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1. Chapter 1
Introduction
In June, 2004, the Seattle Department of Transportation published the Seattle Streetcar Network and Feasibility Analysis.  This report identified potential streetcar routes in Seattle, reviewed the feasibility of several routes, and recommended proceeding with the South Lake Union route.  In addition to recommending implementation of the South Lake Union route, the report identified two routes as the next priorities for further analysis: an extension of the South Lake Union route to the north to serve the Eastlake neighborhood and the University District, and an extension of the Waterfront Streetcar east along the Jackson Street corridor.  The results of the Eastlake and University work are presented in this document.  Additional planning and study will be required to work through a number of the issues raised in this document.
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Figure 1‑1:  Potential Streetcar Extension from SLU to Eastlake and UW Campus
2. Chapter 2 
Technical Analysis
2.1
Alignment
The alignment would begin on Fairview Avenue at approximately Yale, where the South Lake Union Streetcar’s northern-most station will be built.  It would travel north along Fairview and Eastlake, then cross the University Bridge.  North of the University Bridge, two route options were analyzed.  In the first option, the streetcar would travel north on Brooklyn Ave and terminate at NE 45th Street. In the second option, the streetcar would continue to travel east on NE Campus Parkway, go south on 15th Avenue NE and continue southeast on NE Pacific Street to a terminal near Montlake Boulevard. Both route options would connect to planned Sound Transit light rail stations.   See Figure 1-1 for a map of the alignments.  Information specific to each route segment is provided below.

Fairview Avenue
The alignment for a possible streetcar extension to Eastlake and the University District would tie into the SLU streetcar on Fairview Avenue north. The tie-in would remove the existing terminus tail track in the median along Fairview. The tracks would remain in the inside travel lanes to avoid any streetcar lane changes and to avoid the large, shallow sewer line on the east side of Fairview.

Eastlake Avenue

Along Eastlake Avenue, it appears that the streetcar tracks would be best placed in the inside travel lanes, which would leave the existing curb lanes available for parking during off-peak hours. Using the inside lanes along Eastlake would most likely require the use of platforms that are located in the median. Potential platform locations could be influenced by the need for left turn lanes in the median, which might ultimately lead to the use of mid-block platform locations and associated mid-block crosswalks. 

University Bridge

The preferred alignment of the streetcar across this bridge would be in the inside lanes due to the bridge’s structural characteristics.

NE Campus Parkway

To accommodate the streetcar’s movement onto the University Bridge without changing lanes, it appears that the track alignment for the inbound (southbound) streetcar would best be placed adjacent to the median. The outbound (northbound) streetcar could use either lane on NE Campus Parkway, but the following factors would influence the lane selection:

· If a stop platform is located on NE Campus Parkway, the inside lane would require the use of a median platform. The curb lanes could allow the use of existing sidewalks (and bus stops) as platform areas.

· If the alignment turns north at Brooklyn Avenue NE, then using a median lane would facilitate the left hand turn onto Brooklyn Avenue NE (turning to Brooklyn from the curb lane would require a special streetcar phase at the traffic signal).

· If the alignment turns south at 15th Street, then using a curb lane would facilitate the right hand turn onto 15thStreet.
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Figure 2‑1:  UW Extension, NE Campus Parkway Typical Sections
Brooklyn Avenue

The alignment would follow the travel lanes adjacent to parking and platforms would be created by extending sidewalks into a curb bulb similar to the configurations shown in the SLU design.
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Figure 2‑2:  UW Extension, Brooklyn Avenue NE Typical Sections

Potential Terminus at Brooklyn/45th Street

If a terminus is located near this intersection, the preferred arrangement would most likely consist of a single tail track on the north side of 45th Street in the parking lane (the parking lane would be removed and replaced with a dedicated streetcar lane). The platform at the terminus should be located on the south side of 45th Street for the following reasons:

· If a streetcar arrives at the terminus and there is already a streetcar in the tail track, the arriving car can unload passengers while waiting for the tail track to clear.

· A streetcar can hold in the tail track until the next streetcar arrives (allows more time for schedule adjustments).

15th Avenue NE

The track alignment along this stretch would depend upon traffic impacts and platform locations. Placing the streetcar tracks in the inside travel lanes would minimize traffic impacts, but could preclude the streetcar from stopping anywhere along this street. Using the outside travel lanes would allow the streetcar to stop at sidewalk platforms, but would require traffic signals and special signal phases to allow the streetcar to turn from the curb lane onto Pacific Street.
NE Pacific Street
Along Pacific, the tracks would most likely be placed along the outside lanes to allow the streetcar to stop at sidewalk platform locations.
Figure 2‑3:  UW Extension, NE Pacific Street Typical Sections
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Potential Terminus on Pacific Street
Due to traffic volumes, locating a terminus on NE Pacific Street would be challenging. A terminus near Montlake could improve connections to the stadium and the proposed Sound Transit light rail station, but is not recommended due to the volume of traffic at the intersection of Pacific/Montlake.  A potential terminus location could be sited in the vicinity of Pacific Place and north of Pacific Street. The streetcars could enter and leave the terminus by using special traffic signal phases at the intersection of Pacific Street/Pacific Place. The terminus would be located out of travel lanes to allow time for streetcars to layover.  Future study will be required to identify the most appropriate location for this terminus.
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Figure 2‑4:  Approximate Location for Potential Terminal along Pacific Avenue
(near Pacific Place)
2.2
Integration with Transportation System
Neighborhood Overview

Eastlake Avenue East travels through and serves the Eastlake neighborhood, which is designated in the City’s Comprehensive Plan as a Residential Urban Village.  The 2005 Comprehensive Plan update shows 2,760 households currently in Eastlake, and establishes a target of adding 250 additional households by 2024.  
Eastlake Avenue East is the only north/south arterial between Lake Union and Interstate 5, so it serves multiple functions:  it is a bicycle route, a transit corridor, and route for cars and freight.  It is also the neighborhood’s main commercial street, with pedestrian activity as people visit shops, restaurants and other establishments, and as they walk to and from transit stops.  Parking in parts of the neighborhood is controlled by a Residential Parking Zone (RPZ).  Segments of Eastlake Avenue East having parking restrictions in the peak direction during the peak hours. 
Please see Chapter 4 of this report for additional information about the Eastlake neighborhood.  
Roadway Configuration
A streetcar route through the Eastlake community and University District would operate within the existing right-of-way on Eastlake Avenue (in Eastlake) and along NE Campus Parkway, and either 15th Ave NE, and Pacific Street or Brooklyn Avenue (in the University District).  For the most part, the on-street operational characteristics of the streetcar vehicles would be similar to those of traditional trolley buses, so only minor operational impacts are likely to arise beyond the typical impacts associated with conventional bus operations on the same corridors.  The distinctions between streetcars and buses on this route, in terms of traffic operations, lie primarily in the type of stops that would be made by streetcars along Eastlake Avenue, as well as the need for the streetcar to change lanes at specific points along the alignment.

With the streetcar station platforms located in center medians on Fairview and Eastlake Avenues, streetcar vehicles would stop in the inside lanes of traffic (closest to the center), which could result in some added delays to mainline general purpose traffic, particularly during off-peak hours where parking is allowed on the outside lane and through-traffic uses the single inside lane.  On NE Campus Parkway, the streetcar line could be aligned either in the inside or outside travel lanes and stops would be made in-lane at designated stations.  Fewer capacity impacts would occur on NE Campus Parkway, however, due to the width of the arterial and the availability of two travel lanes provided in both directions at all times.

However, to follow the suggested alignment from Eastlake Avenue to NE Campus Parkway, track crossover sections to allow the streetcar to change lanes would be needed.  For example, in order for a streetcar vehicle to turn right from Eastlake Avenue to NE Campus Parkway and continue along the designated travel path in the University District, a track crossover would be needed at some point north or south of the University Bridge to position streetcar vehicles properly for the downstream right turn movement to NE Campus Parkway.  A similar track crossover may be needed prior to the eastbound right turn movement from NE Campus Parkway to 15th Ave NE, depending on the lane alignment on NE Campus Parkway.  These crossovers could increase arterial congestion to some degree, depending on the background level of traffic demand during the day.
Along the Brooklyn Avenue extension segment, streetcar vehicles would occupy the single travel lane in the northbound and southbound directions and stop in-lane at designated stations.  The north streetcar extension terminus near Brooklyn Ave & NE 45th St could be either on the north side or south side of the intersection with a tail track section provided within a parallel parking zone.  For the Pacific Street segment, the streetcar line would likely run on the outside travel lanes and load/unload passengers on the right side of the vehicles.  Integration with the eastbound High Occupancy Vehicle (HOV)/Transit lane would likely be needed to ensure that the speed/reliability of bus movements along Pacific Street is not impacted significantly.  The terminus on Pacific Street could be located at one of several locations between 15th Ave NE and Montlake Boulevard; tail track movements may be affect traffic capacity depending on the specific location of the terminus. 

The traffic analysis effort that would be performed in a later phase of the project would include investigation of impacts to the circulation patterns and accessibility within the Eastlake community and near the University of Washington campus.  The goal of the follow-up analysis would be to identify potential congestion areas, safety issues, and operational constraints, and to identify potential mitigation measures if needed.
Parking Impacts and Issues

Parking impacts on Eastlake Avenue would be minimal based on the proposed locations of the streetcar station platforms within the median/center turn lane of the arterial.  This would allow peak period/peak direction parking restrictions to remain in effect to enhance directional capacity and maintain bus transit reliability through the corridor, but it would not prevent those restrictions from being altered (either reduced or increased) in the future.  Parking restrictions (all-day) at the designated bus stops on Eastlake Avenue would also remain in effect.
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Provisions for passing on the right to bypass a streetcar stopped along the center island station could be provided during off-peak hours by restricting parking within the vicinity of the station.  For a typical scenario, this is likely to eliminate approximately six spaces on each side of the street.  This is depicted in the following illustration.

Figure 2‑5:  Plan View of Potential Station Location and Possible Parking Impacts
Similar to Eastlake Avenue, on-street parking is provided on certain segments of NE Campus Parkway from Eastlake Ave to 15th Ave NE.  An outside-lane alignment of the streetcar tracks on NE Campus Parkway could preclude some parallel parking due to the need for curb bulbs that extend out from the existing curb edge to meet the outside-lane streetcar tracks (to allow in-lane stops).  However, an inside-lane alignment of the streetcar tracks would result in minimal impacts to parking.  For 15th Ave NE, some on-street parking may also be lost due to the need for curb bulbs.  At most three (3) parking spaces would be lost per streetcar stop.  No on-street parking is provided on Pacific Street along the proposed streetcar alignment, so parking impacts on this arterial would not occur.

Intersection Movements

As described previously, the operational characteristics of the streetcar vehicles would be similar to those of conventional trolley buses.  The signalization requirements for the streetcar line, with regard to the proposed extension, would be similar as well.  Streetcar movements at most intersections along the proposed route would generally be accommodated by the existing signal controllers on Eastlake Avenue, NE Campus Parkway, 15th Ave NE, and Pacific Street with no significant modifications or exclusive signal phases likely needed.  Nonetheless, application of exclusive phases at specific track cross-over points may be necessary to protect streetcar movements where lane-to-lane movements are anticipated or unique intersection navigation may be encountered.
The extension along Brooklyn Avenue may require one or more new protected signal phases to accommodate exclusive streetcar movements through specific intersections.  The use of exclusive signal phasing for streetcar movements may also apply to Pacific Street near the northern terminus.  The specific need for exclusive signal phases and the impacts of streetcar operations at intersections would be investigated as part of future route development.
Non-Motorized Access and Mobility

Impacts to pedestrian mobility at existing intersections along the streetcar extension corridors would not be significant due to the operating characteristics of the vehicles (similar to buses) and the frequency of arrivals (15-minute headways).  However, due to the center platform configuration proposed for streetcar stops along Eastlake Avenue (and potentially NE Campus Parkway), patrons would be required to cross the street for access to/from the center platforms.  New crosswalks, pedestrian signals, or enhanced signage may be desired to serve these streetcar-related pedestrian crossings.  These measures would be particularly important where the center platforms are located mid-block.  
Streetcar tracks can affect bicycle travel in two ways: one is when the cyclist needs to cross the streetcar tracks and the other is when the tracks are parallel to the cyclists direction of travel.  Crossings of the streetcar tracks can be accommodated, and the ideal crossing angle is ninety degrees.  Parallel travel can be accommodated where the streetcar tracks are in the inner traffic lanes and cyclists can use the outer traffic lanes.  Where there is only one lane of traffic in each direction with streetcar tracks in those lanes, cyclists need alternate routes.  
Fairview and Eastlake Avenues are an important bicycle corridors.  Along Eastlake, where parking is allowed in the outside lanes during part of the day,  and potentially at other location along the route, additional work will need to be done to address bicycle concerns.  

Transit Operations
Operating buses and streetcars on the same corridor could affect general purpose traffic capacity.  The majority of these impacts would likely be concentrated along Eastlake Avenue during peak hours of the day and would be directly related to the locations of center-lane streetcar stations with respect to the existing outside lane bus stops.  The combination of a bus stopping in the outside lane and a streetcar vehicle stopping in the inside lane could potentially stop all traffic in a single direction (and constrain any passing maneuvers) depending on the amount of distance between streetcar stops and bus stops.  Also, the weaving maneuvers made by buses into and out of bus stops, when parking is not restricted, could result in additional conflicts with the streetcar vehicles. These issues would need to be addressed in a later, more detailed, traffic analysis effort.

Emergency Vehicles

The reduction in capacity along Eastlake Avenue during off-peak hours, specifically when a streetcar vehicle is stopped to load/unload passengers or breaks down in-lane, could potentially present an issue with respect to emergency vehicle access.  When parking is not restricted in the outside lanes, the in-lane streetcar stops would stop traffic in that lane.  As noted previously in the Parking discussion, it would be possible to restrict parking within the vicinity of streetcar stations to accommodate vehicles passing to the right side of the streetcar.  Due to the presence of on-street parking on Brooklyn Ave (similar to Eastlake Avenue during off-peak hours) and the limited width for traffic movements, emergency access along this potential segment of the extension could be problematic during break down scenarios.
The issue of emergency access is not as critical for other segments of the streetcar extension due to the lane configurations on NE Campus Parkway, 15th Ave NE, and Pacific Street and the availability of route alternatives.  The impacts of streetcar break downs and stops will be evaluated in a follow-up analysis that will highlight and address the key issues associated with potential capacity constraints. 

2.3
Stations and Urban Design Considerations

Along Eastlake Avenue the stations would, in general, be provided as center platforms located intermittently within the center left turn lane at the near side of an intersection. This center platform configuration responds to the desire to leave the outside lane available for parking or traffic.  Stations would be approximately three blocks apart, with stops at intersections that provide support to existing or designated pedestrian routes, the best pedestrian access to existing public attractions and facilities and proposed new developments, and connectivity with other transit stops. Stations locations would be determined in collaboration with community stakeholders.
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Figure 2‑6:  Typical Cross-section Along Eastlake Avenue
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Figure 2‑7:  Plan View of Potential Station Location Along Eastlake Avenue

Along NE Campus Parkway, a station or stations would be located to best serve student housing and other activity generators along that route. Station locations would be determined in collaboration with community stakeholders and be consistent with the University District Plan and UW Campus Master Plan. Alignments would be studied in either the outside travel lanes adjacent to parking or in the inside lanes adjacent to the landscaped median. In the case of an outside lane alignment the stations would be side platform corner curb bulbs located within the parking lane at the far side of an intersection. There are several bus stops and layover areas along NE Campus Parkway and streetcar stops would have to be closely coordinated with them, with perhaps one or more shared stations. In the case of an inside lane alignment the stations would be side- platform-located within the landscaped median at the far side of an intersection. In this case a pedestrian landscaped plaza could be developed within the median connecting eastbound and westbound routes with crosswalks to Metro bus stops facilitating transfers in an intermodal facility. 

In the case of the Brooklyn Avenue alignment option, the tracks would run in the north and south travel lanes with stations provided as side platform corner curb bulbs located within the parking lane at the far side of an intersection. Stations would be approximately 1000 feet apart, with stops at intersections that provide support to existing or designated pedestrian routes, the best pedestrian access to existing public attractions and facilities and proposed new developments, and connectivity with other transit stops including light rail. Station locations would be determined in collaboration with community stakeholders and be consistent with the University District Plan and UW Campus Master Plan.

In the case of the Pacific Street alignment option, further study will be required to determine the best alignment and station locations through this corridor given existing traffic patterns, heavy traffic flows, HOV lanes, and access and egress requirements within the right-of-way. Again, station locations would be determined in collaboration with community stakeholders and be consistent with the University District Plan and UW Campus Master Plan.

Similar to the proposed SLU streetcar system, prototypical station components would include concrete corner curb bulbs or median platforms; rider information signs; trash receptacle; lighting; and shelter.  Schedule and route information would be graphically displayed and real time displays would announce next arrivals. 
2.4
Utilities

Utilities along the alignment have been reviewed in order to identify potential conflicts and establish planning level cost estimates.  Installation of streetcar tracks is a relatively simple and shallow process, but some utility impacts to occur.  

The following utility information is from the City of Seattle SPU Water/Sewer GIS files, and MapSeattle Waterline and Sewer and Drainage Infrastructure Basemap Series (2005).

The following assumptions are made regarding the potential mitigation required to protect the utilities along the proposed alignment:
· With track stray current mitigation of booted rail and bonded track slab reinforcing with test stations, it is assumed that watermains between 10 feet measured as the clear distance between the pipe and the nearest rail, and 5 feet measured from the pipe centerline and the nearest track slab edge, will not require relocation or replacement, but will require monitoring anodes per City of Seattle standards.  Watermains within 5 feet measured from the pipe centerline and the nearest track slab edge to within the track slab footprint will be assumed to be relocated for maintenance access requirements.  Electrical continuity verification will be required for water mains remaining in place within 10 feet of nearest rail.  Should field tests show lack of sufficient continuity, bonding across existing joints or intentional disconnects may be required.
· Watermain, sewer, storm drain and all wet service crossings are assumed to be uncased.  Upgrades of existing mains to allow for future expansion are not included in the cost estimate.  

· It is assumed that eccentric sewer and storm drain line manholes are allowed, but not offset manholes.  This assumption carries forward with sewer and storm drain lines requiring relocation where manholes cannot be reconfigured to lie outside the track slab.

· It is assumed that access to electrical vaults can be located inside the track slab footprint.
· It is assumed that all private utility mitigation will be determined by the private carrier, and mitigation performed by that utility’s forces, at no cost to this project, and completed prior to any project in-street work.

The following table lists the utilities that may be impacted by the proposed track alignment.
Table 2‑1:  Potential Impacts to Utilities
	Alignment
	Cross Street
	Sewer
	Water
	Sewer - Crossing
	Water Main– Crossing
	Notes
	Utility Mitigation 

	Fairview
	Yale Ave.
	Unknown sizes: 1 at ROW centerline, 1 near west/north curbline, ending south of bridge
	Cast iron, near north curb lane, ending south of bridge
	
	
	
	Minor 

	
	Galer
	-
	-
	42” to 48” conc, &

36” brick 
	Unknown size (1940/1908)
	
	Minor



	Eastlake
	Galer
	42” to 48” conc. at the west curb lane, &

36” brick at street centerline
	12” cast iron, east of street centerline (1908)
	
	
	36” brick sewer may be candidate for relocation, dependent upon discussions with SPU.  Water main may be candidate for relocation, dependent upon track slab location.
	Moderate

	
	Garfield
	Same as previous
	Same as previous
	54” & 42” conc. 
	
	Same as previous
	Moderate

	
	Howe
	8” conc. at street centerline
	Same as previous
	42” conc. 
	8” ductile iron (1995) 
	Same as previous
	Moderate

	
	Newton
	Same as previous
	Same as previous
	
	8” cast iron (1910)
	Same as previous
	Moderate

	
	Lynn
	Same as previous
	Same as previous
	15” conc. 
	
	Same as previous
	Moderate

	
	Roanoke
	8” to 18” conc. at street centerline & 30” conc. in west curb lane
	Same as previous
	15” conc. 
	8” unk (1911)
	Same as previous
	Water: Moderate, Sewer: Moderate

	
	Hamlin
	Same as previous
	Same as previous
	15” conc. 
	8” cast iron (1977)
	Same as previous
	Water: Moderate, Sewer: Moderate

	
	Allison
	18” to 30” conc. under SB inside lane, & 15” conc., approximately at street centerline
	15” to 18” cast iron under NB inside lane (1904)
	8” conc. 
	8” & 18” cast iron (1904)
	
	Water: Moderate, Sewer: Moderate

	
	Harvard Ave.
	Same as previous
	15” to 18” cast iron under northbound inside lane (1904), & 42” steel (1925) (may be a watermain), east of 18” CI water main
	
	
	
	Water: Major, Sewer: Moderate

	
	S. Bridge Approach
	Same as previous
	Same as previous
	15” & 10” conc. 
	18” cast iron (1904/1932)
	
	Water: Major, Sewer: Moderate


Table 2-1 (continued):  Potential Impacts to Utilities
	Alignment
	Cross Street
	Sewer
	Water
	Sewer - Crossing
	Water Main– Crossing
	Notes
	Utility Mitigation 

	
	N. Bridge Approach
	15” conc., east of the roadway boundary
	12” cast iron (1967), east of the roadway boundary
	
	
	
	Minor

	
	NE Campus Parkway
	Same as previous
	Same as previous
	12” conc. 
	
	
	Minor

	NE Campus Parkway
	Eastlake/11th Ave. NE
	
	
	12” conc. 
	
	
	Minor

	
	12th Ave. NE
	12” to 15” conc. 
	8” cast iron (1957)
	12” conc. & 15” CIP
	8” cast iron (1916)
	
	Minor

	
	Brooklyn Ave. NE
	Same as previous
	
	10” & 42” conc. 
	8” cast iron (1907)
	
	Minor

	
	Univ. Way
	
	
	15” & 12” conc. 
	8” cast iron (1907)
	
	Minor

	
	15th Ave. NE
	
	
	24” to 30” conc., two 12” conc.
	8” cast iron (1907)
	
	Minor

	15th Ave. NE
	NE Campus Parkway
	24” to 30” conc. west of east curb line, two 12” conc., one east and one west of roadway centerline
	8” cast iron at roadway centerline (1907)
	
	
	
	Moderate

	
	NE 40th St.
	Same as previous
	Same as previous
	
	12” cast iron (1907)
	South of NE 40th Street, roadway east curb line tapers west from east ROW line
	Moderate

	
	Pacific St.
	Same as previous
	Same as previous
	
	
	
	Moderate

	Pacific St.
	15th Ave. NE
	48” to 108” conc. in the north curb lane, & 15” conc. south of street centerline
	
	
	
	Sewer lines may be candidates for relocation, dependent upon track slab location
	Moderate

	
	Triangle Pking Garage
	Same as previous
	
	84” to 118” conc.
	
	Oblique crossing
	Moderate

	
	Montlake.
	Same as previous
	
	
	
	
	Moderate

	Brooklyn Ave. NE
	NE Campus Parkway
	10” conc. @ centerline

42” concrete under east curb
	8” cast iron approx. 12’ east of centerline (1907)
	15” concrete
	-
	
	Minor

	
	NE 41st. St.
	10” conc. @ centerline
	Same as previous
	Unknown and 42” conc.
	-
	
	Minor

	
	NE 42nd St.
	Same as previous
	Same as previous
	12” conc.
	8” cast iron (1907)
	
	Minor

	
	NE 43rd St.
	Same as previous
	Same as previous
	15” conc. 
	-
	
	Minor

	
	NE 45th St.
	
	
	18” conc.
	8” cast iron (1907)
	
	Minor


2.5
Drainage

The area along the proposed corridor is comprised of sections of separated and combined storm and sanitary sewers.  Generally, most of the area north of the Lake Washington Ship Canal is on a separated storm drain system, while most of the area south of the Lake Washington Ship Canal is on a combined sewer system.  Detention per the City Drainage Code will be required in areas draining into the combined sewer system for those areas where the new or revised impervious areas exceed 2,000 square feet.  Water quality treatment will likely be required in the areas draining to Lake Union if the project’s new or revised impervious areas exceed one acre.  

Detention is required in the combined sewer drainage basins and can most economically be provided by the use of piping within the existing road right-of-way.  The extent of detention required will be determined by the removed and revised impervious areas for the rail track, stations, and curb revisions.  Utility conflicts will need to be identified and a suitable location determined for the detention pipe with the least impact to traffic during construction and disruption to existing utility operations.  Control structures, cleanout manholes, and conveyance piping will be required.  Pipe storage will be designed such that release rates do not exceed 0.15 cfs for the 2-year storm and 0.20 cfs for the 25-year storm event.  Detention pipe must be laid at or near 0.50% slope so it will be advantageous to find a relatively flat portion of roadway to minimize excavation.

Water Quality can be accomplished using vortex technology separators.  Design requirements will include removal of 80% or the total suspended solids and oil control to less than 10 mg/l with no visible sheen for the 6-month storm event.  A flow splitter, bypass piping, and manholes will be required to bypass large storm event flows.  Water quality treatment systems generally required 4-5 feet of head due to losses in the system.  In roadway areas that do not have sufficient head to operate a water quality facility, pumping may be required.  All stormwater discharged into the separated system is in turn discharged into Lake Union.

2.6
Overhead Contact System (OCS)
In the near future, there will be four different types of electric traction vehicles in public service within the City of Seattle.  These are:

· Waterfront Streetcar - 600V dc maximum, ungrounded negative by rail, 4/0 AWG conductor.

· Metro trolley bus - 672V dc nominal (400V to 700V), grounded overhead negative, 4/0 AWG conductor

· Sound Transit’s LINK Light Rail - 1500V dc nominal 
· SLU Streetcar, which will be similar to Portland/Tacoma Streetcar which operates at 750Vdc.  
During final design of the South Lake Union Streetcar, it is expected that decisions will be made about the possibility of streetcars and buses sharing overhead power.
2.7
Bridges
The proposed streetcar alignment to University District crosses over several existing bridges. Described below are descriptions of the bridges’ existing configurations and condition, and the expected rehabilitation or strengthening required for the bridges to handle the vehicle loading.

Fairview Avenue North Bridge

The Fairview Avenue North Bridge crosses over Lake Union at its shoreline. There are two bridges on Fairview Avenue North, located adjacent to each other with approximately an inch of longitudinal joint between them.   These bridges were built during different times and have slightly different span configurations.

East Bridge (Northbound)

The east bridge carries the northbound lanes of Fairview Avenue North and is located adjacent to Zymogenetics building. The bridge, built in 1963, has a total length of 481 feet and is 32 feet 9 inches in width. The roadway consists of two northbound traffic lanes, 14 feet 9 inches and 10 feet respectively, and an eight foot wide raised sidewalk. The superstructure consists of 30 foot long prestressed concrete girders at 5 feet 6 inches spacing. The concrete deck slab is 5 ¾ inches thick. The substructure consists of concrete bents 32 feet apart, with four 18-inch diameter prestressed concrete piles at each bent.

Rehabilitation for Streetcar on Bridge

One option for accommodating new streetcar loads is described here.  Other options may be explored during future planning and design phases.  Under this options, a 12 inch wide by 5 ¾ inches thick strip of deck slab would be removed to place the streetcar rail. Streetcar tracks positioned on the bridge may or may not align with the longitudinal girders. Since the deck slab is only 5 ¾ inches thick, to locate the rail flush with the top of roadway deck, a new longitudinal girder will be required under each track if the track does not align with an existing girder. If the track aligns with the existing girder, insertion of rail in the deck slab would require shoring the deck slab by constructing a thickened edge beam adjacent to the prestressed concrete girder to transfer the load to the bents. Both of the above options would result in additional dead load being added to the superstructure resulting in overstress in the bent cap beams. Additional strengthening of these cap beams would be required for moment and shear. The piles are expected to be able to handle the net increase in the vertical loads.

West Bridge (Southbound)

The west bridge carries southbound lanes of Fairview Avenue North. The bridge, built in 1948, has a total length of 504 feet with an expansion joint in the middle, and is 26 feet 6 inches in width. The roadway consists of one southbound traffic lane and a bicycle/pedestrian combination lane. The superstructure consists of 10 inch thick reinforced concrete longitudinal slab that spans between bents spaced at 16 feet. Each bent comprises five timber piles with the outer piles batter outward. These piles are partially in water under normal conditions. The bridge has been posted for 40 Ton weight limit since 1989. 
Rehabilitation for Streetcar on Bridge (Bridge Replacement)

Since the deck is a longitudinal slab, embedding streetcar rail in the slab would require construction of a longitudinal beam under the rail to transfer the load onto the bents. However, there is evidence of deterioration in the timber piles as noted in a number of bridge inspection records. Some of the damage has been repaired by encasing the timber piles in concrete. Any modification to the bridge by way of new longitudinal beams will impose additional dead load on the piles which in turn may become overstressed. Constructing new pile bents to support both the added dead load as well as the heavier streetcar vehicle loading is not a viable option because of difficulty in achieving an integral structure and high construction costs. Adding the streetcar tracks on this bridge may require replacing this bridge with a new one. The new bridge would have superstructure comprising concrete deck and prestressed concrete girders, and substructure of concrete bents supported on drilled shafts.  [image: image9.jpg]



Figure 2‑8:  View of Fairview Avenue North Bridges – Looking North
(East bridge on right and west bridge on left)

University Bridge

The University Bridge carries Eastlake Avenue across Portage Bay. The bridge consists of a  bascule span and north and south approaches. It was built originally in 1919 and remodeled in 1933. Since an earlier model of streetcar ran on the bridge until the 1940s, this bridge is considered to have been designed to handle streetcar loading and configuration. To preserve the compatibility of the structural layout of the bridge with the former streetcar alignment, the centerline of the proposed streetcar would be required to be 5 feet from the bridge centerline, resulting in 10 feet between the opposite directions of streetcar alignments. 
Bascule Span

The length of the bascule span is 202 feet. The roadway width is 39 feet 10 inches, and comprises of 5 inch deep metal grating over the movable leaf and 5½ inch thick concrete deck over the fixed span. The grating is supported on steel longitudinal stringers which in turn are supported by steel floor beams. The fixed span framing consists of steel stringers and girders. The substructure is concrete bascule pier supported on piles.

Rehabilitation for Streetcar on Bridge

The longitudinal stringers on which the former rail was supported is a heavier steel section that the other typical stringers. This reinforces the assumption that the rail stringer was adequately designed to carry the streetcar loading for that era of streetcar, and would most likely be adequate to carry the proposed streetcar vehicle.

To fit the new streetcar rail in the grating, the grating members would be cut to create a gap in which the rail could be inserted flush with the top of the grating. The rail would be supported on the existing steel tube members under the grating. New steel members would be welded to the grating on either side of the new rail to ensure that the grating is fully supported on the underlying tube steel members. In this way the new rail would be supported onto the existing rail stringers and no further strengthening of the framing system is anticipated.

The new rail would be inserted in the concrete deck over the fixed span such that the rail is flush with the roadway.

North and South Approach
The approach at the south end of the bascule span is 200 feet in length. The superstructure framing consists of 8 inch thick concrete slab spanning between longitudinal steel stringers. The stringers are supported on transverse floor beams which in turn are supported on a steel truss at each side of the bridge, spanning between piers. The concrete deck slab in the center 20 feet of the roadway has been thickened to 16 inches to accommodate the rails of the former streetcar of 1930s. 

The approach at the north end of the bascule span is 975 feet in length, with two distinct structure layouts. For 655 feet just north of the bascule span, the superstructure framing consists of 8 inch thick concrete slab spanning between longitudinal steel stringers. The stringers are supported on transverse floor beams which in turn are supported on a steel truss at each side of the bridge, spanning between piers. The concrete deck slab in the center 20 feet of the roadway has been thickened to 16 inches to accommodate the rails of the former streetcar. For the remaining 320 feet, the superstructure framing consists of 9 ½ inch concrete deck slab and beams, supported on concrete cap beams at piers. Here also, the concrete slab in the center 20 feet of roadway has been thickened to 20 inches to accommodate the rails of the former streetcar.  The concrete portion of the University Bridge North Approach is known to have areas of weakness as indicated in the current Load Rating Report.  Analysis will need to be performed to determine whether strengthening will be needed to accommodate streetcars.  
Rehabilitation for Streetcar on Bridge

It is unlikely that the proposed streetcar rails would align with any of the longitudinal stringers. A 12 inch wide by 8 inch deep section of concrete slab would be removed at each proposed rail location and a shallow section of new rail would be inserted in the concrete deck slab. The slab under the rails would require to be thickened to better distribute the streetcar loads transversely to the longitudinal stringers. The rail section would be embedded in the concrete deck slab such that the top of the rail is flush with the roadway.

A number of the concrete cap beams in the north approach in the concrete spans have demands that are currently approaching capacity. They will require strengthening to adequately carry the streetcar loading. Strengthening may be accomplished by drilling in new shear reinforcement in the concrete cap beams and constructing a concrete sleeve around the sides and bottom of the beams. It is anticipated that almost all of the piers would need to be strengthened for shear.
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Figure 2‑9:  University Bridge:  View from South Approach
Comparison of Live Loads –
Current Metro King County Buses vs. Proposed Streetcar Skoda-Inekon Vehicle

The 60 foot-long Metro King County buses that are currently in service along this corridor have a maximum gross weight (at 130% load) of 65,000 pounds. The greatest axle weight under normal load is around 23,000 pounds. The proposed 66-foot-long Skoda-Inekon 10T two-way low floor vehicle has a maximum gross weight of 88,000 pounds. Its greatest axle weight under normal load is 22,000 pounds. It may be inferred that the axle weight of the proposed streetcar vehicle is comparable to the current buses. However, since the axles in streetcar vehicle are more closely spaced  than those in a bus (6 feet versus 20-25 feet), the streetcar vehicle typically results in a more intensive live load, of the order of 30% to 50% on any component of the bridge. The effects of heavier streetcar loading will need to be analyzed to determine the increase in the live load stresses on the components of the bridges.

3. Chapter 3
Environmental Review
Environmental and permitting issues for this route would be similar to those for the South Lake Union Streetcar project.  Work in vicinity of the ship canal and crossing of the University Street Bridge will require a shoreline permit and Endangered Species Act clearance; construction of a new crossing may also require Coast Guard permit.  Noise is a concern of University District residents, even if the project would not exceed criteria.  Concerns along Eastlake for historical buildings are similar to those in South Lake Union.  Historic air quality issues in the University District (45th and Montlake corridors) are no longer a major concern.

Overall, there is an increased potential for neighborhood impacts in the Eastlake neighborhood.  This is due to the closer proximity of the streetcar to the dense existing residential development, and to potential effects on traffic due to constricted street widths and provisions for parking along Eastlake.  Within the University campus there is concern regarding the potential vibration and electro-magnetic fields created by the streetcar on nearby research facilities.  These and other issues have the potential to require more extensive environmental review than the South Lake Union Streetcar project.  
3.1
Vibration

Based on the University of Washington’s (UW) on-going concerns with Sound Transit’s proposed Light Rail vehicle corridor and the associated vibration, it is expected that vibration due to the streetcar will be a primary concern to the University.  

The potential noise and vibration effects of the Streetcar operations are as follows:

· Wayside noise from the operation of the Streetcar on tangent track.

· Wheel squeal noise from the operation of the Streetcar on tight radius curves of less than 200 feet.

· Ground-borne vibration.

Based on observations of the streetcar vehicles in Portland, the wayside noise levels are less than those of a Metro bus and somewhat higher than a car operating at the same speed.  The operation of the streetcar would not result in an increase to the existing traffic noise levels.

Wheel squeal may occur at tight radius curves resulting in a pure tone noise that is clearly audible over the traffic noise.  Measures to control wheel squeal noise are available either as on-board or trackside friction modifiers or lubricants.

Ground-borne vibration is not expected to be perceptible at any of the buildings along the proposed alignment.  The size of the vehicle and the relatively slow operating speed of less than 40 mph will tend to minimize the level of ground vibration generated by streetcar operation.  However, there is some concern on the potential ground vibration effects of the streetcar on the UW research activities.  As part of the preliminary design of Sound Transit’s North Link LRT alignment through the UW campus, the UW has requested that train vibration levels be less than or equal to the current ambient vibration levels and that this criteria be met using source mitigation only.  This request is described as a means of protecting both existing and potential future uses.
Ground vibration from streetcar operations will likely increase ambient (existing background) vibration at UW buildings along 15th Avenue NE and Pacific Street such as the Physics and Astronomy Building and the UW Surgical Pavilion.  Providing trackwork isolation may not be sufficient to reduce ground vibration levels to the UW criteria.

4. Chapter 4 
Neighborhood Context  
4.1 Goals and Opportunities

Land Use and Connections to Other Modes

The route would become a primary transit route serving the Eastlake community and traveling between the Westlake transit hub and the University of Washington.  This route would attract residents, employees and students, as well as visitors and other occasional trips.

The route would be a primary connector between the University’s medical research activities and the new and existing bioscience and biomedical research uses in the South Lake Union area.  This natural nexus will attract trips throughout the day, for meetings, etc.  The route would also serve trips the Eastlake community for residents traveling to and from work, employees in the area, and visitors to the many restaurants and other attractions.  

The extension of the SLU would increase transit connectivity by connecting to the future Sound Transit North Link light rail line operating between the Northgate Shopping Mall and the Westlake Station. The SLU extension would provide a streetcar link to light rail in two places, significantly increasing the utility of both rail lines by providing easier connections for certain travel directions.
By extending the streetcar north of the University Bridge to the University District, the streetcar would link to many bus routes that serve this area.  Regardless of what terminal is chosen, the streetcar would serve the transfer point on NE Campus Parkway near Brooklyn Avenue, linking to the following routes:  7, 9, 25, 31, 65, 67, 68, 71, 72, 73, 74, 75, 372, and 540.  If the streetcar continued to a terminal near Montlake Boulevard, it would connect to the following buses at the UW Medical Center:  43, 44, 48, 133, 167, 197, 205, 271, 272, and 540.

If the streetcar continued to a terminal at 45th Street, it would also connect to the 43, 44, 133, 167, 205, 271, 373, 586, 810, 850, 855, 860, 870, 875, 880, and 881.  A streetcar that terminates at 45th Street could also potentially replace the route 70 bus.
4.2 Ridership

The method used for estimating ridership on this line is commonly called “pivot point” analysis.  It can be thought of as a system of “weighted averages” using the results obtained in other cities, weighted by local conditions.  This is the method used for estimating ridership throughout the South Lake Union Streetcar study, and has been documented previously.

The basic approach includes beginning with the productivity (passenger per revenue hour) for a group of peer cities.  Productivity is used rather than overall ridership to eliminate differences based strictly on the length of the line or the number of revenue hours of service provided.  We then introduce a series of adjustment factors, for fares, the mix and intensity of development, the availability of a tourist market, etc. These factors were selected based on engineering judgment and experience in a number of transit studies.

The factors are applied to each peer system and the resulting productivity rates are averaged across all peers.  From this average, we apply a range, resulting in a high and low productivity projection for the entire line.  Multiplying the high and low productivity projection by the number of hours provided results in a range of ridership for both short term and long term ridership.  

This technique is very similar to what an appraiser might do if you were going to sell your house.  Starting with comparable sales in the neighborhood, the appraiser will add and subtract value based on the specific conditions of your house – for example, one house might have a deck, or a covered garage or a bigger lot than others in the group.  Making adjustments, and then comparing the result back to the group as a “reality check” is a simple and accurate technique that is confirmed by the market place.

In our case, the final reality check was to compare the ridership estimate back to the individual peers, as well as to regional modeling data and to Metro ridership on similar bus lines.  
The following list shows the productivity of peer systems used in the analysis, as well as the short and long-term projected productivity on the SLU line.

Table 4-1:  System Productivity

	System
	Productivity (Passengers per Revenue Hour)*
	Annual Riders

	Tampa
	25
	

	SLU Opening Day
	30-35 
	330,000 – 380,000

	Tacoma
	49
	

	SLU Long Range (No extension)
	64-75 
	1,070,000 – 1,230,000

	San Francisco
	68
	

	New Orleans
	81
	

	SLU Long Range with UW Extension
	78-90
	2,135,000 – 2,464,000

	Portland
	91
	

	Toronto 
	99
	


*  A revenue hour is defined as one vehicle in operation for one hour. Multiple vehicles are typically in operation at any given time.

Multiplying the productivity per hour times the number of annual revenue service hours projected for the route with extension (27,375 annual revenue service hours), results in an annual ridership of between 2.13 and 2.46 million passengers.

4.3 Neighborhood Plans
Eastlake

The Eastlake neighborhood plan does not speak directly to the question of streetcar service, but it does establish seven transportation goals, several of which are relevant to streetcar planning:
Goal T-1:  Reduce speeding and collisions.

Goal T-2:  Make it safer and more convenient for pedestrians to cross the street. 

Goal T-3:  Add and improve sidewalks and walkways.

Goal T-4:  Improve bicycle conditions.

Goal T-5:  Improve bus service for Eastlake residents, employees and customers.

Goal T-6:  Reduce freeway-related noise, air and water pollution, and visual blight through technology and system modifications; mitigate the impacts that cannot be eliminated.  

Goal T-7:  Ensure that any light rail or monorail system is a net benefit to the neighborhood.

The Eastlake Neighborhood Plan identifies a “Main Street” vision for Eastlake, described as a “neighborhood whose residents and employees prefer also to shop and dine there.  A neighborhood with quality retail and service businesses that reach out to potential customers everywhere.  A neighborhood which is lively and busy in the evening and during the day.  A neighborhood with a clean and vital Main Street that adds to the sense of community.”   

The Plan notes that the Eastlake neighborhood is often treated as a corridor rather than a destination, and states that “these corridor projects can have a good impact of they have many stops in the neighborhood, as did the streetcar line that opened in 1893 and as do the bus lines that took its place in 1941.”  

Seattle’s recently updated Comprehensive Plan identifies a 2024 growth target of 250 additional households, beyond the current 2,760 households.  
University District
The University Community Urban Center (UCUC) Plan includes the following transportation goals and policies related to transit planning:

Goal B-2:  Focus on improving circulation within the existing capacity of the arterial street system.

Policy B-2.1 Give priority to projects that improve transit reliability and/or promote pedestrian and bicycle safety and circulation.

Goal B-4:  Provide improved mobility and access by public transportation to services, jobs, businesses, residences, educational opportunities, and other destinations both within and outside of the UCUC, including local shuttle.  

Goal B-5:  Ensure that new public transportation improvements – including Metro bus service, RTA light rail stations, and, if implemented, the monorail – benefit the local community in terms of transportation services and impacts on local activities and environmental conditions.  

The University neighborhood plan’s vision for the Lower Brooklyn area is “to intensify and solidify the residential neighborhood’s character, to provide better transition between campus and adjacent activities, to integrate proposed transit improvements, and to improve gateways and connections around the periphery.”  (Page II I-8).  The plan also recommends streetscape improvements along Brooklyn (landscaping and a signed bike route) and along Campus Parkway.  
4.4 Community Outreach 

SDOT conducted a community outreach program along with its technical review of the Eastlake/University extension of the proposed South Lake Union Line.  The purpose of this outreach was to:

· Inform neighborhood stakeholders about current streetcar technology and potential community impacts;

· Solicit their input on issues under consideration by the technical team (e.g. potential routing; stops; coexistence with other transportation modes such as buses, cars and bicycles);

· Inform them about the likely use of an LID to supply some of the capital costs of streetcar construction;

· Listen to concerns; attempt to answer questions;

· Build lists of interested stakeholders to keep involved in future streetcar planning efforts.

Overall Comments:

· Among the positives attributes of a streetcar line along Eastlake to the University:

· Streetcar could bring benefits to the neighborhood if done properly.  Could increase connectivity; provide a friendly pathway around Lake Union; bring South Lake Union employees and new residents to Eastlake businesses; connect to Light Rail at University and Westlake.  It could be a positive force in implementing the “Main Street” vision for Eastlake as laid out in the Neighborhood Plan, and attracting residential and commercial development; could provide easy, direct connections between biotech facilities in South Lake Union and the University’s Health Sciences campus.

· Among the negative attributes:

·  it would slow traffic along Eastlake, a corridor that already experiences significant back-ups; it isn’t perceived as needed given the extensive bus service provided to that neighborhood and therefore isn’t worth the City’s, the University’s or property owners’ investment.

Summary of Comments:

· Most people had a general awareness of plans for the South Lake Union streetcar line and some knowledge that the City was conducting a study on future expansion opportunities.

· Some were aware of the modern streetcar technology being considered.  Several had ridden the Portland or Tacoma streetcar line and others had used streetcars in other countries

· The prevailing advice on routing was to plan for the streetcar line to travel in the inner travel lanes on Eastlake in order to avoid removal of parking from the curb lanes.

· Concerns about traffic impacts were expressed with this routing choice, however.  With the streetcar stopping in the one travel lane (assuming parking uses the curb lane), would traffic be backing up regularly and for significant periods behind the streetcar?

· Median stops, although logistically difficult, were seen as providing some benefit to enhance the pedestrian environment, much as the planted medians on Eastlake.  They would provide a mid-street refuge from people crossing the street slowly, for instance.  They might also provide additional signaled crossing locations along Eastlake, which the neighborhood has requested.  Finally, they may help control speeds of through traffic.

· The University did not express strong preference for either of the routing options being considered north of the ship canal.  They pointed out potential conflicts between pedestrians, streetcar, Sound Transit, cars and bicycles near the South Campus and had questions about where the streetcars would lay over and for how long.

· University representatives stated that reliable and favorable answers to EMI and vibrations would be required before they could support a streetcar.  They pointed out the proposed lines run close to the Physics and Health Sciences buildings, among the most sensitive to EMI and vibrations of any buildings on campus.

· There were a number of questions and concerns raised about how a streetcar in this corridor would affect bus service.  Many expressed that they felt well-served by Metro and they saw no reason for supplanting existing service or slowing down traffic to add a streetcar.  Some questioned how all the overhead wires, for buses and streetcar, would be able to coexist.

· The University currently operates a shuttle service between its South Campus (Medical facilities) and South Lake Union which serves fewer than 50 riders a day.  They questioned whether the demand would be great enough to warrant the service and the University’s contribution to the capital costs.

· This issue became particularly (critical) when considering imposition of an LID.  Some property owners asked why they should have to fund another mode if it didn’t significantly improve transit service and simultaneously made it harder for customers and employees to reach their businesses by slowing traffic.

· The concept of funding a streetcar in part through an LID was not widely opposed.  People had questions of when, and how much (neither of which could be answered, given the very preliminary state of project consideration).  Some pointed out that paying for a streetcar line in a developing neighborhood such as South Lake Union that has negligible transit service, was much different than paying for one in Eastlake, where the neighborhood is already highly developed with good transit (bus) support.

· University representatives had many questions about LID funding since one of the two proposed routes would be fronting University properties for virtually the entire line north of the University Bridge.  They pointed out that they couldn’t imagine where those capital dollars would be coming from.

· Several expressed their support of a streetcar line in Eastlake as an asset that would give the neighborhood a unique and attractive (one said “sexy”) appeal that would draw customers and development dollars to the neighborhood.

· The City should consider the streetcar and other traffic/transit improvements from the perspective of how they improve the neighborhood, rather than how they can move traffic through the neighborhood faster.

· There was a comment that the streetcar would be far friendlier to neighborhood than would the monorail.

· Some mentioned they thought that the transportation priority in Eastlake was a connection east to Capitol Hill; that plenty of connections were already possible to the north and south.  Other said the transit priority in Eastlake was an express bus that stopped in the neighborhood, rather than passing straight through.

· Fares on the streetcar should be integrated with those of buses, light rail and monorail to create a user-friendly transit network.

These comments were collected during several meetings, phone calls and emails from Eastlake and University representatives, including a meeting with approximately 50 members of the Eastlake community.  This meeting was sponsored by the City and Eastlake Community Council and was advertised by mailing flyers to all addresses in the Eastlake neighborhood.  
5. 


Chapter 5
Operations and Maintenance
5.1 Operating Plan for the Entire Line (Westlake-UW)
Frequency and Span of Service

For the UW extension, the initial operating plan is assumed to operate consistent with the initial SLU operating plan.  The initial service would have 15-minute headways for 15 hours a day, and would operate 7 days a week.
In the long term, on weekdays service frequency would increase to 10-minute headways, and increase the service span from 15 to 18 hours on weekdays and Saturdays.

The line is designed to be able to accommodate even more frequent service if demand warrants.
Fleet Size and Maintenance

An extended route will require a larger fleet as shown in Table 5‑1.
Table 5‑1:  Fleet Size for Both Alignment Options
	
	SLU only:

Initial
(15 min headways)
	SLU only:

Long term
(10 min headways)
	Westlake to UW:

Initial
(15 min headways)
	Westlake to UW:

Long term
(10 min headways)

	Peak vehicles required in service 
	2
	3
	5
	7

	Total vehicles required
	4
	5
	7
	9


Impact on Maintenance Facility

The planned maintenance facility for the South Lake Union streetcar is planned to have capacity to maintain and store up to 7 streetcars.  This is adequate for an extension to the University District with 15 minute headways.  Higher frequencies could require some expansion of maintenance capacity, either at that site or a different location.  

Annual Revenue Service Hours, Miles, and Peak Vehicles

This analysis assumes that for a streetcar extension, operator productivities, line management, supervision, and fare collection will be consistent with the operating plan for the initial SLU streetcar segment.

Table 5‑2:  South Lake Union Initial Operating Parameters
	
	Initial
SLU Segment
	Extension to 45th Street
	Extension to Montlake Blvd.

	Frequency (weekday and weekend)
	15 min
	15 min
	15 min

	Span
	15 hr
	15 hr
	15 hr

	Roundtrip travel time (without layover)
	18 min
	53 min
	56 min

	Expected layover
	12 min
	22 min
	19 min

	Peak vehicles to provide service
	2
	5
	5

	Number of vehicles required (including spares)
	4
	7
	7

	Number of annual revenue hours
	10,950
	27,375
	27,375

	Number of annual revenue miles
	56,940
	175,200
	183,960


Layover and Recovery

Transit vehicles need scheduled layover and recovery time at the ends of a line so that the vehicle can return to schedule and the operator can have a break.  A typical transit agency standard for layover requires a minimum of 5 minutes of layover for each trip plus approximately 10% of running time for recovery.  The following table summarizes the run time, required layover (the minimum necessary), and expected layover (how much will be expected at first) for each alignment.  

Real layovers often exceed the minimum layover, and some extra recovery can help maintain schedules and buffer against adding more vehicles if congestion erodes travel speeds.

Table 5‑3:  South Lake Union Initial Layovers
	
	Initial SLU Segment
	Extension to 45th Street
	Extension to Montlake Blvd.

	Roundtrip travel time
(without layover)
	18 min
	53 min
	56 min

	Minimum layover required
	7 min
	10 min
	11 min

	Expected layover
	12 min
	23 min
	19 min


For the extension alignment terminating at 45th Street, the expected layover far exceeds the minimum layover.  If travel times on that portion could be reduced to 50 minutes, the streetcar would fit very efficiently into the schedule, reducing the number of streetcars necessary to maintain a 15-minute headway from 5 to 4.  To achieve a 50-minute travel time instead of 53-minute travel time, the average speed of the streetcar would need to increase to approximately 9.5 miles per hour.  

The following table summarizes the effects this increase in operating speed or decrease in layover would have on costs.

Table 5‑4:  Cost Savings:  Increasing Average Speed to 45th Street
	
	9.0 mph to 45th Street
	9.4 mph to 45th Street
	Difference

	Round trip travel time
	53 min
	50 min
	3 min

	Expected layover
	22 min
	10 min
	12 min

	Revenue hours
	27,375
	21,900
	5,475

	Revenue miles
	170,820
	170,820
	NA

	Peak vehicles
	5
	4
	1

	Annual operating cost
	$3,096,000
	$2,701,000
	$395,000


A similar savings could be achieved without increasing travel speeds if the layover standard was changed to better fit the travel time into a 60-minute cycle.  If the 45th Street extension could be operated with 7 minutes of layover instead of the minimum of 10 minutes assumed in the table above, one less peak vehicle could be operated, and substantial savings would result.  In the case of the extension to Montlake, layover would have to be reduced to only 4 minutes on a 56 minute round trip – or less than 10% of the running time to achieve this savings.  

5.3
Operating Cost for Streetcar Service on Entire Line

The same cost model and inputs were used to calculate the operating cost for both alignment options for the extended line for the initial operating plan. The unit costs were taken from the base service plan model and are in 2004 dollars. 

Table 5‑5:  South Lake Union Operating Cost Model – Key Elements
	Cost Item
	Major Cost Elements
	Unit Cost

	Vehicle Operations 
	Streetcar operators

Other salaries including supervision and fare inspection
	$62.09

per revenue hour

	Material and Services
	Materials and Supplies

Power 

Parts including lubricants and consumables
	$1.42

per revenue mile

	Vehicle and Non Vehicle Maintenance
	Maintenance Labor (fully burdened)

Other salaries and support contracts
	$119,901 

per peak vehicle

	Non-Vehicle Maintenance
	Maintenance of trackway and stations
	$98,881 per track mile

	General Administration
	Allocates costs for system overhead as well as line level overhead to the streetcar system.  

Costs maybe lower if the route is operated directly by Metro than if full allocation is required for contract.
	10.4% 

add-on to sum of above factors


Table 5‑6:  Annual Operating Cost Estimates for Initial Operating Plan (2004 dollars)
	
	South Lake Union 
	SLU Plus Extension to  45th Street
	SLU Plus Extension to  Montlake Blvd.

	Annual revenue hours 
	10,950
	27,375
	27,375

	Annual revenue miles
	56,940
	175,200
	183,960

	Cost of revenue hours
	$679,886
	$1,699,714
	$1,699,714

	Cost of revenue miles
	$80,855
	$248,784
	$261,223

	Annual costs associated with peak vehicles 
	$239,802
	$599,505
	$599,505

	Annual costs associated with track miles
	$247,203
	$791,048
	$830,600

	Administrative overhead
	$130,000
	$346,132
	$351,539

	Total Annual Operating Cost
	$1,377,745
	$3,674,323
	$3,731,722


6. Chapter 6
Capital Cost Estimate
The capital costs for construction of the extension of the streetcar line from South Lake Union to the University of Washington campus was developed using the cost model from the SLU streetcar preliminary engineering cost estimate for basic elements, with additional cost added for bridge improvements and vehicles.  The costs are presented in March 2005 dollars. 
In addition to the construction cost of the streetcar line and fleet expansion, the extension would require upgrades to existing bridge structures, a construction contingency, and engineering and administration costs.
Table 6‑1:  Breakdown of Expected Capital Costs for Streetcar Extension
	Basic Elements: Expecting a similar level of complexity for this extension for elements such as track, OCS, utilities, drainage detention, traffic improvements, roadway modifications, the SLU cost breakdown was converted into dollars per route-mile and extrapolated for the length of the extension to UW.  This equates to $18.1M per route mile for these elements.  The route length from the initial operating terminus in SLU to the UW Campus terminus along Pacific Street is 2.9 miles.  (Route length to 45th/Brooklyn is 2.7 miles.)
	$52.5M

	Bridges:  The Fairview Avenue North and University Bridges require strengthening and improvements to support the streetcar vehicle loading.  The Fairview Avenue (west/SB lanes) bridge requires replacement; all other structures require rehabilitation.
	$25M

	Vehicles:  It is assumed that two to four additional vehicles would need to be purchased to operate this route as discussed in Chapter 5.  Each vehicle costs $3.0M.
	$6M to $12M


Excluded:  Engineering & administration, contingency, and costs for right-of-way or any improvements required to mitigate vibration.











