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November 10, 2020 

 

 

Costco Wholesale Corporation 

45940 Horseshow Drive, Suite 150 

Sterling, VA, 20166 

USA 

 

Attention: Kim Katz 

Dear Kim: 

Subject: Costco Wholesale Relocation Traffic Impact Study - Baron Road 

A traffic impact study was completed for a proposed relocation of Costco Wholesale from its current location at 

2479 Highway 97 N to 2125 and 1901 Baron Road in Kelowna, BC. This final report is based upon previous 

versions produced in 2019 and 2020 and incorporates additional comments received by the Ministry and City in 

August and September of 2020. 

The new site will consist of a wholesale warehouse and gas station/auxiliary parking site with 12 pumps (24 fueling 

stations).  

The proposed study area is shown in Figure 1 and includes the following intersections and accesses:  

• Highway 97 and Banks Road; 

• Highway 97 and Leckie Road; 

• Highway 97 and Underhill Street; 

• Highway 97 and Dilworth Drive; 

• Baron Road and Banks Road; 

• Baron Road and Leckie Road; 

• Baron Road and Durnin Road; 

• Baron Road and Underhill Street; 

• Baron Road and Dilworth Drive; 

• Springfield Road and Leckie Road; 

• Springfield Road and Durnin Road;  

• Springfield Road and Dilworth Drive;  

• Leckie Road and Parkview Crescent access to site; 

• Three additional accesses into the warehouse site and three accesses for the gas station. 

 

This TIA compares the performance of the local traffic network with and without the Costco during the PM and 

Saturday afternoon peak hours in the 2021 and 2031 horizon years.  

For the further sake of comparison, two background scenarios are developed: 

1. 2021 and 2031 growth of 2% per annum background traffic increases from turning counts taken in 2019 

2. 2021 and 2031 growth of 2% p.a. traffic background traffic increases as above plus four currently-planned 

developments: 

• A proposed 845 residential unit complex and 2,500 ft2 of commercial floor space available to both 

residents and non-residents located at the corner of Baron Road and Dilworth Drive at the old School 

District 23 site.  This site is assumed to be phased over the two assessment years (2021 and 2031). 
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• A commercial development at the corner of Enterprise Way and Dilworth Drive, the old Enterprise 

Steel site.  The development consists of 112,500 ft2 of small bay flex units, and 38,000 ft2 of new car 

sales/service facility. 

• A proposed Tim Horton’s high turnover restaurant located within the existing Canadian Tire parking 

lot at 1655 Leckie Road 

• The assumed redevelopment of the ‘old’ Costco site at 2479 Highway 97 into some big-box retail 

function – assumed trip generation commensurate with that land use and square footage. 

These two background scenarios (“2% Growth Rate Only” and “Full Background”) were developed to better 

understand the likely range of actual future traffic performance in the study area, and by contrast, the real impacts of 

the Costco on the network. 

The proposed development consists of a new Costco store, which requires a rezoning, and an adjoining gas station, 

which may be built as-of-right. To determine the relative impact of the full development on both background traffic 

scenarios, the effects of this development’s components have also been individually compared: 

• Costco store only 

• Gas station only 

• Costco store + gas station 

To determine the impact of the relocation of Costco from Highway 33 intersection to the Leckie/Baron Road 

location, WSP used Synchro and SimTraffic modelling softwares to compare capacity and level of service against 

thresholds established by the City of Kelowna and Ministry of Transportation and Infrastructure (MoTI) for two 

time periods and assessment conditions. 

The thresholds included: 

For signalized intersections: 

— Overall intersection Level of Service (LOS) does not exceed LOS D in both AM & PM peak hours; 

— Overall intersection Volume to Capacity (v/c) ratio does not exceed 0.85; 

— Individual movement LOS does not exceed LOS E; 

— Individual movement v/c ratio does not exceed 0.90; and, 

— 95th percentile queue lengths do not exceed storage lengths. 

For unsignalized intersections: 

— Individual movement LOS does not exceed LOS D (unless the movement volume is very low compared 

to other movements); 

— Individual movement v/c ration does not exceed 0.90; and, 

— 95th percentile queue lengths do not exceed storage lengths. 

When traffic generated by Costco is added to an intersection and the v/c ratio of a specific movement was less than 

0.90 under background conditions is now greater than 0.90, then mitigations are identified to allow the intersection 

to operate at 0.90 or less. If the intersection was already above 0.90 under background conditions, then reasonable 

mitigation measures are identified if appropriate. 

The study periods included a weekday PM peak hour from 16:00 to 17:00 and Saturday peak hour from 12:45 to 

13:45 under three assessment conditions: 

- 2019 existing conditions; 

- 2021 background and 2021 total development conditions; 

- 2031 background and 2031 total development conditions.  
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Figure 1: Study Area and Intersection Laning 
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The AM peak hour was not reviewed as the Costco warehouse does not open for members until 

after the AM peak period. While the Costco Gasoline fuel station will be open during the AM 

peak, it generates a relatively low number of trips in comparison to the warehouse and fuel station 

during the PM and Saturday peak hours. 

The total development conditions included the Full Background traffic scenario, as described 

above, plus the relocation of the Costco site and new gas station.  

The results of the Do Nothing / No Costco analysis show the following: 

i. The study network already experiences some delays and reduced intersection 

performance during the weekday PM peak and Saturday peak under existing 2019 

volumes. 

ii. There are existing capacity and LOS issues for left turns from the Highway to the City 

streets. Left turns from both Dilworth Drive and Leckie Road to the Highway will also 

perform beyond their design capacities in both the Background and Build conditions in 

2021 and 2031. However, lower-performing background intersections are mostly the 

result of the four major local developments identified above; not the 2% p.a. background 

growth rate. 

iii. The planned relocation of Costco from the existing site on Highway 97 to the proposed 

site on Baron Road/Leckie Road will generate a net increase of 295 trips in the weekday 

PM peak and 311 trips in the Saturday peak hour because of the new gas bar and 

increased size of the store. 

iv. Overall, the Costco + Gas Station’s net increase produces limited effects on the local 

network when compared against the Full Background scenario. However, some effects 

are present, for which mitigation is outlined below. 

v. Due to the nature of Costco sales, there are limited opportunities to promote alternate 

modes of transportation (i.e. transit and active transportation).   

vi. Based on sight line analysis, the proposed access locations meet the requirements for all 

movements except the mid-block access on Baron Road which does not meet the 

requirements for left turn out of the site. Unless additional sight distance can be cleared, 

this access should be restricted to right-in/right-out/left-in. 

vii. A viable design for a dual southbound left turn from Highway 97 to Leckie Road is 

feasible and shown in Appendix E. 

viii. The internal throat length at the primary access of Leckie Road/Parkview Crescent is 

approximately 65 metres (or 9 vehicles). The other throat lengths range from 14 to 23 

metres which allows for approximately 2 to 3 vehicles waiting at the access location.   

ix. The collision records show that over 70% of the collisions at the study intersections over 

the past 10 years are from rear end collisions. This is common of high-volume, short-

block networks with multiple accesses. 

x. No overflow issues were seen throughout the study area under total development 

conditions. 

xi. To mitigate traffic conditions under existing or Full Background development 

conditions, the following measures were modeled: 

Highway 97/Dilworth Drive  Add a northbound right turn lane 

Highway 97/Banks Road  Monitor 

Highway 97/Underhill Street  Monitor 

Baron/Dilworth/Mall Entrance 
Reconfigure the north/south direction to a left turn 

lane and separate through/right turn lane, optimize 
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phasing, and add a westbound right turn lane from 

Dilworth Drive to Baron Road. 

Baron Road/Underhill Street  Signalize, line paint for left turn lanes 

Baron Road/Banks Road Monitor 

Springfield/Dilworth/Benvoulin 
Extend the westbound right turn lane from 

Benvoulin Road to Springfield Road. 

Springfield Road/Leckie Road 

Add a dual left turn lane along Springfield Road in 

northbound direction, update cycle length and 

optimize phases within cycle. 

 

xii. To mitigate traffic conditions as a result of total development conditions, the 

following measures were modeled: 

Highway 97/Leckie Road  

• Converting the second eastbound left turn lane to a 

second eastbound through lane 

• Add a double left turn southbound onto Leckie 

(once aggreged upon triggers by City and MOTI are 

met) 

Leckie Corridor 
Change the lane configuration to two through lanes with 

left turn lanes at Baron Road and Parkview Crescent 

Baron Road/Underhill Street Signalize 

Baron Road/Durnin Road Move pedestrian actuated crossing from Underhill 

Baron Road/Leckie Road 

Change the lane configuration to two through lanes and 

left turn lane, change the cycle length and optimize 

phases within the cycle. 

Springfield Road/Durnin Road 

Monitor. Should the left turn queues become too long, 

then the pedestrian signal could be converted to a 

signalized intersection for left turns. 

Springfield Road/Parkview 

Crescent 

Monitor. If it is found that traffic is taking this route to 

shortcut, the City can either formalize with a signal, 

traffic calm, or continue to monitor.   

A summary of the upgrades by priority is shown in Figure 1 and described in colour code below. 

This study investigated the traffic impacts of the proposed relocation of Costco to Baron Road.  

There is already a Costco Warehouse near the proposed new site, and many of the generated trips 

are already on the study network which means they will be re-distributed. As a result, the impacts 

of the proposed Costco relocation on the wider traffic network are minimal and the impacts are 

localized to the surrounding network within the proposed site. The localized impacts can be 

reasonably mitigated by implementation of the strategies outlined above. 

Yours sincerely, 

 

 

 
 

  

Avi Thiessen, P. Eng. 
Transportation Engineer 

 
 

  

 

 
WSP ref.: 17M-02290-01 
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Table 1 – Summary Table of Improvements Corresponding to Summary Upgrade Map 
 

Priority* Location Physical Upgrade Description 

1 Leckie Road 

Realignment of Leckie Road and Baron Road intersection including but not limited to: 

- Addition of a dedicated through lane on Leckie Road towards Springfield Road, resulting in two through lanes 

- Double left southbound from Hwy 97 onto Leckie Road plus conversion of the second eastbound left turn lane to a second eastbound through lane  

Realignment of Leckie Road and Parkview Crescent Intersection including but not limited to: 

- Addition of the through/right turn lane on Leckie at Parkview Crescent (to site entrance), resulting in two through lanes towards Springfield 

- Addition of the left turn at Parkview Crescent on Leckie Road to site entrance 

2 Springfield at Leckie Road 

Intersection upgrades including but not limited to:  

- Addition of second left turn lane from Springfield Road onto Leckie Road toward Hwy 97 

- Shifting existing bus stop on Springfield Road to the other side of Mission Creek Park entrance as per Figure 2 included in Appendix E 

- Lane realignment along Springfield Road to account for the additional left turn lane and relocation of the bus stop 

3 Baron at Underhill Addition of fully signalized intersection at Baron Road and Underhill 

4 Dilworth at Baron 

Intersection upgrades including but not limited to: 

- Addition of a slip lane for right turn from Dilworth Drive to Baron Road 

- Reconfigure the north/south direction to a left turn lane and separate through/right turn lane, and optimize phasing. 

5 Baron at Durnin Moving of the existing pedestrian push button crossing at Baron Road/Underhill Street to the crosswalk at Baron Road/Durnin Road 

6 Springfield at Durnin Addition of a vehicle actuated left turn from Springfield Road onto Durnin Road (Optional if warranted by Queue volumes) 

7 Springfield at Benvoulin/Dilworth 
- Extension of the right turning lane from Benvoulin Road to Springfield Road 

- Adding a dual left-turn lane either direction for traffic on Springfield onto Dilworth and Benvoulin 

   
*: Colour coordination for priorities corresponds to WSP upgrade summary map 
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WSP prepared this report solely for the use of the intended recipient, Costco Wholesale, in accordance with 
the professional services agreement. The intended recipient is solely responsible for the disclosure of any 
information contained in this report. The content and opinions contained in the present report are based on 
the observations and/or information available to WSP at the time of preparation. If a third party makes use 
of, relies on, or makes decisions in accordance with this report, said third party is solely responsible for 
such use, reliance or decisions. WSP does not accept responsibility for damages, if any, suffered by any 
third party as a result of decisions made or actions taken by said third party based on this report. This 
limitations statement is considered an integral part of this report. 

The original of this digital file will be conserved by WSP for a period of not less than 10 years. As the 
digital file transmitted to the intended recipient is no longer under the control of WSP, its integrity cannot 
be assured. As such, WSP does not guarantee any modifications made to this digital file subsequent to its 
transmission to the intended recipient.  
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DEFINITIONS 

 

EB – Eastbound 

WB – Westbound 

NB – Northbound 

SB – Southbound 

L – Left 

T – Through 

R – Right 

LTR – Left/through/right lane grouping 

TR – Through/right lane grouping 

TTR – 2 through lanes and right lane grouping 

LT – Left and through lane grouping 

TT – 2 through lane grouping 

TTT – 3 through lane grouping 

TTTR – 3 through lane and right lane grouping 
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1 INTRODUCTION 

1.1 BACKGROUND 

Costco Wholesale has engaged WSP Canada Group Limited (WSP) to prepare a transportation impact assessment 

(TIA) for the proposed relocation of Costco Wholesale from its’ current location at 2479 Highway 97 N to 2125 and 

1901 Baron Road, shown in Figure 2.  The new site will consist of a wholesale warehouse and gas station/auxiliary 

parking site with 12 pumps (24 fueling stations).  The current site is undeveloped.  

 

Figure 2: Development Study Site 

Source:  City of Kelowna MapViewer 

For the purposes of this study, Highway 97, Baron Road, and Springfield Road were taken to run North/South and 

Dilworth Drive/Benvoulin Road, Underhill Street, Durnin Road, Leckie Road, and Banks Road were taken to run 

East/West. 
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1.2 DEVELOPMENT INFORMATION 

The new wholesale store at 2125 Baron Road will have a GFA of 14,391 m2 (excluding canopy area) and will 

consist of the following: 

• Wholesale Retail store; 

• Tire center;  

• Seasonal Garden Centre; and, 

• Propane Station. 

There is also an auxiliary site proposed at 1901 Baron Road which will include some additional parking spaces and a 

gas station. The fuel station will provide fuel sales only and there will be no convenience or automotive services are 

associated with the pad. 

The following number of parking stalls is proposed on-site: 

• 3m wide stalls: 896 

• Accessible stalls: 16 

• Total:  921 

The preliminary site plan shows four accesses to the Costco Wholesale site including two on Baron Road and two on 

Leckie Road.  The gas station site is shown with two full movement access: One on Baron Road, one on Durnin 

Road, and an exit only on Underhill Street.  The site plan showing the access locations is shown in Appendix A. 

1.3 STUDY AREA 

The proposed study area includes the following intersections and accesses:  

• Highway 97 and Banks Road; 

• Highway 97 and Leckie Road; 

• Highway 97 and Underhill Street; 

• Highway 97 and Dilworth Drive; 

• Baron Road and Banks Road; 

• Baron Road and Leckie Road; 

• Baron Road and Durnin Road; 

• Baron Road and Underhill Street; 

• Baron Road and Dilworth Drive; 

• Springfield Road and Leckie Road; 

• Springfield Road and Durnin Road;  

• Springfield Road and Dilworth Drive;  

• Leckie Road and Parkview Crescent access to site; 

• Three accesses into the warehouse site as shown on the site plan in Appendix A; and 

• Three accesses for the gas station. 

Figure 3 shows the proposed study intersections and laning. 

1.4 EXISTING TRAFFIC 

Existing traffic counts were obtained from the City of Kelowna and Ministry of Transportation and Infrastructure 

(MOTI) and adjusted to the current year of 2019.  Where traffic counts were not available, WSP collected traffic 

data for the PM and Saturday Peak hour.  Figure 4 and Figure 5 provide a graphical summary of the existing traffic 

counts at the study intersections. 
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WSP reviewed the peak hour of the site and adjacent street traffic throughout the study area to determine the 

Weekday and Saturday peak hours.  The daily peak hour of the site was found to be in the morning whereas the 

adjacent street was in the afternoon.  However, in reviewing the trip generation rate for the site, there was little 

variation found throughout the day and as a result the peak hour of adjacent street traffic would result in the highest 

network demand.  The modelling is based on the following peak hours: 

• Weekday: 16:00 – 17:00 

• Saturday: 12:45 – 13:45 
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Figure 3: Study Area and Intersection Laning  
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Figure 4: 2019 Weekday PM Peak Hour Volumes  
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Figure 5: 2019 Saturday Midday Peak Hour Volumes 
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1.5 REGIONAL GROWTH AND LOCAL DEVELOPMENT 

1.5.1 BACKGROUND GROWTH AND LOCAL DEVELOPMENTS 

As discussed in the Terms of Reference (TOR), general background traffic is expected to grow linearly at 2% per 

year.  In addition, four planned developments are also expected to impact background traffic and they have been 

included in the analysis.  The four developments are: 

1. A proposed 845 residential unit complex and 2,500 ft2 of commercial floor space available to both residents 

and non-residents located at the corner of Baron Road and Dilworth Drive at the old School District 23 site.  

This site is assumed to be phased over the two assessment years (2021 and 2031). 

2. A commercial development at the corner of Enterprise Way and Dilworth Drive, the old Enterprise Steel 

site.  The development consists of 112,500 ft2 of small bay flex units, and 38,000 ft2 of new car 

sales/service facility. 

3. A proposed Tim Horton’s high turnover restaurant located within the existing Canadian Tire parking lot at 

1655 Leckie Road. 

4. The assumed redevelopment of the ‘old’ Costco site at 2479 Highway 97 into some big-box retail function 

– assumed trip generation commensurate with that land use and square footage.  

The growth rate along with the additional developments listed above are added to the existing traffic to generate 

forecasted background traffic under two assessment years as agreed to in the TOR.  The scenarios included in the 

model are listed in Table 1-1. 

Table 1-1: ASSESSMENT YEARS 

ASSESSMENT YEAR ASSESSMENT SCENARIOS 

Current Year (2019) Existing Volumes 

Development Completion (2021) General growth (2% p.a.); General growth (2% 

p.a.) + 4 Background Developments + Costco 

10 Years After Development Completion 

(2031) 
General growth (2% p.a.); General growth (2% 

p.a.) + 4 Background Developments + Costco 

Forecasted traffic volumes for the PM peak and Saturday peak hour for the residential complex at the corner of 

Baron Road/Dilworth Drive were obtained from Figure 3.2 of the Ward Consulting Group report “Traffic Impact 

Assessment for Proposed Residential Development- 1930 Underhill Street”, 2018.   

The traffic volumes for the PM peak hour for the commercial development at the corner of Enterprise Way/Dilworth 

Drive were obtained from Figure 7 of the CTQ report “1655 Dilworth Drive Commercial Development, Kelowna, 

BC, Transportation Impact Study”, February 9, 2017.  The CTQ study for the commercial development did not 

include a Saturday scenario and therefore WSP derived Saturday peak hour traffic for this commercial development 

using ITE Trip Generation rates for the same ITE codes and version described in the CTQ report.  The trips were 

then distributed through the study network using the same distribution as the weekday PM peak hour.   

Traffic volumes for Tim Horton’s restaurant were obtained from Exhibit 3.2 of the Bunt report “Tim Hortons, 1655 

Leckie Road Transportation Impact Assessment, Final Report”.  The Bunt study did not include a Saturday scenario 

and after discussions with MOTI, the morning peak hour trip forecasts from the Bunt report were used to represent 

the Saturday peak hour for the Tim Horton’s Restaurant.  The trips were then distributed through the study network 

using the same distribution in the Bunt report. 
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Traffic volumes for the re-development of the existing Costco site were generated using ITE trip generation code 

813 (Free-Standing Discount Superstore). The generated trips were distributed through the study network using the 

same pattern as described in Section 2.2. More discussions on the re-development of the existing Costco site are 

provided in Section 2.3. 

The resulting future background traffic adjusted for growth for the 2021 and 2031 assessment years are shown in 

Figure 6 through Figure 9.
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Figure 6: 2021 Weekday PM Peak Hour Background Traffic  
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Figure 7: 2021 Saturday Midday Peak Hour Background Traffic  
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Figure 8: 2031 Weekday PM Peak Hour Background Traffic  
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Figure 9: 2031 Saturday Midday Peak Hour Background Traffic 
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2 COSTCO TRIP GENERATION, 

DISTRIBUTION AND ASSIGNMENT 

2.1 TRIP GENERATION 

Due to the unique nature of Costco retail warehouse, a trip generation study was completed at the existing location 

to determine accurate trip generation rates for the proposed new site.  The study was completed at the existing site 

located at 2479 Highway 97 and consisted of counts at each of the five accesses during business hours on a weekday 

and Saturday.  The details of the trip generation, pass-by and diverted trips for both the Costco wholesale store and 

the gas bar are outlined in the Terms of Reference attached as Appendix B. 

The final trip generation rates as determined in the study are shown in Table 2-1 for the Costco Store and Table 2-2 

for the Gas Bar with the trip summary shown in Table 2-3.  

Table 2-1: Comparison of Trip Generation Rates for Costco Store 

PROPOSED 

LAND USE 
PERIOD PEAK HOUR 

TRIP GENERATION RATE 

FROM STUDY 

ITE TRIP GENERATION 

RATE 

Costco 

Wholesale 

Club1 

Weekday 
PM Peak hour of 

Adjacent Street 
9.22 trips/ 1,000 ft2 4.61 trips/ 1,000 ft2 

Saturday 
Peak Hour of 

Adjacent Street 
11.35 trips/ 1,000 ft2 6.37 trips/ 1,000 ft2 

 

Table 2-2: Comparison of Trip Generation Rates for Costco Gasoline Fueling Stations 

PROPOSED 

LAND USE 
PERIOD PEAK HOUR 

TRIP GENERATION 

RATE FROM STUDY 

ITE TRIP GENERATION 

RATE 

Gas Station 

Weekday 
PM Peak of 

Adjacent Street 
29.86 trips/FP 15.87 

Saturday 
Peak Hour of 

Adjacent Street 
30.41 Trips/FP 19.28 

FP: fueling position 
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Table 2-3: Combined Study Site Trip Summary 

PERIOD SITE 

TOTAL 

SITE 

TRIPS 

RE-

ROUTED 

TRIPS 

PASS-

BY 

TRIPS 

DIVERTED 

TRIPS 

NET 

NEW 

TRIPS 

Weekday Peak 

Costco Wholesale 1,428 1,269 - - 159 

Gas Station  538 - 130 122 108 

Combined Trips -178 - - - - 

Total 1,788 1,269 130 122 267 

Saturday Peak 

Costco Wholesale 1,758 1,581 - - 177 

Gas Station 548 N/A 105 112 133 

Combined Trips -198     

Total 2,108 1,581 105 112 310 

*Trip generation was assumed to be 18 fuel stations for the gas bar as per the original trip generation determined in the terms of 

reference.  

2.2 TRIP DISTRIBUTION AND ASSIGNMENT 

Trip distribution for the development was described in the Terms of Reference.  The distribution was slightly 

adjusted, at the request of the City, for Leckie Road and is shown in Figure 10 and Figure 11.  Trip distribution for 

the new site was assumed to be similar to the existing patterns found at 2479 Highway 97 Costco site.  The 

assignment of the trips was completed as follows: 

Underhill Development:  Taken directly from Figure 3.2 of the Ward Consulting Group report “Traffic Impact 

Assessment for Proposed Residential Development- 1930 Underhill Street”, 2018.   

Commercial Development:  Taken directly from Figure 7 of the CTQ report “1655 Dilworth Drive Commercial 

Development, Kelowna, BC, Transportation Impact Study”, February 9, 2017 for the PM Peak hour.  The Saturday 

trips generated by WSP for the commercial development were assigned using the same distribution as the weekday 

PM peak hour.   

Tim Horton’s restaurant:  Taken directly from Exhibit 3.2 of the Bunt report “Tim Hortons, 1655 Leckie Road 

Transportation Impact Assessment, Final Report”. 

New Costco Trips:  Generally, assigned assuming the shortest path with some adjustments to account for drivers 

preferring to take the local network. 

Existing Costco Redevelopment Trips:  Assigned to follow the existing distribution patterns and traffic turning 

movement patterns at the intersections. Redevelopment trips from the North or to the North were assumed to follow 

the same distribution as existing trips to Costco and therefore not included in the study intersections (i.e. traffic 

going to Ziprick Place, northbound on Baron or leaving to the north using the Highway 97 access are not part of the 

study).  The regenerated trips using the study network for the existing site is as follows: 

- Weekday Inbound - 54%, Weekday Outbound - 58% (the remaining inbound and outbound trips are 

not be part of the study) 

- Saturday Inbound – 45%, Saturday Outbound – 42% (the remaining inbound and outbound trips are 

not be part of the study) 

The resulting generated trip assignments for Costco and the gas bar are shown in Figure 12 and Figure 13. 
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Figure 10: Proposed Site Weekday PM Peak Hour Distribution 

 

Figure 11: Proposed Site Saturday Midday Peak Hour Distribution 
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Figure 12: Weekday PM Peak Hour Costco and Gas Bar Site Generated Trips  
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Figure 13: Saturday Midday Peak Hour Costco and Gas Bar Site Generated Trips 
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2.3 EXISTING WAREHOUSE SITE 

In addition to the first three developments listed in Section 1.5, the existing warehouse will have an impact on traffic 

when it is redeveloped. The existing warehouse site was assumed to continue to be a discount retail store once 

Costco has relocated, but the details of the specific use are unknown at this time.  To assess the impact of the re-

development of the existing warehouse site, the net difference in trip generation between the existing use and 

assumed future use were added to the study network which in this case, the resulting in less trips than existing for 

the redeveloped site. 

The assignment was completed using the following steps: 

- The existing warehouse site based on the trip generation study were removed from the network 

assuming the same distribution as existing; 

- The new generated trip for a warehouse retail site using ITE trip generation code 813 (Free-Standing 

Discount Superstore), shown in Table 2-4 were then added to the network.   

Table 2-4: Trip Generation for Re-Development of Existing Site 

LAND 

USE 

PEAK 

HOUR  

TRIP 

GENERATION 

RATE 

PROPOSED 

SIZE TOTAL IN/OUT IN OUT 

Warehouse 

Retail 

Weekday PM 4.33/1000 ft2 

139,290 ft2 

603 49/51 294 307 

Saturday 
Peak 

Hour 
5.57/1000 ft2 776 50/50 388 388 

The trip distribution was assumed to follow the same pattern as described in Section 2.2.  As the trip generation rate 

for Costco is significantly higher than the ITE rate for Warehouse Retail, there was a net reduction in trips to the 

network from the re-development of the existing site.  The net trips for the re-development of the existing site from a 

Costco Wholesale to warehouse retail are shown in Figure 14 and Figure 15. 
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Figure 14: Existing Costco Warehouse Site Re-Development Weekday PM Peak Hour Trips  
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Figure 15: Existing Costco Warehouse Site Re-Development Saturday Midday Peak Hour Trips
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2.4 TOTAL TRIPS 

Due to the nature of Costco sales with bulk goods and large item purchases, there is limited opportunity for multi-

modal reduction in trips. There is opportunity to encourage Costco employees to use non-auto modes to travel to and 

from work. However, given Costco’s shift times, most employees do not arrive or leave work during the peak hour 

periods.  As a result, our modelling scenarios are a worst-case scenario where trip reductions from multi-modal 

options are not considered. 

Figure 16, Figure 17, Figure 18, and Figure 19 show the total trips in 2021 (opening day) and 2031 (10-year 

horizon).  Total trips include the new Costco/Gas Bar trips, existing warehouse re-development net trip reductions, 

background traffic with a growth rate of 2% and the local development trips which includes the Underhill residential 

development, Tim Horton’s and the Enterprise Development. 
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Figure 16: 2021 Weekday PM Peak Hour Total Volumes  
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Figure 17: 2021 Saturday Midday Peak Hour Total Volumes  
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Figure 18: 2031 Weekday PM Peak Hour Total Volumes  
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Figure 19: 2031 Saturday Midday Peak Hour Total Volumes
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3 MODELLING RESULTS 

3.1 PERFORMANCE MEASURES 

The performance of the study intersections is determined using Synchro 10 software. Synchro 10, developed by 

Trafficware, utilizes the Highway Capacity Manual (HCM) 6th Edition for assessing the Level of Service (LOS) at 

each approach and overall intersection performance. The HCM criteria for the Two-Way Stop Controlled (TWSC) 

and Signalized intersections are given below. 

Table 3-1 and Table 3-2 show the LOS for each control delay range for un-signalized and signalized intersections, 

respectively. 

Table 3-1: LOS Criteria for Vehicles at Un-Signalized Intersections (HCM) 

CONTROL DELAY 

(SECONDS/VEHICLE) 

LOS BY VOLUME-TO-

CAPACITY RATIO 

 

0 - 10 A 

< 10 - 15 B 

< 15 - 25 C 

< 25 - 35 D 

< 35 - 50 E 

>50 F 

 

Table 3-2: LOS Criteria for Vehicles at Signalized Intersections (HCM) 

CONTROL DELAY 

(SECONDS/VEHICLE) 

LOS BY VOLUME-TO-

CAPACITY RATIO 

 

≤ 10 A 

> 10 ≤ 20 B 

> 20 ≤ 35 C 

> 35 ≤ 55 D 

> 55 ≤ 80 E 

> 80 F 

The capacity analysis results are reviewed based on the following criteria: 

1. For signalized intersections: 

— Overall intersection Level of Service (LOS) does not exceed LOS D in both AM & PM peak 

hours; 

— Overall intersection Volume to Capacity (v/c) ratio does not exceed 0.85; 

— Individual movement LOS does not exceed LOS E; 

— Individual movement v/c ratio does not exceed 0.90; and, 

— 95th percentile queue lengths do not exceed storage lengths. 
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2. For unsignalized intersections: 

— Individual movement LOS does not exceed LOS D (unless the movement volume is very low 

compared to other movements); 

— Individual movement v/c ration does not exceed 0.90; and, 

— 95th percentile queue lengths do not exceed storage lengths. 

When traffic generated by Costco is added to an intersection and the v/c ratio of a specific movement was less than 

0.90 under background conditions is now greater than 0.90, then mitigations are identified to allow the intersection 

to operate at 0.90 or less.  If the intersection was above 0.90 under background conditions, then improvements are 

identified if the v/c ratio increases because of the development. 

3.2 OVERALL MODELLING RESULTS 

The peak movements not meeting the performance thresholds as described in Section 3.1 are summarized in Table 

3-3. For this study, Highway 97, Baron Road and Springfield Road are considered North/South routes. The 

movements that do not meet performance thresholds depending on scenario are highlighted in a different colour: 

- Black for movements that do not meet threshold for existing conditions,  

- Blue for movements that do not meet thresholds for 2021 or 2031 background, and  

- Green for movement that do not meet thresholds for 2021 or 2031 total conditions.   

As such, the movements highlighted in green in the table are the movements that are specifically impacted by the 

proposed Costco development.  

Some of the intersection approaches were found to have a volume/capacity ratio near or above 1.0. This means that 

more vehicles are arriving at the intersection than are clearing the intersection during the PM peak and Saturday 

peak hours. The result of this, is a highly volatile network that can experience large and unexpected changes to 

performance with minor network or volume changes. It also means the network is sensitive to delays from 

collisions, stalls, or construction and if one change is made to improve an approach capacity or level of service, it 

could affect other approaches within the intersection or network.   

Since both peak hours show similar movements not meeting thresholds, the mitigation measures considered and 

modelled were the same for the PM and Saturday peak hour under total development conditions. The total 

development scenario was chosen because if the measures were found to show an improvement at this level of 

development, the improvements would therefore satisfy background development conditions as well. 

The mitigated considerations are described in Table 3-4. Note that the cycle lengths used for the Highway 97 

intersections are the existing cycle lengths. The overall modelling results of the existing traffic volumes, background 

development condition in 2021 and 2031 and total development conditions before and after mitigation are shown in 

Table 3-5, Table 3-6 and Table 3-7. Comments on the results are provided in Table 3-9 by intersection along with 

the recommended mitigations.  Appendix E provides high level conceptual drawings of the improvements. 
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Table 3-3: PM Peak and Saturday Peak Movements Not Meeting Thresholds 

  
2019 PM 

Peak 

2021 

Background 

PM Peak 

Total 2021 

PM Peak 

(Costco) 

2031 

Background 

PM Peak 

Total 2031 

PM Peak 

(Costco) 

 

2019 

Saturday 

Peak 

2021 

Background 

Saturday Peak 

Total 2021 

Saturday Peak 

(Costco) 

2031 

Background 

Saturday Peak 

Total 2031 

Saturday Peak 

(Costco) 

Highway 97/Dilworth 

Drive 
SBL 

WBL, NBL, 

NBTTTR, 

SBL 

WBL, NBL, 

NBTTTR, 

SBL 

WBL, NBL, 

NBTTTR, 

SBL, SBTTR 

WBL, NBL, 

NBTTTR, 

SBL 

 SBL 
WBL, 

NBTTTR, SBL 

WBL, 

NBTTTR, SBL 

EBL, WBL, 

NBL, NBTTTR, 

SBL 

EBL, WBL, 

NBL, NBTTTR, 

SBL 

Highway 97/Underhill 

Street 
WBR, SBL 

WBR,  

SBL 

WBR,  

SBL 

WBR,  

SBL 

WBR,  

SBL 
 WBR, SBL 

WBR,  

SBL 

WBR,  

SBL 

WBR,  

SBL 

WBR,  

SBL 

Highway 97/Leckie 

Road 

WBL, 

WBT, SBL 

EBLL, WBL, 

WBT, SBL 

EBTR, 

WBL, 

WBT, SBL 

EBLL,  

EBTR, WBL, 

WBT, SBL, 

NBL, 

NBTTTR,  

SBL 

EBLL,  

EBTR, WBL, 

WBT, SBL, 

NBL, 

NBTTTR,  

SBL 

 WBL 
WBL, WBT, 

NBL, SBL 

WBL, WBT, 

SBL 

WBL, WBT, 

NBL, NBTTTR, 

SBL 

WBL, WBT, 

NBL, NBTTTR, 

SBL 

Highway 97/Banks 

Road 
NBL 

NBL, 

NBTTT, SBL 

NBL, 

NBTTT, 

SBL, 

SBTTT 

EBL, WBL, 

NBL, 

NBTTT, 

SBL, SBTTT 

EBL, WBL, 

NBL, NBTTT, 

SBL, SBTTT 

 NBL NBL, NBTTT 

NBL, NBTTT, 

SBTTT 

 

EBL, WBL, 

NBL, NBTTT, 

SBTTT 

EBL, WBL, 

NBL, NBTTT, 

SBTTT  

Baron Road 

/Dilworth/Mall 

Entrance 

SBLT NBLT, SBLT 
NBLT, 

SBLT 

NBLT, 

SBLT, 

WBTTR 

NBLT, SBLT, 

WBTTR 
 NBLT, SBLT NBLT, SBLT NBLT, SBLT 

WBTTR, 

NBLT, SBLT 

EBL, WBTTR, 

NBLT, SBLT 

Baron Road/Underhill 

Street 
 EBLTR, 

WBLTR 

EBLTR, 

WBLTR 

EBLTR, 

WBLTR 

EBLTR, 

WBLTR 
 

EBLTR, 

WBLTR 

EBLTR, 

WBLTR 

EBLTR, 

WBLTR 

EBLTR, 

WBLTR 

EBLTR, 

WBLTR 

Baron Road/Durnin 

Road 
    WBLR   WBLR      WBLR   WBLR 

Baron Road/Leckie 

Road 
SBTR SBTR 

EBTR, 

SBTR 
SBTR, EBTR 

EBTR, EBL, 

SBTR 
 SBTR SBTR 

EBTR, NBL, 

SBTR 
SBTR 

EBL, EBTR, 

NBL, SBTR 

Baron Road/Banks 

Road 
SBTR SBTR SBTR SBTR SBTR  SBTR SBTR SBTR SBTR EBTR, SBTR 

Springfield/Dilworth/ 

Benvoulin 

WBTT, 

NBTTR, 

SBL 

WBTT, 

NBTTR, 

SBL 

WBTT, 

NBTTR, 

NBL, SBL 

EBTT, 

WBTT, 

NBL, 

NBTTR, 

SBL, SBTTR 

EBTT, 

WBTT, NBL, 

NBTTR, SBL, 

SBTTR 

    SBL 
NBL, SBL, 

SBTTR 

NBL, SBL, 

SBTTR 

NBL, NBTTR, 

SBL, SBTTR 

Springfield Road  

/Durnin Road 
    NBL   

EBR 

NBL, NBTTR 
     NBL   NBL 

Springfield Road/ 

Leckie Road 
 NBL NBL 

NBL, 

SBTTR 
NBL 

EBR, 

NBL, SBL, 

SBTTR 

  NBL NBL, SBTTR NBL, SBTTR NBL, SBTTR NBL, SBTTR 

Leckie Road/Parkview 

Crescent 
    NBL, SBL   NBL, SBL      NBL, SBL   NBL, SBL 

 

- Black for movements that do not meet threshold for existing conditions,  

- Blue for movements that do not meet thresholds for 2021 or 2031 background, and  

- Green for movement that do not meet thresholds for 2021 or 2031 total conditions.   
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Table 3-4: Mitigation Modelled by Intersection 

Location PM/Saturday Peak Hour Mitigation 

Cycle 

Length – 

PM 

(seconds) 

Cycle 

Length – 

Saturday 

(seconds) 

Highway 97/ 

Dilworth Drive 

• Dual southbound left 

• Northbound right  

• Optimize phases within cycle length 

150 130 

Highway 97/ 

Underhill Street 
• Do nothing   

Highway 97/Leckie 

Road 

• Dual southbound left  

• Convert second eastbound left had turn lane to 

second eastbound through lane 

• Optimize phases within cycle length 

150 130 

Highway 97/Banks 

Road 

• Dual Northbound left 

• Optimize phases within cycle length 
150 130 

Baron/Dilworth/ 

Mall Entrance 

• Adjust lane configuration along Baron Road 

• Add westbound right along Dilworth Drive 

• Optimize phases within cycle length.   

100 100 

Baron Road/ 

Underhill Street 

• Signalize 

• Left turn lane in East and West  

• Westbound right turn lane 

50 50 

Baron Road/Durnin 

Road 
• Do nothing – Review pedestrian crossing options   

Baron Road/Leckie 

Road 

• Change lane configuration to two through and left 

turn lane along Leckie Road. 

• Add southbound right turn lane along Baron Road 

• Change cycle length from 85s to 100s on 

Saturday. Optimized phases within cycle length. 

100 100 

Baron Road/Banks 

Road 

• Add southbound right turn lane. 

• Change cycle length from 81s to 100s 
100 100 

Springfield/Dilworth/ 

Benvoulin 

• Dual southbound left 

• Increase length of westbound right turn lane 
120 

110 

 

Springfield Road/ 

Durnin Road 
• Signalize and coordinated between 

Benvoulin/Dilworth and Leckie Road 
120 110 

Springfield Road 

/Leckie Road 

• Dual Northbound left 

• Optimize phases within cycle 

• Increased cycle length on Weekdays from 110s to 

120s and Saturday from 100s to 110s 

120 110 

Leckie Road/ 

Parkview Crescent 

• Signalize (permissive only phasing) 

• Add east/west left turn Lane at Parkview Crescent 
50 

50 
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Table 3-5:  Summary of PM Peak Hour Modelling Results – 1 of 4 
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Table 3-5: Summary of PM Peak Hour Modelling Results – 2 of 4 
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Table 3-5: Summary of PM Peak Hour Modelling Results – 3 of 4 
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Table 3-5: Summary of PM Peak Hour Modelling Results – 4 of 4 
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Table 3-6: Summary of Saturday Peak Hour Modelling Results – 1 of 4 
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Table 3-6:  Summary of Saturday Peak Hour Modelling Results – 2 of 4 
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Table 3-6:  Summary of Saturday Peak Hour Modelling Results – 3 of 4 
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Table 3-6:  Summary of Saturday Peak Hour Modelling Results – 4 of 4 
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Table 3-7: Summary of Costco Access Modelling Results 
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Signal timing at Highway 97 and Leckie Road was optimized along with two other signalized intersections on 

Highway 97 for 2021 Future Total scenarios to show the effect to intersection performance by signal timing 

optimization only. Summary of the modelling results is shown in Table 3-8. This testing was only conducted to 

the 2021 models as the double southbound left-turn lanes at Highway 97 and Leckie Road are expected to be in 

place by 2031. Other than the signal timing optimization, the turn type for the southbound left-turn phase at 

Highway 97 and Leckie Road in 2021 Future Total Weekday scenario was adjusted from Permitted to 

Protected-permitted. It should be noted that the same protected southbound left-turn phase was already coded 

for the weekend scenario as of existing. No other changes were made to the intersection for this scenario.  

Compared to the corresponding results under Future Total scenarios in Table 3-5 and 3-6, the overall 

intersection delays and LOS are slightly improved at Leckie Road and Banks Road; however, delays have 

significantly increased at Dilworth Drive. This is likely caused by corridor offset optimization, with some 

intersections and movements being improved but others becoming worse. By adding the protected southbound 

left-turn phase at Highway 97 and Leckie Road in 2021 weekday scenario, delays for westbound left-turn, 

northbound left-turn and southbound left-turn have been significantly improved. Synchro and SimTraffic 

reports for the optimized signal timings are included in Appendix C.  

It is important to note that the Highway 97 signal optimization in this task, was limited in scope to the three 

signals within the study area (Dilworth, Banks, and Leckie). This signal optimization review did not include the 

rest of the signals along the coordinated corridor (Burch, Spall, Cooper, and Highway 33). As such it is not 

possible to show the impact of optimization on the entire corridor or find a signal timing which is optimal for 

the entire coordinated corridor. Furthermore, optimizing Leckie with Dilworth and Banks increases the overall 

delay on Highway 97 and Dilworth. Thus, optimizing Leckie without optimizing the entire coordinated segment 

is not recommended for opening day and any future signal optimization should include all seven of the 

coordinated signals (Leckie, Burch, Spall, Cooper, Dilworth, Banks, and Highway 33).  
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Table 3-8: Modelling Results along Highway 97 with Signal Timing Optimization 
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Table 3-9: Summary of Modelling Result Comments 

Location Mitigation Comments 

Highway 97/Dilworth Drive 

• Dual southbound left 

• Northbound right  

• Optimize phases within cycle 

length 

The southbound left turn maneuver has capacity and level of service issues during all time periods and scenarios. The northbound through/right turn lane 

grouping will also perform poorly in 2021 when traffic is added on the network from the residential development at Dilworth/Baron Road.  The model also 

indicated there could be level of service and capacity issues for the vehicles turning left from Dilworth Drive onto the Highway under background conditions 

in 2021 and 2031 and when Costco traffic is added to the network.   

Mitigation modelling results showed that adding a southbound left turn lane will not improve capacity as the signal phase change to a protected only for the 

Northbound and Southbound left turns and optimization will have impacting consequences for the Highway through movements for both 2021 and 2031 

modelling horizons.  The overall intersection delay will be worse if dual left turn lanes are added compared to existing conditions.   

Due to ROW constraints, the most effective physical measure for this intersection in 2021 is to add a northbound right turn lane. 

 

Highway 97/Underhill Street • Do Nothing 

Traffic movements at this three-legged intersection are restricted to right in and left in from the highway to Underhill Street and right out onto the highway.  

Under all conditions and assessment years, the southbound left and westbound right turn movements were found to operate poorly and at higher than 

acceptable capacity and delay thresholds. Queues lengths were also found to reach beyond the available lane length along Highway 97.  It should also be 

noted that HCM results show intersection performance in isolation of each other which means that available gaps in opposing traffic from the signal at 

Dilworth Drive/Highway 97 is not considered and field observations indicate there is less queueing and delay than shown in the model at the intersection.  

No mitigation was considered in the model for this intersection in this study.  Monitoring is recommended. 

Highway 97/Leckie Road 

•  Dual southbound left  

• Optimize phases within cycle 

length 

• Convert second eastbound left 

lane to second eastbound 

through lane 

The current protected southbound left turn phase is only functional from 9 am to 3 pm.  This movement also was shown to perform poorly under existing 

conditions during the PM and Saturday peak hours for all horizon years.  Southbound left turn queues will also be quite long under total traffic conditions in 

2021 and 2031. The trip assignment for the new Costco location assumed that traffic coming from the north would use the shortest route which meant a high 

trip assignment at Leckie Road.  If this intersection capacity is not upgraded or phasing is not updated, then likely traffic will use alternative routes. 

Modelling a southbound dual left turn lane along the highway and optimizing signal phasing showed overall improvement under total development 

conditions in 2021 but northbound through movements will be impacted by the protected phase of the southbound dual left turn lane along the Highway. 

There will continue to be capacity and level of service issues in 2031 after applying the mitigation measures.  Converting the second eastbound left turn lane 

to a second eastbound through lane will improve operations. 

Ultimately double left turns southbound onto Leckie is required (once aggreged upon triggers by City and MOTI are met.) 

 

Highway 97/Banks Road 

• Dual Northbound left 

• Optimize phases within cycle 

length 

The capacity and level of service issues for the northbound left movements stem from existing traffic conditions and background growth. A dual northbound 

lane will improve the capacity of this movement but will impact some other movements when signal timing is updated to accommodate the protective nature 

of a dual left turn lane. The 2031 mitigation modelling scenario also show capacity and level of service issues after applying the mitigation measures.   

The most effective measure for this intersection in 2021 is to monitor this intersection. 

Baron/Dilworth/Mall Entrance 

• Adjust lane configuration along 

Baron Road 

• Add westbound right along 

Dilworth Drive 

• Optimize phases within cycle 

length.   

Capacity and level of service thresholds do not meet acceptable levels under existing and all other scenarios along Baron Road at the mall/Dilworth Drive 

intersection.     

The change in signal timing, lane configuration and addition of the westbound right turn lane from Dilworth Drive to Baron Road improved the overall 

intersection performance as well as delays from the mall entrance for the 2021 horizon years.  East (EBL), westbound (WBR) and southbound directions 

could continue to experience capacity issues on Saturdays. Although there was some improvement to capacity and level of service in 2031, it will continue to 

not meet capacity and level of service thresholds in the westbound, southbound and eastbound directions on Saturdays.   

A lane reconfiguration along Baron Road and the mall entrance will improve the safety of the intersection because through movements would no longer have 

to merge into a left turning lane to complete the maneuver and it will reduce driver confusing with the protected left turn phase.  

The most effective measure for this intersection in 2021 is to reconfigure the north/south direction to a left turn lane and separate through/right turn lane, 

optimize phasing and add a westbound right turn lane from Dilworth Drive to Baron Road. 

Baron Road/Underhill Street • Signalize The Baron Road/Underhill Street intersection is currently un-signalized and operates at acceptable capacity and delay thresholds during the PM peak hour 

but fails on Saturday under existing conditions.  However, preliminary analysis indicates that a signal is not warranted under existing conditions due to the 
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• East and westbound left turn 

lane  

• Westbound right turn lane 

low left turn volume.  When regional development trips are added to the network, the intersection fails in 2021 and 2031 background horizon years.   The 

capacity and level of service thresholds are also exceeded when Costco trips are added to the network.   Left turn and through movements out of Underhill 

Street onto or across Baron Road are constrained by the high two-way volumes on Baron Road.  

Signalization, left turn lanes from Underhill Street onto Baron Road and a westbound right turn lane improved the level of service in 2021 to acceptable 

thresholds levels.  The northbound and southbound direction may still experience some capacity issues by 2031 during the Saturday peak hour.  However, no 

further mitigation is required as the level of service in 2031 on Saturday for the total development conditions is better than the background level of service 

for the same period when no mitigation measure was in place. 

The most effective measure for this intersection in 2021 is to signalize it, line paint for left turn lanes in the east/west direction and add a westbound right 

turn lane to accommodate the Costco traffic from the gas bar. 

 

Baron Road/Durnin Road 
• None – review pedestrian 

crossing 

The Baron Road/Durnin Street intersection operates at acceptable capacity and level of service thresholds under background conditions for all horizon years.  

Queue lengths are also acceptable. The Saturday market at Springfield Road/Dilworth Drive does attract other road users to the area and with the addition of 

Costco gas bar traffic, there will be capacity and level of service issues on Saturdays along Durnin Street. The alignment of the gas pumps will effectively 

create one-way traffic into the gas bar from Durnin Street and out at Underhill Street and the amount of traffic turning left or right from Durnin Street is 

relatively low compared to traffic impacts at Underhill Street and Baron Road. Durnin Street is a residential area which has 30 km/h posted speed limits and 

traffic calming measures in place. The signal at Underhill Street will likely allow for gaps in traffic while the signal phase is red along Baron.  No mitigation 

is recommended for the westbound left movements.   

The most effective measure for this intersection is to review pedestrian crossing options. 

Baron Road/Leckie Road 

• Change lane configuration to 

two through and left turn lane 

along Leckie Road. 

• Add southbound right turn lane 

along Baron Road 

• Change cycle length from 85s to 

100s on Saturday.  

• Optimize phases within cycle 

length. 

The southbound lane from Baron Road onto Leckie Road to get to Highway 97 does not meet acceptable capacity and level of service thresholds under 

existing and future background conditions.  When the new Costco site traffic is added to the network, there will also be capacity and level of services issues 

on opening day and in the 10-year horizon along Leckie Road in the eastbound direction.  Queues lengths along Baron Road are also anticipated to reach 

beyond the existing lane lengths.   

The modelling results showed that changing the lane configuration to two through east/west lanes, adding east/west left turn lanes along Leckie Road and a 

southbound right turn lane along Baron Road will improve this intersection in 2021 horizon years under total development conditions and no anticipated spill 

back to the Highway is forecasted.  Northbound and southbound left turns from Baron Road to Leckie Road as well as the eastbound direction could be 

impacted by the higher volumes 2031.  Signal timing should be reviewed once traffic volumes reach 2031 levels. 

Due to property constraints, the southbound right turn lane is likely not feasible.  Therefore, the most effective measure in 2021 at this intersection is to 

change the lane configuration to two through and left turn lane along Leckie Road, update the cycle length and optimize the phases within the cycle length. 

 

Baron Road/Banks Road 

• Add southbound right turn lane. 

• Change cycle length from 81s to 

100s 

 

The Baron Road/Banks Road intersection will generally see an improvement in lane group capacities and the level of service when Costco is relocated 

towards Leckie Road due to the re-distribution of traffic.  However, the southbound direction does experience capacity and LOS issues under existing 

conditions.   

The modelling results showed that adding a southbound right turn lane along Baron Road and adjusting signal timing will bring all movements to acceptable 

threshold levels in 2021 and 2031 under PM peak traffic conditions and 2021 Saturday peak traffic conditions.  Signal timing may have to be reviewed for 

Saturday traffic conditions in 2031. 

However, adding a southbound right turn lane is not feasible due to property constraints. 

Springfield/Dilworth/Benvoulin 

• Dual southbound left 

• Increase length of westbound 

right turn lane 

The southbound and westbound capacity and LOS issues stem from existing PM peak traffic conditions. The southbound left turn capacity issues will 

become an issue on Saturdays under background growth conditions.  When Costco traffic is added to the background, then Northbound left turn will also 

start to experience capacity and LOS issues.  Southbound Left turn lane queues often spill back into the through lane during afternoon peak hours.  The Left 

turn volumes in the afternoon under existing conditions are on the order of 545 vehicles per hour (veh/h) and forecast to increase to over 700 veh/h in 2031 

under future background and total development conditions. Opposing volumes are also high during the afternoon peak hour.  Generally, when left turning 

volumes are over 300 veh/h and the opposing volume is high, a second left turn lane with fully protected signal phasing should be considered.   Other recent 

studies for the area have recommended converting the single left turn lane to a dual left turn lane from Springfield Road onto Benvoulin Road. 
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The modelling results showed adding southbound left turn lane will improve capacity and level of service for the left turn movement and overall intersection 

LOS but the mitigation measure will not meet the threshold established for other movements that are experiencing capacity and LOS issues.  Signal timing 

would need further review or additional lane capacity added to meet the thresholds established. 

Although, the southbound dual left turn lane does not change intersection performance to meet thresholds under total development conditions, dual left turns 

should be considered in future transportation capital upgrade plans.   

An effective measure for 2021 would be to extend the westbound right turn lane. 

Springfield Road/Durnin Road 
• Signalize and coordinate 

between Benvoulin/Dilworth 

and Leckie Road 

Costco traffic will add northbound left turn movements at Springfield/Durnin Road intersection.  The impact of platooning and gaps from the signal at 

Leckie Road/Springfield Road is not taken into consideration in the model and likely there may be enough gaps to accommodate this movements in 2021.     

Therefore, monitoring is recommended at this time.  Should the left turn queues become too long, then the pedestrian signal could be converted to a 

signalized intersection actuated for left turn movements. 

Springfield Road /Leckie Road 

• Dual Northbound left 

• Optimize phases within cycle 

length  

• Increase cycle length on 

Weekdays from 110s to 120s 

and Saturday from 100s to 110s 

The northbound left turn movement is beyond capacity during the PM and Saturday peak hours under 2019 traffic volume conditions and other horizon year. 

Under 2021and 2031 total conditions a similar issue occurs for the southbound through and right turn lane groupings.  The northbound left turn queues 

lengths may exceed the available storage lane length during the afternoon and Saturday peak hours for 2021 and 2031 background and total development 

conditions. 

The current phasing at this location includes a protected left turn only phase which limits the vehicles from making additional left turn maneuvers when 

opposing lanes have adequate gaps in traffic.  This was put in place due to the high collision rates at this intersection approximately 8 years ago.  As a result, 

a mitigation strategy of changing this phase as protected/permissive was not considered and a dual left turn lane was modelled. 

The modelling of a northbound dual left turn lane will bring the left turn movement to acceptable capacity and level of service thresholds in 2021 but will not 

in 2031. The southbound through and right movements will be impacted by the protected phase of the left turns. 

The most effective measure, if protected permissive phasing is not allowed, is to add a left turn lane in the northbound direction, update the cycle lengths and 

optimize the phases within the cycle.  Right of way will be required for a dual left turn lane.  To minimize the land requirements, the existing bus stop should 

be moved to the far side (north) of the intersection. 

 

Leckie Road/Parkview 

Crescent 

• Signalize (permissive phasing 

only) 

• Left turn lane in east and west 

directions 

The Leckie Road/Parkview Crescent intersection is proposed to serve as the primary access into and out of the new Costco site.  It currently has a pedestrian 

crossing signal across Leckie Road.  A fourth leg would be added to form a four-legged intersection at this location. Due to the high left turn traffic volume 

both into and out of the site, the northbound left turn maneuver (out of Costco) will be beyond level of service and capacity thresholds.  The modelling 

results showed signalizing the Costco entrance/Leckie Road will bring all movements to acceptable threshold levels. 

The most effective measure for this intersection is to signalize and add left turn lanes in the east and west direction.  

 

Costco Non-Signalized Access 

Locations 

- Mid Baron Road 

- Leckie Road 

- South Baron Road 

• None  

Mid Baron Road access is limited to a right-in/right-out with southbound left turn from Baron Road into the site.  This access point will operate at acceptable 

thresholds for all horizons and time periods. 

The Leckie Road access which is limited to a right-in/right-out will also operate at acceptable thresholds for all horizons and time periods. 

The south Baron Road access which is proposed to be an all turns access to and from Baron Road will generally operate at acceptable conditions except for 

the left turn movements out of the site on Saturdays.  The through volumes are high along Baron Road which will cause some delay and queues within the 

site on Saturdays.    

Gas Bar Non-Signalized Access 

Locations 

- Underhill Street 

- Baron Road 

- Durnin Road 

• None  

The model results show the accesses for the gas station will operate at acceptable thresholds.  Left tun traffic out the gas station and onto Baron Road will 

experience delays over the acceptable thresholds in 2031 on Saturday but these volumes are forecasted to be low as the majority of gas bar users will use the 

Underhill Street access to leave the station. 
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3.3 PERSON DELAY REVIEW 

In addition to the HCM results, the total delay per person was calculated for the whole of the study network by 

adding up the overall delay per vehicle for each of the intersections and multiplying it by the average number of 

people per vehicle (assumed to be 1.2 person/veh).   

The intersection of Baron Road and Underhill Street was not included in the calculation due to very delays when it 

is an unsignalized intersection under background and total development conditions which skews the results.  Table 

3-11 and Table 3-12 provide a summary of the PM and Saturday peak hour results of overall delay by intersection 

and delay within the study network. 

The resulting change is overall delay from the proposed relocation of Costco with the proposed mitigation measures 

for the 2021 and 2031 total network scenarios is shown in Table 3-10. 

Table 3-10: Person Delay Improvement (minutes) 

TOTAL DEVELOPMENT CONDITIONS 

PEAK HOUR AND HORIZON YEAR 

NO 

MITIGATION 

MEASURES 

(MINUTES) 

 

WITH 

MITIGATION 

MEASURES 

(MINUTES) 

CHANGE 

(MINUTES) 

Total Development PM Peak 2021 18.4 8.1 10.3 

Total Development PM Peak 2031 33.0 14.8 18.2 

Total Development Saturday Peak 2021 19.5 8.1 11.4 

Total Development Saturday Peak 2031 32.9 13.9 19.0 
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Table 3-11: PM Peak Hour Delay by Intersection and Total for Study Area 

    Mitigation   Mitigation 

  
Background 

(2019) 

Background 

(2021) 

Future Total 

(2021) 

Future Total 

2021 

Background 

(2031) 

Future Total 

(2031) 

Future Total 

(2031) 

  
Control Delay 

(s) 

Control Delay 

(s) 

Control Delay 

(s) 

Control Delay 

(s) 

Control Delay 

(s) 

Control Delay 

(s) 

Control Delay 

(s) 

Highway 97 and Dilworth Drive 43.5 47.4 61.2 66.2 84.7 93.6 158.4 

Highway 97 and Underhill Street 88.6 146.9 156.9 10.3 370.4 379.5 63.3 

Highway 97 and Leckie Road 28.2 43.1 122.0 36.3 66.1 171.9 55.7 

Highway 97 and Banks Road 35.8 46.8 52.1 42.7 95.3 118.5 94.1 

Baron Road and Dilworth Drive/ Mall Entrance 55.1 38.5 99.4 30.6 215.3 214.1 40.5 

Baron Road and Durnin Road 2.8 3.3 11.4 6.5 4.4 23.6 13.3 

Baron Road and Leckie Road 31.6 42.9 86.5 39.3 73.5 131.9 52.2 

Baron Road and Banks Road 31.3 43.8 38.1 20.1 91.8 77.7 25.7 

Springfield Road and Dilworth/ Benvoulin Road 71.8 97.3 105 93.8 153.4 170 156.2 

Springfield Road and Durnin Road 6.6 6.9 14.6 14.7 10.3 23.9 22.5 

Springfield Road and Leckie Road 31.1 41.9 65.8 33.3 70.7 98.9 51.1 

Leckie Road and Parkview Crescent 0.2 0.2 104.8 9.2 0.3 145.7 8.7 

Total Delay (minutes) 7.1 9.3 15.3 6.7 20.6 27.5 12.4 

Total Person Delay (minutes) 8.5 11.2 18.4 8.1 24.7 33.0 14.8 

 

• The highlighted yellow value in the table indicate the mitigation measure modelled will not improve the intersection LOS and could have other impacted effects. 
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Table 3-12: Saturday Peak Hour Delay by Intersection and Total for Study Area 

    Mitigation   Mitigation 

  
Background 

(2019) 

Background 

(2021) 

Future Total 

(2021) 

Future Total 

2021 

Background 

(2031) 

Future Total 

(2031) 

Future Total 

(2031) 

  
Control Delay 

(s) 

Control Delay 

(s) 

Control Delay 

(s) 

Control Delay 

(s) 

Control Delay 

(s) 

Control Delay 

(s) 

Control Delay 

(s) 

Highway 97 and Dilworth Drive 41.4 46.7 56.6 76.3 80.9 96.7 167.6 

Highway 97 and Underhill Street 32.3 61.8 79.5 2.7 147.1 182.0 21.3 

Highway 97 and Leckie Road 29.8 47.1 102.5 47.6 80.1 136.7 73.3 

Highway 97 and Banks Road 38 44.8 62.3 53.0 88.6 122.8 99.3 

Baron Road and Dilworth Drive/ Mall Entrance 81.2 148.3 144.3 41.8 347 338.5 66.1 

Baron Road and Durnin Road 3 3.6 23.8 12.8 5.1 51.6 25.2 

Baron Road and Leckie Road 33.5 47.2 114.5 41.5 82.2 159.9 55.7 

Baron Road and Banks Road 57.3 77.8 44.5 24.2 141.4 93 35.7 

Springfield Road and Dilworth/ Benvoulin Road 31.7 36.6 49 48.1 76 104.9 78.1 

Springfield Road and Durnin Road 6.2 5.8 13.3 13.7 7.2 25.6 18.1 

Springfield Road and Leckie Road 29.8 36.5 51.1 32.1 77.3 84.4 44.5 

Leckie Road and Parkview Crescent 0.4 0.4 231.2 9.0 0.4 250 10.2 

Total Delay (minutes) 6.4 9.3 16.2 6.7 18.9 27.4 11.6 

Total Person Delay (minutes) 7.7 11.1 19.5 8.1 22.7 32.9 13.9 

 

• The highlighted yellow value in the table indicate the mitigation measure modelled will not improve the intersection LOS and could have other impacted effects. 
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4 ALTERNATIVE SCENARIO TESTING 
The analyses in Section 3 represent a simple comparison of the existing network in the Full Background and Full 

Build conditions in 2021 and 2031. However, over the course of this study the Ministry and City requested several 

rounds of sensitivity analyses be conducted to confirm the potential for minor changes to the network. One of these 

was to confirm the potential impacts of changes to the intersection of Highway 97 and Underhill Street. 

Sections 4.1 and 4.2 are largely unchanged from the previous report and are presented here for completeness. They 

do not incorporate the refinements in the assignment of Costco traffic. 

In addition, they requested more specified analysis to determine the individual effects of the new Costco, new as-of-

right gas bar against two comparative background scenarios: 1) without the four major background developments 

noted in Section 1.5.1 (2% p.a. traffic growth only) and 2) with those four major background developments. The 

purpose of this is to better determine how much of the 2021 and 2031 peak scenarios is created by the proposed 

Costco and how much from other major projects. 

4.1 POTENTIAL CHANGES TO UNDERHILL LEFT TURN 

In response to the Ministry’s request regarding further mitigation exploration along the Highway, WSP completed 

additional modelling of the network focusing on different scenarios for the highway.   

These scenarios included the following, both of which were ultimately denied by the Ministry due to their proximity 

to Dilworth Road and the potential for adverse effects on major movements at that intersection: 

1. Left turn signalization of Highway 97 at Underhill Street and reassignment of some Costco traffic to 

Underhill Street access.  The left turn phase would be coordinated with side street movements at Dilworth 

Drive. 

2. Closure of Highway 97 left turn at Underhill Street and reassignment of existing highway left turn traffic to 

Dilworth Drive.  Costco traffic assigned back to Leckie Road. 

These two scenarios had two major findings: a) Closing Underhill significantly increased the delay of southbound 

vehicles turning left off of the Highway at Dilworth and b) adding a signal at Underhill had almost the same effect 

as a second southbound left turning lane at Leckie. Also, it should be noted that while Costco is adding volume, 

most of these left turns are either saturated or close to saturated during peak hours in the background condition.   

These modelling scenarios were completed for the 2021 opening day horizon for the PM and Saturday peak hour 

and total traffic conditions. Cycle lengths were kept the same at 150 seconds for the PM peak hour and 130 seconds 

for Saturday. 

The modelling included the following mitigations as shown in Table 4-1:  

Table 4-1: Proposed Mitigation Measures 

INTERSECTION PM/SATURDAY MITIGATION 

Highway 97/Banks 

Road 

- Dual northbound left turn lanes 

- Phase optimization 

Highway 97/ 

Underhill Street 

- Scenario 1 – Left turn signalization 

- Scenario 2 – Closure of left turn 
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Highway 97/ Leckie 

Road 

- Northbound and southbound left turn lanes remain the same as the existing 

configuration 

- Protected/permissive phasing for all time periods in the northbound and 

southbound direction 

- Laning in east/west direction to include two through lanes and one left turn 

lane from Leckie Road to highway 97 in both directions 

- Signal phase optimization 

Highway 97/ 

Dilworth Drive 

- Northbound and southbound left turn lanes remain the same as the existing 

configuration 

- Right turn lane addition as per previous analysis 

- Signal phase optimization 

 

 

The results of additional scenarios are summarized below for the PM peak in Table 4-2 and for the Saturday 

afternoon peak in Table 4-3. 
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Table 4-2:  Summary of Underhill Street Mitigation PM Peak Hour Modelling Results – 1 of 4 
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Table 4-2:  Summary of Underhill Street Mitigation PM Peak Hour Modelling Results – 2 of 4 
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Table 4-2:  Summary of Underhill Street Mitigation PM Peak Hour Modelling Results – 3 of 4 
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Table 4-2:  Summary of Underhill Street Mitigation PM Peak Hour Modelling Results – 4 of 4 
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Table 4-3:  Summary of Underhill Street Mitigation Saturday Peak Hour Modelling Results – 1 of 4 
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Table 4-3:  Summary of Underhill Street Mitigation Saturday Peak Hour Modelling Results – 2 of 4 
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Table 4-3:  Summary of Underhill Street Mitigation Saturday Peak Hour Modelling Results – 3 of 4 
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Table 4-3:  Summary of Underhill Street Mitigation Saturday Peak Hour Modelling Results – 4 of 4 
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4.1.1 SCENARIO 1 – LEFT TURN LANE SIGNALIZATION AT HIGHWAY 

97/UNDERHILL STREET 

The idea behind adding a coordinated left turn signal at Underhill Street/Highway 97 is to encourage travellers to 

disperse their left turns from the Highway and onto the local network over several intersections instead of at 

Dilworth Drive and Leckie Road which are already overloaded and not meeting thresholds. 

The modelling results showed that moving some traffic from Leckie Road to Underhill Street along Highway 97 and 

providing protected/permissive phasing for all time periods at Leckie Road will have similar mitigation results to 

adding a southbound dual left turn lane along Highway 97. The signal will also not impact Dilworth Drive if 

coordinated correctly. 

Despite these potential benefits, this scenario option was not approved by the Ministry due to Underhill Street’s 

proximity to Dilworth Avenue. It is retained in this final version as a record of the analysis and for future 

consideration. 

4.1.2 SCENARIO 2 – CLOSURE OF LEFT TURN AT UNDERHILL STREET 

The closure of the left turn lane along Highway 97 at Underhill street will force all background left turn traffic to 

Dilworth Drive and Costco traffic moved to Underhill Street in the Scenario 1 back to Leckie Road. The resulting 

impacts of this closure at Dilworth Drive and Highway 97 are very long left turn delays and high V/C ratios that do 

not meet the thresholds. 

The PM peak hour V/C ratios would change from 1.38 to 2.62 and delays in excess of 795 seconds or 550 seconds 

more than if Underhill Street remained open. Similarly, the Saturday V/C ratios would change from 1.40 to 1.80 and 

changes in delays by approximately 180 seconds. Further mitigation at Dilworth Drive and Highway 97 would be 

required with this closure such as a dual southbound left turn lane.      

The local street network would also see an increase in through and left turn traffic along Dilworth Drive to Baron 

Road but at the same time there would be a decrease in left turn traffic from Baron Road onto Dilworth Drive. 

Leckie Road modelling results with a single left turn lane and optimized with protected/permitted phasing would 

also not meet acceptable thresholds with a closure of Underhill Street. 

Earlier versions of this report recommended a northbound southbound left turn signal at Underhill be added for the 

following reasons: 

1. Based on the additional modeling, adding a signal at Underhill and moving highway left turn traffic from 

Leckie Road to Underhill Street has a similar capacity effect as adding a second southbound left turning 

lane at Dilworth or Highway 97/Leckie Road. 

2. The addition of a signal at Underhill provides additional left turning capacity without stealing green time 

for a protected phase at either Dilworth of Leckie. Thus, it increases the volume of left turns without 

decreasing the LOS of the other phases at Dilworth or Leckie.   

3. Does not affect overall travel time through the corridor as the Underhill delay would be coordinated with 

Dilworth and Leckie. The signal timing can be coordinated such that any vehicles that is delayed at 

Underhill can be at Leckie before the signal at Leckie transitions to green phase.  

Despite these potential benefits, this scenario option was not approved by the Ministry due to Underhill Street’s 

proximity to Dilworth Avenue. It is retained in this final version as a record of the analysis and for future 

consideration. 
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4.2 SENSITIVITY ANALYSES AND MITIGATION 

After the first iteration of this report in December 2019, the Ministry and City requested additional sensitivity 

analyses to test various distribution, assignment, and network performance assumptions. Our team applied these 

distribution and assignment changes to the 2021 total development scenario only. Costco development traffic was 

also redistributed and reassigned within the network. In the updated scenario models, the signal timings were 

optimized and SimTraffic was used to determine the queues instead of the Synchro queue results. 

4.2.1 LECKIE / BARON DISTRIBUTION 

These updates incorporate small changes to the assignment of Costco development traffic from the north and south 

as well as optimized signal timing and offsets for the network using the existing cycles lengths along the highway. 

In order to ensure there was no spill back onto the Highway from Leckie Road, more mitigation measures were 

added to the network in the modelling scenarios: 

1. Addition of a protected/permissive westbound left turn arrow at Highway 97/Banks Road since queues 

propagated back upstream from one intersection to the next. 

2. Right turn slip lane at Baron Road / Durnin Road, again since queues propagated back upstream from one 

intersection to the next. 

3. Addition of a protected/permissive westbound left turn arrow at Highway 97/Dilworth Drive (this was not 

needed to mitigate Leckie queues but added due to the heavy left turn volumes along Dilworth Drive), 

again since queues propagated back upstream from one intersection to the next. 

The updated model results are also shown in Table 4-4 above. The resulting eastbound 95th percentile queues from 

SimTraffic with the above mitigation measures at Baron Road/Leckie Road and Baron Road/Bank Road are 

summarized in Table 4-4 below. 

Table 4-4: Queue Length Summary 

Location Direction 
Weekday with 

Re-assignment 

Saturday with Re-

assignment 

Leckie Road/Baron 

Road 

Eastbound left 58.5 m 44.2 m 

Eastbound Through/right 87.3 m 78.1 m 

Banks Road/Baron 

Road 

Eastbound left 34.6 m 48 m 

Eastbound Through/right 93.8 m 135 m 

*the longest queue of a lane is shown if there are more than two lanes in the lane grouping. 

The SimTraffic results were completed with 30-minute seeding, 60-minute time interval and three runs. 

4.2.2 UNDERHILL / HWY 97 LEFT TURN 

Based on instructions from the Ministry, this report’s original volume distribution and assignments were adjusted to 

test alternative network performance outcomes. For the inbound traffic from the north, it was originally assumed 

that 25% of the total traffic to the new Costco would travel from the northeast and use Highway 97 via the Leckie 

Road left turn lane. For the reassignment scenario, 8% of this traffic was rerouted to Underhill Street and another 

5% was rerouted to Banks Road – reducing the distribution of Costco-bound traffic via Leckie Road to 12%. 

A similar process was used for the Saturday peak hour, which originally had a 30% share of Costco-bound traffic 

utilizing w/b Leckie Road left turn. In this scenario, 8% of this was rerouted to Underhill Street and 10% to Banks 
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Road – reducing the distribution of Saturday Costco-bound traffic to 12%. Gas bar traffic was already distributed to 

different routes and no significant volumes were assigned via Leckie Road.   

The model network was also adjusted to create this scenario, including the assumed signalization of the Highway 97 

/ Underhill Street intersection. A short protected phase for the southbound left turn at Underhill Street was 

introduced. Intersection cycle lengths remained the same along the corridor as existing so a newly-signalized 

Underhill Street could be coordinated with only minor adjustments. If this signalized scenario does eventually 

receive Ministry approval, these coordination elements will be refined. 

For the Saturday scenario, the background left turn volume was increased from 181 v/h to 251 v/h, resulting in an 

increased V/C of 0.86. For the weekday scenario, the background left turn volume was increased from 249 v/h to 

306 v/h, resulting in a V/C of 0.91. 

The northbound queues at the nearby Underhill / Baron Road would be approximately 96m during the PM peak hour 

and approximately 76m in the Saturday peak if Underhill Street remains open to left turn traffic from the Highway.  

If Underhill street is closed to left turn traffic from the highway, the northbound PM peak queues are approximately 

102m and 97m in the Saturday peak. Both scenarios will accommodate these queues along Baron Road between 

Underhill Street and Dilworth Drive. 

The list of mitigation measures and updates that were applied to the network are shown in Table 4-5. Note that the 

cycle lengths at the Highway 97 intersections are the same as the existing cycle lengths. 

Table 4-5: Mitigation Measures and Network Sensitivity Updates 

Location PM/Saturday Peak Hour Mitigation 

Cycle 

Length – 

PM 

(seconds) 

Cycle 

Length – 

Saturday 

(seconds) 

Highway 97/ 

Dilworth Drive 

• Single left turn lane with protected/permissive left 

turn phase westbound 

• Northbound right turn lane 

• Optimize phases within cycle length 

150  130 

Highway 97/ 

Underhill Street 
• Signalized left turn as scenario 1 150 130 

Highway 97/Leckie 

Road 

• Single left turn lane with protected permissive left 

turn phase for all time periods 

• An alternative is a double southbound left turn lane 

• Adjust laning in East/West direction to two through 

lanes and one left turn lane from Leckie to Highway 

in both directions 

• Optimize phases within cycle length 

150 
130 

 

Highway 97/Banks 

Road 

• Single left turn lane with protected permissive left 

turn phase for all time periods 

• Westbound left protected/permissive phase 

• Optimize phases within cycle length 

150 130 

Baron/Dilworth/ 

Mall Entrance 

• Adjust lane configuration along Baron Road 

• Add westbound right along Dilworth Drive 

• Optimize phases within cycle length.   

Scenario 1 

110 

 

Scenario 1 

100 
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Baron Road/ 

Underhill Street 

• Signalize 

• Left turn lane in East and West  

• Westbound right turn lane 

Scenario 1 

55 

 

Scenario 1 

80 

 

Baron Road/Durnin 

Road 

• Westbound right turn slip lane 

• Review pedestrian crossing options 
  

Baron Road/Leckie 

Road 

• Change lane configuration to two through and left 

turn lane along Leckie Road. 

• Add southbound right turn lane along Baron Road 

• Optimized phases within cycle length. 

120 110 

Baron Road/Banks 

Road 

• Add southbound right turn lane. 

• Optimized phases within cycle length. 
75 100 

Springfield/Dilworth/ 

Benvoulin 

• Dual southbound left 

• Increase length of westbound right turn lane and 

northbound right turn lane 

120 
110 

 

Springfield Road/ 

Durnin Road 

• Signalize and coordinate between 

Benvoulin/Dilworth and Leckie Road 
120 110 

Springfield Road 

/Leckie Road 

• Dual Northbound left 

• Optimize phases within cycle 
120 110 

Leckie Road/ 

Parkview Crescent 

• Signalize (permissive only phasing) 

• Add east/west left turn Lane at Parkview Crescent 
60 

55 

 

4.3 EFFECT OF COSTCO STORE 

The Ministry and City further requested the impacts of the Costco store be assessed independently of the Gas Bar, 

which as was noted earlier in this report, is an as-of-right land use and could proceed without rezoning approval. The 

effects of the Costco store alone (without Gas Bar) was were isolated to determine how a phased development could 

affect local network performance triggers. 

The gas bar generates 360 p.m. peak hour trips and 350 Saturday peak hour trips. Assigned network trips for this 

scenario for 2021 PM peak are shown in Figure 20, 2021 Saturday peak is shown in Figure 21, 2031 PM peak is 

shown in Figure 22, and 2031 Saturday peak is in Figure 23 below. 

These trips have been excluded in the analysis and performance results shown for the PM peak in Table 4-6 and for 

the Saturday peak in Table 4-7. 

The results indicate: 

1. There are minor network improvements without the Gas Bar. 

2. The Gas Bar has relatively little cumulative effect on overall network performance. 
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Figure 20: 2021 Costco Trips only (no Gas Bar) PM peak  
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Figure 21: 2021 Costco Trips only (no Gas Bar) Saturday peak  
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Figure 22: 2031 Costco Trips only (no Gas Bar) PM peak  
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Figure 23: 2031 Costco Trips only (no Gas Bar) Saturday peak 
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Table 4-6: Summary of Costco Impact Weekday Peak 
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Table 4-7: Summary of Costco Impact Saturday Peak 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

Costco Wholesale TIA Final 
Project No.  17M-02290-00 
      

WSP 
November 2020  

Page 67 

4.4 HIGHWAY 97 AND LECKIE ROAD 

This intersection was identified as one of the most heavily-affected within the study area, requiring additional 

analyses to determine the trigger points for the proposed mitigation of a southbound dual left turn from the highway 

onto Leckie Road. The full build scenario shows a significant deterioration of overall intersection performance in 

both the 2021 and 2031 horizon years, largely as a result of sensitivity to the increases in the southbound left turn 

demand. In an optimized signal scenario, added volumes to the existing single southbound left turn lane draws green 

time away the also-heavy eastbound and westbound movements on Leckie Road, adding to delays and queues. 

The forecast performance and mitigation measures noted above and in Table 3-4 were modeled to try and isolate just 

the network effects of the Costco separately from background and as-of-right Gast Bar impacts. The purpose of this 

is to establish the level of responsibility the new Costco store may hold for overall future network performance and 

how much is the result of surrounding developments. 

To isolate these contingencies, the following scenarios were developed for the intersection with and without the 

mitigation measures:  

• Scenario A1 (2021) / A2 (2031) – Background traffic growth rate of 2% only, no additional developments 

• Scenario B1 (2021) / B2 (2031) – Costco only without Full Background Development (+2% p.a. only) 

• Scenario C1 (2021) / C2 (2031) – Gas Bar only without Full Background Development (+2% p.a. only) 

• Scenario D1 (2021) / D2 (2031) – Costco + Gas Bar without Full Background Development (+2% p.a. only) 

• Scenario E1 (2021) / E2 (2031) – Costco only (No Gas Bar) with Full Background Development 

• Scenario F1 (2021) / F2 (2031) – Gas Bar only (No Costco) with Full Background Development  

• Scenario G1 (2021) / G2 (2031) – Costco + Gas Bar with Full Background Development 

Comparisons of scenarios B1/B2 with E1/E2, C1/C2 with F1/F2, and D1/D2 with G1/G2 demonstrate that while the 

effects of the Costco + Gas Bar bring the intersection to the brink of established performance thresholds in the 2031 

horizon year, it is the traffic generated by the suite of background developments introduced in Section 1.5.1 that 

push the intersection well beyond its design capacity and in need of mitigation. 

Comparative network trip assignments showing the Costco + Gas Bar without the Full Background build and with 

the Full Background Build are shown in the figures below: 

• 2021 PM Peak – Costco + Gas Bar without Full Background Development (Scenario D1) in Figure 24 and 

with Full Background Development (Scenario G1) in Figure 25 

• 2021 Saturday Peak – Costco + Gas Bar without Full Background Development (Scenario D1) in Figure 

26 and with Full Background Development (Scenario G1) in Figure 27 

• 2031 PM Peak – Costco + Gas Bar without Full Background Development (Scenario D2) in Figure 28 and 

with Full Background Development (Scenario G2) in Figure 29 

• 2031 Saturday Peak – Costco + Gas Bar without Full Background Development (Scenario D2) in Figure 

30 and with Full Background Development (Scenario G2) in Figure 31 

 

The PM peak results are summarized in Table 4-8 and Saturday peak results in Table 4-9 below. This model 

assumes a linear progression of annual volume increases with no change to existing mode shares or motorist 

diversion as a result of encountering an over-capacity local network. The mitigation shows to be reasonably 

effective in all scenarios and horizon years. 
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Figure 24: Scenario D1 – 2021 Costco + Gas Bar without Full Background Development PM peak 
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Figure 25: Scenario G1 – 2021 Costco + Gas Bar with Full Background Development PM peak 
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Figure 26: Scenario D1 – 2021 Costco + Gas Bar without Full Background Development Saturday peak 
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Figure 27: Scenario G1 – 2021 Costco + Gas Bar with Full Background Development Saturday peak 
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Figure 28: Scenario D2 – 2031 Costco + Gas Bar without Full Background Development PM peak 
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Figure 29: Scenario G2 – 2031 Costco + Gas Bar with Full Background Development PM peak 
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Figure 30: Scenario D2 – 2031 Costco + Gas Bar without Full Background Development Saturday peak 
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Figure 31: Scenario G2 – 2031 Costco + Gas Bar with Full Background Development Saturday peak 
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Table 4-8: Summary of Leckie and Hwy 97 Scenarios PM Peak 
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Table 4-9: Summary of Leckie and Hwy 97 Scenarios Saturday Peak 
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5 MULTI MODAL NETWORK 

5.1 TRANSIT NETWORK  

There are existing transit routes 8 and 11 along Baron Road and Springfield Road.  Figure 32 shows the bus routes 

(in brown) and transit stops within the vicinity of the new development.  Transit stops exist along Baron Road just 

east of Underhill Street and west of Leckie Road.  Along Springfield Road, transit stops are available near Durnin 

Road and Leckie Road.  There are no shelters available at Stops 103156, 103130 and 103138.  

 

Figure 32: Bus Route and Stops within Vicinity of New Development 

103125 

103121 

103130 
103138 

103158 

103156 
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As discussed in Section 2.3, the nature of Costco limits opportunities for reduction in trips from alternate travel 

modes. There is opportunity to encourage Costco employees to use non-auto modes or transit to travel to and from 

work.  To this end, secured bicycle parking has been incorporated into the development.  The current bus stop 

locations will also provide adequate access to the site for Costco employees and customers.   

To accommodate and minimize land acquisition for a dual left turn lane at Springfield/Leckie Road intersection, Bus 

stop ID 103158 will have to move to the far side of the intersection. 

5.2 PEDESTRIAN ACCESSIBILITY  

Existing aerial photos (see Figure 33) of the undeveloped site, indicate pedestrians use the site as a cut through route 

between Baron Road and Leckie Road.  The un-official east/west pedestrian route located at the North end of the lot 

has been incorporated into the site plan.  The south route will not be added within the Costco site due to safety 

concerns related to site circulation and privacy concerns for adjacent residents.  There are other options within the 

site to travel across from Baron Road to Leckie near the south side. 

 

Figure 33: Existing Pedestrian Routes 

Off-site pedestrian infrastructure is also provided along all the roads within the study area.   

  

Existing pedestrian routes.  

The north route will be 

incorporated into the site 

plan.   
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5.3 CYCLING FACILITIES 

Dilworth Drive and Leckie Road both have existing on-street cycle lanes.  Both roads are designated as future 

cycling corridors connecting the Rail Trail with the Mission Creek trail facility along Springfield Road. Both are 

also planned for future upgrades including:  

Leckie Road 

• Cycle track, sidewalks, boulevards and intersection upgrades. 

Dilworth Drive/Benvoulin Rd  

• Cycle track, sidewalks, boulevards and intersection upgrades. 

The impact on traffic and infrastructure because of these upgrades is currently being reviewed by the City.  Costco 

access locations along Leckie Road for the new site is to incorporate unimpeded sight line design elements to reduce 

conflict with cyclist/pedestrians.   
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6 ROAD SAFETY CONSIDERATIONS 

6.1 ACCESSES 

6.1.1 SIGHT LINES 

The sight lines of the access locations connected to Baron Road and Leckie Road were reviewed and compared with 

TAC guidelines for 50 km/h posted speed limit and are summarized in Table 6-1. 

Table 6-1: Summary of Sight Line Analysis 

  

GAS 

BAR COSTCO 

Movement 

TAC 

Guideline 

(m) 

Baron 

Baron 

South 

End 

Baron Mid 

Block of 

Lot 

Parkview 

Leckie 

between 

Springfield 

and 

Parkview  

Left turn from minor road 105 ok ok 

Does not 

meet 

criteria 

ok ok 

Left turn from major road 80 ok ok ok ok ok 

Right turn from minor road 95 ok ok ok ok ok 

Crossing major road from minor 

road 
95 ok ok 

Does not 

meet 

criteria 

ok ok 

Stopping sight distance on Major 

road 
65 ok ok ok ok ok 

As shown in Table 6-1, the mid block access along Baron Road into the Costco Wholesale store does not meet the 

criteria for all turns.  As a result, this access has been designed to limit left turns out from the site to account for the 

sight line issues at this location.   

6.1.2 THROAT LENGTHS 

The primary access to the site is located along Leckie Road.  The site plan has assumed Parkview/Leckie Road 

intersection would be the primary access.  The design incorporates the following throat lengths shown in Table 6-2. 
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Table 6-2: Throat Lengths 

LOCATION LENGTH (M) 

APROX. VEHICLE 

QUEUE STORAGE 

Baron South End 23 m 3 

Baron Mid Block of Lot 14 m 2 

Parkview Crescent Primary Access 64 m 9 

Leckie Between Springfield and 

Parkview Crescent 
14 m 2 

6.2 COLLISION REVIEW 

The collision review provides a general overview of the collision history of the study network.  A full collision 

analysis is beyond the scope of this TIA as it has already recently been completed by the City.  For this review, 

ICBC collision data from 2007 through 2017 for the study area was reviewed and a general summary provided.    

Some of the recommended improvements identified from a capacity and level of service perspective in Section 3 

also improves the safety of the intersections and they are further described in this section.  From a general 

perspective, adequate bike lanes and pedestrian crossing control throughout the study network will further reduce 

pedestrian/vehicle/cycling conflicts. 

There is a total of 3,109 recorded collisions at the study intersections over the 10-year study period. Figure 34 shows 

the total collisions at each of the study intersections by severity. 

 

Figure 34: Total Collisions in Study Network by Intersection and Severity 
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The intersection of Highway 97/Dilworth Drive has the highest number of collisions followed by Highway 97/ 

Leckie Road, Springfield Road/Dilworth Drive/Benvoulin Road and Highway 97/Banks Road.  These four 

intersections are also listed in the City’s top 40 list as requiring improvements from a collision perspective in a 

recent safety study completed by the City.   

As shown in Figure 35, rear end collisions make up approximately 70% of all collisions.  Rear end collisions are 

caused by following too closely or unexpected stopping mid-block. A summary of the collision types for each of the 

study intersections is included in Appendix D. 

 

Figure 35: Total Collisions in Study Network by Type and Severity 

6.2.1 LECKIE ROAD 

As discussed in Section 3, the section of Leckie Road between Highway 97 and Parkview Crescent should be 

reviewed irrespective of the proposed Costco relocation.  The laning configuration for the mid-block accesses causes 

some drive confusion which may be contributing to rear end collisions through the corridor.   Mitigation measures 

could include: 

- Extending the centre median from Highway 97 through to Baron Road to reduce driver confusion and 

conflicts.  

- Having a consistent cross section along Leckie Road from Highway 97 to Springfield road such as two 

through lanes in each direction with left turn auxiliary lanes at intersections. 

- Maintaining adequate cycling facilities along Leckie Road. 
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6.2.2 BARON ROAD/DILWORTH DRIVE INTERSECTION 

The Baron Road/Dilworth Drive intersection will benefit from both a capacity and safety perspective by 

reconfiguring the laning at the intersection in the north/south direction to a through/right lane and separate left turn 

lane as well as adding a westbound right turn lane along Dilworth Drive.   

6.2.3 SPRINGFIELD ROAD/LECKIE ROAD INTERSECTION 

The current signal phasing of the Springfield Road/Leckie Road intersection includes a protected left turn only 

phase which limits the vehicles from making additional left turn maneuvers when opposing lanes have adequate 

gaps in traffic.  Although there are adequate sight lines for northbound left turning traffic, the protected left turn 

phase was put in place due to the high collision rates at this intersection approximately 8 years ago.  Changing this 

phase back to a protected/permissive phase is not an option, however, more traffic is anticipated at this intersection.  

A dual left turn lane will therefore mitigate the added future traffic volumes allow for this maneuver to remain as a 

protected only phase. 

6.2.4 BARON ROAD/DURNIN ROAD INTERSECTION 

Durnin road will receive more traffic when Costco and the gas bar is located along Baron Road.  This road already 

has traffic calming measures in place.  These should remain in place as a measure to control speeds.  It is also 

anticipated there will be more pedestrian traffic due to the overflow parking spaces made available at the Gas station 

for the Costco development.  Adequate lighting will be required in addition to improved pedestrian control measures 

such as the flashing beacons above pedestrian signs for crossing of Baron Road.   
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7 SUMMARY AND RECOMMENDATIONS 

7.1 SUMMARY 

The results of the analysis indicated the following: 

i. The study network experiences some delays and queues during the weekday PM peak and Saturday peak 

under existing 2019 volumes. 

ii. There are existing capacity and LOS issues for left turns from the Highway to the City streets. There will 

be left turning traffic capacity and LOS issues from Dilworth Drive and Leckie Road to the Highway under 

background and total conditions in 2021 and 2031. 

iii. The planned relocation of Costco from the existing site on Highway 97 to the proposed site on Baron 

Road/Leckie Road will generate a net increase of 267 trips in the weekday PM peak and 310 trips in the 

Saturday peak hour because of the new gas bar and increased size of the store. 

iv. The Costco + Gas Bar will affect the overall performance of the Leckie Road / Highway 97 intersection, 

but not as significantly as the identified suite of background developments identified in Section 1.5.1 of this 

report. 

v. Due to the nature of Costco sales, there are limited opportunities to promote alternate modes of 

transportation (i.e. transit and active transportation).   

vi. Based on sight line analysis, the proposed access locations meet the requirements for all movements except 

the mid-block access on Baron Road which does not meet the requirements for left turn out of the site, so it 

should be restricted to right-in/right-out/left-in. 

vii. A viable design for a dual southbound left turn from Highway 97 to Leckie Road is feasible and shown in 

Appendix E. 

viii. The internal throat length at the primary access of Leckie Road/Parkview Crescent is approximately 65 

metres (or 9 vehicles).  The other throat lengths range from 14 to 23 metres which allows for approximately 

2 to 3 vehicles waiting at the access location.   

ix. The collisions analysis indicates that over 70% of the collisions at the study intersections over the past 10 

years are from rear end collisions. 

This study investigated the traffic impacts of the proposed relocation of Costco to Baron Road.  There is already a 

Costco Warehouse near the proposed new site, and many of the generated trips are already on the study network 

which means they will be re-distributed. As a result, the impact of the proposed Costco relocation on the wider 

traffic network are minimal and the impacts are localized to the surrounding network within the proposed site. 

7.2 MITIGATION SUMMARY 

To mitigate traffic conditions under existing or background development conditions: 

Highway 97/Dilworth Drive  Add a northbound right turn lane 

Highway 97/Banks Road  Monitor 

Highway 97/Underhill Street  Monitor 
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Baron/Dilworth/Mall Entrance 

Reconfigure the north/south direction to a left turn lane and separate 

through/right turn lane, optimize phasing, and add a westbound right 

turn lane from Dilworth Drive to Baron Road. 

Baron Road/Underhill Street  Signalize, line paint for left turn lanes 

Baron Road/Bank Road Monitor 

Springfield/Dilworth/Benvoulin 
Extend the westbound right turn lane from Benvoulin Road to 

Springfield Road. 

Springfield Road/Leckie Road 
Add a dual left turn lane along Springfield Road in northbound 

direction, update cycle length and optimize phases within cycle. 

To mitigate traffic conditions as a result of total development conditions: 

Highway 97/Leckie Road  

• Converting the second eastbound left turn lane to a second 

eastbound through lane 

• Add a double left turn southbound onto Leckie  

(once aggreged upon triggers by City and MOTI are met)  

Leckie Corridor 
Change the lane configuration to two through lanes with left turn 

lanes at Baron Road and Parkview Crescent 

Baron Road/Underhill Street Signalize 

Baron Road/Durnin Road Move pedestrian actuated crossing from Underhill 

Baron Road/Leckie Road 
Change the lane configuration to two through lanes and left turn 

lane, change the cycle length and optimize phases within the cycle. 

Springfield Road/Durnin Road 

Monitor.  Should the left turn queues become too long, then the 

pedestrian signal could be converted to a signalized intersection for 

left turns. 

Springfield Road/Parkview Crescent 

Monitor. If it is found that traffic is taking this route to shortcut, the 

City can either formalize with a signal, traffic calm, or continue to 

monitor.   
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