) 0 0 0 0 0 189 0 153 0 307 283 0

Pedestrians 2

Lane Width (m) 35

Walking Speed (m/s) 1.1

Percent Blockage 0

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (m)

pX, platoon unblocked

vC, conflicting volume 1239 1050 285 1052 1050 153 283 153
vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 1239 1050 285 1052 1050 153 283 153
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)

tF (s) 35 4.0 3.3 35 4.0 3.3 22 22
p0 queue free % 100 100 100 100 100 79 100 79
cM capacity (veh/h) 101 180 757 172 180 898 1291 1440
Direction, Lane # EB1 WB1 NB1 SB1

Volume Total 0 189 153 590

Volume Left 0 0 0 307

Volume Right 0 189 0 0

cSH 1700 898 1291 1440

Volume to Capacity 0.00 0.21 0.00 0.21

Queue Length 95th (m) 0.0 6.0 0.0 6.1

Control Delay (s) 0.0 10.1 0.0 5.3

Lane LOS A B A

Approach Delay (s) 0.0 10.1 0.0 5.3

Approach LOS A B

Intersection Summary

Average Delay 54

Intersection Capacity Utilization 55.9% ICU Level of Service B

Analysis Period (min) 15

Dain City Phase 1 03/04/2020 <2027 FT w Recom> PM Peak Hour Synchro 10 Report
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HCM Signalized Intersection Capacity Analysis

5: Highway 58 & Townline Tunnel Road

<2027 FT w Recom> PM Peak Hour

03/09/2020

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
Traffic Volume (vph) 47 37 21 435 22 157 0 450 421 198 520 20
Future Volume (vph) 47 37 21 435 22 157 0 450 421 198 520 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 3.0 35 35 3.0 35 35 3.0 35 3.0 3.0 35 35
Total Lost time (s) 7.0 7.0 7.0 7.0 1.7 1.7 3.0 1.7
Lane Util. Factor 1.00 1.00 1.00 1.00 100 100 100 1.00
Frpb, ped/bikes 1.00 099 1.00 1.00 100 100 1.00 1.00
Flpb, ped/bikes 1.00  1.00 1.00  1.00 1.00  1.00 1.00 1.00
Frt 1.00 0.95 1.00 0.87 1.00 085 1.00 099
Flt Protected 095 1.00 095 1.00 1.00 1.00 095 1.00
Satd. Flow (prot) 1685 1763 1648 1549 1860 1478 1668 1851
Flt Permitted 064 1.00 072  1.00 1.00 1.00 0.21 1.00
Satd. Flow (perm) 1131 1763 1244 1549 1860 1478 368 1851
Peak-hour factor, PHF 094 094 094 094 094 094 094 094 094 094 094 094
Adj. Flow (vph) 50 39 22 463 23 167 0 479 448 211 553 21
RTOR Reduction (vph) 0 13 0 0 99 0 0 0 304 0 1 0
Lane Group Flow (vph) 50 48 0 463 91 0 0 479 144 211 573 0
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 0% 0% 0% 2% 0% 6% 0% 1% 2% 1% 1% 0%
Turn Type Perm NA Perm NA Perm NA Perm pm+pt NA
Protected Phases 4 8 2 1 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 372 372 372 372 287 287 398 398
Effective Green, g (s) 372 372 372 372 287 287 398 398
Actuated g/C Ratio 0.41 0.41 0.41 0.41 0.31 0.31 043 043
Clearance Time (s) 7.0 7.0 7.0 7.0 7.7 7.7 3.0 7.7
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 458 715 504 628 582 462 274 803
v/s Ratio Prot 0.03 0.06 0.26 c0.07  0.31
v/s Ratio Perm 0.04 c0.37 010 c0.27
v/c Ratio 0.11 0.07 092 0.14 082  0.31 0.77  0.71
Uniform Delay, d1 169 16.6 258 172 29.1 240 192 213
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.0 21.7 0.1 9.2 04 125 3.0
Delay (s) 171 16.7 475 173 383 244 317 243
Level of Service B B D B D C C C
Approach Delay (s) 16.9 38.7 31.6 26.3
Approach LOS B D C C
Intersection Summary
HCM 2000 Control Delay 31.1 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.87
Actuated Cycle Length (s) 91.7 Sum of lost time (s) 17.7
Intersection Capacity Utilization 103.0% ICU Level of Service G
Analysis Period (min) 15
¢ Critical Lane Group
Dain City Phase 1 03/04/2020 <2027 FT w Recom> PM Peak Hour Synchro 10 Report
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