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Figure 1. Options Analysis Document Funnel 
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Figure 2. Short‐Listed Alternatives from Phase 1 UBC Rapid Transit Study 
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Figure 4. Multiple Criteria Analysis for Seven Shortlisted Technology Alternatives 

 

The Phase 2 UBC Rapid Transit Study concluded that, of the seven options, the RRT (SkyTrain) option 

was the top‐ranked alternative in every category; and three of the seven options (LRT‐1, RRT, and 

Combo‐1) were highlighted for further consideration.8 

 

                                                            
8 Translink. (2012). UBC Rapid Transit Study Infographic.  
 





Millennium Line Broadway Extension 
Strategic Options Analysis 

March 2018 
Page 17 

 
  

 

5 A PHASED APPROACH TO PROJECT DELIVERY 

Following the assessment of technology and alignment alternatives for the Broadway Corridor to UBC, 

the TransLink Mayors’ Council on Regional Transportation considered the proposed extension from a 

regional affordability perspective and in the context of a prioritized 10‐year investment vision. Through 

the 2014 Mayors’ Vision, the Mayors’ Council confirmed the need for rapid transit on Broadway, to be 

delivered in two phases, with a first phase identified as a tunneled SkyTrain extension to Arbutus Street, 

located under Broadway (MLBE Phase 1). 

This approach reflects the findings of the Phase 2 UBC Rapid Transit Study, which noted that an 

extension of Rail Rapid Transit to Arbutus Street is cost effective and would provide a better near‐term 

benefit cost ratio than the full scope to UBC9. This was a result of higher densities, more significant 

traffic congestion, proportionally higher ridership, and greater near‐term development potential along 

the eastern section of the Corridor. The analysis also showed that connecting the MLBE Phase 1 to a 

shortened B‐Line would provide sufficient capacity to accommodate forecast ridership between Arbutus 

Street and UBC over the medium term (10‐20 years)10.  

The decision to terminate the MLBE Phase 1 at Arbutus Street (rather than a more eastern terminus 

such as Granville), was based on three considerations:  

 Addresses the Immediate Need for Rapid Transit Service: Arbutus Street is the most suitable 

terminus along the Corridor as it is west of the densest section of Central Broadway and thus 

provides much needed rapid transit service through the most critical section of the truncated 

Corridor.  Traffic congestion in Central Broadway causes the vast majority of bus delays and 

unpredictability today.  A terminus at Arbutus allows buses to operate more consistently and 

predictably in the less congested part of the corridor between Arbutus Street and UBC. 

 Does Not Preclude MLBE Phase 2 Options: Terminating the first phase at Arbutus Street does 

not limit options or preclude technology alternatives from consideration for the future phase 

two rapid transit extension to UBC.   

 Space for Bus Integration: Truncation of the SkyTrain extension at Granville Street creates 

significant challenges for bus operations. The higher variability in bus travel time between 

Arbutus Street and Granville Street as well as the 3 to 4 minutes required to make a left turn 

from Broadway onto Granville (a turning movement required if the B‐Line were to terminate at 

Granville) have several implications, including higher bus operating costs, increased street 

congestion, and diminished passenger service reliability.  There is greater congestion and less 

space to accommodate buses and passenger transfer movements at Granville compared with 

the Arbutus Street terminus location. 

 

Given the regional affordability, benefit cost and other considerations outlined above, the Mayor’s 

Vision identified a tunneled SkyTrain extension as the preferred alternative for delivery within the first 

                                                            
9 Translink. (2012). UBC Rapid Transit Study Phase 2 Evaluation Report, Page 146 Section 12.26.  
10 Translink. (2012). UBC Rapid Transit Study Phase 2 Evaluation Report, Page 146 Section 12.25.  
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areas along the Corridor, with many of the key impacts, benefits, and differentiators between 

alternatives are amplified due to the population density in the area, the number of businesses within 

Central Broadway and congestion. The analysis shows that RRT provides significantly better 

transportation and transit performance, lower operational costs per passenger, and higher ranking in a 

number of other MAE criteria, in comparison to LRT. RRT (SkyTrain) best addresses the critical 

transportation challenges facing the Broadway Corridor, and supports the further economic and urban 

development of the region. It provides the greatest travel time savings, reliability, greenhouse gas 

emissions reduction, and highest benefit to cost ratio of all alternatives considered.  

As a result of the analysis above, LRT was removed from further consideration of strategic options. 
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Figure 12. Compare Broadway (Vancouver, left), No. 3 Road (Richmond, centre), and Pinetree 

Way (Coquitlam, right). 

 

7.4.1 Tunnel Portal Land Requirements 

There are also additional property implications associated with an elevated guideway due to the 

requirements of a western tunnel portal. Similar to the tunneled SkyTrain alignment, a tunnel 

connection between Great Northern Way and Broadway is required due to grades. The result of this 

tunneled section is that there is a portal required where the underground tunnel emerges above ground 

(west of Main Street Station) that will require the acquisition of two blocks of properties on the north 

side of the street.   

7.4.2 Elevated Stations 

Stations located along the elevated guideway would have land requirements similar to the tunneled 

option. One key difference between the two is that as the footprint of the station (with the exception of 

the headhouse) is located below grade with the tunneled option, which would allow for potential 

development and integration with a building above. An elevated station would require additional 

airspace above the headhouse to move passengers from the platform level down to the street level, 

limiting its development potential. 

7.4.3 Business Impacts   

Broadway is characterized by commercial uses at grade for the entire length of the MLBE. Beyond 

business access issues discussed above, an elevated guideway would reduce street tree coverage in 

many locations, block sightlines and views, and shade sidewalks, patios and businesses at grade.  

Concerns from businesses and commercial property owners are expected related to decreased retail 

sales and lower lease rates resulting from the access issues and an unwelcoming streetscape.  In other 

areas of the region, elevated alignments have been implemented in corridors that typically do not have 

the existing commercial development extending to the property line. The additional distance from 

existing commercial properties mitigates some of the associated issues noted in this section. 
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 Noise impacts on existing residents and business during operations, with little opportunity to 

mitigate the impact on existing buildings; 

 Impacts on the value of properties facing Broadway due to the impacts noted above; 

 The potentially significant cost associated with any compensation, mitigation, or litigation that 

would develop as a result of implementing an elevated solution; and 

 Delays in the implementation of the project due to further public consultation. 
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10 APPENDIX A 

o Full MAE table, populated with summary descriptions against each criteria 
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Transportation 

 

Ridership/Capacity 

 

Peak 
Load/Ridership:  

 2030 
 2045 

(pphpd)  

 2030 peak load is 3,790 pphpd (people per 
hour per direction) 

 2045 peak load is 4,110 pphpd 
 2030 forecasted daily ridership is 100,000 
 2045 forecasted daily ridership is 108,000 

 2030 peak load is 4,950 pphpd (people per hour per 
direction)  

 2045 peak load is 5,450 pphpd  
 2030 forecasted daily ridership is 135,900 
 2045 forecasted daily ridership is 139,000 
 Greater transfer times between transit Line at City 

Hall Station causes a reduction in ridership 
 

 2030 peak load is 5,250 pphpd (people per hour per 
direction)  

 2045 peak load is 6,000 pphpd  
 2030 forecasted daily ridership is 142,200 
 2045 forecasted daily ridership is 167,000 
 (Note Values equal 20% increase from previous business 

case to reflect due diligence changes) 

Travel time savings 

 

Average travel 
time for 2045 
from Commercial-
Broadway to:  

Minutes 

 Forecast average peak hour transit time (in 
minutes) Commercial-Broadway Stations to: 

o UBC 50 
o YVR 40 
o City Hall 14 
o VGH 17 
o Arbutus St. 28 

 Forecast average peak hour transit time (in minutes) 
Commercial-Broadway Stations to: 

o UBC 33 
o YVR 34 (1 min longer due to transfer time) 
o City Hall 6 
o VGH 8 
o Arbutus St. 11 

 Forecast average peak hour transit time (in minutes) 
Commercial-Broadway Stations to: 

o UBC 33 
o YVR 33 
o City Hall 6 
o VGH 8 
o Arbutus St. 11 

 

Service Reliability 2045 travel time 
variability from 
Commercial-
Broadway to:  Minutes 

 Forecast 2045 travel time variability (in 
minutes) Commercial-Broadway Stations to: 

o UBC 43-64 
o YVR 38-52 
o City Hall 12-22 
o VGH 14-26 
o Arbutus St. 23-44 

 Forecast 2045 travel time variability (in minutes) 
Commercial-Broadway Stations to: 

o UBC 33-37 
o YVR 33-37 (1 min longer due to transfer time) 
o City Hall 6 
o VGH 8 
o Arbutus St. 11 

 Forecast 2045 travel time variability (in minutes) 
Commercial-Broadway Stations to: 

o UBC 33-37 
o YVR 32-36 
o City Hall 6 
o VGH 8 
o Arbutus St. 11 

Vehicle operating 
costs savings 

 

Present value 

(M$)  No Change  The calculated present value of savings is $79M.  The calculated present value of savings is $77M. 

Accident (collision) 
cost savings 

 

Present value 

(M$)  May result in reduced safety associated with 
the increase traffic congestion 

 The calculated present value of savings is $75M.  The calculated present value of savings is $72M. 

 Non-Transit User 
Effects – Journey 
Time/Restrictions 

Qualitative 

 
 Congestion would continue to worsen along 

the Broadway Corridor. Non-Transit Users 
would also experience similar negative 
impacts 

 32 of 43 left turn opportunities would be restricted 
along the Broadway Corridor due to loss of traffic 
lanes from foundations located in the center of 
Broadway and inability to create left turn lanes that 
are required due to sight distance restrictions  
 

 B-Lines would be removed from Broadway, freeing up 
additional road capacity.  Tunneled SkyTrain does not 
affect non-transit users during operation  

Parking Loss 

  

Qualitative 

  BAU would involve no additional parking loss 

 All parking removed permanently from Quebec to 
Arbutus due to 5.0 m median being required for 
station and guideway columns 
 

 No permanent parking loss. 
 Temporary parking loss at five underground station 

construction sites 
 

Traffic Impacts 
(Construction) 

 

Qualitative 

  No Construction traffic impacts in BAU option 

 Nighttime traffic restrictions to one lane in each 
direction for 5-6 months at all elevated guideway 
locations 

 Night time traffic restrictions to one lane in each 
direction for 8-10 months at 4-5 stations(4 elevated 
guideway locations and Main Street underground 
station), plus additional closures for utilities work 

 Daytime traffic restrictions to two lanes in each 
direction plus required left turn bays 

 Nighttime traffic restrictions to one lane in each direction 
for 8-10 months at 5 underground stations, plus additional 
closures for utilities work 

 Daytime traffic restrictions to two lanes in each direction 
plus required left turn bays 
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Traffic Impacts 
(Operation) 

 

Qualitative 

 

 Congestion would continue to worsen along 
the Broadway Corridor 

 Broadway would have two traffic lanes in each 
direction with only left turn bays at major 
intersections, with left turn movements banned 
elsewhere 

 Broadway would have up to three traffic lanes in each 
direction and required left turn bays at major 
intersections, with turning from traffic lanes at minor 
intersections 

Economic 
Development 

Construction 
Effects - Job 
Creation 

 

Number of 
direct and 
indirect jobs 
created 

FTE 

 Because there are no changes associated with 
Business As Usual, there is minimal economic 
impact of construction.  As noted, there are 
long term negative economic impacts 
associated with the current gap in the rapid 
transit network 

 Based on the capital investment required for this 
project, significant direct and indirect job 
opportunities would be created 
 

 Based on the capital investment required for this project, 
significant direct and indirect job opportunities would be 
created 

Employment 

  

Qualitative 

 

 There are long term negative economic 
impacts associated with the current gap in 
the rapid transit network 

 The elevated alignment’s proximity to nearby 
businesses lining the Corridor could have negative 
implications to the attractiveness of prospective 
companies who may elect to locate elsewhere 

 The elevated MLBE will provide improved connections 
between centres of innovation such as UBC and SFU 
and the major employment centre in Central 
Broadway.  This includes the emerging innovation 
economy of Central Broadway, the Mount Pleasant 
Industrial Area, Burrard Slopes and the False Creek 
Flats 

 

 The Broadway Corridor will be more accessible and more 
attractive to commercial tenants, their customers, and 
their employees 

 The tunneled MLBE will provide improved connections 
between centres of innovation such as UBC and SFU and 
the major employment centre in Central Broadway.  This 
includes the emerging innovation economy of Central 
Broadway, the Mount Pleasant Industrial Area, Burrard 
Slopes and the False Creek Flats 

Goods Movement Qualitative 

 

 Existing goods movement challenges will 
significantly worsen with the increase traffic 
congestion 

 Goods movement will be improved over the BAU. 
However, the reduced number of lanes, and 
subsequent reduction in parking, would hinder goods 
movement through the Corridor  

 Goods movement will benefit as auto trips are replaced by 
trips on the MLBE, creating less congestion and more 
opportunities for loading 

Urban 
Development 

Land Use 
Integration/ 
Improved access 
(government 
services, 
education, 
employment, 
natural resources) 

Qualitative 

 

 The current regional connectivity challenges 
remain, and are not addressed 

 The elevated MLBE addresses the current gap in the 
rapid transit network, offering improved 
transportation of riders between regional town centres 

 The tunneled MLBE addresses the current gap in the rapid 
transit network, offering improved transportation of riders 
between regional town centres 

Urban Design 
Potential/Urban 
Realm Impacts 

 

Qualitative 

 

 The business as usual provides no opportunity 
to improve the urban realm without reducing 
transportation capacity 

 Integrating an elevated guideway and stations along an 
already established and busy Corridor will create 
challenges that may not be easily overcome. This is 
particularly true for stations located above the road 
right of way where the sidewalk and pedestrian 
experience would suffer from a lack of sunlight, and 
increased congestion cause by station structural 
requirements and station access, including bus 
connections 

 The tunneled MLBE option provides an opportunity to 
reallocate road space to other modes and to improve the 
urban realm to make a more attractive streetscape and 
improve sidewalk capacity and comfort 

Land 
Use/Development 
Potential  
(Commercial and 
Residential) 

Qualitative 

 
 The Corridor and Region will be challenged to 

accommodate higher density land use. It will 
also likely result in worse traffic congestion 
than currently found 

 While the elevated MLBE will permit higher density 
land use, an elevated guideway and stations 5-10 
metres away from building faces, with no opportunity 
for overbuild, would likely limit this potential for 
higher density land use 

 The tunneled MLBE will permit higher density land use and 
address critical congestion issues.  With underground 
stations, there is a significant opportunity to utilize the 
space above station head houses for further development 
(e.g. King Edward Station on the Canada Line) 
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Property Value 
Impact 

 

Qualitative 

 
 There are no land value impacts from the 

business as usual case that would put either 
positive or negative pressure on land values 

 An elevated MLBE is anticipated to positively affect 
land value; however, this impact will be limited on 
Broadway by the close proximity to the elevated 
guideway and station and additional noise associated 
with the elevated train 

 

 The tunneled MLBE will likely make properties more 
attractive for redevelopment, particularly if future land 
use plans respond by allowing higher densities.  The 
streetscape opportunities provided by an underground 
system could make Broadway a more attractive street and 
further increase land values and lease rates for both 
residential and commercial properties 

 Access to Transit Quantitative/ 
Qualitative 

Number of 
residents/ 

jobs in 800m 

 Number of residents within 800m of rapid 
transit: 

o 28,000 (2011) 
o 37,000 (2045) 

 Number of jobs within 800m of rapid transit: 
o 35,000 (2011) 
o 46,000 (2045) 

 Number of residents within 800m of rapid transit: 
o 28,000 (2011) 
o 37,000 (2045) 

 Number of jobs within 800m of rapid transit: 
o 35,000 (2011) 
o 46,000 (2045) 

 The quantified values do not account for potential 
future density within the Broadway Corridor as a result 
of the introduction of elevated SkyTrain.  Due to 
potential setback requirements for future buildings 
which could limit buildable space, overall density 
around stations would be expected to be lower than 
the tunneled SkyTrain 

 Number of residents within 800m of rapid transit: 
o 28,000 (2011) 
o 37,000 (2045) 

 Number of jobs within 800m of rapid transit: 
o 35,000 (2011) 
o 46,000 (2045) 

 The quantified values do not account for potential future 
density within the Broadway Corridor as a result of the 
introduction of tunneled SkyTrain.  Density around stations 
would be expected to be higher than the elevated SkyTrain 

Takings (business, 
residential) 

 

Estimated 
Number of 
Impacted 
Business 

 No properties impacted in Business As Usual 
 95 businesses displaced by temporary and permanent 

property acquisition  

 68 businesses displaced by temporary and permanent 
property acquisition 

  8 residential properties displaced by temporary and 
permanent property acquisition 

Environment Greenhouse Gas 
Emission Reduction 

 

2030 reduction  

2045 reduction 
GHG 

Emission 
Reduction 

 No forecasted reduction in greenhouse gas 
emissions 

 GHG Emission Reductions (auto) in 2030 of 9,200 
(metric tonnes) 

 GHG Emission Reductions (auto) in 2045 of 8,160 
(metric tonnes) 

 GHG Emission Reductions (auto) in 2030 of 9,390 (metric 
tonnes) 

 GHG Emission Reductions (auto) in 2045 of 8,330 (metric 
tonnes) 

Noise and Vibration  

 

Qualitative 
 

 Noise and Vibration associated with the 
operation of the diesel powered 99 B-Line 
would continue 

 Significant construction phase noise and vibration 
along the full Broadway alignment 

 Significant operational noise impacts from trains on 
the elevated guideway 

 Significant construction phase noise and vibration at the 
five Broadway underground station sites 

 No significant operational noise and vibration impacts 

Social Residential Impacts 
(Social)  

 

Qualitative 

 

 As growth occurs in the Broadway Corridor 
and around the region, traffic congestion on 
Broadway will increase without an increase in 
transit capacity.  This congestion will have 
negative impacts on local resident’s air 
quality   

 An elevated guideway and stations would be within 
metres of existing residential units.  Existing buildings 
have not been designed for increased noise and visual 
intrusion from an elevated SkyTrain   

 The elevated guideway will reduce the openness of 
the area that will reduce the opportunity for ’eyes on 
the street’ that is a central component of Crime 
Prevention Through Environmental Design (CPTED). 
This in turn could deter pedestrians from using the 
Corridor particularly in the evening 

 Replacing vehicle trips with trips on tunneled MLBE 
supports street level improvements that are consistent 
with (CPTED) principles, and can support a more pleasant 
and pedestrian friendly environment  
 



Millennium Line Broadway Extension 
Strategic Options Analysis 

March 2018 
Page 43 

 
  

 

 

  

Note to reader: There are some items that were in the MAE table for the Phase 2 UBC Rapid Transit Study report that were omitted from the table above as they were non‐differentiating criteria.  Transit Network and System Access, along 

with Capacity and Expandability would both be the same whether the SkyTrain was elevated or tunneled. As the alignments considered within this paper are the same, health effects, low income population served, and heritage and 

archaeology, along with environmental considerations, would largely be unchanged between the two options. 

Business Impacts 
(Social)   

 

Qualitative 

 

 The existing transportation network is at 
capacity (traffic and transit).  Business as 
usual offers no opportunities to create a more 
attractive Broadway and offers no benefits to 
businesses 

 Many of the medical offices in the Corridor require 
quiet environments and an elevated system in close 
proximity to the buildings would add to the noise in 
the street.  Existing buildings have not been designed 
for increased noise from an elevated SkyTrain.    

 The loss of parking access to businesses lining the 
Corridor will likely discourage non-transit users from 
some trips to businesses along the Corridor 
 

 A tunneled SkyTrain option provides the opportunity to 
make the Broadway Corridor more attractive, which will 
help to attract businesses and employees, and improve the 
Corridor’s competitiveness in an increasingly global 
marketplace.  A more attractive streetscape with less 
traffic will improve the lease ability of ground floor retail 
units   

 Existing businesses, particularly medical and research 
facilities will benefit from less noise and vibration from 
the transportation network in the Corridor 

Community 
Cohesion/Visual 
impacts 

 

Qualitative 

  No difference in the visual impacts 

 Significant visual impacts will result from an elevated 
guideway in close proximity to buildings that affect 
both the streetscape as well as existing residences and 
buildings fronting on Broadway.  These buildings were 
not designed around the presence of an elevated rapid 
transit system and as such are significantly impacted.   

 Underground rapid transit allows for the reconsideration of 
the streetscape of Broadway, which could lead to a more 
attractive street in the long term 

Deliverability Mayors’ Vision 

 

Qualitative 

 

 BAU does not meet the Mayors’ Council vision 
to alleviate congestion along the Broadway 
Corridor 

 The least efficient mode to move transit 
users along the Broadway Corridor, and would 
be perceived least favourably 

 Does not meet the Mayors’ council vision of a tunneled 
SkyTrain along the Broadway Corridor   

 Included in the Mayors’ Council Vision.  Public acceptance 
of the underground option is high with a majority of 
regional residents supporting the project (61% based on a 
telephone poll of 800 regional residents and 92% based on 
4200 surveys completed in early 2017) 

Public Acceptance 

 

Qualitative 

 

 Only 13% selected Best Bus as the most 
acceptable alternative for Broadway (of 7 
options) 

*Note that BAU was not surveyed and Best Bus offers 
improved bus service over BAU 

 Members of the public were not asked about an 
elevated SkyTrain option during public consultations 

 Percentage who selected SkyTrain as the most acceptable 
alternative for Broadway (of 7 options) = 40% 

Assessment of 
Constructability 

 

Qualitative 

  There are no construction impacts associated 
with Business As Usual. 

 Construction impacts along 21 blocks of the Broadway 
Corridor 

 Business disruption along the full Broadway Corridor 
due to construction activity, noise and parking loss 

 Goods movement impacts due to traffic lane and 
parking restrictions along the full Broadway Corridor 

 Construction impacts at five underground stations (6 
blocks) of the Broadway Corridor 

 Business disruption at six blocks of the Broadway Corridor 
due to construction activity, noise and parking loss 

 Goods movement impacts due to traffic lane and parking 
restrictions at five locations 




