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1 Study Context
This Transportation Impact Study (TIS) has been prepared for the Golf Course Lands of the Town of Perth’s 
Western Annex Lands, located at 141 Peter Street. It supports both the development’s Plan of Subdivision 
application and the Municipal Class Environmental Assessment process.

1.1 Background
Subsequent to the addition of the Western Annex Lands to the Town of Perth’s Urban Settlement Boundary, an 
Infrastructure Master Plan (IMP) was commissioned by the Town and prepared by Jp2g Consultants Inc. in 2019, 
in part to develop a transportation framework for the area, identifying high-level opportunities and constraints. 
This Infrastructure Master Plan has formed the foundation for future planning work to develop these lands.

A Transportation Review was conducted for the Golf Course Lands by CGH in 2022, which evaluated newly 
proposed changes from the high-level IMP plan as the design became more detailed. The Transportation Review 
concluded that the refined concept at full build-out and at the development’s first phases were supportable from 
a transportation network perspective.

As planning work has continued for the new community, options for subdivision access across the Tay River have 
been explored, which are the subject of the Perth Golf Course Access Options Memo prepared by CGH in 2022. 
This Access Options Memo, provided in Appendix A, supersedes the recommendations from the IMP with respect 
to crossing options, and the Sunset Boulevard crossing is no longer recommended for the transportation servicing 
of the new community.

Given the new community has already been found to be supportable from a transportation perspective through 
the IMP and the subsequent Transportation Review, this TIS has been prepared to evaluate and understand the 
local impacts of the newly proposed crossing configuration. 

1.2 Proposed Development
The proposed subdivision concept includes 640 detached single-family dwellings, and 299 townhouse dwellings. 
Access is proposed via the existing Peter Street Bridge and a new crossing adjacent to this existing bridge. The 
assumed full-buildout horizon is 2041, in line with the existing traffic planning for the Town. Figure 1 illustrates 
the study area context. Figure 2 illustrates the proposed concept plan.

Figure 1: Area Context Plan

Source: https://www.openstreetmap.org/ Accessed: December 20, 2021 

141 Peter Street

https://www.openstreetmap.org/
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2 Existing and Planned Conditions
2.1 Area Road Network
Wilson Street: Wilson Street is an arterial road to the north of Foster Street and a collector road to the south. 
Between the Perth Mews access and Sunset Boulevard, Wilson Street has a three-lane urban cross-section with 
two southbound lanes, and it has a two-lane urban cross-section to the south. Sidewalks are provided on both 
sides of the road and bike lanes are provided on both sides of the road between Sunset Boulevard and Leslie 
Street. Street parking is permitted on both sides of the road between Leslie Street and the Best Western, and on 
the east side of the road to the south. The posted speed limit is 50 km/h, and the existing right-of-way is typically 
20 metres.

Gore Street: Gore Street is a local road north of Foster Street and an arterial Road to the south with a two-lane 
urban cross-section and with sidewalks on both sides of the road. Street parking is permitted on both sides of the 
road south of D’Arcy Street and on the east side to the north. The unposted speed limit is assumed to be 50 km/h 
and the existing right-of-way is 20 metres.

Foster Street: Foster Street is an arterial road between Wilson Street and Gore Street, a collector road between 
Gore Street and Drummond Street, and a local road east of Drummond Street. Sidewalks are provided on both 
sides of the road west of Beckwith Street. Street parking is permitted on both sides of the road west of Drummond 
Street and on the north side of the road to the east. The unposted speed limit is assumed to be 50 km/h, and the 
existing right-of-way is 20 metres.

Peter Street: Peter Street is a collector road with a two-lane urban cross-section east of Lustre Lane, and transitions 
to a rural cross-section to the west. Sidewalks are provided on the north side of the road between Rogers Road 
and Lustre Lane, and both sides east of Rogers Road. The posted speed limit is 40 km/h east of Lustre Lane and 
30km/h to the west. The existing right-of-way is 12 metres.

Rogers Road: Rogers Road is a collector road with a two-lane urban cross-section with a sidewalk on the west side 
of the road north of John Street and south of Harvey Street, and sidewalks on both sides of the road between 
these locations. Street parking is permitted on the west side of the road north of John Street and south of Harvey 
Street. The posted speed limit is 50 km/h and the existing right-of-way varies between 15.5 and 18 metres in the 
study area.

North Street: North Street is an arterial road east of Wilson Street West, and a local road to the west, each with a 
two-lane urban cross-section. West of Sinclair Street, a sidewalk is present on the north side of the road, and 
sidewalks are present on both sides of the road to the east. West of Lewis Street, street parking is permitted on 
the north side of the road and overnight parking is permitted on the south side of the road. Between Lewis Street 
and Wilson Street West, street parking is permitted on both sides of the road. Between Wilson Street West and 
Gore Street West, layby parking is on the north side of the road. East of Gore Street West, street parking is 
permitted on the south side of the road. The posted speed limit is 50 km/h and the existing right-of-way varies 
between 19 and 20 metres in the study area.

Lustre Lane: Lustre Lane is a local road with a two-lane urban cross-section. The unposted speed limit is assumed 
to be 50 km/h and the existing right-of-way is 16 metres.
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2.2 Existing Intersections
The key signalized area intersections have been summarized below:

Wilson Street W at North Street The intersection of Wilson Street West at North Street is an 
unsignalized intersection, stop-controlled on the minor approaches of 
North Street. The northbound approach consists of shared all-
movements lane and southbound approach consists of a left-turn 
lane (that operates as a shared left-turn/through lane) and an 
auxiliary through/right-turn lane. The eastbound approach consists of 
a shared all-movements lane (that operates as a shared left-
turn/through lane and a short auxiliary right-turn lane), and the 
westbound approach consists of shared all-movement lane (that 
operates as a right-turn lane and a shared left-turn/through lane). No 
turn restrictions were noted.

Gore Street W at North Street The intersection of Gore Street West at North Street is an unsignalized 
intersection stop controlled on the minor approaches of North Street. 
The northbound, southbound, and westbound approaches each 
consist of a shared all-movement lane (where the southbound 
approach operates as a shared left-turn/through lane and an auxiliary 
right-turn lane). The eastbound approach consists of an auxiliary 
shared left-turn/through lane and a right-turn lane. No turn 
restrictions were noted.

Peter Street at Rogers Road The intersection of Peter Street and Rogers Road is an unsignalized T-
intersection, stop-controlled on Rogers Road. The northbound 
approach consists of a shared left-turn/right-turn lane. The 
eastbound approach consists of a shared through/right-turn lane and 
the westbound approach consists of a shared left-turn/through lane. 
No turn restrictions were noted.

Wilson Street W / Wilson Street E at 
Peter Street / Foster Street

The intersection of Wilson Street West/Wilson Street East at Peter 
Street/Foster Street is a signalized intersection. The northbound and 
eastbound approaches each consist of a shared all-movement lane. 
The southbound approach consists of a left-turn lane and a shared 
through/right-turn lane, and the westbound approach consists of a 
shared left-turn/through lane and an auxiliary right-turn lane. No turn 
restrictions were noted.

Gore Street W / Gore Street E at Foster 
Street

The intersection of Gore Street West/Gore Street East at Foster is a 
signalized intersection. The northbound approach consists of a left-
turn lane and an auxiliary shared through/right-turn lane, and the 
southbound approach consists of a shared all-movement lane (with 
enough pavement width to operate as a shared left-turn/through lane 
and a short auxiliary right-turn lane). The eastbound approach 
consists of a shared left-turn/through lane and an auxiliary right-turn 
lane, and the westbound approach consists of a shared all-movement 
lane (with enough pavement width to operate as a shared left-
turn/through lane and a short auxiliary right-turn lane). No turn 
restrictions were noted.



Western Annex Lands – 141 Peter Street Transportation Impact Study

Page 5

2.3 Cycling and Pedestrian Facilities
Sidewalks are provided on both sides of Wilson Street, Foster Street, North Street, Peter Street east of Rogers 
Road, on the north side of Peter Street between Rogers Road and Lustre, on the west side of Rogers Road. An 
existing trail is located along the Tay River that uses Rogers Road and John Street south of Peter Street.

Bike lanes are provided on both sides of Wilson Street West between Sunset Boulevard and Leslie Street.

Figure 3 illustrates the candidate pedestrian network routes, and Figure 4 illustrates the candidate bicycle network 
routes, each including existing facilities, from the 2017 Town of Perth Municipal Transportation Master Plan (TMP) 
prepared by Stantec Consulting Ltd.

Figure 3: TMP Pedestrian Network Candidate Routes
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Figure 4: TMP Bicycle Network Candidate Routes

2.4 Changes to the Area Transportation Network
From the Town’s TMP, Wilson Street, Peter Street/Foster Street, Rogers Road, and Gore Street East are proposed 
pedestrian priority routes. Wilson Street, Gore Street East south of Herriot Street, Rogers Road, Peter Street west 
of Rogers Road, Lustre Lane, and North Street are proposed bike routes. 

A trail along the Tay River north of Peter Street connecting to the existing trails near the Lanark County 
Administration Building is proposed. A portion of this project within the study area is presently planned from the 
County building, however this project’s scope sees the trail’s southern section terminate at Leslie Street.
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3 Updated Subdivision Review
3.1 Site Design
3.1.1 New Streets
The proposed subdivision concept generally follows the one presented within the 2022 Transportation Review of 
a modified grid that is responsive to the environmental constraints. A collector road with a 23.0-metre-wide right-
of-way is proposed between the central park within the new community and the Tay River crossing at Peter Street. 
The cross-section of this portion of the collector road is to include a parking lane, a bike lane, two travel lanes, a 
bike lane, and a sidewalk. 

Typical local roads that permit access to other roads within the subdivision are proposed as having 18.5-metre 
rights-of-way including a sidewalk, two travel lanes, and a parking lane. Additional internal local roads oriented 
towards land access only are proposed as having 16.75-metre rights-of-way, including two travel lanes and a 
parking lane.

3.1.2 Design for Active Modes
Consistent with the Town Transportation Master Plan, whose vision is of “a safe, sustainable, and multi-modal 
transportation system,” active transportation connections will be provided from the subject lands to the 
surrounding town and downtown. These connections will have the goal of increasing the recreational 
opportunities for the residents, and, importantly, ultimately enabling the reduction in auto traffic by providing 
opportunity for a higher proportion of trips to be walking and cycling.

The active transportation facilities planned include bike lanes along the collector road, connecting the central park 
and the existing surrounding community and proposed future trails and future bike routes within the TMP. Active 
transportation facilities are proposed across each bridge. Figure 5 illustrates the proposed rights-of-way, and 
sidewalk and internal crossing block locations (in light green) within the new community. 

Figure 5: Sidewalks and Rights-of-Way
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3.2 Internal Subdivision Traffic Calming
Within the new community, traffic calming elements are proposed throughout via several types of measures. 

Horizontal deflection measured including bulb-outs are proposed to narrow roadways and intersections at 
strategic locations. Mid-block narrowings are proposed at key crossing locations, and intersection narrowing is 
proposed periodically along roadways to reduce vehicle speeds on straight stretches. Abrupt bends in the roadway 
also serve this function and will have the effect of calming traffic.

On-street parking will also be a key traffic calming feature of the new community and is generally included as part 
of all typical roadway cross-sections.

A geometric drawing of the new community’s transportation elements detailing these recommendations will be 
submitted to the Town for review in future. Figure 6 illustrates the proposed locations of narrowings within the 
new community.

Figure 6: Proposed Traffic Calming Measures

3.3 Subdivision Access and Network Traffic Calming
The proposed access and river crossing configurations result in the new community’s traffic ingress and egress 
occurring exclusively on the east side of the development. Various treatments may be considered to reduce 
potential future impacts from new traffic on the existing local community.

3.3.1 Directional Restriction
To manage volumes within the local neighbourhood context, the introduction of a directional restriction via the 
installation of a bulb-out on Peter Street between Lustre Lane and Rogers Road is proposed. This concept is 
different from the IMP treatment of creating a one-way couplet of Peter Street and North Street for the subject 
development’s traffic. While this restriction would ensure all inbound traffic uses North Street, outbound traffic 
may use North Street or Peter Street as is convenient to reach their ultimate destination. The location of this 
directional restriction would still permit two-way traffic on both Peter Street and North Street for the existing 
neighbourhood’s traffic. The intended effect of this treatment would be to reduce traffic on Peter Street which 
has a narrow right-of-way and generally includes narrow building setbacks.

Narrowing Location
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The IMP stated that creation of a couplet of North Street and Peter Steet would require investigation into the 
signalization of the intersection of North Street at Wilson Street West. Additionally, inbound traffic that would 
otherwise use Rogers Road would need to divert to arrive at North Street through the downtown area. A 
conceptual plan for the implementation in the neighbourhood context is illustrated in Figure 7. An example at 
street-level of a typical implementation of this type of treatment is illustrated in Figure 8, where applied to the 
proposed context, the image would, in effect, be looking west on Peter Street from the intersection. 

Figure 7: Directional Closure Concept Plan

Figure 8: Directional Closure Treatment

Source: Traffic Calming Design Guidelines (City of Ottawa, 2018)
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3.3.2 Peter Street Speed Treatments
Various options for reducing speeds on Peter Street may be employed to limit the impacts of potential traffic 
increases. While the existing narrow pavement width will limit the opportunity for speeding, flexible post 
centreline treatments may further augment this effect. Speed humps may also be explored, and provide calming 
effect year-round, unlike the seasonal flexible post installation. Bulb-outs at Thom Street, and/or Lewis Street may 
additionally be included to narrow the pavement width to 7.0 metres to reduce speeds. In accordance with the 
recommendations from the 2022 Traffic Review by CGH, it is recommended that any such measures be explored 
on an as-needed basis through monitoring of the conditions as the subject development builds out.

3.3.3 North Street Speed Treatments
Similarly to Peter Street, speed treatments may be explored for North Street in the presence of a couplet. Given 
the North Street roadway is wider than that of Peter Street, the same tools may be considered to reduce speeds. 
Flex posts and speed humps may be explored, bulb-outs at Alma Street, Sinclair Street, and/or Lewis Street may 
additionally be included to narrow the pavement width to 7.0 metres to reduce speeds. As with the potential 
Peter Street treatments, need, timing, and selection of North Street treatments would be subject to monitoring.

3.3.4 Rogers Road Speed Treatments
As discussed within the TMP, speeding on Rogers Road has been noted in the past. The pavement width of the 
road averages approximately 9.0 metres, and especially when on-street parking is not utilized, this width and the 
straightness of the travelled path are suspected to contribute to higher operating speeds.

Rogers Road is a direct path to/from the site from/to South Street and Scotch Line Road to the south, which a 
portion of outbound development traffic may use thereby bypassing the downtown core. As such, it is anticipated 
that speeding concerns will be applicable to site traffic, and therefore speeding treatments may be accordingly 
investigated. Recommended treatments for the Town to address this existing issue include electronic driver 
feedback speed display signs (“Your Speed” signs), or the installation of an automated speed enforcement device 
(speed trap). This latter treatment, however, is noted to impact existing area residents and should be considered 
through consultation with the potentially impacted communities. As with the potential Peter Street and North 
Street speed treatments, need, timing, and selection of Rogers Road treatments would be subject to monitoring.

4 Development Traffic Demand
4.1 Trip Generation
Traffic generation for the full subdivision build-out has been prepared using the vehicle trip rates for each 
residential dwelling type using the fitted curve equation rates from the ITE Trip Generation Manual 11th Edition 
(2021). Table 1 summarizes the vehicle trip rates for the proposed land uses.

Table 1: Trip Generation Vehicle Trip Rates

Dwelling Type ITE Land 
Use Code

Peak 
Hour

Vehicle Trip 
Rate

AM 0.72Single Family 
Detached 210

PM 0.91
AM 0.44

Multi-Family Low Rise 220
PM 0.54

Using the above vehicle trip rates and the new community’s unit counts, the total vehicle trip generation for the 
new community by peak hour has been estimated. The vehicle trip generation for the new community is 
summarized in Table 2.
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Table 2: Vehicle Trip Generation
AM Peak Hour PM Peak Hour

Land Use Units / 
GFA In Out Total In Out Total

Single Family Detached 640 120 341 461 372 210 582
Multi-Family Low Rise 299 32 100 132 100 61 161
Total 939 152 441 593 472 271 743

As shown above, the new community is anticipated to generate 593 new AM and 743 new PM peak hour two-
way auto trips.

4.2 Trip Distribution

The distribution of trips will be consistent with the Transportation Review, the Infrastructure Master Plan, and the 
Perth Transportation Master Plan Future Traffic Forecasting Memo (Stantec, 2016). This methodology, based upon 
the existing turning movement splits, and access to major infrastructure, is considered valid. Table 3 below 
summarizes the ultimate distribution of traffic, imported from the Future Traffic Forecasting Memo.

Table 3: Trip Distribution
To/From Residential % of Trips

North 5%
South 50%
East 25%
West 20%
Total 100%

4.3 Trip Assignment
From the distribution summarized in Table 3, the new community’s traffic has been assigned to the local study 
area road network. The directional assignment is summarized in Table 4 and the resultant new community-
generated auto traffic volumes are illustrated in Figure 9.

Table 4: Trip Assignment
To/From Inbound Outbound

North Wilson St W Wilson St W
South Gore St E 25% Gore St E,

25% Rogers Rd
East 10% Wilson St W (N),

15% North St
10% Wilson St W (N),

15% Foster St
West Wilson St W (N) Wilson St W (N)
Total 100% 100%
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Figure 9: New Generation Trip Assignment

5 Traffic Analysis
Traffic operations will be analyzed for the study area intersections in the existing conditions, the future 
background conditions without the development traffic, and the future total conditions with the development 
traffic. The level of service (LOS) for signalized intersections will be based on Highway Capacity Manual (HCM) 
scoring of the percentile delay for the individual lane movements and overall intersection, and will be based on 
HCM 6th Edition delay for unsignalized intersections. Synchro version 11 will be used to model the forecasted study 
area traffic operations.

HCM LOS scoring for signalized intersections is summarized in Table 5 and for unsignalized intersections is 
summarized in Table 6.

Table 5: HCM LOS Scoring at Signalized Intersections
Level of Service (LOS) Delay (seconds/vehicle)

A 0 – 10 seconds
B > 10 – 20 seconds
C > 20 – 35 seconds
D > 35 – 55 seconds
E > 55 – 80 seconds
F > 80 seconds

Table 6: HCM LOS Scoring at Unsignalized Intersections
Level of Service (LOS) Delay (seconds/vehicle)

A 0 – 10 seconds
B > 10 – 15 seconds
C > 15 – 25 seconds
D > 25 – 35 seconds
E > 35 – 50 seconds
F > 50 seconds
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5.1 Existing Peak Hour Travel Demand
5.1.1 Intersection Operations
Traffic volumes were observed in the field at the study area intersections on Tuesday, January 24, 2023, and these 
data, collected by Ontario Traffic Incorporated, are provided in Appendix B. The counted traffic volumes are 
illustrated in Figure 10. Signal timing for the study area signalized intersections was provided by the Town, in plans 
dated February 2, 2022. The forecasted study area traffic operations are summarized in Table 7. The Synchro 
worksheets are provided in Appendix C.

Figure 10: Existing Traffic Counts

Table 7: Existing Intersection Operations
AM Peak Hour PM Peak Hour

Intersection Lane
LOS V/C Delay (s) Q (95th) LOS V/C Delay (s) Q (95th)

EBL/T A 0.01 7.4 0.0 A 0.00 7.4 0.0
EBR - - - - - - - -

WBL/T A 0.01 7.3 0.0 A 0.01 7.3 0.0
WBR - - - - - - - -
NB B 0.50 14.5 21.0 C 0.60 17.2 30.8

SBL/T C 0.43 15.1 16.5 C 0.55 18.0 24.8
SBT/R B 0.24 10.7 6.8 B 0.30 11.1 9.8

Wilson St W & 
North St

Unsignalized

Overall B - 12.3 - B - 14.4 -
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AM Peak Hour PM Peak Hour
Intersection Lane

LOS V/C Delay (s) Q (95th) LOS V/C Delay (s) Q (95th)
EB B 0.44 19.9 26.5 C 0.47 21.2 31.7

WBL/T B 0.16 15.2 13.5 B 0.09 15.4 9.7
WBR A 0.27 1.8 6.7 A 0.29 1.7 6.6
NB B 0.13 13.6 10.6 B 0.18 15.9 15.8
SBL A 0.23 5.8 19.3 A 0.32 6.6 28.8

SBT/R A 0.17 3.7 10.4 A 0.20 3.5 12.0

Wilson St E/Wilson 
St W & Peter 
St/Foster St
Signalized

Overall A - 8.0 - A - 8.1 -
EBL/T B 0.12 13.2 3.0 B 0.16 13.5 4.5
EBR A 0.08 9.3 1.5 A 0.05 9.2 0.8
WB B 0.15 13.6 3.8 B 0.17 13.7 4.5
NBL A 0.04 7.8 0.8 A 0.04 7.7 0.8

NBT/R - - - - - - - -
SBL/T A 0.00 7.6 0.0 A 0.01 7.6 0.0
SBR - - - - - - - -

Gore St W & 
North St

Unsignalized

Overall A - 5.5 - A - 6.2 -
EBL/T B 0.11 15.7 11.4 B 0.14 17.1 15.4
EBR A 0.23 1.3 5.3 A 0.27 1.3 5.5

WBL/T C 0.70 29.4 #61.2 D 0.84 44.7 #88.4
WBR A 0.04 0.1 0.0 A 0.04 0.1 0.0
NBL A 0.35 9.9 24.9 B 0.43 11.7 29.4

NBT/R A 0.27 9.9 24.7 A 0.22 9.6 18.6
SBL/T C 0.44 27.1 31.5 C 0.46 30.0 32.3
SBR A 0.11 2.5 2.4 A 0.13 3.2 2.9

Gore St E/Gore St 
W & Foster St

Signalized

Overall B - 14.8 - B - 19.2 -
EB - - - - - - - -
WB A 0.08 7.5 1.5 A 0.10 7.5 2.3
NB A 0.18 9.4 4.5 A 0.19 9.3 5.3

Rogers Rd & 
Peter St

Unsignalized
Overall A - 8.1 - A - 8.1 -

Notes: Saturation flow rate of 1800 veh/h/lane
Queue is measured in metres
Peak Hour Factor = 0.90

v/c = volume-to-capacity ratio
m = metered queue
# = volume for the 95th %ile cycle exceeds capacity

The study area intersections operate well in the existing conditions. No capacity or delay issues are present. 
Extended queues which may not clear the intersection in a single cycle for some number of cycles is noted on the 
westbound left-turn/through movement at the intersection of Gore Street East/Gore Street West at Foster Street 
during both peak hours.

5.1.2 Queueing Analysis

A detailed queueing analysis was performed to better understand queueing in the existing conditions. 
Microsimulation was conducted using SimTraffic 11 with a 30-minute seed time and a 60-minute run time across 
three separate runs to obtain 95th percentile queue lengths, which are summarized along with the available 
storage distance for all movements in Table 8. SimTraffic worksheets are provided in Appendix C.
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Table 8: Existing Intersection Queue Lengths

Intersection Lane Storage 
Dist. (m)

AM Q 
(95th)

PM Q 
(95th)

EBL/T 125* 4.6 2.9
EBR 8 3.7 3.8

WBL/T 15 1.6 4.8
WBR 125 7.2 0.0
NB 50 34.4 38.9

SBL/T 125* 27.5 28.1

Wilson St W & 
North St

Unsignalized

SBT/R 55 19.4 18.0
EB 125* 34.8 33.8

WBL/T 125 20.3 17.6
WBR 15 25.5 26.1
NB 270 17.6 20.4
SBL 50* 30.1 40.6

Wilson St E/Wilson 
St W & Peter 
St/Foster St
Signalized

SBT/R 50* 20.3 20.4
EBL/T 10 16.7 15.4
EBR 125 16.8 13.3
WB 125 20.9 18.7
NB 50 9.6 7.3

SBL/T 125* 3.5 4.0

Gore St W & 
North St

Unsignalized

SBR 8 1.1 0.0
EBL/T 125 12.1 15.7
EBR 25 22.6 25.9

WBL/T 125 51.7 106.4
WBR 8 17.3 18.0
NBL 135 37.4 44.9

NBT/R 20 32.3 28.5
SBL/T 50 33.2 32.9

Gore St E/Gore St 
W & Foster St

Signalized

SBR 10 16.8 17.8
EB - 0.0 0.0
WB - 7.3 4.0

Rogers Rd & 
Peter St

Unsignalized NB 200 20.3 16.1
Notes: *Distance to the nearest upstream road intersection with minor stop 

control, actual storage capacity is higher but will cause blockage of 
intersecting roadways

Examining queuing throughout the study area, all approaches have the required storage distances for the 
combined queues in each lane in the existing conditions. Minor blockage of adjacent lanes is noted but would 
typically be expected and is not considered to materially impact operations. 

Examining the queueing on the westbound left-turn/through movement at the intersection of Gore Street 
East/Gore Street West at Foster Street, the queue lengths from SimTraffic are longer than those noted in the 
Synchro analysis during the PM peak hour, but do not extend past the block length. No queuing issues are noted.

5.2 2041 Future Background Peak Hour Traffic Demand
5.2.1 Intersection Operations
The forecasted 2041 future traffic volumes were obtained from the Perth Transportation Master Plan Future 
Traffic Forecasting Memo (Stantec, 2016) which are provided in Appendix D. The volumes included those 
forecasted for subject development using various, outdated assumptions which were required to be removed to 
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generate the future background conditions without site traffic. The existing volumes were used as a basis of 
comparison to remove the subject development traffic under the old set of assumptions which are detailed in the 
Future Traffic Forecasting Memo. The resultant 2041 future background volumes are illustrated in Figure 11 and 
the forecasted traffic operations are summarized in Table 9. The Synchro worksheets are provided in Appendix E.

Figure 11: 2041 Future Background Traffic Volumes

Table 9: 2041 Future Background Intersection Operations
AM Peak Hour PM Peak Hour

Intersection Lane
LOS V/C Delay (s) Q (95th) LOS V/C Delay (s) Q (95th)

EBL/T D 0.06 31.1 1.5 F 0.11 61.2 3.0
EBR B 0.02 10.1 0.0 B 0.03 10.9 0.8

WBL/T C 0.05 24.0 1.5 E 0.09 38.3 2.3
WBR B 0.10 12.5 2.3 B 0.20 14.6 5.3
NB A 0.01 8.3 0.0 A 0.02 9.1 0.0

SBL/T A 0.09 9.2 2.3 A 0.08 9.5 2.3
SBT/R - - - - - - - -

Wilson St W & 
North St

Unsignalized

Overall A - 2.1 - A - 2.4 -
EB C 0.42 20.1 26.7 C 0.47 23.6 32.3

WBL/T B 0.12 15.6 11.8 B 0.14 18.4 13.7
WBR A 0.38 2.0 7.8 A 0.43 2.0 8.1
NB B 0.11 14.1 9.7 B 0.28 19.6 22.3
SBL A 0.31 6.1 25.6 A 0.52 8.0 53.1

SBT/R A 0.16 3.6 9.9 A 0.20 3.5 12.8

Wilson St E/Wilson 
St W & Peter 
St/Foster St
Signalized

Overall A - 7.0 - A - 8.5 -
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AM Peak Hour PM Peak Hour
Intersection Lane

LOS V/C Delay (s) Q (95th) LOS V/C Delay (s) Q (95th)
EBL/T B 0.11 12.3 3.0 B 0.12 13.8 3.0
EBR A 0.03 9.1 0.8 A 0.06 9.3 1.5
WB B 0.10 12.0 2.3 C 0.27 15.6 8.3
NBL A 0.03 7.7 0.8 A 0.05 7.8 1.5

NBT/R - - - - - - - -
SBL/T A 0.01 7.5 0.0 A 0.01 7.6 0.0
SBR - - - - - - - -

Gore St W & 
North St

Unsignalized

Overall A - 5.3 - A - 6.7 -
EBL/T B 0.15 19.6 14.7 C 0.14 20.7 13.0
EBR A 0.29 1.7 5.6 A 0.52 2.9 10.0

WBL/T C 0.15 20.2 11.4 C 0.25 22.2 16.7
WBR A 0.03 0.2 0.0 A 0.04 0.3 0.0
NBL A 0.39 5.2 28.0 A 0.43 5.4 32.3

NBT/R A 0.15 4.5 14.5 A 0.16 4.3 15.5
SBL/T C 0.30 20.7 26.9 C 0.34 21.8 29.6
SBR A 0.03 0.2 0.0 A 0.07 0.7 0.9

Gore St E/Gore St 
W & Foster St

Signalized

Overall A - 7.6 - A - 7.4 -
EB - - - - - - - -
WB A 0.07 7.4 1.5 A 0.09 7.5 2.3
NB A 0.16 9.3 4.5 A 0.17 9.2 4.5

Rogers Rd & 
Peter St

Unsignalized
Overall A - 8.1 - A - 8.1 -

Notes: Saturation flow rate of 1800 veh/h/lane
Queue is measured in metres
Peak Hour Factor = 1.00

v/c = volume-to-capacity ratio
m = metered queue
# = volume for the 95th %ile cycle exceeds capacity

The study area intersections in the 2041 future background conditions generally operate well during both peak 
hours and similarly to the existing conditions with increases in delays and queueing noted throughout. 

The minor approaches of North Street at the intersection of Wilson Street West at North Street are forecast to 
experience a higher increase in delays than typically noted in the study area during both peak hours, and with 
failing or near-failing levels of service during the PM peak hour. This effect is due to the limited availability of gaps 
in the traffic stream with the addition of the forecasted north-south through background volumes, and through 
and left-turning vehicles may detour to other intersections to avoid these approaches as delays become 
intolerable.

5.2.2 Queueing Analysis
A detailed queueing analysis using the methods and parameters described in Section 5.1 at the 2041 future 
background horizon. The results of this analysis are summarized in Table 10. SimTraffic worksheets are provided 
in Appendix E.
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Table 10: 2041 Future Background Intersection Queue Lengths

Intersection Lane Storage 
Dist. (m)

AM Q 
(95th)

PM Q 
(95th)

EBL/T 125* 9.4 8.7
EBR 8 12.9 13.8

WBL/T 15 8.4 9.8
WBR 125 21.7 23.3
NB 50 11.4 21.6

SBL/T 125* 30.6 55.1

Wilson St W & 
North St

Unsignalized

SBT/R 55 2.3 14.3
EB 125* 37.4 43.7

WBL/T 125 29.5 35.7
WBR 15 31.2 32.8
NB 270 16.2 32.7
SBL 50* 42.7 61.9

Wilson St E/Wilson 
St W & Peter 
St/Foster St
Signalized

SBT/R 50* 20.6 26.8
EBL/T 10 17.7 14.1
EBR 125 16.5 15.4
WB 125 16.7 22.5
NB 50 5.9 20.4

SBL/T 125* 4.1 5.5

Gore St W & 
North St

Unsignalized

SBR 8 0.0 0.0
EBL/T 125 20.5 54.3
EBR 25 25.5 44.8

WBL/T 125 17.4 26.0
WBR 8 10.5 12.0
NBL 135 43.3 56.9

NBT/R 20 31.8 36.2
SBL/T 50 33.4 38.9

Gore St E/Gore St 
W & Foster St

Signalized

SBR 10 13.4 19.1
EB - 0.0 0.0
WB - 6.2 6.3

Rogers Rd & 
Peter St

Unsignalized NB 200 25.9 16.5
Notes: *Distance to the nearest upstream road intersection with minor stop 

control, actual storage capacity is higher but will cause blockage of 
intersecting roadways

As discussed in the existing conditions queueing analysis, minor blockage of adjacent lanes is forecast to occur at 
the 2041 future background horizon. The southbound left-turn movement at the intersection of Wilson St 
East/Wilson St West at Peter St/Foster St is forecast to spill back along the arterial corridor to halfway between 
the intersections of Wilson Street West at North Street and Wilson Street West at Glascott Street/D’Arcy Street. 
Queueing to or beyond adjacent intersection is a typical feature in urban conditions where short block lengths are 
present. Gaps in the traffic stream to permit conflicting movements will be limited to courtesy gaps at the 
intersection of Wilson Street West at North Street at those times during a peak hour where queues back up and 
cause blockages.
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5.3 2041 Future Total Peak Hour Traffic Demand
5.3.1 Changes to Network Conditions
As discussed previously in this study and as stated in the Infrastructure Master Plan, the use of Peter Street and 
North Street as a couplet for access was understood to require the signalization of the intersection of Wilson 
Street West at North Street. All-way stop control will also be assumed for the intersection of Gore Street West at 
North Street to facilitate the change in traffic at this intersection as a result of the signalization of the intersection 
to the west. A number of other network changes will be assumed as part of the future total conditions to facilitate 
site access, and these modifications include turn restrictions, lane configuration adjustments, and storage lane 
extension. The full list of modifications, including forecasted design values based on best practices and operational 
needs are detailed in Section 5.4.2.5.

As a result of these changes, it is acknowledged that background traffic patterns will adjust to the new conditions. 
These changes are forecast to include additional use of the southbound left-turn lane at the intersection of North 
Street at Wilson Street West during the PM peak hour with the signalization of the intersection. Changes 
associated with the existing vehicles making movements that are to be restricted will also be resultant. The 
assumed changes in traffic patterns applied at the 2041 future total horizon are illustrated in Figure 12.

Figure 12: Changes to Background Traffic

5.3.2 Intersection Operations
Superimposing the forecasted subject development traffic volumes, illustrated in Figure 9, onto the future 
background traffic volumes illustrated in Figure 11, with the background changes illustrated in Figure 12, the 
forecasted 2041 future total traffic volumes have been projected. These volumes are illustrated in Figure 13 and 
the forecasted traffic operations are summarized in Table 11. Signal timing has been optimized at this horizon. 
The Synchro worksheets are provided in Appendix F.
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Figure 13: 2041 Future Total Traffic Volumes

Table 11: 2041 Future Total Intersection Operations
AM Peak Hour PM Peak Hour

Intersection Lane
LOS V/C Delay (s) Q (95th) LOS V/C Delay (s) Q (95th)

EBL/T C 0.65 33.0 30.2 E 0.79 64.3 #35.7
EBR A 0.04 3.5 1.6 A 0.05 4.0 2.8

WBL/T C 0.39 22.4 20.8 D 0.79 39.7 #72.2
WBR A 0.16 6.9 6.2 A 0.24 6.8 9.6
NB A 0.56 7.7 41.0 B 0.59 14.1 84.8
SBL A 0.24 8.9 12.4 B 0.53 16.7 32.6

SBT/R A 0.42 7.8 48.6 B 0.76 16.6 #119.0

Wilson St W & 
North St

Signalized

Overall B - 11.5 - C - 21.4 -
EB C 0.77 33.6 #60.9 D 0.77 40.5 #58.7

WBL/T B 0.12 12.0 6.0 C 0.16 24.7 14.2
WBR A 0.32 1.0 0.0 A 0.37 1.6 2.5
NB B 0.15 16.7 8.8 C 0.39 25.3 21.5
SBL B 0.32 14.5 49.7 A 0.43 3.2 m3.2

SBT/R B 0.17 10.1 25.2 A 0.21 1.1 m0.2

Wilson St E/Wilson 
St W & Peter 
St/Foster St
Signalized

Overall B - 15.0 - B - 11.6 -
EB B 0.31 10.2 9.8 C 0.74 23.4 48.0
WB A 0.11 8.3 3.0 B 0.33 11.4 10.5
NB A 0.11 8.5 3.0 B 0.34 12.3 11.3
SB A 0.12 8.3 3.0 B 0.21 10.6 6.0

Gore St W & 
North St

Unsignalized
Overall A - 9.2 - C - 17.1 -
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AM Peak Hour PM Peak Hour
Intersection Lane

LOS V/C Delay (s) Q (95th) LOS V/C Delay (s) Q (95th)
EBL/T C 0.42 20.3 m18.3 C 0.35 24.3 m18.7
EBR A 0.33 2.2 m12.0 A 0.46 5.8 31.0

WBL/T C 0.18 21.8 10.7 C 0.32 29.1 18.1
WBR A 0.03 0.2 0.0 A 0.05 0.4 0.0
NBL A 0.35 5.4 27.8 A 0.41 5.4 30.4

NBT/R A 0.23 5.4 22.1 A 0.37 5.9 39.6
SBL/T C 0.45 26.5 25.0 D 0.69 35.5 48.7
SBR A 0.04 0.2 0.0 A 0.08 0.4 0.0

Gore St E/Gore St 
W & Foster St

Signalized

Overall A - 8.6 - B - 11.7 -
EB - - - - - - - -
WB - - - - - - - -
NB B 0.21 10.9 6.0 B 0.19 10.0 5.3

Rogers Rd & 
Peter St

Unsignalized
Overall A - 3.8 - A - 4.8 -

Notes: Saturation flow rate of 1800 veh/h/lane
Queue is measured in metres
Peak Hour Factor = 1.00

v/c = volume-to-capacity ratio
m = metered queue
# = volume for the 95th %ile cycle exceeds capacity

During both peak hours, the study area intersections are forecast to operate well in the 2041 future total 
conditions. 

It is notable that delays on the arterial corridor of Wilson Street West, Foster Street, and Gore Street East are all 
comparable to the background conditions and in some cases even showing an improvement. This condition is due 
to priority being given to these arterial movements which is a typical practice consistent with the existing timing 
plans.

Moderate delays were forecast to be present on the conflicting movements to this corridor in the background 
conditions and where site vehicles are forecast to contribute to these movements, these delays are forecast to 
increase. This effect is mostly confined to the eastbound approach of the intersection of Peter Street/Foster Street 
at Wilson Street East/Wilson Street West, however these delays are forecast to remain at acceptable levels. In the 
case of Wilson Street West at North Street, during the PM peak hour, where the delays on the North Street 
approaches were high and contributing to low and failing level of service, the signalization of this intersection has 
improved the previously noted condition despite the increase in volumes.

While delays throughout the study area are not forecast to substantially increase, an increase in queueing is 
anticipated on several movements where stored queues may not clear the intersection in a single cycle for some 
number of cycles during a peak hour. This effect is forecast on the eastbound approach at the intersection of Peter 
Street/Foster Street at Wilson Street East/Wilson Street West during both peak hours, and on the eastbound 
left/through, westbound left/through, and southbound left/through movements of the intersection of Wilson 
Street West at North Street during the PM peak hour.

5.3.3 Queueing Analysis
As with the other horizons, a detailed queueing analysis has been performed using SimTraffic with the previously 
noted parameters to better understand the forecasted queueing within the study area at the 2041 future total 
conditions. The storage distances, and the forecasted 95th percentile queue lengths during each peak hour are 
summarized in Table 12. SimTraffic worksheets are provided in Appendix F.
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Table 12: 2041 Future Total Intersection Queue Lengths

Intersection Lane Storage 
Dist. (m)

AM Q 
(95th)

(m)

PM Q 
(95th)

(m)
EBL 125* 45.5 50.0

EBT/R 8 15.3 23.5
WBL/T 15 29.4 33.4
WBR 125 38.4 74.2
NB 50 61.1 63.2
SBL 100† 38.4 64.5

Wilson St W & 
North St

Signalized

SBT/R 125* 56.4 113.0
EB 125* 97.1 102.7

WBL/T 125 17.6 32.4
WBR 15 25.4 31.0
NB 270 20.9 31.2
SBL 50 52.7 40.3

Wilson St E/Wilson 
St W & Peter 
St/Foster St
Signalized

SBT/R 50 30.4 13.9
EB 125 22.9 34.4
WB 125 20.6 28.8
NB 50 37.5 57.0

Gore St W & 
North St

Unsignalized
SB 125* 17.5 21.3

EBL/T 125 37.2 45.1
EBR 25 37.1 43.4

WBL/T 125 19.6 39.6
WBR 8 13.2 14.8
NBL 135 47.5 102.5

NBT/R 20 37.2 42.9
SBL/T 50 37.9 61.1

Gore St E/Gore St 
W & Foster St

Signalized

SBR 10 10.7 22.8
EB - 5.0 1.2
WB - 16.2 16.1

Rogers Rd & 
Peter St

Unsignalized NB 200 24.0 18.3
Notes: *Distance to the nearest upstream road intersection with minor stop 

control, actual storage capacity is higher
†Distance assumed for the purposes of the analysis, design values are 
subject to further study

At the study area intersections, queueing is noted to increase generally—a trend that is consistent with the results 
from the Synchro analysis. 

With the signalization of Wilson Street West at North Street and the remediation of delays on the eastbound and 
westbound approaches at this intersection, the previously noted southbound queuing from the downstream 
intersection of Wilson Street East/Wilson Street West at Peter Street/Foster Street will be interrupted by the 
signal control and pushed further upstream beyond North Street. This effect will be partly due to the elimination 
of queueing space within the intersection as was present in the background conditions where blockage of the 
intersection was noted. 

Also, typical of urban conditions, queuing on the northbound approach at the intersection of Wilson Street West 
at North Street during both peak hours is anticipated to spill back to the westbound approach of the intersection 
of Wilson Street East/Wilson Street West at Peter Street/Foster Street, along the arterial corridor. This spillback 
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is limited in scale however, and the upstream queueing on the westbound approach at the intersection of Wilson 
Street East/Wilson Street West at Peter Street/Foster Street is not anticipated to reach Gore Street.

Ninety-fifth percentile queues on the eastbound approaches of Peter Street and on North Street at Wilson Street 
West are anticipated to be contained within the block and are typically double the values of the average queues.

During the PM peak hour, queueing at the proposed all-way stop controlled intersection of Gore Street West at 
North Street is anticipated to spill back into the intersection of Gore Street West/Gore Street East at Foster Street 
by one vehicle due to the short block length. Similarly during the PM peak hour, the southbound left-turn/through 
movement queue at the intersection of Gore Street West/Gore Street East at Foster Street is anticipated to spill 
back to the all-way stop-controlled intersection of Gore Street West at North Street. These operations are 
considered acceptable.

5.4 Analysis and Discussion
The traffic analysis for the subject development is considered to be conservative due to a number of factors which 
will be discussed herein. The selection of a conservative analysis is appropriate as part of a long-term planning 
exercise to identify maximum anticipated impacts and required mitigations. It is noted that even under the 
conservative analysis constituting the foregoing work, the network intersections are forecast to operate well and 
queues within the study area are acceptable and no mitigation for these conditions is required beyond those 
elements required to facilitate access assumed in Section 5.3.1 and later refined in Section 5.4.2. 

Traffic calming, as discussed above, should be employed. However, the extent to which it will be required may be 
based upon how development traffic ultimately gets realized as compared to forecasts within this study. Given 
the large proportion of forecasted traffic versus counted traffic from both the background conditions and from 
the subject development, the traffic on the Town’s road network that is ultimately realized at the 2041 horizon 
will be highly contingent on mitigating factors.

5.4.1 Mitigating Factors
A number of factors will affect how much traffic the subject development will ultimately generate, and how much 
the background developments will also contribute to the network, however two of the most salient ones can be 
categorized as active mode trips and emerging trends.

5.4.1.1 Active Mode Trips
The trip generation employed within subject TIS and the Future Traffic Forecasting Memo represents industry-
standard methods for directly forecasting auto trips based upon land use types. It is noteworthy that these rates 
for residential land uses have trended downward as subsequent versions have been published. What is not 
captured at this level of analysis, however, is the site-specific potential for auto trips to be converted to walking 
or cycling trips based upon access to active mode infrastructure. 

The development concept includes high quality active mode connections to the surrounding network across the 
two bridges. Many employment and commercial destinations in town, including the downtown, are within walking 
distance of the new community. Where these trips in other community contexts would be made via personal auto, 
the subject community may meet a higher active mode share than would otherwise be assumed by the typical 
values.

5.4.1.2 Emerging Trends
Another series of factors which would reduce the background and site trip generation from the values forecasted, 
are emerging social and technological trends such as virtual travel.



Western Annex Lands – 141 Peter Street Transportation Impact Study

Page 24

Virtual travel describes all of the trips that were previously made by auto travel and other modes being captured 
by internet and telecommunication technologies. These trips include those reduced by work from home, either 
full-time or part-time, online services such as fitness, banking, medical, or consultation appointments, and e-
commerce which converts retail trips during the peak hours into off-peak deliveries. 

5.4.1.3 Enabling the Mitigating Factors
The updated subdivision concept already includes robust active mode connectivity, and thus further mitigation to 
shift travel towards walking and cycling is not required. 

To take advantage of the shift from auto travel towards virtual travel, infrastructure connectivity solutions should 
be explored. The Town of Perth has high quality fibre-optic internet infrastructure whose extension to the subject 
community could increase the new community’s potential for remote activities to supplant physical ones. Not 
only would such connectivity serve to shift subject development traffic towards virtual travel, but as adoption of 
virtual travel increases regionally, and as further employment and commercial activities go online, some 
proportion of background traffic may shift towards this emerging “mode” as well.

5.4.2 Network Design Elements
Various transportation network design elements were assumed in Section 5.3.1 for the facilitation of vehicular 
access to the new community whose design values were based upon operational suitability as determined by the 
modeled traffic conditions. These assumed configurations and design values will be examined within this section 
through a theoretical framework employing industry standard practices for determining design values to 
supplement the operational analysis.

Recommendations made herein are contingent on the ultimate network traffic reflecting those volumes forecast 
within the subject study and the Future Forecasting Memo. As such, verification of realized traffic volumes will 
need to be conducted as part of the future design of any proposed facility or modification.

5.4.2.1 Signalization
The signalization of the intersection of Wilson Street West at North Street was proposed as part of the IMP in the 
event that a couplet between North Street and Peter Street was contemplated for the new community’s access. 
This conclusion is supported by the subject TIS and its analyses. It is noteworthy that coordination between the 
Wilson Street West at North Street and Wilson Street West/Wilson Street East at Peter Street/Foster Street will 
be required due to the proximity of the intersections, and this coordination has been assumed as part of the 2041 
future total operational analysis’ signal timing optimization.

While signalization has recommended based on operational need, signal warrants have also been evaluated. The 
results from the Ministry of Transportation of Ontario’s (MTO) Ontario Traffic Manual (OTM) Book 12 – Traffic 
Signals’ Justification 7 for projected volumes have been evaluated for the two North Street intersections at each 
study horizon, and the results are summarized in Table 13. Signal warrants are provided in Appendix G.

Table 13: Signalization Warrant Summary
Intersection Horizon Warranted?

Existing No
2041 Future Background NoWilson St W & North St

2041 Future Total Yes/No
Existing No

2041 Future Background NoGore St W & North St
2041 Future Total No
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As shown above, the intersection of Gore Street West at North Street does not meet OTM signal justifications. 
Warrants at the intersection of Wilson Street West at North Street are not met at the existing and future 
background horizons, however, are on the cusp of being met in the future total conditions where an additional 
eight vehicles on any approach during either peak hour would meet warrants. If the warrant is met, however, it is 
in part due to the assumption of signalization and the shift in travel patterns anticipated from this change which 
are discussed in Section 5.3.1. While the warrant may or may not be met, signalization of Wilson Street West at 
North Street is proposed on the basis of operational need where in the future background conditions, low and 
failing levels of service were noted on the minor approaches, and in the future total conditions, signalization was 
required to facilitate access to the new community.

5.4.2.2 Approach Configurations and Turn-Lanes
At the intersection of Wilson Street West at North Street, the southbound left-turn lane in the existing and 
background conditions will operate as a shared left-turn/through lane. While the existing pavement markings 
nominally indicate that this lane is a left-turn lane at the minor stop-controlled intersection, the majority of traffic 
utilizes it as a through lane to eventually make the southbound left at the downstream intersection. Under the 
proposed signalization, the lane configuration will be formalized. 

The MTO Design Supplement to Section 9.17 of the Geometric Design Guide for Canadian Roads manual 
(Transportation Association of Canada (TAC), 2017) prescribes warrants for when to include left-turn lanes. Using 
this framework, the results of the warrant analysis by study horizon are summarized in Table 14 and left-turn 
warrants are provided in Appendix H.

Table 14: Left-Turn Lane Warrant Summary
Intersection Horizon Approach Peak Hour Warranted?

AM Yes
Existing Southbound

PM Yes
AM Yes

2041 Future Background Southbound
PM Yes
AM Yes

Wilson St W & North St

2041 Future Total Southbound
PM Yes

As shown above, the southbound left-turn lane is warranted at all study horizons. As such, this approach is 
proposed to have an auxiliary southbound left-turn lane. This condition is different from the existing line painting, 
where an auxiliary through/right-turn lane develops to the west of de facto left-turn/through lane. It is 
recommended that the line painting be modified to have the shared through/right-turn lane shift west of the 
newly designated auxiliary left-turn lane.

Left turns on the northbound approach of this intersection are proposed as being restricted to ensure site traffic 
arriving from the south and east make the westbound through movement on North Street which will not disrupt 
the function of Wilson Street West by introducing a new turn lane on the northbound approach or impacting the 
southbound operations by allocating split to a turning movement in the signal timing.

No changes are proposed for the westbound approach at this intersection due to the requirement for trucks to 
make the westbound right turn from the shared movements lane, and no changes are proposed to the eastbound 
approach.

The approach configurations at the intersection of Gore Street West at North Street are proposed to be converted 
to shared all-movements lanes on each approach. This modification would be to reduce potential safety issues 
where drivers have to track the arrival of multiple conflicting vehicles to determine which has the right-of-way. 
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The pavement width is not recommended to be changed, where right-turning vehicles may slip past a left-turning 
or through vehicle waiting for other vehicles to clear the intersection when judged safe to do so.

5.4.2.3 Storage Lane Lengths
The recommended methodology for the calculation of storage length from the Geometric Design Guide for 
Canadian Roads (Transportation Association of Canada (TAC), 2017) is from equation 9.14.1. This value may be 
contextualized with the forecasted queue lengths from the traffic models, as where the storage lane is full, it will 
block the adjacent through lane. In the case of this intersection, however, the auxiliary left-turn is forecast to be 
used to the extent that it is available, given drivers are anticipated to turn opportunistically given availability and 
signal phase, and are able to continue south to complete the left turn at the downstream intersection. It is noted 
that the traffic model assumed a storage length of 100 metres to remove this length constraint for queueing.

The existing storage length values, the calculated values from TAC, the 95th percentile values from the SimTraffic 
queueing analysis, and preliminary recommended design values, along with the number of impacted on-street 
parking spaces on the roadway are summarized in Table 15.

Table 15: 2041 Future Total Intersection Storage Lengths

Intersection Lane
Existing
Storage 
Dist. (m)

Calculated 
Value 

from TAC 
(m)

SimTraffic 
Q (95th)

(m)

Rec. 
Storage 
Dist. (m)

Impacted 
Parking 
Spaces

Wilson St W & North St SBL 55‡ 39.9 64.5 70 3-4
Notes: ‡Distance of the adjacent auxiliary lane based on the existing approach configuration

The southbound left-turn movement at the intersection of Wilson Street West at North Street is recommended 
at this time to include a storage length of 70 metres to meet forecasted queues and, with the taper, this length 
may impact three-to-four on-street parking spaces on Wilson Street West by the extension of the adjacent through 
lane around it.

5.4.2.4 Network Classifications
Peter Street is classified as a collector road. It is noted that the projected future total volumes are below typical 
maximum values for collector roads from Chapter 2 of the TAC manual. As such, the volumes are considered 
appropriate from the perspective of the network function and road classification. Notwithstanding the network 
considerations, the character of Peter Street is of a slow residential road where houses fronting onto it include 
narrow setbacks and all private driveways to these dwellings access the roadway.

The designations of North Street west of Wilson Street West (where it is a local road) and Lustre Lane would 
require upgrade to a collector road under the proposed access plan, which would be in line with their function 
under the future total conditions. In addition to the functional aspect, the projected volumes are within the 
envelope of typical volumes on a collector road from Chapter 2 of the TAC manual. The rights-of-way of North 
Street and Lustre Lane and their building setbacks are wider than the collector road of Peter Street, and this 
upgrade is considered appropriate, as is the shift of volumes from Peter Street to North Street as achieved by the 
directional restriction on Peter Street.

5.4.2.5 List of Network Modifications
The following is a list of modifications to the study area transportation network as documented through this TIS 
to support site access:

 North Street at Wilson Street West
o Signalization of the intersection
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o Shifting the auxiliary lane designation from the southbound through movement to the 
southbound left turn

o Extending the auxiliary storage length to 70 metres
o Restriction of the northbound left-turn movement

 North Street at Gore Street West
o Instituting all-way stop control
o Repainting all approaches to comprise shared all-movements lanes

 Peter Street at Rogers Road
o Restriction of the northbound left-turn and westbound through movements through the 

introduction of a directional restriction on Peter Street

6 Summary of Improvements Indicated and Modifications Options 
The following summarizes the analysis and results presented in this TIS report:

Proposed Development and Background

 This study has been prepared in support of a Plan of Subdivision application and a Municipal Class EA 
process

 An Infrastructure Master Plan was commissioned by the Town, partly to study the Golf Course Lands, 
which was the subject of a 2022 Transportation Review by CGH

 A new access solution for the community has been recommended since this transportation review and 
superseding this previous work, which comprises the construction of a new bridge adjacent to the Peter 
Street Bridge presently serving the development area

 The subject TIS has been prepared to evaluate the impacts of the new access solution for the new 
community where the resultant changes in traffic patterns are forecast to impact the network

 The proposed development includes 640 single detached dwellings and 299 townhome units assumed to 
be built out by 2041

Existing and Planned Conditions

 Wilson Street, Gore Street, and Foster Street are arterial roads, and Peter Street and Rogers Road are 
collector roads within the study area

 The study area comprises the intersections of:
o Wilson Street W at North Street
o Wilson Street W / Wilson Street E at Peter Street / Foster Street
o Gore Street W at North Street
o Gore Street W / Gore Street E at Foster Street
o Rogers Road at Peter Street

 Sidewalks are provided on both sides of Wilson Street, Foster Street, North Street, Peter Street east of 
Rogers Road, on the north side of Peter Street between Rogers Road and Lustre Lane, on the west side of 
Rogers Road

 An existing trail is located along the Tay River that uses Rogers Road and John Street south of Peter Street
 Bike lanes are provided on both sides of Wilson Street W between Sunset Boulevard and Leslie Street
 The TMP proposes Wilson Street, Peter Street/Foster Street, Rogers Road, and Gore Street East as 

pedestrian priority routes and Wilson Street, Gore Street East south of Herriot Street, Rogers Road, Peter 
Street west of Rogers Road, Lustre Lane, and North Street as bike routes
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 The TMP proposes a trail along the Tay River north of Peter Street connecting to the existing trails near 
the Lanark County Administration Building, of which the section north of Leslie Street is currently planned

Updated Subdivision Review

 The proposed subdivision concept generally follows the one presented within the 2022 Transportation 
Review of a modified grid that is responsive to environmental constraints

 Typical cross-sections for the new community are proposed as being:
o 23.0-metre collector road with two parking lanes, two bike lanes, two travel lanes and a sidewalk
o 18.0-metre local roads facilitating network access with a parking lane, two travel lanes, and a 

sidewalk
o 16.75-metre local roads facilitating land access only with a parking lane and two travel lanes

 Bike lanes and a sidewalk are proposed along the collector road and a sidewalk is proposed along key local 
roads with internal crossing blocks at key locations

 Traffic calming within the new community is focused on on-street parking and horizontal deflection 
measures including bulb-outs applied at strategic intersections and crossing blocks and abrupt roadway 
bends

 The major traffic calming measure in the existing neighbourhood to the east is proposed to be the 
directional restriction of westbound vehicles on Peter Street west of Rogers Road

 This treatment will greatly reduce the volumes anticipated on Peter Street where the right-of-way and 
setbacks are narrow and push all inbound traffic to North Street where these aspects are more generous

 Traffic calming in the existing neighbourhood to the east may also include centreline treatments like flex 
posts, vertical deflection measures like speed humps, and horizontal deflection measures like bulb-outs 
on Peter Street and/or North Street, and speed monitoring treatments on Rogers Road

 The need, timing, and selection of measures should be based on monitoring traffic volumes as the 
subdivision builds out

Development Traffic Demand

 The updated subdivision concept is forecasted to generate 593 total AM and 743 total PM peak hour two-
way auto trips

 The site-generated vehicles are forecast to travel 5% north, 50% south, 25% east, and 20% west

Traffic Analysis

 Existing traffic data were collected in the field in January of 2023, the 2041 future background traffic was 
determined by subtracting the previously assumed subject development from the Future Traffic 
Forecasting Memo of the TMP by using the existing volumes as a basis, and the 2041 future total horizon 
traffic was determined by applying the forecasted development volumes along with any traffic 
reassignment from network modifications to the 2041 future background conditions

 The existing traffic conditions operate well with minor queueing on the westbound left-through 
movement at the intersection of Gore Street East/Gore Street West at Foster Street, where a detailed 
queueing analysis determined that while some blockage of adjacent lanes occurs, no issues are noted

 Delays and queueing were noted to increase from the existing conditions at the 2041 future background 
horizon where high mainline arterial volumes impact the function of the minor stop-controlled 
approaches of North Street at its intersection with Wilson Street West
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 Queueing along the arterial corridor is forecast to increase in the 2041 future background horizon from 
the existing conditions

 In line with an analogous option within the IMP, the signalization of Wilson Street West at North Street is 
proposed for the conversion of North Street and Peter Street into a couplet for site access, and the 
conversion to all-way stop control for the intersection of North Street and Gore Street West is proposed 
as a result of the signalization to the west

 These modifications, along with additional lane restrictions and approach configuration changes are 
anticipated to result in a change in background traffic patterns

 The study are intersections at the 2041 future total horizon are forecast to operate well, with additional 
queueing on several movements throughout the study area and operational improvements on the minor 
approaches at the intersection of Wilson Street West at North Street with the signalization

 Queueing within the study area at the 2041 future total conditions has increased along the arterial 
corridor with longer queues on the eastbound approaches of North Street and Peter Street each at Wilson 
Street, and minor spillback to adjacent intersections with the short block lengths, but overall, no concern 
with queueing is noted

Traffic Analysis Discussion

 No mitigation for forecasted conditions is required beyond those modifications proposed to facilitate site 
access, and the analysis is considered conservative

 Mitigating social and geographical factors are anticipated to reduce the site and background trip 
generation from that modeled within this study, including proximity to downtown and the shift to virtual 
travel anticipated by 2041

 The development should capitalize on these opportunities by provided high quality active transportation 
connections across the site access bridges to facilitate higher active mode uptake, and the provision of 
high quality communications infrastructure supporting virtual activities

Network Design Elements

 The intersection of Wilson Street West at North Street may meet signalization warrants at the 2041 future 
total horizon, and will be provided to facilitate the proposed access solution for the new community

 This intersection at the remaining horizons and the intersection of Gore Street West at North Street at all 
horizons are not forecast to meet signal warrants 

 The southbound approach at the intersection of Wilson Street West at North Street meets left-turn lane 
warrants at all study horizons, and an auxiliary left-turn is proposed to be included in the lane 
configuration by shifting the through/right lane to the west of the developing auxiliary lane at the 2041 
future total horizon, the northbound right turn is proposed to be restricted at this intersection at this 
horizon, and no changes are proposed for the remaining approaches

 The intersection of Gore Street West at North Street is proposed to include all-way stop control with the 
repainting of all approaches to be shared all-movement lanes in support of the new control

 The storage lane for the redesignated auxiliary left-turn lane on the southbound approach of the 
intersection of Wilson Street west at North Street is recommended to be 70 metres based on traffic 
models and despite the calculated theoretical length of 40 metres, where three to four parking spaces 
may be impacted by this storage length
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 North Street west of Wilson Street West and Lustre Lane are recommended to be redesignated to 
collector roads, in line with their function at the 2041 future total horizon, and this designation is 
supported by the projected volumes and its planning and physical characteristics

 The list of proposed changes to support site access for the new community are:
o North Street at Wilson Street West

 Signalization of the intersection
 Shifting the auxiliary lane designation from the southbound through movement to the 

southbound left turn
 Extending the auxiliary storage length to 70 metres
 Restriction of the northbound left-turn movement

o North Street at Gore Street West
 Instituting all-way stop control
 Repainting all approaches to comprise shared all-movements lanes

o Peter Street at Rogers Road
 Restriction of the northbound left-turn and westbound through movements through the 

introduction of a directional restriction on Peter Street

7 Conclusion
The full development is to planned to comprise 640 single detached dwellings and 299 townhouse units and is to 
be served by the existing Peter Street Bridge, and a new bridge adjacent to it, forming a one-way couplet. The 
development will be constructed in multiple phases, of which the first phase is currently planned to comprise 
fewer than 40 single detached dwellings to be accessed by the existing Peter Street Bridge. As development 
continues, the EA process for the second crossing will be completed and the appropriate timing for its construction 
will be determined.

As discussed throughout this TIS, traffic forecasts presented in the report are considered conservative, and the 
recommended design elements and timing of recommended improvements will be subject to future monitoring. 

It is recommended that, from a transportation perspective, the proposed development applications proceed.
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Appendix A
Perth Golf Course Access Options Memo



Technical Memorandum
To: Colin Haskin, Hugo Lalonde – Caivan Date: 2022-11-24

Cc:

From: John Kingsley, Christopher Gordon – CGH Project Number: 2021-117

Re: Perth Golf Course Access Options

1 Context
The Infrastructure Master Plan (IMP) for the Western Annexed Lands of the Town of Perth, prepared by JP2G 

Consultants Inc (2019) outlined options and selected a preferred alternative among them for access to the planned 

Golf Course Community which is separated from the town by the Tay River, all of which included the use of the 

existing Peter Street Bridge.  

For community access, the IMP considered three scenarios. 

· The first was that all traffic use the Peter Street Bridge, which was deemed not acceptable due to 

emergency access requirements, without examining the suitability of the existing bridge for the purpose 

of conveying traffic

· The second was the construction of a second bridge to the County Office, providing a second site access 

to Christie Lake Road/Sunset Boulevard

· The third scenario was the creation of a one-way couplet with Peter Street and North Street, by 

constructing a second bridge as an extension of North Street, and was not preferred partly due to the fact 

that a high traffic volume would be using North Street which is classified as a local road, and that a signal 

would need to be installed at the intersection of North Street at Wilson Street West

The IMP’s recommendation was somewhat unclear about how much traffic could be accommodated on the Peter 

Street bridge before a second crossing is constructed. As such, further examination of the Peter Street Bridge 

options is warranted and documented herein.

The memo additionally discusses traffic impacts and traffic calming options for the surrounding neighbourhoods 

to the east of the planned development, both in the context of the proposed access options and for general 

consideration for the proposed development.  As well, the second crossing preliminary concept is also developed 

in order to compare it to the preferred Peter Street Bridge alternative.

1.1 Tying Into the Existing Network

An area context map east of the Peter Street Bridge and noting approximate property parcels is illustrated in 

Figure 1. A description of the potentially implicated network elements for access and a discussion on the use of 

each follows.
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Figure 1: Peter Street Bridge Area Context and Property Map

1.1.1 Lanark County Administration Building Access

In addition to requiring a second bridge, access to the Lanark County Administration Building driveway would 

require County agreement, road upgrades to bring the driveway to public road standards, and coordination 

between Tay Valley Township, Drummond Township, Lanark County, and the Town of Perth, given the property 

impacts, as stated by Julie Stewart representing Lanark County at a meeting with the development team on 

September 16, 2022.

Alternative crossing locations to this access on the north of the planned Golf Course Community may be 

considered, including to the planned Tayview community to the northwest, however for the purposes of this 

memo, all alternative crossing locations beyond those hereafter explicitly discussed will be treated equally.

1.1.2 Peter Street

All access arrangements within this memo and the IMP consider the use of Peter Street via the existing bridge 

connection. This bridge has a narrow deck which, while comprising two travel lanes, will not permit collector road 

traffic, or local road traffic in excess of approximately 300 vehicles per peak hour. The shoulder-less rural cross-

section of Peter Street pinches down to 5.5 metres of pavement width, and transitions to an urban cross-section 

of 7.5 metres pavement at Lustre Lane with a sidewalk on the north side of the road, and sidewalks are present 

on both sides of the road east of Rogers Road. In addition to the narrow right of way and narrow pavement width, 

building setbacks are unusually narrow on Peter Street as well, and this sensitive context contributes to the 

concerns for the increase of traffic of the roadway from the proposed development.

Immediately west of Lustre Lane, the roadway departs the protected right of way for the alignment across the Tay 

River, as illustrated in Figure 1. The right of way is still reserved south of this departure, however.
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1.1.3 Lustre Lane

North Street terminates at a 90-degree bend and becomes Lustre Lane, which spans only between North Street 

and Peter Street. Lustre Lane’s intersection with Peter Street is offset approximately 30 metres from roadway 

crown to roadway crown, which is considered too close for safe operations beyond minor traffic volumes. This 

offset distance may require mitigation generally, but especially in the event that additional volumes be added to 

Lustre Lane. Lustre Lane has an urban cross-section including 8.0 metres of pavement width.

1.1.4 North Street

All access arrangements can make use of North Street via Lustre Lane, but the one-way couplet option per the 

IMP proposes the extension of the road across the river to meet the unopened allowance of its extension west of 

the river. The Carolina Suites retirement complex property includes a parking lot west of the current terminus of 

North Street at the 90-degree bend to Lustre Lane. These features are illustrated in Figure 1. 

1.2 Traffic Calming for the Existing Neighbourhood

Multiple options were explored for traffic calming within the neighbourhood surrounding the Peter Street bridge. 

The following elements were those with the most applicability to the context, and have implications for the 

crossing alternatives.

1.2.1 Mini Roundabout

A mini roundabout at the intersection of Lustre Lane and Peter Street was considered but discounted partly due 

to the footprint of such a treatment, especially in the context of limited property (parcel 0285). Compliance issues 

with control measures at a mini roundabout and appropriate configurations for active modes are also difficulties 

inherent to this type of treatment. However, if property constraints were alleviated, the treatment would improve 

the conditions for the Peter Street, Lustre Lane, and North Street interface, and provide traffic calming for Peter 

Street and is deserving of consideration should conditions change. 

1.2.2 Peter Street Speed Treatments

Various options for reducing speeds on Peter Street may be employed. While the existing narrow pavement width 

will reduce the opportunity for speeding, flexible post centreline treatments may further augment this effect. 

Speed humps may also be explored, and provide calming effect year-round, unlike the seasonal flexible post 

installation. Bulb-outs at Rogers Road, Thom Street, and/or Lewis Street may additionally be included to narrow 

the pavement width to 7.0 metres to reduce speeds at these locations. In accordance with the recommendations 

from the Golf Course community Traffic Review by CGH, it is recommended that any such measures be explored 

on an as-needed basis through monitoring of the conditions as the subject development builds out.

1.2.3 Directional Restriction and Functional One-Way Couplet

All alternatives for access may include the introduction of a directional restriction via the installation of a bulb-out 

on Peter Street between Lustre Lane and Rogers Road. This treatment would functionally create a one-way 

couplet of Peter Street and North Street for site traffic, permitting two-way traffic for most of the existing 

neighbourhood. The majority of outbound site traffic would be anticipated use Peter Street, and all inbound site 

traffic would be required to use North Street. As with the one-way couplet scenario from the IMP, the signalization 

of the intersection of North Street and Wilson Street West would need to be investigated for this treatment. 

Additionally, inbound traffic that would otherwise use Rogers Road would either divert east on Peter Street, north 

on Lewis Street, and then west on North Street, or divert through the downtown area.

Conceptually, at the end of the first phase of development during the PM peak hour, this treatment would reduce 

site-generated traffic on Peter Street from an average of approximately six two-way vehicles per minute to 
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approximately two, by shifting the balance to North Street. During the AM peak hour, this reduction would be 

from approximately ten two-way vehicles every two minutes on Peter Street to approximately seven every two 

minutes. A conceptual implementation of this treatment is illustrated in Figure 2.

Figure 2: Directional Closure Treatment

1.2.4 Rogers Road Speed Treatments

As discussed within the TMP, speeding on Rogers Road is a consistent phenomenon. The pavement width of the 

road averages approximately 9.0 metres, and especially when on-street parking is not utilized, this width and the 

straightness of the travelled path are suspected to contribute to the high operating speeds, which may be a 

concern for residents.

Rogers Road is a direct path to/from the site from/to South Street/Scotch Line Road to the south, which a portion 

of site traffic may use, bypassing the downtown by using Rogers Road to do so. As such, it is anticipated that 

speeding concerns will be applicable to site traffic, and therefore speeding treatments may be accordingly 

investigated. Recommended treatments include electronic driver feedback speed display signs (“Your Speed” 

signs), or the installation of an automated speed enforcement device (speed trap). This latter treatment, however, 

is noted to impact area residents most frequently and should be considered through consultation with the 

potentially impacted communities.

2 Peter Street Bridge Alternatives

2.1 List of Access Alternatives

The following layouts present the conceptual alternatives explored through this memo, including a description of 

features, elements, costs, and phasing considerations.
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PXO

MULTI USE PATHWAY

SIDEWALK

ROAD WIDENING/NEW ROAD

BRIDGE WIDENING / NEW BRIDGE

LEGEND

CROSS SECTION

OVER BRIDGE

2.00m SIDEWALK

4.25m WESTBOUND LANE

4.25m EASTBOUND LANE

3.00m MULTI-USE PATHWAY

CROSS SECTION

2.00m SIDEWALK

3.75m WESTBOUND LANE

3.75m EASTBOUND LANE

3.00m MULTI-USE PATHWAY

1.50m INNER BOULEVARD

1.50m INNER BOULEVARD

CURB EXTENSION FOR DIRECTIONAL CLOSURE

MOUNTABLE TRUCK APRON

02 Issued for Review BB 2022-11-21



Notes:

CGH Transportation

(343) 999-9117

01 Issued for Review BB 2022-11-03

Caivan Communitites 
2934 Baseline Road, Suite 302 

Ottawa, ON 

K2H 1B2

Caivan Perth

Option 6

NTS 2022-11-21 BB CG

020062021-117

6 Plaza Court 

K2H 7W1

Ottawa, ON

EXISTING BRIDE TO BE CONVERTED TO ONE-WAY (EASTBOUND TRAFFIC ONLY)

NEW BRIDGE, 4.5m LANE WESTBOUND TRAFFIC ONLY

3.0m MUTI USE PATHWAY ON SOUTH SIDE2.0m SIDEWALK ON NORTH SIDE

MULTI USE PATHWAY

SIDEWALK

ROAD WIDENING/NEW ROAD

BRIDGE WIDENING / NEW BRIDGE

LEGEND

CURB EXTENSION FOR DIRECTIONAL CLOSURE

CROSS SECTION

OVER BRIDGE

CROSS SECTION

2.00m SIDEWALK

4.50m WESTBOUND LANE

2.00m SIDEWALK

4.50m WESTBOUND LANE

1.50m INNER BOULEVARD

NEW CURB

02 Issued for Review BB 2022-11-21



Notes:

CGH Transportation

(343) 999-9117

01 Issued for Review BB 2022-11-03

Caivan Communitites 
2934 Baseline Road, Suite 302 

Ottawa, ON 

K2H 1B2

Caivan Perth

Option 7

NTS 2022-11-21 BB CG

020072021-117

6 Plaza Court 

K2H 7W1

Ottawa, ON

EXISTING BRIDE TO BE CONVERTED TO WESTBOUND TRAFFIC ONLY

2.0m SIDEWALK ON EXISTING BRIDGE

NEW BRIDGE 4.5m LANE (EASTBOUND TRAFFIC ONLY)

3.0m MULTI USE PATHWAY

PXO

RAMP DOWN FOR CYCLISTS

SEPARATE/COMBINE EB AND WB TRAFFIC

WITH A BULLNOSE

SEPARATE/COMBINE EB AND WB TRAFFIC

WITH A BULLNOSE

RAMP UP FOR CYCLISTS

MULTI USE PATHWAY

SIDEWALK

ROAD WIDENING/NEW ROAD

BRIDGE WIDENING / NEW BRIDGE

LEGEND

CURB EXTENSION FOR DIRECTIONAL CLOSURE

MOUNTABLE TRUCK APRON

CROSS SECTION

OVER BRIDGE

CROSS SECTION

2.00m SIDEWALK

5.00m WESTBOUND LANE

GAP BETWEEN WB AND EB BRIDGE

3.00m MULTI-USE PATHWAY

EXISTING BRIDGE CONVERTED TO

NEW BRIDGE 4.5m EASTBOUND LANE

2.00m SIDEWALK

3.75m WESTBOUND LANE

3.00m MULTI-USE PATHWAY

3.75m EASTBOUND LANE

1.50m INNER BOULEVARD

1.50m INNER BOULEVARD

02 Issued for Review BB 2022-11-21



Notes:

CGH Transportation

(343) 999-9117

02 Issued for Review BB 2022-11-21

Caivan Communitites 
2934 Baseline Road, Suite 302 

Ottawa, ON 

K2H 1B2

Caivan Perth

Option 8

NTS 2022-11-21 BB CG

020082021-117

6 Plaza Court 

K2H 7W1

Ottawa, ON

NEW BI-DIRECTIONAL BRIDGE

SEE CROSS SECTION FOR COMPONENTS

SUNSET BOULEVARD

3.0m MULTI USE PATHWAY

PERTH COMMUNITY CARE

CENTRE

MULTI USE PATHWAY

SIDEWALK

ROAD WIDENING/NEW ROAD

BRIDGE WIDENING / NEW BRIDGE

LEGEND

2.00m SIDEWALK

LANARK LODGE

LANARK COUNTY

ADMINISTRATION BUILDINGCROSS SECTION

OVER BRIDGE

1.50m SIDEWALK

3.5m WESTBOUND LANE

3.5m EASTBOUND LANE

1.50m BUFFER

3.00m MUP

CROSS SECTION

2.00m SIDEWALK

4.75m WESTBOUND LANE

3.00m MULTI-USE PATHWAY

4.75m EASTBOUND LANE

1.50m INNER BOULEVARD

1.50m INNER BOULEVARD
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3 Evaluation
The evaluation will score the alternatives as either having relatively positive outcomes, relatively negative 

outcomes, or as having relatively neutral outcomes.

3.1 Criteria Definitions

The following definitions provide the methodology of ranking various bridge alternatives using multiple 

transportation and structural criteria presented below.

3.1.1 Pedestrian Needs

· Facilities with separated pedestrian infrastructure within the cross-section will result in a high Pedestrian 

Level of Service (PLOS) as people who are walking will experience a higher degree of comfort and safety

· In cases where the pedestrian facility is not physically separated from other traffic lanes but delineated 

(with painted lane markings/crosswalks) pedestrians will experience a moderate level of safety

· Where there are no pedestrian facilities whatsoever in the cross-section, pedestrians will experience a 

lower/moderate/higher degree of comfort and safety

3.1.2 Cyclist Needs

· Facilities with separated cyclist infrastructure within the cross-section will result in a high Bicycle Level of 

Service (BLOS) as people who are walking will experience a higher degree of comfort and safety

· In cases where the cyclist facility is not physically separated from other traffic lanes but delineated (with 

painted lane markings/crosswalks) cyclist will experience a moderate level of safety

· Where there are no cyclist facilities whatsoever in the cross-section, cyclist will experience a 

lower/moderate/higher degree of comfort and safety

3.1.3 Auto Needs

· Alternatives that provide a high degree of capacity across the river, using industry standard lane widths 

will be ranked higher

· Alternatives where the cross-sections will not provide adequate capacity will be ranked low

3.1.4 Emergency Vehicles

· Alternatives with secondary emergency vehicle access using roadway infrastructure will be ranked high

· Alternatives where emergency vehicles can cross the river using active mode infrastructure will be ranked 

moderate

· Alternatives that do not provide a secondary emergency access will be ranked low

3.1.5 Peter Street Traffic

Peter Street connects the new subdivision to the village of Perth’s historic downtown area. Recognising this local 

street will experience additional golf course subdivision traffic. Traffic calming features will be implemented to 

mitigate the impact. All bridge options can accommodate the preferred Peter/Rodger traffic calming 

improvement. 

3.1.6 Phasing

· Alternatives that enable full buildout of the subdivision are ranked high. 

· Alternatives that accommodate phase one of the subdivision are ranked moderate. 

· Alternatives that are unable to accommodate traffic are ranked low. 
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3.1.7 Structural Costs

The structural costs include various bridge and abutment elements required to span the Tay River. Additional costs 

associated with the complete access solution beyond the Peter Street area will require further study would be 

required to properly quantify them.

3.1.8 Transportation Costs

The transportation costs include elements within the cross-section that connect the various bridge scenarios to 

the Peter Street at Lustre Lane intersection and between the community and the Lanark County Administration 

Building drive aisle.

3.1.9 Land Requirements

· Alternatives that require no additional private land are ranked high. 

· Alternatives that require coordination between multiple jurisdictions to secure access are ranked 

moderate. 

· Alternatives that require private land at unknown cost and availability are ranked low.

3.2 Evaluation Scoring

The results of the evaluation are summarized in Table 1 on the following page.
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Table 1: Evaluation Matrix

Criterion Option 1

Do Nothing

Option 2

Construct a Separate MUP 

Bridge (3m)

Option 3

Construct a Separate MUP 

Bridge (4.5m)

Option 4

Widen Deck for Collector 

Traffic, Sidewalk (One 

Side)

Option 5

Widen Deck for Collector 

Traffic, Sidewalk, MUP

Option 6

Construct New Bridge 

North of Existing, 

Sidewalk, Westbound 

Travel Lane

Option 7

Construct New Bridge 

South of Existing, MUP, 

Eastbound Travel Lane 

Option 8

Construct New Bridge at 

the North End of the 

Community

Pedestrian 

Needs

Does not provide a 

separated pedestrian 

connection to the 

downtown

£

Will provide separated 

pedestrian connection to 

the downtown



Will provide separated 

pedestrian connection to 

the downtown



Will provide separated 

pedestrian connection to 

the downtown



Will provide separated 

pedestrian connection to 

the downtown



Will provide separated 

pedestrian connection to 

the downtown



Will provide separated 

pedestrian connection to 

the downtown



Does not provide a 

separated pedestrian 

connection to the 

downtown

£
Cyclist Needs Shared use lanes on a 

narrow bridge deck will 

reduce cycling trips

£

Adding a separated 

connection will encourage 

cycling trips



Adding a separated 

connection will encourage 

cycling trips



Absence of a separated 

connection will limit cycling 

trips

¯

Adding a separated 

connection will encourage 

cycling trips



Adding a separated 

connection will encourage 

cycling trips



Adding a separated 

connection will encourage 

cycling trips



Shared use lanes on a 

narrow bridge deck will 

reduce cycling trips

£
Auto Needs Auto connectivity is 

adequate, but capacity is 

low and will be limited to 

first phase traffic

£

Auto connectivity is 

adequate, but capacity is 

low and will be limited to 

first phase traffic

£

Auto connectivity is 

adequate, but capacity is 

low and will be limited to 

first phase traffic

£

Supports increased auto 

capacity and connectivity 

past Phase 1



Supports increased auto 

capacity and connectivity 

past Phase 1



Supports increased auto 

capacity and connectivity 

past Phase 1



Supports increased auto 

capacity and connectivity 

past Phase 1



Supports increased auto 

capacity and connectivity 

past Phase 1



Emergency 

Vehicles

No secondary access for 

emergency vehicles 

typically caps development 

at 200 units

£

MUP bridge will not 

function as emergency 

access capping 

development at 200 units

£

MUP bridge may function 

as a secondary emergency 

access

¯

No secondary access for 

emergency vehicles 

typically caps development 

at 200 units

£

No secondary access for 

emergency vehicles 

typically caps development 

at 200 units

£

New bridge will provide a 

full secondary emergency 

access



New bridge will provide a 

full secondary emergency 

access



New bridge will provide a 

full secondary emergency 

access



Peter Street 

Traffic

Permits directional diverter 

on Peter Street

¯

Permits directional diverter 

on Peter Street

¯

Permits directional diverter 

on Peter Street

¯

Permits directional diverter 

on Peter Street

¯

Permits directional diverter 

on Peter Street

¯

Permits directional diverter 

on Peter Street but allows 

for exploration of 

alternative treatments 



Permits directional diverter 

on Peter Street

¯

Permits directional diverter 

on Peter Street

¯

Schedule and 

Phasing

Development limited to 

200 units

£

Development limited to 

200 units

£

Development limited to 

Phase 1

¯

Development limited to 

200 units

£

Development limited to 

200 units

£

May permit all phases of 

development



May permit all phases of 

development



May permit all phases of 

development


Structural Costs No costs at present; future 

rehabilitation cost schedule 

applies, future costs for 

additional crossing(s)

An estimated construction 

cost of $500,000 for the 

MUP bridge, and 

$4,900,000-$9,800,000 for 

the future crossing for full 

development traffic

An estimated construction 

cost of $950,000 and 

$4,900,000-$9,800,000 for 

the future crossing for full 

development traffic

An estimated construction 

cost of $750,000 and 

$4,900,000-$9,800,000 for 

the future crossing for full 

development traffic

An estimated construction 

cost of $1,200,000 and 

$4,900,000-$9,800,000 for 

the future crossing for full 

development traffic

An estimated construction 

cost of $2,100,000 which 

includes modifications to 

the existing bridge to 

convert to one-way with 

MUP

An estimated construction 

cost of $2,700,000 which 

include modifications to 

the existing bridge to 

convert to one-way with 

sidewalk

An estimated construction 

cost of $4,900,000-

$9,800,000

Transportation 

Costs

An estimated construction 

cost of $995,000

An estimated construction 

cost of $1,100,000 at the 

east river crossing, 

$2,380,000 for the north 

river crossing

An estimated construction 

cost of $1,140,000 at the 

east river crossing, 

$2,380,000 for the north 

river crossing

An estimated construction 

cost of $1,125,000 at the 

east river crossing, 

$2,380,000 for the north 

river crossing

An estimated construction 

cost of $1,190,000 at the 

east river crossing, 

$2,380,000 for the north 

river crossing

An estimated construction 

cost of $1,300,000

An estimated construction 

cost of $1,245,000

An estimated construction 

cost of $2,380,000

Land 

Requirements

No additional land required


Multi-jurisdictional 

coordination required

¯

Multi-jurisdictional 

coordination required

¯

Multi-jurisdictional 

coordination required

¯

Multi-jurisdictional 

coordination required

¯

Private land required

£
No additional land required


Multi-jurisdictional 

coordination required

¯

Notes:  Relatively Positive ¯Relatively Neutral £ Relatively Negative
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4 Recommendations
It is recommended that Options 6 and 7 be explored in parallel. Given the potential for these options to constitute 

the full community access solution, and having a more constrained and known overall cost, it is recommended 

that these options be provisionally selected as the preferred options.

Additionally, given the magnitude difference in cost, process challenges and constructability, it is recommended 

that the second crossing to the County Administration Building access be screened out and the accessibility 

requirements for these lands be accommodated using the Perth Street/North Street corridor and the Option 6 or 

7 structure alternative.

5 Next Steps
Following the review of the findings of this memo, further work to properly quantify options will be required. As 

part of this work, an EA will need to be undertaken to determine costs and details associated with community 

access.



Appendix B
Existing Turning Movement Counts
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Appendix C
Synchro and SimTraffic Intersection Worksheets – Existing Conditions
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Future Traffic Forecasting Memo Traffic Volumes
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Appendix E
Synchro and SimTraffic Intersection Worksheets – 2041 Future Background Conditions



�
��
�
��
��
��
	�
��


��
��

�
	�


�
�
�
��

�


�

��
	�
�
�
�
�
�


�
�
	�
�
�
�

��
��
��
��

��

�
��
	


��
��
��
��
��
��
�
���

�
��
��
�


	�
�

�
��
�
�

���
��
�
��

�
�

��
�

 

��
�

�


�
�
�
��
	
�	
�
��	
��
��
��
�
��

�
�	

�!
��

"�
�

�
�

�
#
$ 

�
�

��
��
��
�

%&
��

%&
��

%&
��

%&
��

'
	�

��
��
�

(&
��

(&
��

(&
��

(&
��

�
�

�
��
��
��
)�

�	
*

+�
+�

+�
+�

�
��
��
�
��
�
��

��
)�

�	
*

%�
%�

%�
%�

,�
�
�-	

��
�$

�
�

�
�

�
�

,�
�
��
��
�
��

��
-	
��
�$

�
�

�
�

�
�

.
��

��
'
	�
��
��

�/
��

�0
/1

�0
��

�/
+�

.
��

��
'
2�
��
�

�/
�1

�0
��

�0
��

�/
+�

�
�

��
�	
 �
.
��

�
0�

�1
/�

�(

'
	�

�	
 �
.
��

�
�1

/�
��

�%

�
�

$�
��3

��
�

	�
��
)4
�
*

��
(+

��
(�

��
%�

��
//

�
�

$�
���
��
��
)�
�*

�%
5�

�+
5�

�(
5/

�1
5+

�
�

�
�3
��

6
�)
��
*

15
�

(5
0

(5
�

15
+

�
�

�
��
�
��

�/
/0

�0
(%

�0
(/

�0
�1

7
��

��8
��
��
)�*

��
�5
�

��
+5
(

��
(5
�

��
%5
�

��
��
��
�
�	
�
�
	�
�
�
��
�
��

�
		
�
�
�
�
��
�

�
�

��
��
��
�

%&
��

'
	�

��
��
�

1&
��

�
�

�
��
��
��
)�

�	
*

��

.
�
��

��
�

�9
��
��
��
"6
��
�
:
��
�7

�
�
��
5

!
�
�


�

��
��
�
��

��
��
��
��	
��
�$

�
5

��
��
��
�
�	
�
�
	�
�
�
��
�
��

�
		
�
�
�

��
��
�

�
�

��
��
��
�

1&
��

'
	�

��
��
�

(&
��

�
�

�
��
��
��
)�

�	
*

%�

.
�
��

��
�

�9
��
��
��
"6
��
�
:
��
�7

�
�
��
5

�
�	

�!
��

"�
�

�
�

�
#
$ 

.
��

��
'
	�
��
��

�/
��

�0
/1

�0
��

�/
+�

.
��

��
'
2�
��
�

�/
�1

�0
��

�0
��

�/
+�

�
�

��
�	
 �
.
��

�
0�

�1
/�

�(

'
	�

�	
 �
.
��

�
�1

/�
��

�%

�
�

$�
��3

��
�

	�
��
)4
�
*

��
(+

��
(�

��
%�

��
//

�
�

$�
���
��
��
)�
�*

�%
5�

�+
5�

�(
5/

�1
5+

�
�

�
�3
��

6
�)
��
*

15
�

(5
0

(5
�

15
+

�
�

�
��
�
��

�/
/0

�0
(%

�0
(/

�0
�1

7
��

��8
��
��
)�*

��
�5
�

��
+5
(

��
(5
�

��
%5
�

 


�


��
�
	�
�
�
	�
�
�
�
��
�
	�
�
!

��

�


�

��
	�
�
�
�
�
�


�
�
	�
�
�
�

��
��
��
��

��

�
��
	


��
��
��
��
��
��
�
���

�
��
��
�


	�
�

�
��
�
�

���
��
�
��

�
�

��
�

 

��
�

��
��
��
�
�
��

�
"	
#
"	
$
���

�
	�
�	
$
	%
	&

��
'
	�
�

;
$
��

�	
�

'
<

'
<

=
<

=
<

!
<

�
<

�
<

3
���
��
�
	�
��
��
$�
�

��
�

��
�

��
�

��
�
�

;

2
��
��

�>
��

��
�)
�
*

�%
5�

�(
5�

(5
(

�0
5�

�/
5/

/�
5(

%5
�

#
$�
�

 �

�>
��

��
�)
�
*

�5
�

�5
+

�5
�

��
5(

�5
�

��
5%

�5
�

+0
��
�>
��

��
�)
�
*

+5
/

��
5+

(5
/

��
51

��
5/

��
5%

�5
�

��
	4
�3
��
�

	�
��
)�

*
/�

�5
/

��
%5
/

0�
5�

%0
(5
�

8
��
��
�


�
�<
�4
��
��
��
)?

*

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
�
�

 �

�<

6
�3
��
��)
�
*

05
�

�0
5�

%0
5�

�
�
�

 �

�<
�4
��
��
��
)?

*
�

�
�

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
�

�

��
��
��
�
�
��

�
"	
�
"	
$
���

�
	�
�	
(
)$
���

�
	�
�	
$
	%
	*
�
��
�	
�
�)
�

�
��
�	
�
�

;
$
��

�	
�

'
<

=
<

=
<

!
<

�
<

�
<

3
���
��
�
	�
��
��
$�
�

��
�

��
�

��
�

�
�
�

;

2
��
��

�>
��

��
�)
�
*

/+
5/

/(
5/

��
5�

�+
51

0�
50

�1
5�

#
$�
�

 �

�>
��

��
�)
�
*

��
5+

��
50

�(
5(

%5
/

��
51

+5
/

+0
��
�>
��

��
�)
�
*

�1
5/

�+
50

��
5�

�%
5�

/�
51

��
5%

��
	4
�3
��
�

	�
��
)�

*
��

%5
�

��
/5
0

��
/5
%

0�
5�

0�
5�

8
��
��
�


�
�<
�4
��
��
��
)?

*
�

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�

�
�
�

 �

�<

6
�3
��
��)
�
*

�0
5�

�
�
�

 �

�<
�4
��
��
��
)?

*
/

(

>
��

��
	 

��
�	


�
�6
�)
$�
�*

��
/

��
��
��
�
�
��

�
"	
+
"	
,

��
	�
�	
$
	%
	&

��
'
	�
�

;
$
��

�	
�

'
<

'
<

=
<

!
<

�
<

3
���
��
�
	�
��
��
$�
�

��
�

��
�

��
�

��

;

2
��
��

�>
��

��
�)
�
*

�(
5/

�+
51

��
5�

�0
5�

05
+

#
$�
�

 �

�>
��

��
�)
�
*

(5
(

%5
�

(5
%

�5
%

�5
%

+0
��
�>
��

��
�)
�
*

�1
51

�%
50

�%
51

05
+

/5
�

��
	4
�3
��
�

	�
��
)�

*
��

%5
/

�/
�5
0

0�
5/

��
(5
�

8
��
��
�


�
�<
�4
��
��
��
)?

*

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
�
�

 �

�<

6
�3
��
��)
�
*

+5
0

�
�
�

 �

�<
�4
��
��
��
)?

*
�

�
�

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
�

�



 


�


��
�
	�
�
�
	�
�
�
�
��
�
	�
�
!

��

�


�

��
	�
�
�
�
�
�


�
�
	�
�
�
�

��
��
��
��

��

�
��
	


��
��
��
��
��
��
�
���

�
��
��
�


	�
�

�
��
�
�

���
��
�
��

�
�

��
�

 

��
�

��
��
��
�
�
��

�
"	
-
"	
,

��
	�
�	
(
),

��
	�
�	
$
	%
	�

�
��
�	
�
�

;
$
��

�	
�

'
<

'
<

=
<

=
<

!
<

!
<

�
<

�
<

3
���
��
�
	�
��
��
$�
�

��
�

��
�

�
�
�

��
�

;

2
��
��

�>
��

��
�)
�
*

�%
5�

�/
5�

��
5�

�%
5�

0/
5/

�0
5�

/%
50

�/
5+

#
$�
�

 �

�>
��

��
�)
�
*

(5
(

��
5%

(5
�

�5
1

�0
5�

��
50

�0
5�

�5
/

+0
��
�>
��

��
�)
�
*

��
50

�0
50

�1
5/

��
50

/�
5�

��
5(

��
5/

��
5/

��
	4
�3
��
�

	�
��
)�

*
��

/5
0

��
/5
(

�(
/5
�

0�
5/

8
��
��
�


�
�<
�4
��
��
��
)?

*
�

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�

�
�
�

 �

�<

6
�3
��
��)
�
*

�0
5�

(5
�

��
5�

��
5�

�
�
�

 �

�<
�4
��
��
��
)?

*
�

�
�%

�
��

�
�/

�

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
�

�
�

�(
0

�
�

��
��
��
�
�
��

�
"	
�
�
"	
�

�
�
��
	�
�
	%
	*
�
��
�	
�
�

;
$
��

�	
�

=
<

!
<

3
���
��
�
	�
��
��
$�
�

��
��

;

2
��
��

�>
��

��
�)
�
*

%5
�

�0
5+

#
$�
�

 �

�>
��

��
�)
�
*

�5
%

��
50

+0
��
�>
��

��
�)
�
*

/5
/

��
5�

��
	4
�3
��
�

	�
��
)�

*
��

%5
�

��
/5
(

8
��
��
�


�
�<
�4
��
��
��
)?

*

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
�
�

 �

�<

6
�3
��
��)
�
*

�
�
�

 �

�<
�4
��
��
��
)?

*

>
��

��
	 

��
�	


�
�6
�)
$�
�*

&
�
�.

��
	�


�
�
�
��

!
��
:
�
4�
:
��
��
>
��

��
	 

��
�	


�
�6
&�0

�

�
��

�
��
��
��
	�
��



��
��

�
	�


�
�
�
��

�


�

��
	�

��
�	
�
�
�
�

��
��
��
��

��

�
��
	


��
��
��
��
��
��
�
���

�
��
��
�


	�
�

�
��
�
�

���
��
�
��

�
�

��
�

 

��
�

�


�
�
�
��
	
�	
�
��	
��
��
��
�
��

�
�	

�!
��

"�
�

�
�

�
#
$ 

�
�

��
��
��
�

�%
�&

�%
�&

�%
�&

�%
�&

'
	�

��
��
�

(%
(&

(%
(&

(%
(&

(%
(&

�
�

�
��
��
��
)�

�	
*

+�
+�

+�
+�

�
��
��
�
��
�
��

��
)�

�	
*

,�
,�

,�
,�

-�
�
�.	

��
�$

�
�

�
�

�
�

-�
�
��
��
�
��

��
.	
��
�$

�
�

�
�

�
�

/
��

��
'
	�
��
��

��
01

��
�(

��
�(

��
��

/
��

��
'
2�
��
�

��
1,

��
�1

��
��

��
��

�
�

��
�	
 �
/
��

�
&,

,�
&(

&,

'
	�

�	
 �
/
��

�
(1

&1
&1

(+

�
�

$�
��3

��
�

	�
��
)4
�
*

�+
�0

�+
�0

�+
�0

�+
�(

�
�

$�
���
��
��
)�
�*

&0
5,

&+
5�

&1
5(

&1
5(

�
�

�
�3
��

6
�)
��
*

�(
50

�&
5&

�&
50

�&
5�

�
�

�
��
�
��

��
&1

�&
,,

�(
&�

�(
&1

7
��

��8
��
��
)�*

�,
05
1

�0
�5
�

�,
15
&

�,
+5
�

��
��
��
�
�	
�
�
	�
�
�
��

�
��

�
		
�
�
�
�
��
�

�
�

��
��
��
�

�%
�&

'
	�

��
��
�

�%
(&

�
�

�
��
��
��
)�

�	
*

��

/
�
��

��
�

�9
��
��
��
"6
��
�
:
��
�7

�
�
��
5

!
�
�


�

��
��
�
��

��
��
��
��	
��
�$

�
5

��
��
��
�
�	
�
�
	�
�
�
��

�
��

�
		
�
�
�

��
��
�

�
�

��
��
��
�

�%
(&

'
	�

��
��
�

(%
(&

�
�

�
��
��
��
)�

�	
*

,�

/
�
��

��
�

�9
��
��
��
"6
��
�
:
��
�7

�
�
��
5

�
�	

�!
��

"�
�

�
�

�
#
$ 

/
��

��
'
	�
��
��

��
01

��
�(

��
�(

��
��

/
��

��
'
2�
��
�

��
1,

��
�1

��
��

��
��

�
�

��
�	
 �
/
��

�
&,

,�
&(

&,

'
	�

�	
 �
/
��

�
(1

&1
&1

(+

�
�

$�
��3

��
�

	�
��
)4
�
*

�+
�0

�+
�0

�+
�0

�+
�(

�
�

$�
���
��
��
)�
�*

&0
5,

&+
5�

&1
5(

&1
5(

�
�

�
�3
��

6
�)
��
*

�(
50

�&
5&

�&
50

�&
5�

�
�

�
��
�
��

��
&1

�&
,,

�(
&�

�(
&1

7
��

��8
��
��
)�*

�,
05
1

�0
�5
�

�,
15
&

�,
+5
�



�


�


��
�
	�
�
�
	�
�
�
 
��
�
	�

�
!

��

�


�

��
	�

��
�	
�
�
�
�

��
��
��
��

��

�
��
	


��
��
��
��
��
��
�
���

�
��
��
�


	�
�

�
��
�
�

���
��
�
��

�
�

��
�

 

��
�

��
��
��
�
�
��

�
"	
#
"	
$
���

�
	�
�	
$
	%
	&


��
'
	�
�

;
$
��

�	
�

'
<

'
<

=
<

=
<

!
<

�
<

�
<

3
���
��
�
	�
��
��
$�
�

��
�

��
�

��
�

��
�
�

;

2
��
��

�>
��

��
�)
�
*

+5
�

�,
5,

�(
5(

�(
50

(�
5,

1&
5�

�0
50

#
$�
�

 �

�>
��

��
�)
�
*

�5
�

&5
�

�5
0

��
5�

(5
,

��
5�

�5
+

+&
��
�>
��

��
�)
�
*

15
0

��
51

+5
1

��
5�

��
5,

&&
5�

�(
5�

��
	4
�3
��
�

	�
��
)�

*
(�

�5
(

��
,5
(

&�
5�

,&
15
�

8
��
��
�


�
�<
�4
��
��
��
)?

*
�

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�

�
�
�

 �

�<

6
�3
��
��)
�
*

&5
�

�&
5�

,&
5�

�
�
�

 �

�<
�4
��
��
��
)?

*
(

,
�

(
�

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
�

�
�

�

��
��
��
�
�
��

�
"	
�
"	
$
���

�
	�
�	
(
)$

���

�
	�
�	
$
	%
	*
�
��
�	
�
�)
�

�
��
�	
�
�

;
$
��

�	
�

'
<

=
<

=
<

!
<

�
<

�
<

3
���
��
�
	�
��
��
$�
�

��
�

��
�

��
�

�
�
�

;

2
��
��

�>
��

��
�)
�
*

&&
5(

&�
5�

��
5�

(�
5,

&0
5,

��
5+

#
$�
�

 �

�>
��

��
�)
�
*

�(
5�

��
5�

��
5&

�,
5�

(�
5�

��
5(

+&
��
�>
��

��
�)
�
*

(�
50

�&
50

��
51

��
50

,�
5+

�,
51

��
	4
�3
��
�

	�
��
)�

*
��

,5
�

��
(5
&

��
(5
,

&�
5�

&�
5�

8
��
��
�


�
�<
�4
��
��
��
)?

*
,

>
��

��
	 

��
�	


�
�6
�)
$�
�*

��

�
�
�

 �

�<

6
�3
��
��)
�
*

�&
5�

�
�
�

 �

�<
�4
��
��
��
)?

*
(

��

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�1
,

��
��
��
�
�
��

�
"	
+
"	
,

��
	�
�	
$
	%
	&


��
'
	�
�

;
$
��

�	
�

'
<

'
<

=
<

!
<

�
<

3
���
��
�
	�
��
��
$�
�

��
�

��
�

��
�

��

;

2
��
��

�>
��

��
�)
�
*

�+
5�

�0
5(

�+
51

�(
51

��
5�

#
$�
�

 �

�>
��

��
�)
�
*

05
(

05
1

��
5�

&5
1

�5
+

+&
��
�>
��

��
�)
�
*

�(
5�

�&
5(

��
5&

��
5(

&5
&

��
	4
�3
��
�

	�
��
)�

*
��

,5
(

�(
�5
&

&�
5(

��
15
�

8
��
��
�


�
�<
�4
��
��
��
)?

*

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
�
�

 �

�<

6
�3
��
��)
�
*

+5
&

�
�
�

 �

�<
�4
��
��
��
)?

*
�

�
�

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
�

�

�


�


��
�
	�
�
�
	�
�
�
 
��
�
	�

�
!

��

�


�

��
	�

��
�	
�
�
�
�

��
��
��
��

��

�
��
	


��
��
��
��
��
��
�
���

�
��
��
�


	�
�

�
��
�
�

���
��
�
��

�
�

��
�

 

��
�

��
��
��
�
�
��

�
"	
-
"	
,

��
	�
�	
(
),


��
	�
�	
$
	%
	�

�
��
�	
�
�

;
$
��

�	
�

'
<

'
<

=
<

=
<

!
<

!
<

�
<

�
<

3
���
��
�
	�
��
��
$�
�

��
�

��
�

�
�
�

��
�

;

2
��
��

�>
��

��
�)
�
*

10
5�

(�
5�

�,
5(

�0
5�

,&
5�

�&
5�

(1
51

�(
5+

#
$�
�

 �

�>
��

��
�)
�
*

�1
5�

�0
5(

��
5�

�5
&

��
5+

�,
5&

��
5+

&5
1

+&
��
�>
��

��
�)
�
*

&(
5�

((
51

�,
5�

��
5�

&,
5+

�,
5�

�1
5+

�+
5�

��
	4
�3
��
�

	�
��
)�

*
��

(5
&

��
(5
1

�1
(5
�

&�
5(

8
��
��
�


�
�<
�4
��
��
��
)?

*
�

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�

�
�
�

 �

�<

6
�3
��
��)
�
*

�&
5�

15
�

��
5�

��
5�

�
�
�

 �

�<
�4
��
��
��
)?

*
�

��
��

�
�(

�
�(

�

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
&

&
�

�0
+

0
�

��
��
��
�
�
��

�
"	
�
�
"	
*
�
��
�	
�
�

;
$
��

�	
�

=
<

!
<

3
���
��
�
	�
��
��
$�
�

��
��

;

2
��
��

�>
��

��
�)
�
*

��
5�

�1
50

#
$�
�

 �

�>
��

��
�)
�
*

�5
+

��
5�

+&
��
�>
��

��
�)
�
*

,5
�

�,
5&

��
	4
�3
��
�

	�
��
)�

*
��

,5
�

��
(5
1

8
��
��
�


�
�<
�4
��
��
��
)?

*

>
��

��
	 

��
�	


�
�6
�)
$�
�*

�
�
�

 �

�<

6
�3
��
��)
�
*

�
�
�

 �

�<
�4
��
��
��
)?

*

>
��

��
	 

��
�	


�
�6
�)
$�
�*

&
�
�.


� 
	�


�
�
�
��

!
��
:
�
4�
:
��
��
>
��

��
	 

��
�	


�
�6
%��

��



�
&

�
�'

�%
�

!
"

&
�

�
��

��
��

�
�
�
�

�	
�

�
�

��
�

�
�

��
�

��
�

�
�
��

	
�

�

�
 �

!
�
�

	
�

�"
��

!
�#

�$
	

��
%

�"
�

�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
�

2�
��
�
�$
���
�

2�
��:
�	
�3
;�
<(
��

�7
�

=
�(
�&
��
�

�
�
�

�
�
�

�
�
 

!
�
�

!
�
�

!
�
 

"
�
�

"
�
�

"
�
 

#
�
�

#
�
�

#
�
 

��
��
��
��

��
��
��
��
�

�
��


�
$�
%
�	
;�(
��
<�

+
*

��
.

�
+�

.
*,
�

�.
1�

�-
.

�-

/
��
��
��
%
�	
;�(
��
<�

+
*

��
.

�
+�

.
*,
�

�.
1�

�-
.

�-

�
��

	�
$�
��
��
�
��
;
�>
<�
�

�
�

*
*

�
�

�+
�

��
��

�
�+

#
��
��
�
��
��
�	
�

#
��
�

#
��
�

#
��
�

#
��
�

#
��
�

#
��
�

/
��
�

/
��
�

/
��
�

/
��
�

/
��
�

/
��
�

 
�
��
��
��
�	
�6
��

�
�
"
��
�

�
�
"
��
�

�
�
"
��
�

�
�
"
��
�

#
��
��
��
��
��
��
�

�
�

+
�+

�
�

�
�

�
�

�
,+

%
��
���
�=
��
��
��
#
��
��
��
;�>

�
�

�
�

�
�

�
�

�
�

�
�

�
��
��
;�8

�
�

�
�

�
�

�
�

�
�

�
�

�
��
?�
�
��
��
/
�$
��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

�
��
(3
�%
��
�$
	�
;
�8

�
��

��
�

�-
��

�
,

1
��

*
��

=
(&
��/
	�
0

+
*

��
.

�
+�

.
*,
�

�.
1�

�-
.

�-

� =
�@
��
<=
��
��

=
��
��
�

=
��
��
�

=
�@
��
�

=
�@
��
�

�
��

	�
$�
��
��
/
	�
0
�9
		

��
��

��
-*

��
.

1,
-

��
-+

*1
*

*�
�

�
�

*-
�

�
�

���
���
���
�#
��
��
��

+1
1

+1
1

�
*-
1

*-
1

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

+�
�

+�
,

�
�.
�

+-
.

�
�

�
�

�
�

�

�
���
�$
�	
��
�0
3

.7
��

,7
--
+

.7
�

.7
��

,7
-�
+
,7
+*
+

*7
��

�
�
*7
**
+

�
�

�
���
�$
�	
��
�0
3�
#
��
��

,7
+�

+7
--
+

�
,7
��

+7
-�
+

�
�

�
�

�
�

�

�
���
�$
�	
��
�0
3�
#
��
��

,7
��

+7
--
+

�
,7
+�

+7
-�
+

�
�

�
�

�
�

�

/
�	
	�
0
��
��
�
�0
3

�7
+�
-
*7
��
�+

�7
*-

�7
+�
-
*7
�.
++
�7
+�
1+

�7
��
-

�
��
7*
�1
+

�
�

�
��
��
��
��
�=
��
��
(�
�

�.
1

�.
-

.�
�

�+
-

�1
�

+�
�

��
�.

�
�

-+
�

�
�

���
���
���
�#
��
��
��

*,
�

*�
.

�
++
�

*-
�

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

+*
*

*.
-

�
,�
�

*�
-

�
�

�
�

�
�

�

�
	�
��
��
�A
	�
$?
��
;�8

�
�

�
�

=
�(
��
��
��
�=
��
��
(�
�

�*
�

�+
*

.�
-

��
*

�+
.

+�
1

��
�*

�
�

-*
�

�
�

=
�(
��
��
��
�=
��
��
(�
�

�*
�

�+
*

�
��
*

�+
.

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

*+
�

�1
�

�
+*
�

*1
�

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

*1
+

*.
�

�
+�
+

�1
*

�
�

�
�

�
�

�

� 9
��
��
�$
�

�
�

!
�

"
�

#
�

�
�
=
��
��
��
�	
�:
�	
�3
;�

�-
7,

�*
7*

�7
�

�7
1

�
�
=
��
B
#

�
�

� =
��
��
��
��
�<
=
�@
��
�=
(&
�

"
�
�

"
�
�

"
�
 
�
�
��
�
�
�
��
�!

�
��
�!

�
��
�

#
�
�

#
�
�

#
�
 

�
��
�$
��3
�'
(�
�<
�)

��
�*

�
�

�*
.

.�
-

�-
-

+�
1

-*
�

�
�

�
�
=
��
��
��
%
<�
� 
��
��

�7
��
,

�
�
�7
�,
�
�7
��
+

�7
�+

�7
�-
+
�7
�1
1

�
�

�
�
=
��
��
��
�	
�:
�	
�3
�'
)

17
�

�
�

��
7�

��
7�

�*
��
7+

-7
�

�7
*

�

�
�
=
��
��
��
�B
#

9
9

�
:

�
�

�
9

9
�

�
�
=
�-
+�
��
8
��	
��
C
'(
��
)

�
�

�
�7
�

�
�7
�

�7
�

�7
�

�
�

�
�

�
�

�
��

�
	


�
�

�
�
��


��

��
�

�
�

�
��

��
��

�
�
�
�

�	
�

�
�

��
�

�
�

��
�

��
�

�
�
��

	
�

�

�
 �

!
�
�

	
�

�"
��

(
)!

�
�
	

�
�"

��
!

�#
��

�
��

��
"

�)
�

	
�
��

��
"

�
�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
�

��
��
��
��
��

�
�
�

�
�
�

!
�
�

!
�
�

!
�
 

"
�
�

"
�
�

#
�
�

#
�
�

��
��
��
��

��
��
��
��
�

�
��


�
$�
%
�	
�&
��
'(
��
)

-+
��

.
*,

�+
�

+
��

�1
*

+.

/
��
��
��
%
�	
�&
��
'(
��
)

-+
��

.
*,

�+
�

+
��

�1
*

+.

��
��
��
��
��
�/
	�
0
�'
(�
�)

�
��
.

�
+�

�+
�

�
*+

�1
*

�*
-

�
��
��
�
3�
�

�
��
&

"
9

�
��
&

"
9

�&
D
�(

�
��
&

"
9

�&
D
��

"
9

�
��
��
$�
��
��
��
�


*
1

�
�

�
,

�
��
&
���
��
��
��
�


*
1

1
�

,

:
��
�$
��
��
�
��
�

*
*

1
1

�
�

�
�

,

#
0
��$
��
�
��
�

=
��
�&
�&
�2�
���
�	
�'
)

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

=
��
�&
�&
�#
�	
���
'
)

�*
7�

�*
7�

�*
7�

�*
7�

��
7�

��
7�

��
7�

��
7�

��
7�

�
��
�	
�#
�	
���
'
)

�+
7�

�+
7�

�+
7�

�+
7�

��
7�

�,
7*

�,
7*

��
7�

�,
7*

�
��
�	
�#
�	
���
'8
)

*�
7.
8

*�
7.
8

*�
7.
8

*�
7.
8

�.
7�
8

��
7�
8

��
7�
8

�.
7�
8

��
7�
8

=
�E
�&
�&
��
��
��
�'
)

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

F
�	
	�
0
��
�&
��
'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

9
		�
 
��
��
�&
��
'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

��
�
��
�&
��
9
�@
�
��'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�
��
�	
��
�
���
�&
��
'
)

+7
�

+7
�

�7
�

+7
*

�7
�

+7
*

��
��
<�
��

��
��

��
�

��
�

��
��

��
��
��
��
�B
��
�&
�6
�G

F
�

F
�

F
�

F
�

%
��
�$
	�
��
E�
��
�
��
�'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

 
�$
�	
	�=
��
�

"
��
�

"
��
�

"
��
�

"
��
�

"
��
�

=
��

=
��

"
��
�

=
��

!
�	
?�
�
�&
��
'
)

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

/
	�
�
�:
��
��!

�	
?�
'
)

,7
.

,7
.

,7
.

,7
.

+7
.

+7
.

+7
.

�
��
�
��
��
��
�
�	
	
�'
><
��
)

+
+

�,
�,

�*
�*

��

9
$�
��


$
���
��
��
�'
)

��
7+

��
7+

��
7,

��
71

�-
7+

�.
7,

9
$�
��
��
��
�<
�
� 
��
��

�7
�1

�7
�1

�7
+�

�7
�,

�7
,,

�7
,�

(<
$�
 
��
��

�7
*�

�7
��

�7
�1

�7
��

�7
��

�7
�,

�
��
��
�	
�:
�	
�3

��
7�

�+
7,

�7
�

�*
7�

,7
�

�7
,

C
��
��
�:
�	
�3

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�
��
�	
�:
�	
�3

��
7�

�+
7,

�7
�

�*
7�

,7
�

�7
,

�B
#

�
�

9
�

9
9

9
��
��
�$
��
:
�	
�3

��
7�

�7
1

�*
7�

+7
�

9
��
��
�$
��
�B
#

�
9

�
9

C
��
��
��
��
��
��
+�
��
�'
&
)

17
�

�7
�

�7
�

�7
�

17
*

�7
-

C
��
��
��
��
��
��
-+
��
�'
&
)

�,
7.

��
71

.7
1

-7
.

�+
7,

-7
-

2�
��
��
�	
��
��
?�
:
�
��'
&
)

��
+7
1

��
�7
,

��
.7
�

*1
7�

�
��
��
�
�3
��
��
��
��
'&
)

�+
7�

�
�
��
�
��
�$
��3
�'
(�
�)

1�
�

��
+,

��
-+

.-
�

��
�+

��
1�

#
��
�(
��
��
��
�
��
� 
��
�$
��

�
�

�
�

�
�

#
��
		A
�$
?�
�
��
� 
��
�$
��

�
�

�
�

�
�

#
��
��
��
��
��
� 
��
�$
��

�
�

�
�

�
�

 
��
�$
��
�(
<$
� 
��
��

�7
�.

�7
�+

�7
�-

�7
�,

�7
�1

�7
��

2�
��
�
�$
���
��
#
�&
&
��
3

�
3$
	�
��
��
��
�4
�1
*7
.

9
$�
��
��
��
�
3$
	�
��
��
��
�4
�*
*7
-

"
��
��
�	
��
3$
	�
4�,
�

�
��
��
�	
��
3�
�4
�9
$�
��
��
��
5
�$
��
��
��
��
��



�
�

�
�

�
��

�
	


�
�

�
�
��


��

��
�

�
�

�
��

��
��

�
�
�
�

�	
�

�
�

��
�

�
�

��
�

��
�

�
�
��

	
�

�

�
 �

!
�
�

	
�

�"
��

(
)!

�
�
	

�
�"

��
!

�#
��

�
��

��
"

�)
�

	
�
��

��
"

�
�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
*

=
�E
�&
�&
�(
<$
� 
��
��
4��
7*
�

2�
��
�
�$
���
��
#
��
��
	�:
�	
�3
4�.
7�

2�
��
�
�$
���
��
�B
#
4�9

2�
��
�
�$
���
��
�
��
�$
��3
�5
��	
�6
��
��
��
+,
7-
8

2�
5
��
�(
�	
��

�#
��
(�
$�
��

9
��
	3
�
�
�
��
��
��
'&
��
)�
�+

#
�	
��
��
��
��
��
�
4
���
��*
4�!

�	
��
�#
���
<!
�	
��
�#
��!

�H
��
��
��
�#
�</
�
��
��
#
�

�
&

�
�'

�%
�

!
"

&
�

�
��

��
��

�
�
�
�

�	
�

�
�

��
�

�
�

��
�

��
�

�
�
��

	
�

�

*
 �

+
	

��
�"

��
!

�#
�$

	
��

%
�"

�
�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
,

2�
��
�
�$
���
�

2�
��:
�	
�3
;�
<(
��

+7
�

=
�(
�&
��
�

�
�
�

�
�
�

�
�
 

!
�
�

!
�
�

!
�
 

"
�
�

"
�
�

"
�
 

#
�
�

#
�
�

#
�
 

��
��
��
��

��
��
��
��
�

�
��


�
$�
%
�	
;�(
��
<�

�
++

�-
��

�+
1

�+
1+

�+
��

.�
1

/
��
��
��
%
�	
;�(
��
<�

�
++

�-
��

�+
1

�+
1+

�+
��

.�
1

�
��

	�
$�
��
��
�
��
;
�>
<�
�

+
�

,
,

�
+

-
�

�.
�.

�
-

#
��
��
�
��
��
�	
�

#
��
�

#
��
�

#
��
�

#
��
�

#
��
�

#
��
�

/
��
�

/
��
�

/
��
�

/
��
�

/
��
�

/
��
�

 
�
��
��
��
�	
�6
��

�
�
"
��
�

�
�
"
��
�

�
�
"
��
�

�
�
"
��
�

#
��
��
��
��
��
��
�

-7
+

�
�

�
�

�
�

�
�

�
�

+

%
��
���
�=
��
��
��
#
��
��
��
;�>

�
�

�
�

�
�

�
�

�
�

�
�

�
��
��
;�8

�
�

�
�

�
�

�
�

�
�

�
�

�
��
?�
�
��
��
/
�$
��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

�
��
(3
�%
��
�$
	�
;
�8

�
��

��
*

�,
�

�1
�

1
�

,
�

=
(&
��/
	�
0

�
++

�-
��

�+
1

�+
1+

�+
��

.�
1

� =
�@
��
<=
��
��

=
��
��
�

=
��
��
�

=
�@
��
�

=
�@
��
�

�
��

	�
$�
��
��
/
	�
0
�9
		

�-
�

��
+

11
��
,

��
�

��
�

-�
�

�
��
.

�
�

���
���
���
�#
��
��
��

��
1

��
1

�
�1
+

�1
+

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

�1
*

�-
.

�
�+
�

��
,

�
�

�
�

�
�

�

�
���
�$
�	
��
�0
3

.7
��

,7
.

,7
*

.7
�*

,7
,,

,7
��

*7
�1

�
�

*7
��

�
�

�
���
�$
�	
��
�0
3�
#
��
��

,7
��

+7
.

�
,7
�*

+7
,,

�
�

�
�

�
�

�

�
���
�$
�	
��
�0
3�
#
��
��

,7
��

+7
.

�
,7
�*

+7
,,

�
�

�
�

�
�

�

/
�	
	�
0
��
��
�
�0
3

�7
+�
1

*7
�1

�7
*1

�7
+�
,
*7
�*
*
�7
��
1
�7
*+
�

�
�
�7
��
1

�
�

�
��
��
��
��
�=
��
��
(�
�

,,
�

+1
�

-�
�

,�
*

+1
-

-�
�

��
+.

�
�
�*
+-

�
�

���
���
���
�#
��
��
��

1-
.

..
�

�
1�
�

.�
�

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

1�
1

.�
+

�
1*
.

..
�

�
�

�
�

�
�

�

�
	�
��
��
�A
	�
$?
��
;�8

�
�

�
�

=
�(
��
��
��
�=
��
��
(�
�

,�
,

+*
1

-�
�

+�
*

++
,

-�
+

��
*1

�
�
�*
*�

�
�

=
�(
��
��
��
�=
��
��
(�
�

,�
,

+*
1

�
+�
*

++
,

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

1,
,

.,
�

�
..
-

,-
�

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

.,
1

,.
,

�
.+
�

.,
�

�
�

�
�

�
�

�

� 9
��
��
�$
�

�
�

!
�

"
�

#
�

�
�
=
��
��
��
�	
�:
�	
�3
;�

��
7�

��
�7
-

�

�
�
=
��
B
#

�
�

� =
��
��
��
��
�<
=
�@
��
�=
(&
�

"
�
�

"
�
�

"
�
 
�
�
��
�
�
�
��
�!

�
��
�

#
�
�

#
�
�

#
�
 

�
��
�$
��3
�'
(�
�<
�)

��
*1

�
�

++
�

-�
�

+,
.

�*
*�

�
�

�
�
=
��
��
��
%
<�
� 
��
��

�7
��
,

�
�
�7
��
+
�7
��
�
�7
�-
-
�7
��
-

�
�

�
�
=
��
��
��
�	
�:
�	
�3
�'
)

.7
.

�
�

��
7�

-7
�

��
.7
+

�
�

�
�
=
��
��
��
�B
#

9
9

�
�

9
�

9
9

�

�
�
=
�-
+�
��
8
��	
��
C
'(
��
)

�7
�

�
�

�7
*

�7
�

�7
�

�
�

�



�
�

�
�

�
��

�
	


�
�

�
�
��


��

��
�

�
�

�
��

��
��

�
�
�
�

�	
�

�
�

��
�

�
�

��
�

��
�

�
�
��

	
�

�

'
 �

+
	

��
�"

��
(

)+
	

��
�"

��
!

�#
��

	
�
��

��
"

�
�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
.

��
��
��
��
��

�
�
�

�
�
�

�
�
 

!
�
�

!
�
�

!
�
 

"
�
�

"
�
�

#
�
�

#
�
�

#
�
 

��
��
��
��

��
��
��
��
�

�
��


�
$�
%
�	
�&
��
'(
��
)

��
*-

��
-

�,
�1

��
�+
,

�,
�

�
��
.

��

/
��
��
��
%
�	
�&
��
'(
��
)

��
*-

��
-

�,
�1

��
�+
,

�,
�

�
��
.

��

��
��
��
��
��
�/
	�
0
�'
(�
�)

�
,�

��
-

�
**

��
�+
,

�.
,

�
��
�

��

�
��
��
�
3�
�

�
��
&

"
9

�&
D
�(

�
��
&

"
9

�
��
&

�&
D
��

"
9

�
��
&

"
9

�
��
&

�
��
��
$�
��
��
��
�


*
+

1
+

�
,

�
��
&
���
��
��
��
�


*
*

1
1

�
,

,

:
��
�$
��
��
�
��
�

*
*

+
1

1
1

+
�

,
,

,

#
0
��$
��
�
��
�

=
��
�&
�&
�2�
���
�	
�'
)

��
7�

��
7�

*7
�

*7
�

*7
�

*7
�

*7
�

��
7�

��
7�

��
7�

��
7�

=
��
�&
�&
�#
�	
���
'
)

��
7�

��
7�

-7
�

��
7�

��
7�

��
7�

-7
�

�+
7�

�-
7�

�-
7�

�-
7�

�
��
�	
�#
�	
���
'
)

�-
7�

�-
7�

�+
7�

�-
7�

�-
7�

�-
7�

�+
7�

*1
7�

��
7�

��
7�

��
7�

�
��
�	
�#
�	
���
'8
)

�*
7�
8

�*
7�
8

�-
7*
8

�*
7�
8

�*
7�
8

�*
7�
8

�-
7*
8

+,
7+
8

�,
7+
8

�,
7+
8

�,
7+
8

=
�E
�&
�&
��
��
��
�'
)

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

*�
7�

�,
7�

�,
7�

�,
7�

F
�	
	�
0
��
�&
��
'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

9
		�
 
��
��
�&
��
'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

��
�
��
�&
��
9
�@
�
��'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�
��
�	
��
�
���
�&
��
'
)

,7
�

�7
�

,7
�

,7
�

�7
�

+7
�

+7
�

+7
�

��
��
<�
��

��
��

��
��

��
�

��
�

��
�

��
��
��
��
�B
��
�&
�6
�G

%
��
�$
	�
��
E�
��
�
��
�'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

 
�$
�	
	�=
��
�

"
��
�

"
��
�

"
��
�

"
��
�

"
��
�

"
��
�

"
��
�

=
��

=
��

=
��

=
��

!
�	
?�
�
�&
��
'
)

��
7�

��
7�

��
7�

��
7�

��
7�

.7
�

��
7�

��
7�

��
7�

/
	�
�
�:
��
��!

�	
?�
'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�
��
�
��
��
��
�
�	
	
�'
><
��
)

�*
�*

�1
�1

�1
�*

�+
�+

�+

9
$�
��


$
���
��
��
�'
)

��
7�

��
7+

-7
�

-7
�

��
71

��
71

��
7�

��
7�

9
$�
��
��
��
�<
�
� 
��
��

�7
�.

�7
*1

�7
��

�7
��

�7
.*

�7
.,

�7
�.

�7
�.

(<
$�
 
��
��

�7
�+

�7
�-

�7
�+

�7
��

�7
�-

�7
�+

�7
��

�7
��

�
��
��
�	
�:
�	
�3

�-
7,

�7
.

��
7�

�7
�

+7
�

*7
+

��
7.

�7
�

C
��
��
�:
�	
�3

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�
��
�	
�:
�	
�3

�-
7,

�7
.

��
7�

�7
�

+7
�

*7
+

��
7.

�7
�

�B
#

�
9

�
9

9
9

�
9

9
��
��
�$
��
:
�	
�3

+7
*

�,
7+

+7
�

�1
7-

9
��
��
�$
��
�B
#

9
�

9
�

C
��
��
��
��
��
��
+�
��
�'
&
)

*7
,

�7
�

�7
�

�7
�

��
7+

+7
1

��
7�

�7
�

C
��
��
��
��
��
��
-+
��
�'
&
)

�*
7.

+7
,

��
7*

�7
�

�1
7�

�*
7+

�,
7-

�7
�

2�
��
��
�	
��
��
?�
:
�
��'
&
)

��
�7
,

��
-7
�

�.
�7
�

*1
7*

�
��
��
�
�3
��
��
��
��
'&
)

�+
7�

17
�

��
7�

�
�
��
�
��
�$
��3
�'
(�
�)

-�
*

��
��

1+
1

.1
�

��
-1

�*
-1

��
�-

-+
*

#
��
�(
��
��
��
�
��
� 
��
�$
��

�
�

�
�

�
�

�
�

#
��
		A
�$
?�
�
��
� 
��
�$
��

�
�

�
�

�
�

�
�

#
��
��
��
��
��
� 
��
�$
��

�
�

�
�

�
�

�
�

 
��
�$
��
�(
<$
� 
��
��

�7
�.

�7
��

�7
�+

�7
��

�7
��

�7
��

�7
��

�7
��

2�
��
�
�$
���
��
#
�&
&
��
3

�
3$
	�
��
��
��
�4
�1
+

9
$�
��
��
��
�
3$
	�
��
��
��
�4
�*
*7
*

"
��
��
�	
��
3$
	�
4�+
�

�
��
��
�	
��
3�
�4
�#
�&
��9
$�
�5
�$
��
��

�
�

�
�

�
��

�
	


�
�

�
�
��


��

��
�

�
�

�
��

��
��

�
�
�
�

�	
�

�
�

��
�

�
�

��
�

��
�

�
�
��

	
�

�

'
 �

+
	

��
�"

��
(

)+
	

��
�"

��
!

�#
��

	
�
��

��
"

�
�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
1

=
�E
�&
�&
�(
<$
� 
��
��
4��
7�
-

2�
��
�
�$
���
��
#
��
��
	�:
�	
�3
4�.
7,

2�
��
�
�$
���
��
�B
#
4�9

2�
��
�
�$
���
��
�
��
�$
��3
�5
��	
�6
��
��
��
+*
7+
8

2�
5
��
�(
�	
��

�#
��
(�
$�
�9

9
��
	3
�
�
�
��
��
��
'&
��
)�
�+

#
�	
��
��
��
��
��
�
4
���
��,
4��
��
��
#
���
<�
��
��
#
��!

�H
�/
�
��
��
#
�



�
&

�
�'

�%
�

!
"

&
�

�
��

��
��

�
�
�
�

�	
�

�
�

��
�

�
�

��
�

��
�

�
�
��

	
�

�

�
�

 �
,

	
�

�
��

�,
�

�#
��

�
��

��
"

�
�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
��

2�
��
�
�$
���
�

2�
��:
�	
�3
;�
<(
��

17
�

=
�(
�&
��
�

�
�
�

�
�
 

!
�
�

!
�
�

"
�
�

"
�
 

��
��
��
��

��
��
��
��
�

�
��


�
$�
%
�	
;�(
��
<�

+
��

��
1

�
��

�*
1

/
��
��
��
%
�	
;�(
��
<�

+
��

��
1

�
��

�*
1

�
��

	�
$�
��
��
�
��
;
�>
<�
�

�
*

*
�

*
�

#
��
��
�
��
��
�	
�

/
��
�

/
��
�

/
��
�

/
��
�

#
��
�

#
��
�

 
�
��
��
��
�	
�6
��

�
"
��
�

�
"
��
�

�
"
��
�

#
��
��
��
��
��
��
�

�
�

�
�

�
�

%
��
���
�=
��
��
��
#
��
��
��
;�>

�
�

�
�

�
�

�
��
��
;�8

�
�

�
�

�
�

�
��
?�
�
��
��
/
�$
��
�

��
�

��
�

��
�

��
�

��
�

��
�

�
��
(3
�%
��
�$
	�
;
�8

�
��

*
�

-
��

=
(&
��/
	�
0

+
��

��
1

�
��

�*
1

� =
�@
��
<=
��
��

=
�@
��
�

=
�@
��
�

=
��
��
�

�
��

	�
$�
��
��
/
	�
0
�9
		

�
�

�-
�

��
+

�*

���
���
���
�#
��
��
��

�
�

�
�

�*
�

���
���
���
�#
��
��
��

�
�

�
�

��
�

�

�
���
�$
�	
��
�0
3

�
�

*7
�*

�
,7
*-

,7
��

�
���
�$
�	
��
�0
3�
#
��
��

�
�

�
�

+7
*-

�

�
���
�$
�	
��
�0
3�
#
��
��

�
�

�
�

+7
*-

�

/
�	
	�
0
��
��
�
�0
3

�
�
�7
��
,

�
�7
+1
�
�7
*�
1

�
��
��
��
��
�=
��
��
(�
�

�
�
�+
1+

�
.�
1

��
�1

���
���
���
�#
��
��
��

�
�

�
�

--
�

�

���
���
���
�#
��
��
��

�
�

�
�

.-
-

�

�
	�
��
��
�A
	�
$?
��
;�8

�
�

�

=
�(
��
��
��
�=
��
��
(�
�

�
�
�+
1�

�
,1
�

��
�+

=
�(
��
��
��
�=
��
��
(�
�

�
�

�
�

,1
�

�

���
���
���
�#
��
��
��

�
�

�
�

-1
1

�

���
���
���
�#
��
��
��

�
�

�
�

.*
�

�

� 9
��
��
�$
�

�
�

!
�

"
�

�
�
=
��
��
��
�	
�:
�	
�3
;�

�
.7
*

-7
�

�
�
=
��
B
#

9

� =
��
��
��
��
�<
=
�@
��
�=
(&
�

"
�
��
�

�
�
�

�
�
 

!
�
�

!
�
�

�
��
�$
��3
�'
(�
�<
�)

--
-

�
�
�+
1�

�

�
�
=
��
��
��
%
<�
� 
��
��

�7
�+
-

�
�
�7
�,
1

�

�
�
=
��
��
��
�	
�:
�	
�3
�'
)

-7
�

�
�

.7
*

�

�
�
=
��
��
��
�B
#

9
�

�
9

9

�
�
=
�-
+�
��
8
��	
��
C
'(
��
)

�7
,

�
�

�7
�

�

�
"
�
�#
�!
�
�
�
"

�
�
��
��
�
	
��

�
�
�
�
�
��
�
��
�
�
�
��
	
�
�

�
��
�
�
�
	
�
��
��
�
��
� 
	
��
!
��
�

�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
�

2�
��
�
�$
���
�

2�
��:
�	
�3
;�
<(
��

�7
.

=
�(
�&
��
�

�
�
�

�
�
�

�
�
 

!
�
�

!
�
�

!
�
 

"
�
�

"
�
�

"
�
 

#
�
�

#
�
�

#
�
 

��
��
��
��

��
��
��
��
�

�
��


�
$�
%
�	
;�(
��
<�

,
�

��
,

*
+�

��
,-
.

�-
/�

*/
.

�,

0
��
��
��
%
�	
;�(
��
<�

,
�

��
,

*
+�

��
,-
.

�-
/�

*/
.

�,

�
��

	�
$�
��
��
�
��
;
�>
<�
�

�
�

�
�

�
�

�,
�

��
��

�
�,

#
��
��
�
��
��
�	
�

#
��
�

#
��
�

#
��
�

#
��
�

#
��
�

#
��
�

0
��
�

0
��
�

0
��
�

0
��
�

0
��
�

0
��
�

 
�
��
��
��
�	
�6
��

�
�
"
��
�

�
�
"
��
�

�
�
"
��
�

�
�
"
��
�

#
��
��
��
��
��
��
�

�
�

,
�,

�
�

�
�

�
�

�
*,

%
��
���
�=
��
��
��
#
��
��
��
;�>

�
�

�
�

�
�

�
�

�
�

�
�

�
��
��
;�8

�
�

�
�

�
�

�
�

�
�

�
�

�
��
?�
�
��
��
0
�$
��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

�
��
(3
�%
��
�$
	�
;
�8

�
�

�
�

�
��

�
,

*
�/

�
��

=
(&
��0
	�
1

,
�

��
,

*
+�

��
,-
.

�-
/�

*/
.

�,

� =
�@
��
<=
��
��

=
��
��
�

=
��
��
�

=
�@
��
�

=
�@
��
�

�
��

	�
$�
��
��
0
	�
1
�9
		

�,
�-

�.
/+

�*
�

��
�,

�.
//

*�
,

/�
.

�
�

*�
.

�
�

���
���
���
�#
��
��
��

-�
+

-�
+

�
*�
�

*�
�

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

**
+

*.
�

�
.-
.

-.
*

�
�

�
�

�
�

�

�
���
�$
�	
��
�1
3

/7
��

*7
,�

*7
+�

/7
��

*7
,�

*7
�+
,

.7
��

�
�
.7
�,
,

�
�

�
���
�$
�	
��
�1
3�
#
��
��

*7
,�

,7
,�

�
*7
��

,7
,�

�
�

�
�

�
�

�

�
���
�$
�	
��
�1
3�
#
��
��

*7
��

,7
,�

�
*7
,�

,7
,�

�
�

�
�

�
�

�

0
�	
	�
1
��
��
�
�1
3

�7
,�
+
.7
��
+
�7
��
+
�7
,�
+
.7
��
+
�7
.�
�,

�7
��
+

�
��
7�
*�
,

�
�

�
��
��
��
��
�=
��
��
(�
�

+�
��
,

*�
,

�/
.

��
,

./
�

-+
�

�
�

--
�

�
�

���
���
���
�#
��
��
��

��
/

�-
�

�
.*
-

./
�

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

..
*

.*
+

�
,�
.

�/
/

�
�

�
�

�
�

�

�
	�
��
��
�A
	�
$?
��
;�8

�
�

�
�

=
�(
��
��
��
�=
��
��
(�
�

*�
��
.

*�
*

�.
.

��
.

.*
-

--
�

�
�

-/
�

�
�

=
�(
��
��
��
�=
��
��
(�
�

*�
��
.

�
�.
.

��
.

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

��
*

��
*

�
.,
�

.,
-

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

�.
,

.,
.

�
..
.

��
�

�
�

�
�

�
�

�

� 9
��
��
�$
�

�
�

!
�

"
�

#
�

�
�
=
��
��
��
�	
�:
�	
�3
;�

�,
7�

�/
7�

�7
�

�7
�

�
�
=
��
B
#

:
�

� =
��
��
��
��
�<
=
�@
��
�=
(&
�

"
�
�

"
�
�

"
�
 
�
�
��
�
�
�
��
�!

�
��
�!

�
��
�

#
�
�

#
�
�

#
�
 

�
��
�$
��3
�'
(�
�<
�)

--
�

�
�

/�
*�
*

��
+

.*
-

-/
�

�
�

�
�
=
��
��
��
%
<�
� 
��
��

�7
��
,

�
�
�7
��
�
�7
��
�
�7
�+
�
�7
�+
+
�7
�-
�

�
�

�
�
=
��
��
��
�	
�:
�	
�3
�'
)

+7
�

�
�

*�
7�

��
7+

�-
7�

�.
7*

+7
,

�7
,

�

�
�
=
��
��
��
�B
#

9
9

�
0

�
�

�
9

9
�

�
�
=
�+
,�
��
8
��	
��
C
'(
��
)

�
�

�
�7
.

�7
�

�7
�

�7
/

�7
�

�
�



�
�
�
�
�
��
�
	

�
�
�
�
��

��
��
�
�

�
�
��
��
�
	
��

�
�
�
�
�
��
�
��
�
�
�
��
	
�
�

�
��
�
�
�
	
�
��
��
$
%�
�
�
	
�
��
��
�
��
��
�
��
��
�
�%
�
	
�
��
��
�
�

�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
�

��
��
��
��
��

�
�
�

�
�
�

!
�
�

!
�
�

!
�
 

"
�
�

"
�
�

#
�
�

#
�
�

��
��
��
��

��
��
��
��
�

�
��


�
$�
%
�	
�&
��
'(
��
)

��
�

�+
�.

��
.�
�

��
/*

,�
/

-�

0
��
��
��
%
�	
�&
��
'(
��
)

��
�

�+
�.

��
.�
�

��
/*

,�
/

-�

��
��
��
��
��
�0
	�
1
�'
(�
�)

�
�,
�

�
,*

.�
�

�
��
�

,�
/

��
*

�
��
��
�
3�
�

�
��
&

"
9

�
��
&

"
9

�&
D
�(

�
��
&

"
9

�&
D
��

"
9

�
��
��
$�
��
��
��
�


.
-

�
�

�
*

�
��
&
���
��
��
��
�


.
-

-
�

*

:
��
�$
��
��
�
��
�

.
.

-
-

�
�

�
�

*

#
1
��$
��
�
��
�

=
��
�&
�&
�2�
���
�	
�'
)

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

=
��
�&
�&
�#
�	
���
'
)

�.
7�

�.
7�

�.
7�

�.
7�

��
7�

��
7�

��
7�

��
7�

��
7�

�
��
�	
�#
�	
���
'
)

�,
7�

�,
7�

�,
7�

�,
7�

��
7�

�*
7.

�*
7.

��
7�

�*
7.

�
��
�	
�#
�	
���
'8
)

.�
7/
8

.�
7/
8

.�
7/
8

.�
7/
8

�/
7�
8

��
7�
8

��
7�
8

�/
7�
8

��
7�
8

=
�E
�&
�&
��
��
��
�'
)

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

F
�	
	�
1
��
�&
��
'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

9
		�
 
��
��
�&
��
'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

��
�
��
�&
��
9
�@
�
��'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�
��
�	
��
�
���
�&
��
'
)

,7
�

,7
�

�7
�

,7
.

�7
�

,7
.

��
��
<�
��

��
��

��
�

��
�

��
��

��
��
��
��
�B
��
�&
�6
�G

F
�

F
�

F
�

F
�

%
��
�$
	�
��
E�
��
�
��
�'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

 
�$
�	
	�=
��
�

"
��
�

"
��
�

"
��
�

"
��
�

"
��
�

=
��

=
��

"
��
�

=
��

!
�	
?�
�
�&
��
'
)

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

0
	�
�
�:
��
��!

�	
?�
'
)

*7
/

*7
/

*7
/

*7
/

,7
/

,7
/

,7
/

�
��
�
��
��
��
�
�	
	
�'
><
��
)

��
��

��
��

�.
�.

+

9
$�
��


$
���
��
��
�'
)

��
7*

��
7*

�-
7�

��
7�

��
7+

��
7�

9
$�
��
��
��
�<
�
� 
��
��

�7
�/

�7
�/

�7
,*

�7
�.

�7
*-

�7
*.

(<
$�
 
��
��

�7
./

�7
�.

�7
.�

�7
�-

�7
,�

�7
��

�
��
��
�	
�:
�	
�3

��
7*

�-
7.

�7
�

�+
7*

-7
�

�7
,

C
��
��
�:
�	
�3

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�
��
�	
�:
�	
�3

��
7*

�-
7.

�7
�

�+
7*

-7
�

�7
,

�B
#

�
�

9
�

9
9

9
��
��
�$
��
:
�	
�3

��
7*

�7
+

�+
7*

*7
/

9
��
��
�$
��
�B
#

�
9

�
9

C
��
��
��
��
��
��
,�
��
�'
&
)

��
7.

.7
�

�7
�

/7
�

��
7.

�7
�

C
��
��
��
��
��
��
+,
��
�'
&
)

��
7�

��
7/

-7
�

��
7�

,�
7�

��
7-

2�
��
��
�	
��
��
?�
:
�
��'
&
)

��
,7
-

��
�7
*

��
/7
�

.-
7�

�
��
��
�
�3
��
��
��
��
'&
)

�,
7�

�
�
��
�
��
�$
��3
�'
(�
�)

/*
.

+.
,

��
*�

/.
.

��
�,

��
��

#
��
�(
��
��
��
�
��
� 
��
�$
��

�
�

�
�

�
�

#
��
		A
�$
?�
�
��
� 
��
�$
��

�
�

�
�

�
�

#
��
��
��
��
��
� 
��
�$
��

�
�

�
�

�
�

 
��
�$
��
�(
<$
� 
��
��

�7
��

�7
�*

�7
�/

�7
�,

�7
.+

�7
�,

2�
��
�
�$
���
��
#
�&
&
��
3

�
3$
	�
��
��
��
�4
�-
.7
/

9
$�
��
��
��
�
3$
	�
��
��
��
�4
�.
+7
+

"
��
��
�	
��
3$
	�
4�*
�

�
��
��
�	
��
3�
�4
�9
$�
��
��
��
5
�$
��
��
��
��
��

�
�
�
�
�
��
�
	

�
�
�
�
��

��
��
�
�

�
�
��
��
�
	
��

�
�
�
�
�
��
�
��
�
�
�
��
	
�
�

�
��
�
�
�
	
�
��
��
$
%�
�
�
	
�
��
��
�
��
��
�
��
��
�
�%
�
	
�
��
��
�
�

�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
.

=
�E
�&
�&
�(
<$
� 
��
��
4��
7,
�

2�
��
�
�$
���
��
#
��
��
	�:
�	
�3
4�-
7,

2�
��
�
�$
���
��
�B
#
4�9

2�
��
�
�$
���
��
�
��
�$
��3
�5
��	
�6
��
��
��
*�
7.
8

2�
5
��
�(
�	
��

�#
��
(�
$�
��

9
��
	3
�
�
�
��
��
��
'&
��
)�
�,

#
�	
��
��
��
��
��
�
4
���
��.
4�!

�	
��
�#
���
<!
�	
��
�#
��!

�H
��
��
��
�#
�<0
�
��
��
#
�



�
"
�
�#
�!
�
�
�
"

�
�
��
��
�
	
��

�
�
�
�
�
��
�
��
�
�
�
��
	
�
�

&
��
'
	
��
��
��
�
��
� 
	
��
!
��
�

�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
*

2�
��
�
�$
���
�

2�
��:
�	
�3
;�
<(
��

*7
/

=
�(
�&
��
�

�
�
�

�
�
�

�
�
 

!
�
�

!
�
�

!
�
 

"
�
�

"
�
�

"
�
 

#
�
�

#
�
�

#
�
 

��
��
��
��

��
��
��
��
�

�
��


�
$�
%
�	
;�(
��
<�

�
,�

,.
..

*�
�+

/�
��
,

�/
��

+�
��

0
��
��
��
%
�	
;�(
��
<�

�
,�

,.
..

*�
�+

/�
��
,

�/
��

+�
��

�
��

	�
$�
��
��
�
��
;
�>
<�
�

��
�

��
��

�
��

��
�

�.
�.

�
��

#
��
��
�
��
��
�	
�

#
��
�

#
��
�

#
��
�

#
��
�

#
��
�

#
��
�

0
��
�

0
��
�

0
��
�

0
��
�

0
��
�

0
��
�

 
�
��
��
��
�	
�6
��

�
�
"
��
�

�
�
"
��
�

�
�
"
��
�

�
�
"
��
�

#
��
��
��
��
��
��
�

+7
,

�
�

�
�

�
�

�
�

�
�

,

%
��
���
�=
��
��
��
#
��
��
��
;�>

�
�

�
�

�
�

�
�

�
�

�
�

�
��
��
;�8

�
�

�
�

�
�

�
�

�
�

�
�

�
��
?�
�
��
��
0
�$
��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

��
�

�
��
(3
�%
��
�$
	�
;
�8

�
-

�*
-

��
�

�+
,

�
*

�
�

=
(&
��0
	�
1

�
,�

,.
..

*�
�+

/�
��
,

�/
��

+�
��

� =
�@
��
<=
��
��

=
��
��
�

=
��
��
�

=
�@
��
�

=
�@
��
�

�
��

	�
$�
��
��
0
	�
1
�9
		

.,
�

.�
-

��
,

.-
�

.�
,

�,
�

��
�

�
�

�,
*

�
�

���
���
���
�#
��
��
��

��
-

��
-

�
�-
/

�-
/

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

��
�

��
�

�
�+
.

�.
-

�
�

�
�

�
�

�

�
���
�$
�	
��
�1
3

/7
��

*7
,-

*7
�*

/7
�-

*7
*�

*7
��

.7
�+

�
�

.7
�*

�
�

�
���
�$
�	
��
�1
3�
#
��
��

*7
��

,7
,-

�
*7
�-

,7
*�

�
�

�
�

�
�

�

�
���
�$
�	
��
�1
3�
#
��
��

*7
��

,7
,-

�
*7
�-

,7
*�

�
�

�
�

�
�

�

0
�	
	�
1
��
��
�
�1
3

�7
,�
-
.7
�/
�
�7
..
.
�7
,/
�
.7
��
-
�7
��
-
�7
�/
�

�
�
�7
�,
.

�
�

�
��
��
��
��
�=
��
��
(�
�

,�
+

,�
�

+�
�

.-
*

,�
�

-+
�

��
**

�
�
�.
��

�
�

���
���
���
�#
��
��
��

-/
*

//
+

�
/�
-

*,
/

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

*-
+

*,
,

�
/+
.

/,
*

�
�

�
�

�
�

�

�
	�
��
��
�A
	�
$?
��
;�8

�
�

�
�

=
�(
��
��
��
�=
��
��
(�
�

.�
*

.*
/

--
,

�-
-

.,
-

-/
*

��
,,

�
�
��
-,

�
�

=
�(
��
��
��
�=
��
��
(�
�

.�
*

.*
/

�
�-
-

.,
-

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

-�
+

/*
,

�
**
�

*�
�

�
�

�
�

�
�

�

���
���
���
�#
��
��
��

,*
/

*�
�

�
*-
�

/.
�

�
�

�
�

�
�

�

� 9
��
��
�$
�

�
�

!
�

"
�

#
�

�
�
=
��
��
��
�	
�:
�	
�3
;�

��
7*

�,
7*

�7
*

�7
-

�
�
=
��
B
#

�
�

� =
��
��
��
��
�<
=
�@
��
�=
(&
�

"
�
�

"
�
�

"
�
 
�
�
��
�
�
�
��
�!

�
��
�

#
�
�

#
�
�

#
�
 

�
��
�$
��3
�'
(�
�<
�)

��
,,

�
�

.*
,

--
,

.*
�

��
-,

�
�

�
�
=
��
��
��
%
<�
� 
��
��

�7
�,
�

�
�
�7
��
-
�7
�*
�
�7
�*
-
�7
��
+

�
�

�
�
=
��
��
��
�	
�:
�	
�3
�'
)

/7
-

�
�

��
7-

+7
�

�,
7*

/7
*

�
�

�
�
=
��
��
��
�B
#

9
9

�
�

9
�

9
9

�

�
�
=
�+
,�
��
8
��	
��
C
'(
��
)

�7
�

�
�

�7
.

�7
�

�7
�

�
�

�

�
�
�
�
�
��
�
	

�
�
�
�
��

��
��
�
�

�
�
��
��
�
	
��

�
�
�
�
�
��
�
��
�
�
�
��
	
�
�

#
��
'
	
��
��
��
$
%'
	
��
��
��
�
��
��
	
�
��
��
�
�

�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
/

��
��
��
��
��

�
�
�

�
�
�

�
�
 

!
�
�

!
�
�

!
�
 

"
�
�

"
�
�

#
�
�

#
�
�

#
�
 

��
��
��
��

��
��
��
��
�

�
��


�
$�
%
�	
�&
��
'(
��
)

�.
�/

.+
+

�+
,�

�.
.�
�

�*
/

�
�.
,

�+

0
��
��
��
%
�	
�&
��
'(
��
)

�.
�/

.+
+

�+
,�

�.
.�
�

�*
/

�
�.
,

�+

��
��
��
��
��
�0
	�
1
�'
(�
�)

�
,�

.+
+

�
/�

�.
.�
�

�+
�

�
�.
-

�+

�
��
��
�
3�
�

�
��
&

"
9

�&
D
�(

�
��
&

"
9

�
��
&

�&
D
��

"
9

�
��
&

"
9

�
��
&

�
��
��
$�
��
��
��
�


.
,

-
,

�
*

�
��
&
���
��
��
��
�


.
.

-
-

�
*

*

:
��
�$
��
��
�
��
�

.
.

,
-

-
-

,
�

*
*

*

#
1
��$
��
�
��
�

=
��
�&
�&
�2�
���
�	
�'
)

��
7�

��
7�

.7
�

.7
�

.7
�

.7
�

.7
�

��
7�

��
7�

��
7�

��
7�

=
��
�&
�&
�#
�	
���
'
)

��
7�

��
7�

+7
�

��
7�

��
7�

��
7�

+7
�

�,
7�

�+
7�

�+
7�

�+
7�

�
��
�	
�#
�	
���
'
)

�+
7�

�+
7�

�,
7�

�+
7�

�+
7�

�+
7�

�,
7�

.-
7�

��
7�

��
7�

��
7�

�
��
�	
�#
�	
���
'8
)

�.
7�
8

�.
7�
8

�+
7.
8

�.
7�
8

�.
7�
8

�.
7�
8

�+
7.
8

,*
7,
8

�*
7,
8

�*
7,
8

�*
7,
8

=
�E
�&
�&
��
��
��
�'
)

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

��
7�

.�
7�

�*
7�

�*
7�

�*
7�

F
�	
	�
1
��
�&
��
'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

9
		�
 
��
��
�&
��
'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

��
�
��
�&
��
9
�@
�
��'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�
��
�	
��
�
���
�&
��
'
)

*7
�

�7
�

*7
�

*7
�

�7
�

,7
�

,7
�

,7
�

��
��
<�
��

��
��

��
��

��
�

��
�

��
�

��
��
��
��
�B
��
�&
�6
�G

%
��
�$
	�
��
E�
��
�
��
�'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

 
�$
�	
	�=
��
�

"
��
�

"
��
�

"
��
�

"
��
�

"
��
�

"
��
�

"
��
�

=
��

=
��

=
��

=
��

!
�	
?�
�
�&
��
'
)

��
7�

��
7�

��
7�

��
7�

��
7�

/7
�

��
7�

��
7�

��
7�

0
	�
�
�:
��
��!

�	
?�
'
)

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�
��
�
��
��
��
�
�	
	
�'
><
��
)

�
�

�*
�*

�*
�*

��
��

��

9
$�
��


$
���
��
��
�'
)

��
7+

�.
7�

+7
�

+7
�

�,
7�

�*
7�

��
7�

��
7�

9
$�
��
��
��
�<
�
� 
��
��

�7
�,

�7
,�

�7
��

�7
��

�7
/,

�7
//

�7
�*

�7
�*

(<
$�
 
��
��

�7
�.

�7
,�

�7
�,

�7
�.

�7
.�

�7
�*

�7
�.

�7
�/

�
��
��
�	
�:
�	
�3

��
7/

�7
+

��
7�

�7
�

,7
.

.7
�

��
7-

�7
/

C
��
��
�:
�	
�3

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�7
�

�
��
�	
�:
�	
�3

��
7/

�7
+

��
7�

�7
�

,7
.

.7
�

��
7-

�7
/

�B
#

�
9

�
9

9
9

�
9

9
��
��
�$
��
:
�	
�3

.7
,

�-
7*

,7
�

�-
7�

9
��
��
�$
��
�B
#

9
�

9
�

C
��
��
��
��
��
��
,�
��
�'
&
)

.7
�

�7
�

,7
-

�7
�

�.
7*

*7
�

��
7*

�7
�

C
��
��
��
��
��
��
+,
��
�'
&
)

��
7�

��
7�

�*
7/

�7
�

��
7�

�,
7,

�+
7*

�7
+

2�
��
��
�	
��
��
?�
:
�
��'
&
)

��
�7
*

��
+7
�

�/
�7
�

.-
7.

�
��
��
�
�3
��
��
��
��
'&
)

�,
7�

-7
�

��
7�

�
�
��
�
��
�$
��3
�'
(�
�)

-�
�

��
��

-�
-

/*
�

��
/�

�.
-�

��
�*

-�
.

#
��
�(
��
��
��
�
��
� 
��
�$
��

�
�

�
�

�
�

�
�

#
��
		A
�$
?�
�
��
� 
��
�$
��

�
�

�
�

�
�

�
�

#
��
��
��
��
��
� 
��
�$
��

�
�

�
�

�
�

�
�

 
��
�$
��
�(
<$
� 
��
��

�7
�*

�7
..

�7
�+

�7
��

�7
�-

�7
��

�7
�.

�7
��

2�
��
�
�$
���
��
#
�&
&
��
3

�
3$
	�
��
��
��
�4
�-
,

9
$�
��
��
��
�
3$
	�
��
��
��
�4
�.
*7
-

"
��
��
�	
��
3$
	�
4�,
�

�
��
��
�	
��
3�
�4
�#
�&
��9
$�
�5
�$
��
��



�
�
�
�
�
��
�
	

�
�
�
�
��

��
��
�
�

�
�
��
��
�
	
��

�
�
�
�
�
��
�
��
�
�
�
��
	
�
�

#
��
'
	
��
��
��
$
%'
	
��
��
��
�
��
��
	
�
��
��
�
�

�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
-

=
�E
�&
�&
�(
<$
� 
��
��
4��
7,
�

2�
��
�
�$
���
��
#
��
��
	�:
�	
�3
4�/
7.

2�
��
�
�$
���
��
�B
#
4�9

2�
��
�
�$
���
��
�
��
�$
��3
�5
��	
�6
��
��
��
*/
7�
8

2�
5
��
�(
�	
��

�#
��
(�
$�
��

9
��
	3
�
�
�
��
��
��
'&
��
)�
�,

#
�	
��
��
��
��
��
�
4
���
��*
4��
��
��
#
���
<�
��
��
#
��!

�H
�0
�
��
��
#
�

�
"
�
�#
�!
�
�
�
"

�
�
��
��
�
	
��

�
�
�
�
�
��
�
��
�
�
�
��
	
�
�

�
�
��
�
�
��
��
�
�

�
��
��
��
�	

��
��
�
��
��
��


��
��
��
��
��

�
�
�
��
��
�
��
��
��
��
�

��
�
��
��
��

2�
��
�
�$
���
�

2�
��:
�	
�3
;�
<(
��

-7
�

=
�(
�&
��
�

�
�
�

�
�
 

!
�
�

!
�
�

"
�
�

"
�
 

��
��
��
��

��
��
��
��
�

�
��


�
$�
%
�	
;�(
��
<�

�
��

�.
�

�
��

�*
�

0
��
��
��
%
�	
;�(
��
<�

�
��

�.
�

�
��

�*
�

�
��

	�
$�
��
��
�
��
;
�>
<�
�

�
�

�
�

.
�

#
��
��
�
��
��
�	
�

0
��
�

0
��
�

0
��
�

0
��
�

#
��
�

#
��
�

 
�
��
��
��
�	
�6
��

�
"
��
�

�
"
��
�

�
"
��
�

#
��
��
��
��
��
��
�

�
�

�
�

�
�

%
��
���
�=
��
��
��
#
��
��
��
;�>

�
�

�
�

�
�

�
��
��
;�8

�
�

�
�

�
�

�
��
?�
�
��
��
0
�$
��
�

��
�

��
�

��
�

��
�

��
�

��
�

�
��
(3
�%
��
�$
	�
;
�8

�
�

�
�

�
�

=
(&
��0
	�
1

�
��

�.
�

�
��

�*
�

� =
�@
��
<=
��
��

=
�@
��
�

=
�@
��
�

=
��
��
�

�
��

	�
$�
��
��
0
	�
1
�9
		

�
�

��
�

��
�

-

���
���
���
�#
��
��
��

�
�

�
�

-
�

���
���
���
�#
��
��
��

�
�

�
�

�+
�

�

�
���
�$
�	
��
�1
3

�
�

.7
��

�
*7
.�

*7
��

�
���
�$
�	
��
�1
3�
#
��
��

�
�

�
�

,7
.�

�

�
���
�$
�	
��
�1
3�
#
��
��

�
�

�
�

,7
.�

�

0
�	
	�
1
��
��
�
�1
3

�
�
�7
��
-

�
�7
,�
-
�7
��
-

�
��
��
��
��
�=
��
��
(�
�

�
�
�*
�*

�
*+
�

��
/.

���
���
���
�#
��
��
��

�
�

�
�
��
�,

�

���
���
���
�#
��
��
��

�
�

�
�

/,
-

�

�
	�
��
��
�A
	�
$?
��
;�8

�
�

�

=
�(
��
��
��
�=
��
��
(�
�

�
�
�*
�,

�
*�
/

��
/�

=
�(
��
��
��
�=
��
��
(�
�

�
�

�
�

*�
/

�

���
���
���
�#
��
��
��

�
�

�
�
��
�.

�

���
���
���
�#
��
��
��

�
�

�
�

*-
-

�

� 9
��
��
�$
�

�
�

!
�

"
�

�
�
=
��
��
��
�	
�:
�	
�3
;�

�
/7
.

+7
�

�
�
=
��
B
#

9

� =
��
��
��
��
�<
=
�@
��
�=
(&
�

"
�
��
�

�
�
�

�
�
 

!
�
�

!
�
�

�
��
�$
��3
�'
(�
�<
�)

��
�*

�
�
�*
�,

�

�
�
=
��
��
��
%
<�
� 
��
��

�7
�*
/

�
�
�7
�-
+

�

�
�
=
��
��
��
�	
�:
�	
�3
�'
)

+7
�

�
�

/7
,

�

�
�
=
��
��
��
�B
#

9
�

�
9

9

�
�
=
�+
,�
��
8
��	
��
C
'(
��
)

�7
*

�
�

�7
�

�



Appendix F
Synchro and SimTraffic Intersection Worksheets – 2041 Future Total Conditions
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Appendix G
Traffic Signal Warrants
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Appendix H
Left-turn Lane Warrants
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