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Capital Costing Methodology
Introduction
In conjunction with the expansion of transit service envisioned in Metro Connects, approximately $28.3 billion in capital investments would be needed by 2050 to support Metro’s future network and meet the vision for high quality, fast, reliable, safe, equitable and sustainable service. The capital costs are reported in Year of Expenditure Dollars (YOE $). This takes into consideration the effect of inflation and creates a better benchmark when comparing actual costs to planned costs. In addition, the update includes costs and revenues needed to support existing service as well as grow service, rather than just the costs and revenues needed to support growth.  The breakdown of costs by investment type is shown in Figure E‑1.
[bookmark: _Ref74234576][bookmark: _Ref74294792][bookmark: _Toc77708215]Figure E‑1	Metro Connects Capital Costs and What Could be Funded with Forecasted Revenues
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Cost categories and sub-categories evaluated in Metro Connects include the following:
Speed and Reliability (including Speed and Reliability, Major Regional Projects, and RapidRide)
Access to Transit (including Non-Motorized and Park-and-Ride)
Passenger Facilities (including Transit Centers and Stops and Stations)
Supporting Infrastructure (including Technology, Fleet, New Bases, Other Facilities, Layover, and State of Good Repair)
Electrification (including layover charging and charging facilities for existing bus bases)
Marine (Including marine vessels, facilities, and terminals to support new service)
[bookmark: _Toc77708216]Figure E‑2	Metro Connects Capital Costs by Major Category
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[bookmark: _Toc77708217]Figure E‑3	Metro Connects Original and Revised Cost Estimates, in millions and YOE dollars
	Cost Category
	Sub-Category
	Original Metro Connects Costs
(Incremental Growth)
	Original Metro Connects Costs without Partnerships
(Incremental Growth)
	Revised Updated Metro Connects Costs
(All costs)

	Speed and Reliability
	Speed and Reliability
	$1,755
	$3,679
	$2,532

	
	Major Regional Projects
	$251
	$1,275
	$1,888

	
	RapidRide
	$1,779
	$3,648
	$4,214

	Access to Transit
	Non-Motorized
	$546
	$546
	$792

	
	Park-and-Ride
	$606
	$606
	$684

	Passenger Facilities
	Transit Centers
	$564
	$703
	$922

	
	Stops and Stations
	$990
	$1,034
	$774

	Supporting Infrastructure
	Technology
	$275
	$1,197
	$1,197

	
	Fleet
	$1,152
	$1,152
	$9,614

	
	New Bases
	$688
	$688
	$1,229

	
	Other Facilities
	$274
	$305
	$532

	
	Layover
	$407
	$407
	$557

	
	State of Good Repair
	$0
	$0
	$1,509

	Electrification
	Electrification
	$0
	$0
	$1,657

	Marine
	Marine
	$0
	$0
	$220

	Total
	
	
	
	$28,321


Note: The original Metro Connects cost estimates reflected the costs of incremental growth. The updated costs reflect both the costs to maintain existing service levels and costs to grow and improve service. This table seeks to provide a basis of comparison by cost category from original to revised Metro Connects. Note that some categories in original Metro Connects as shown in this table (including speed and reliability, passenger facilities, and RapidRide) have overlapping costs and would be double counted if all costs were added together. 
These costs have been updated since the adoption of the original Metro Connects in 2017, and include revisions associated with inflation, population growth, Sound Transit 3 (ST3), and various Metro planning efforts (such as RapidRide and speed and reliability projects), as well as expanding the timeline to 2050. The update also incorporates recommendations associated with the Mobility Framework (including equity and climate goals), clarifying expectations and opportunities for partnerships, and reflecting current direction and adding new elements as needed, adding new categories for Electrification and Marine, as well as incorporating costs for providing existing service, such as state of good repair and fleet replacement. 
Increases from the original Metro Connects cost estimates are primarily due to the following:
Inclusion of costs and revenues needed to support existing service (rather than just costs and revenues needed to support growth)
The role of compounding inflation by extending the horizon from 2040 to 2050
Removal of assumptions related to partnerships
New costs relating to electrification of the fleet
Integrating the Marine Division within Metro
Additional speed and reliability investments due to growing regional congestion
The type and size of investments described here along with associated costs reflect the total regional investment needed to support the vision for the Metro service network and are intended to provide jurisdictions and stakeholders a sense of scale for the program needed to optimize transit service. The revised Metro Connects methodology modifies assumptions related to partnerships. Rather than assuming broad partnership contributions to estimate Metro-specific costs, this analysis now reports total project costs to understand the full magnitude represented by Metro Connects.
Costs should be viewed as order of magnitude estimates.  The precise timeline for investment will be affected by local development, changes to the street network, and the buildout of Sound Transit’s (ST) regional transit network. Attaining the vision requires partnerships and investment beyond Metro’s existing funding sources and Metro will continue to update financial projections, support regional solutions, and develop detailed planning. Metro Connects will be regularly updated to reflect changes over time, including detailing service expansions and capital investments as more information is known.
When adjusted to reflect 2019 dollars for both the original Metro Connects and the updated Metro Connects, the variance is $3.1 billion as shown in Figure E‑4.  Most of that variance is driven by an additional $1.9 billion in fleet costs due to the higher cost of a battery-electric fleet compared to a hybrid fleet, and replacement costs for an additional seven years. It also includes $0.9 billion in additional costs associated with electrification. 
[bookmark: _Ref74234754][bookmark: _Ref74139261][bookmark: _Toc77708218]Figure E‑4	Metro Connects Original and Revised Cost Estimates, in Billions and 2019 dollars
	Full Metro Connects Service Hours (Including Maintaining Existing Service Levels)
	Original Metro  Connects (2040)
	Updated Metro  Connects (2050)
	Variance

	Total Metro Connects Network
	6,130,000 
	7,250,000 
	1,120,000 

	Total Funded
	4,771,000 
	3,673,000 
	(1,098,000)

	Total Unfunded
	1,359,000 
	3,577,000 
	2,218,000 



	Full Metro Connects Capital Investment (2019$, in Billions)
	Original Metro  Connects (2040)
	Updated Metro  Connects (2050)*
	Variance

	Fleet
	$4.2
	$6.2
	$1.9

	Non-Fleet
	$9.7
	$10.8
	$1.1

	Total Metro Connects Network (with Existing Service)
	$13.9
	$17.0
	$3.1

	Total Funded
	$7.5
	$6.6
	($0.9)

	Total Unfunded
	$6.4
	$10.4
	$4.0


*2050 costs are shown in 2019 dollars, and not YOE, to help provide a comparison to the original Metro Connects. In Year of Expendature dollars total capital costs are $28.3B
Costing Approach
The cost estimates are rough order of magnitude amounts. Because Metro Connects is a high-level vision that does not yet have all potential projects identified, Metro has included resources for unidentified investments within each category (roughly 10 percent of the estimated costs). As Metro moves towards attaining the vision, Metro will develop specific project lists and refine cost estimates further. 
Estimates include elements such as planning, design, and construction costs; labor; soft costs; and other related project costs as well as project contingency. The planning, design, and construction costs were developed using historical total project costs, and either a bid-based methodology, or industry standards methodology.
Estimates and methodology included the following steps: 
Gathering input from Subject Matter Experts (SMEs). Prior to updating costs and quantities, a series of SME meetings were conducted to confirm if the methodology should remain constant or change based on 2019 knowledge.
Review of all previous planning-level cost estimates including planning, design, and construction costs; soft costs and other related project costs; and project contingency. The planning, design, and construction costs were developed using historical total project costs, and either a bid-based methodology, or industry standards methodology. 
Review of construction cost index factors (known as construction inflation) from updated ST cost index tables were used to refine costs. This includes the Consumer Price Index, Construction Cost Index, and Right-of-Way Index.
Development of YOE estimates. The YOE estimates were developed using a combination of project-related schedules, such as RapidRide and base expansions, and more programmatic cost dispersion (similar to the approach used in the original Metro Connects costs). Project-related expenditures were spread out over time based on typical project cost expenditure curves.
Baseline Scenario
A Baseline Scenario was developed to estimate what Metro is anticipated to be able to afford with existing revenue sources and forecasts.  This scenario is based on forecast revenues from Metro’s 2021-2022 Budget financial model through 2028, with similar assumptions extended through 2050. Estimates are based on a “slice in time” of known revenues and are subject to change. 
The financial model assumes that service hours in 2050 are approximately 5 percent below service hours from Fall 2019, for a total of 3.67 million hours. Remaining revenues are used to estimate the level of capital investment that can be supported in the Baseline Model, for a total of $10.3 billion available by 2050.  Additional assumptions for Capital Investment are outlined in Figure E‑5 below. This level of investment is adequate to support the costs of maintaining existing service levels and speed and reliability investment to achieve service speeds assumed in the model, with some funding available for discretionary investments. Aside from assumptions for fleet, and speed and reliability, no specific decision or allocation to other discretionary investment categories were made in the Baseline model.
The Baseline scenario forecasts ridership for a 2050 horizon year using planned 2050 service levels. This scenario also includes planned route changes to align with future Sound Transit openings and investments in speed and reliability to support this network.
The 2019 Metro service network was evaluated to understand how to achieve an approximate 5 percent reduction in service hours based on expected truncations with future light rail investments. The transit network used to represent 2050 included the following assumptions:
All ST2 and ST3 projects including:
Link light rail extensions to Tacoma, Everett, West Seattle, Ballard, Redmond, and Issaquah
BRT implementations on I-405 and SR-522
Planned park-and-ride investments documented in ST2 and ST3
The existing Metro transit network (pre-COVID) provided the baseline bus network that was modified with assumed integrations with the planned ST transit investments by 2042. These assumptions included the following:
King County Metro (KCM) routes were truncated and became feeder routes to the Northgate, 130th, 145th, and 185th Stations
All KCM routes that travel on I-90 into Seattle were truncated at Mercer Island Park-and-Ride 
Most KCM routes traveling from West Seattle or Ballard were truncated at light rail stations
Half of all KCM routes traveling on I-5 along the Tacoma Dome Link Extension were assumed to be truncated at the light rail stations along the corridor
Future year transit service for Community Transit, Everett Transit, and Pierce Transit used previously assumed truncations outside of King County
The most recent 2042 ST Incremental Ridership Model – Base[footnoteRef:2] provided the ridership forecasts and the expected change in fleet needs in 2050 as compared to the existing year (2019). The base case financial model assumed an approximate $250 million investment in speed and reliability improvements. This investment was incorporated into the ST Ridership model by increasing the average speeds for a representative set of routes.[footnoteRef:3]  [2:  September 2019 model version]  [3:  A $250 million investment roughly translates into a 15% (peak) and 10% (off-peak) speed improvement for all frequent routes in the existing network based on the total route-miles and the types of projects and resulting travel times savings that could be funded with that amount.] 

The model output generated an estimated 2040 ridership and peak vehicle forecast for the Baseline transit network as the model assumes the 2040 LUV.2 population and employment land use from PSRC. To determine a 2050 ridership value, the 2040 model ridership was then increased at a 1.0 percent annual growth rate, consistent with the population and employment growth planned between 2040 and 2050.[footnoteRef:4] For purposes of integrating the ridership and fleet outputs from the ridership model with the financial model, the percent change between base year and horizon year ridership models were applied to the actual observed 2019 ridership and fleet totals. The calculations of the ridership forecasts are shown in Figure E‑5 and Figure E‑6 and the fleet calculations are in Figure E‑6. [4:  Based on a review of the VISION 2050 plan compared to the VISION 2040 plan from PSRC] 

The ridership forecasts include a low and high-range estimate, reflecting some of the uncertainty with land use growth expectations, service hour changes, and ridership elasticities. 
[bookmark: _Ref74234864][bookmark: _Toc77708219]Figure E‑5	Baseline Scenario Ridership Forecasts
	Financial Model Assumptions (Fixed-Route Only)

	
	2019
	2050
	Percent Change

	Annual Ridership
	121,411,000
	118,470,195
	-2%

	Annual Service Hours
	3,855,477
	3,672,500
	-5%



	ST Ridership Model Outputs

	
	Low Estimate
	High Estimate
	 

	Percent change in Average Weekday Boardings (Existing to 2050)
	-3%
	2%
	

	Forecast 2050 Ridership
	117,750,000
	123,850,000
	


Source: Fehr & Peers and King County Metro, 2020
The fleet needs in the financial model show a decrease from the Fall 2019 peak sign-out of 1,231 vehicles to a low of 953 peak vehicle sign-out in Fall 2026, in part due to the changing financial picture as a result of the Covid-19 pandemic. The calculations assume a linear growth rate between the Fall 2026 fleet number (953) and the 2050 forecast number (1,183). In practice, the fleet change would be less distributed as it would track with service hour changes more specifically.
Financial assumptions are based on the FY 21/22 budget and 10-year financial plan, with similar assumptions used to forecast available revenues out to 2050. These are outlined in Figure E‑7.
[bookmark: _Ref74234874][bookmark: _Toc77708220]Figure E‑6	Baseline Scenario Fleet Forecasts
	Financial Model Assumptions

	
	Fall 2019
	Fall 2026

	Peak Vehicle Sign-Out
	1,231
	953

	Total KCM Fleet (No ST)
	1,552
	1,163

	Spare Ratio
	26%
	20%



	ST Ridership Model Outputs

	Percent Change in Peak Vehicle Need (Existing to 2050)
	-4%
	2%

	Forecast Total KCM Fleet (No ST)
	1,183
	123,850,000



	Fleet Forecasts for the Financial Model

	Year
	Peak Sign-Out Vehicles
	Total KCM Fleet (No ST) with Assumed 20% Spare Ratio
	Year
	Peak Sign-Out Vehicles
	Total KCM Fleet (No ST) with Assumed 20% Spare Ratio

	2026
	953
	1,144
	2039
	1,073
	1,287

	2027
	962
	1,155
	2040
	1,082
	1,298

	2028
	971
	1,166
	2041
	1,091
	1,309

	2029
	981
	1,177
	2042
	1,100
	1,321

	2030
	990
	1,188
	2043
	1,110
	1,332

	2031
	999
	1,199
	2044
	1,119
	1,343

	2032
	1,008
	1,210
	2045
	1,128
	1,354

	2033
	1,017
	1,221
	2046
	1,137
	1,365

	2034
	1,027
	1,232
	2047
	1,146
	1,376

	2035
	1,036
	1,243
	2048
	1,156
	1,387

	2036
	1,045
	1,254
	2049
	1,165
	1,398

	2037
	1,054
	1,265
	2050
	1,183
	1,420

	2038
	1,064
	1,276
	


Source: Fehr & Peers and King County Metro, 2020
[bookmark: _Ref74235176][bookmark: _Toc77708221]Figure E‑7	Baseline Scenario Key Financial Model Assumptions
	Key Financial Model Assumptions

	Input/Category
	Assumption
	Additional Notes

	Sales Tax Revenue
	August 2020 OEFA[footnoteRef:5] projection for existing 0.9% sales tax to Metro [5:  Office of Economic and Financial Analysis] 

	

	Property Tax Revenue
	August 2020 OEFA projection for existing property tax allocations to Metro & Marine
	

	Fares and Farebox Recovery
	$0.25 fare increases for adult fares in 2023, 2025, and then every 3 years after that.
	Results in farebox recovery ratio of between 19% and 23% through 2050, lower than the current 25% floor.

	Income Based Fares
	Assumed that Metro continues to subsidize and that expense of both subsidy and administration grows with inflation.
	For revenue from program, assumed that it stays flat at 2028 levels.

	Grant Revenue
	After 2028, assumed conservative averages for operating and capital grants, growing with inflation.
	

	City of Seattle STBD Service
	Assumed no service as of 2021, and therefore no revenue from City of Seattle.
	Although the Seattle Transportation Benefit District (STBD) has now been renewed, this provides a cleaner baseline for comparison to the original Metro Connects.

	Wage Growth
	Used Office of Performance, Strategy and Budget increase assumptions through 2028 and assumed 3% YOY after that.
	

	General Inflation
	Used August OEFA projections for Seattle Consumer Price Index for Urban Wage Earners and Clerical Workers (CPI-W) through 2029, and then assumed 3% YOY after that.
	Applied to most non-personnel expense categories, including capital projects.

	Non-Fixed Route Service
	Assumed flat service levels for Access, VanPool, DART, and other non-fixed route services.
	Only inflation is driving expense increases.

	Debt Funding
	Assumed debt funding for South Annex Base ($340 million) and Electrification assumptions ($97 million) through 2028. 
	

	Capital Improvement Program (CIP) – Infrastructure & Technology
	Adopted 10-year CIP through 2028 with details by sub portfolio. Then, general assumption of $65 million/year in 2029 growing with inflation after that.
	$65 million/year is generally low compared to the avg annual expenditure assumed in 10-year CIP. Would probably be considered adequate for essential state of good repair and other key investments.

	Capital Improvement Program – Bus Fleet
	Funds fleet purchases and replacements through 2050.
	Generally assumes 12-year replacement cycle, which is minimum for FTA funding.

	Fund Reserves
	All reserve requirements met through 2050, including Revenue Fleet Replacement Reserve.
	Results in ~$1 billion in reserve funds by 2050.


Speed and Reliability
Investments to improve speed and reliability are critical to support fast, reliable, and convenient service. Overall, the total need and costs identified by Metro Connects for speed and reliability improvements are $8.6 B, separated into three categories for cost estimation purposes: Speed and Reliability, Major Regional Projects, and RapidRide. Together, these speed and reliability investments make up 31 percent of the capital investment identified to support the Metro Connects vision.
[bookmark: _Toc77708222]Figure E‑8	Speed and Reliability Portion of Capital Costs
[image: ]
Congestion levels in King County are anticipated to increase more over the next 30 years (5 percent per decade) than originally assumed in Metro Connects (3.75 percent per decade). This increase in congestion will slow bus travel times and require an increase in service hours and fleet to maintain service frequencies, all without factoring in any potential new ridership. Increased investment in speed and reliability is identified in the updated Metro Connects so that service quality is maintained, and speeds do not degrade compared to the original vision. This will also result in significant long-term service hour savings for Metro. Metro goals for speed and reliability are as follows:
Improve efficiency and predictability on corridors that experience high levels of congestion through speed and reliability improvements. Aim to achieve 10 to 15 percent time travel savings by improving 2 to 3 corridors each biennium.
Improve transit speed and reliability at congested “hot spot” locations countywide. Aim to complete 10 to 15 spot improvements per year to reduce delays by 3 to 10 percent.
Speed and Reliability Tools
[bookmark: _Ref41642906]Metro has a long history of making appropriate speed and reliability capital investments to improve bus operations along corridors. These transit priority tools foster ridership growth, improve riders’ experience with Metro’s service, and defers the need for additional operating hours to maintain service if traffic congestion increases. Key speed and reliability tools, along with the benefit that can be expected from the different improvements, are shown in Figure E‑9. These tools are used on both RapidRide and non-RapidRide corridors. The full range of tools, their cost and feasibility can be found in Metro’s Speed and Reliability Guidelines and Strategies document.
[bookmark: _Ref74235265][bookmark: _Toc77708223]Figure E‑9	Speed and Reliability Tools
	Treatment
	Description
	Potential Benefit

	Bus Queue Jump Signal
	Buses are given a short lane at signalized intersections, often shared with right-turning vehicles, to bypass queues of general-purpose traffic. Buses get an exclusive green light before general-purpose traffic so that they travel through the intersection in advance of other traffic.
	Example: Queue jump signal at 98th Ave NE & Forbes Creek Dr (Kirkland) reduced intersection delay by 24%; other queue jumps have recorded savings in the range of 20 seconds per trip. TCRP* reports reductions in travel time of 5% to 15%.[footnoteRef:6] [6:  “Transit Cooperative Research Program Report 165: Transit Capacity and Quality of Service Manual Transit,” 3rd Edition, Transportation Research Board, 2013.] 


	Bus-Only/Business Access Transit (BAT) lanes
	By widening the roadway or repurposing an existing lane (on a multi-lane roadway), buses are given a lane exclusive to transit use. BAT lanes are shared between buses and right-turning vehicles to access local business and side streets. They may be used during peak periods only or all day.
	Example: BAT lanes along with new signal timings on Aurora Avenue N in Seattle resulted in a 14% to 19% reduction in median travel times.[footnoteRef:7] [7:  “RapidRide E Line, Before and After Travel Time Studies”, King County Metro, 2014.] 


	Transit Signal Priority (TSP)
	Through active communication with traffic management/control systems, buses are given early or extended green times at intersections to reduce delay and significantly improve travel times.
	Example 1: The sum of average intersection delays for buses were reduced by 1 to 1.6 minutes after TSP was implemented on the RapidRide E Line corridor.[footnoteRef:8] [8:  Ibid.] 

Example 2: 6% fewer buses on the C and D lines missed their headway after late-ness based TSP strategies were implemented.

	Bus Bulbs or Curb Extensions
	Bus bulbs or curb extensions extend the existing sidewalk into the curb lane (typically a parking lane) to allow buses to serve a stop within the travel lane. This treatment avoids the need for the bus to exit the travel lane and then attempt to re-enter after serving the stop, which can be a significant source of delay for buses on high-volume streets.
	TCRP Report 165 reports that implementation of bus bulbs along a transit corridor in San Francisco led to a 7% increase in bus speeds.[footnoteRef:9] Other ancillary benefits include shorter intersection crossing distances for pedestrians and an increase in overall sidewalk width. [9:  “Transit Cooperative Research Program Report 165: Transit Capacity and Quality of Service Manual Transit,” 3rd Edition, Transportation Research Board, 2013.] 


	Turn Restrictions at Intersections
	 Allowing buses to make turning movements that are prohibited for other vehicles can allow for more direct routing that can save travel time or provide bus service closer to the passengers’ origins and destinations. Prohibiting turning movements can free up time or roadway space for both buses and general-purpose traffic by prohibiting turning movements that cause high levels of delay.
	Improves access to bus lanes and bus stops. Resulting transit-only turning movements also set up the possibility for queue jumps.
Example: A proposed left turn restriction at Broadway & E Union St in Seattle is projected to save 40 seconds per trip during the PM peak.

	On-Street Parking Management
	As an alternative to bus bulbs, parking may be managed along bus routes to mitigate delay when buses must re-enter traffic. Parking may be restricted for several hundred feet after a bus zone all day or during peak periods. This creates an extended travel lane for buses, allowing them to gradually merge back into traffic.
	Improvements to travel times are similar to bus bulbs and curb extensions, and bus operations are made possible or improved at tight turns.
Example: On-street parking restrictions on Aurora Ave N in Seattle between N 83rd St and N 85th St intersections in both directions.

	Optimize Bus Stop Spacing
	Closely spaced bus stops with low ridership may be removed or consolidated into new stops. Reducing the number of stops along a corridor improves speeds in two ways. First, reducing the number of stops reduces the time spent decelerating, accelerating, and serving a stop.
Second, with fewer bus stops, buses are better able to take advantage of traffic signal progression, resulting in fewer stops for red lights.
	Studies estimate a time savings of 10 seconds per stop removed. A study by TriMet showed a 5.7% reduction in travel time when the distance between stops is increased by an average of 6%.[footnoteRef:10] [10:  “Transportation Research Record: Journal of the Transportation Research Board, No. 1971”, Transportation Research Board of the National Academies, 2006.] 


	Traffic Signal Improvements
	Signal timing adjustments – single signal or corridor wide optimization, signal phasing - adding left turn or right turn arrow. 
	Example: On the 168/180 corridor in South King County, intersection delay was reduced by 15% after implementing traffic signal improvements.


*Transportation Cooperative Research Program
Level of Investments
Metro developed a tiered series of investments for speed and reliability improvements. The level of investment for speed and reliability improvements is defined by corridor as High, Medium, Low, and No Investment. These are the classifications used in the Metro Connects document. For cost estimation purposes, the High category was further refined by the amount of right-of-way that would be needed to provide exclusive transit lanes on portions of a corridor. 
The High levels of investment focus heavily on:
Providing dedicated right-of-way for transit, assuming exclusive business access transit (BAT) or bus only lanes with additional right-of-way
Roadway widening 
Intersection geometry modification
New ITS deployment (transit signal priority, real-time signs, all-door and off-board fare collection, active headway management)
The Medium level of investment focuses on:
Existing lane conversion from general purpose to BAT lanes
Transit signal priority (TSP) 
Bus queue jump signals
Signal phasing and timing modifications
On-street parking management
Implementing bus bulbs
The Low level of investment focuses on:
Spot improvements at key locations for signal timing and phasing modifications
Traffic operational and lane configuration or channelization changes
Improvements to existing RapidRide corridors were also assumed, including investments at the High, Medium, and Low levels. Figure E‑10 shows the percentage of lane miles for each service type that would receive different levels of capital investment.
All these investments would be made in close coordination with local jurisdictional partners. In particular, Metro Connects relies heavily on local jurisdiction concurrence and support to make necessary right-of-way decisions and acquisitions, although Metro Connects does propose some resources to support critical right-of-way acquisition.
[bookmark: _Ref74235306][bookmark: _Toc77708224]Figure E‑10	Levels of Speed and Reliability Investment by Service Type
	Service
	High Investment
	Medium Investment
	Low Investment
	None / No Investment
	Total

	Local
	0
	0
	40%
	60%
	100%

	Express
	0
	25%
	50%
	25%
	100%

	Frequent
	10%
	50%
	30%
	10%
	100%


Metro calculated the need for future speed and reliability improvements based upon the Metro Connects 2050 service network using the following methodology:
Calculated total centerline miles for each service category
Prepared per mile costs for various categories of investment (High Medium, Low)
Developed a proportionate distribution for level of investment
Applied costs and proportions to mileage
It is important to note that for this effort Metro did not evaluate individual corridors for a specific level of investment, but instead used proportional investment levels across the corridor types to determine investment. Because local jurisdictions have ownership and/or management of the right-of-way, coordination will be needed to ensure that the speed and reliability improvements implemented on identified corridors are consistent with their transportation infrastructure plans. It is anticipated that Metro will jointly develop conceptual improvements with the local jurisdiction and then determine the level of funding for individual corridors.
Cost Assumptions
This portion of the program captures a level of investment to promote transit speed and reliability along frequent, express, and local corridors. These investments were determined on a per centerline mile basis and in accordance with the identified level of investment per corridor: High, Medium, or Low. When calculating costs, only the highest level of investment was assumed where there were overlapping corridors. For example, if a roadway included both a RapidRide and Express route, then the highest level of investment (associated with the RapidRide line) was used to estimate the cost. In this example, the Medium level of investment identified for the Express route was not included in estimated the cost as it would result in double-counting the corridor investment.
Project costs for the High, Medium, and Low investment corridors were developed based on Metro’s historical bid information. The High investment corridor was further defined by the degree to which right-of-way (ROW) was assumed to be acquired. For frequent and new RapidRide corridors, the associated civil work and ROW costs were broken out and defined independently from the speed and reliability investment.
Typical elements for High, Medium, and Low levels of investment are shown in Figure E‑11.
[bookmark: _Ref74235455][bookmark: _Toc77708225]Figure E‑11	Typical Elements for Speed and Reliability Corridor Investments
	Investment Level
	Features

	High Investment – Significant additional amount of right-of-way necessary
	Exclusive right-of-way (up to 24 feet of widening)*
New traffic signals with communication infrastructure
Site preparation/civil work

	High Investment – Limited additional amount of right-of-way necessary
	Same as above, except:
Exclusive right-of-way (up to 12 feet of widening)*

	High Investment – No right-of-way necessary
	No widening required (use existing right-of-way) 
Up to 75 percent roadway re-channelization
Up to 6 transit signal priority per mile (both directions)
Up to 2 queue jumps per mile
Up to 6 signal modifications and signal synchronization per mile
Up to 1 bus bulb per mile

	Medium Investment
	No widening required (use existing curb-to-curb)
Up to 25 percent roadway re-channelization 
Up to 3 transit signal priority per mile (both directions)
Up to 1 queue jump per mile
Up to 2 signal modifications per mile
Up to 6 signal synchronizations per mile 
Up to 0.5 bus bulb per mile

	Low Investment
	No widening required (use existing curb-to-curb)
Up to 10 percent roadway re-channelization 
Up to 4 signal synchronizations per mile 
Up to 1 queue jump per mile
Up to 2 signal modifications per mile


* Widening improvements may include rebuild sidewalks, illumination, stormwater, and other treatments, depending on the context

Major Regional Projects
In addition to corridor-level speed and reliability improvements, investments to improve transit operations as part of large major regional projects provide a benefit to transit service, and in some cases, a benefit to general purpose traffic. These investments would alleviate existing congestion problems and benefit transit by providing cross-city connections, address overcapacity roadways and bottlenecks, and/or improve access to the regional network. 
For purposes of this plan, costs to improve transit operations as part of planned and example major regional projects were estimated to understand the total level of investment needed. Metro Connects envisions Metro playing a larger role in facilitating the delivery of major regional projects to help ensure efficient and reliable transit service for the region.  Investments for specific projects would be identified as the planning and implementation for relevant major regional projects progresses and Metro moves towards attaining the Metro Connects vision.
Speed and Reliability Cost Estimates
Figure E‑12 and Figure E‑13 show the estimated costs for speed and reliability improvements for corridors and major regional projects included in Metro Connects.
[bookmark: _Ref74235506][bookmark: _Toc77708226]Figure E‑12	Speed and Reliability Corridor Improvements Estimated Costs
	Speed and Reliability Corridor Improvements
	Unit
	Total Units
	Estimated Cost
(in millions YOE $)

	Frequent *
	Per mile
	370
	$1,708

	Express*
	Per mile
	165
	$280

	Local*
	Per mile
	385
	$314

	Unidentified Investments
	---
	---
	$230

	
	
	Total
	$2,532


*Metro assumes these investments would be developed in partnership with local jurisdictions, state agencies, and/or other transit providers. In particular, Metro would rely heavily on local jurisdictions to make right-of-way decisions and acquisitions.

[bookmark: _Ref74235514][bookmark: _Toc77708227]Figure E‑13	Major Regional Projects Estimated Costs
	Major Regional Project Investments
	Unit
	Total Units
	Estimated Cost
(in millions YOE $)

	Major Regional Projects
	---
	---
	$1,716

	Unidentified Investments
	---
	---
	$172

	
	
	Total
	$1,888




RapidRide
RapidRide plays a critical role in attracting customers to transit, providing fast and reliable high-quality service to achieve the Metro Connects vision. Overall, Metro Connects identifies four specific RapidRide lines and 11 additional candidate lines for future implementation, for a total estimated cost of $4.2 B. In total, the 2050 network is assumed to have 19 to 23 RapidRide lines. 
For the Metro Connects update, RapidRide costs for speed and reliability and passenger facilities were combined into a new stand-alone category to reflect the total costs of RapidRide. This change aligns with how RapidRide is planned and implemented, with both speed and reliability and passenger facility elements included in specific RapidRide projects. This change also helps clarify the total costs for RapidRide expansion and supports the use of existing plans and projects to estimate total combined costs for RapidRide.
RapidRide Cost Assumptions
To estimate total costs, costs from Metro’s 2019-2028 Capital Improvement Program were used for currently planned and funded lines. Since refined RapidRide corridor costs also encompass other capital investment categories (such as passenger facilities, access to transit, and technology), the new category definition helps maintain all applicable RapidRide costs in a single investment category. To estimate a cost for candidate RapidRide routes, the update developed a cost per mile for RapidRide lines built in both urban and suburban areas. The estimate then assumed a split between the urban and suburban categories. This split is based on both previous RapidRide lines and an estimate for the future split between urban and suburban lines of candidate corridors. 
There are three classes of bus stops for RapidRide: Small Station, Medium Station, and Large Station. All RapidRide bus stops have consistent design and branding that identifies them as RapidRide stops. Typical RapidRide stop and shelter elements are provided in Figure E‑14.
The need for future RapidRide bus stops will be based upon the Metro Connects 2050 service network.
[bookmark: _Ref74235550][bookmark: _Toc77708228]Figure E‑14	RapidRide Stop and Shelter Typical Elements
	Project Type
	Typical Elements

	RapidRide Small Station
	Bench
RapidRide Branded Pylon / Station Marker
Pedestrian lighting (optional)
Power supply (optional)

	RapidRide Medium Station
	Shelter and foundation
Bench
RapidRide Branded Tech Pylon / Station Marker
Real-time bus information
Litter receptacle
Pedestrian lighting (optional)
Power supply

	RapidRide Large Station
	Shelter and foundation (potentially multiple)
Bench (potentially multiple)
RapidRide Branded Tech Pylon / Station Marker
Real-time bus information
Litter receptacle
Bicycle rack (optional)
Off-board fare payment (for very high ridership locations)
Pedestrian lighting
Power supply


In addition to the station amenities, RapidRide has the potential to include all applicable speed and reliability transit treatments to provide an enhanced RapidRide travel time (compared to existing services). These improvements range significantly from RapidRide line to line. Costing data was generated from the existing and currently planned RapidRide project cost data. Right-of-way costs are split between passenger facilities and speed and reliability costs. 
RapidRide Cost Estimates
Figure E‑15 shows the estimated costs for RapidRide improvements included in the Metro Connects update for the interim network and the future 2050 network. 
[bookmark: _Ref74235623][bookmark: _Toc69898913][bookmark: _Toc77708229]Figure E‑15	Updated Metro Connects RapidRide Estimated Costs, in Millions and YOE Dollars
	RapidRide Improvement
	Total Costs
(In Millions YOE $)

	MADISON RR (G)* 
	$11

	DELRIDGE BURIEN RR (H)*
	$67

	AUBURN TC RENTON TC RR (I)
	$120

	RAPIDRIDE EXPANSION / J Line* 
	$3 

	RAINIER MT BAKER RR (R)**
	$4 

	C AND D RR LINE ENHANCEMENT
	$25 

	TDC MC RR EXPANSION / Programmatic costs 
	$29 

	Interim RR Network 
(3-5 new lines and upgrades to existing lines)
	$1,154 

	2050 RR Network
(6-9 new lines and upgrades to existing lines)
	$2,418 

	Unknown Projects Contingency
	$383

	Total
	$4,214


* Costs shown are the remaining Metro costs to align with Metro’s Capital Improvement Program, and do not reflect total costs. Total project costs are $140 million for the G Line, $95 million for the H Line, and $85 million for the J Line.
**The costs shown for the Rainier Mt Baker RR (R) are existing costs/expenses for remaining work reflected in the adopted 2021/22 budget, and do not represent full funding needed to complete the line.  Estimated costs to complete future candidate RapidRide lines, including the R-LINE if selected, are reflected in the Interim RR Network and 2050 RR Network categories.


Access to Transit
Pedestrian, bicycle, and auto access to transit are all important to support the community’s ability to connect to a robust and diverse transit network. The Metro Connects vision includes investments that promote access to transit by all modes, with an estimated cost of approximately $1.5 B.
As shown in Figure E‑16, Metro Connects proposes significant investments in both non-motorized and auto access to transit. Access to transit investments make up 5 percent of the Metro Connects capital investment.
[bookmark: _Ref74235679][bookmark: _Toc77708230]Figure E‑16	Access to Transit Portion of Capital Costs
[image: ]


Bicycle and Pedestrian Improvements
In the Metro Connects 2050 network, 80 percent of all King County residents would be within a half-mile of a frequent transit route. With more people within walking or bicycling distance to transit in the future, Metro would work with local jurisdictions to fund and implement non-motorized transit access improvements that provide customers with safe and easy to use pathways to transit.
The total need, countywide, to complete the non-motorized (sidewalk and bicycling) network far exceeds the resources of any single organization or jurisdiction. In Metro’s Non-Motorized Connectivity Study[footnoteRef:11], non-motorized access improvement projects that were within one mile of approximately 500 major transit bus stops were identified by local jurisdictions. This study determined that an investment of about $1.8 billion would be needed to complete the non-motorized access projects associated with all 500 of the major stops (equaling about $3.2 million per stop) and that $450 million would be needed to improve access to transit at the top 25 percent of the bus stops with the worst connectivity. This analysis provides a sense of scale for the need associated with non-motorized improvements. [11:  “2014. Non-Motorized Connectivity Study”, King County Metro and Sound Transit, 2014. Available at: http://metro.kingcounty.gov/programs-projects/nmcs/.] 

Considering that there are more than 8,000 transit stops across the county, comprehensive non-motorized access would far outstrip Metro’s available resources. Metro Connects proposes to work with jurisdictions to partially fund such improvements.
Metro Connects identifies potential funding for non-motorized investment by leveraging funding from local jurisdictions and grants. Additional non-motorized investments that support the service network envisioned in Metro Connects could be developed by partner agencies and/or local jurisdictions, either independently or in partnership with Metro. At this time, locations have not been identified or prioritized. 
Bicycle and Pedestrian Costing Assumptions
The type and number of facilities described in the plan represent a sample of possible non-motorized improvements that could be constructed. As Metro moves toward implementation, additional facilities or improvements may be identified. 
[bookmark: _Ref41643702]Project costs were estimated for quantities of bicycle parking at major transit hubs, sidewalks, and bicycle lanes and/or cycle tracks by using Metro historical costs, and considering recent engineer’s estimates for constructed projects. The engineer’s estimates represent the current industry standard for typical unit bid-based costs for known elements such as cement concrete sidewalk, asphalt, concrete curb and gutter, ADA ramp, demolition, and pavement restoration. Typical elements for non-motorized improvements are shown in Figure E‑17.
[bookmark: _Ref74235715][bookmark: _Toc77708231]Figure E‑17	Bicycle and Pedestrian Facility Typical Elements
	Project Type
	Typical Elements

	Mobility hubs
	Spaces designed for people, including enhanced pedestrian environment with lighting, weather protection, real-time arrival information, restrooms, food vending, and placemaking, as appropriate
Public transit service, including on-demand services connections, centrally located ADA paratransit boarding area, and bus layover
Customer information, including interactive kiosks, ticket vending machines, and wayfinding elements
Bicycle amenities, including protected bicycle lane connections and secure storage
Micromobility hubs, including designated locations for shared mobility options (such as e-bikes and scooters)
Private mobility options, including designated pick-up/drop-off zone for private employer shuttles and Transportation Network Company services 
Sustainability features, including electric bus and vehicle charging
Multi-use parking options, including priority locations for carpool and short-term parking, designated spaces for rideshare vehicle parking, and fully managed parking

	Sidewalks
	Site preparation
8-foot new sidewalk -
Curb and gutter
Associated stormwater improvements 
Illumination
Americans with Disabilities Act (ADA) compliant ramps

	Bicycle parking at major transit hubs
	Bicycle racks
On-demand bicycle lockers

	Bicycle lanes and/or cycle tracks
	Site preparation
5-foot bicycle lane (one direction) or 8-foot cycle track (one direction) 
8-foot new sidewalk (one direction)
Curb and gutter
Associated stormwater improvements 
Illumination
ADA ramps




Park-and-Ride Expansion
Figure E‑18 shows the historic share of transit access provided by park-and-ride lots in the four transit access zones defined in the plan. These results are based on park-and-ride utilization data from Metro and travel model data from the Puget Sound Regional Council (PSRC). It is important to recognize that the results in Figure E‑18 reflect the “home” location of where park-and-ride demand originates, and not the location of the park-and-ride lot itself. As an example, park-and-ride users from Zone 4 areas can and do park at park-and-ride lots located in Zone 2 and 3 areas, where most of the county’s park-and-ride lots are located. It is also important to note that there is no currently available data on the number of people who park on-street and walk to an adjacent transit stop (often referred to as “hide-and-ride”). These types of riders are not considered to be park-and-ride users since they do not park at a lot where they can be counted.
[bookmark: _Ref74235790][bookmark: _Toc77708232]Figure E‑18	Existing Conditions: Park-and-Ride Access Mode Share
	Transit Access Zone
	Proportion of Transit Riders that use Park-and-Ride

	Zone 1
	8%

	Zone 2
	41%

	Zone 3
	64%

	Zone 4
	84%

	Total
	N/A


As shown in Figure E‑18, park-and-ride lots provide access to more than half of all transit riders in Zone 3 and 4, meaning that most people who use transit in these areas access it via a park-and-ride lot. On the other hand, in Zone 1, more than 90 percent of transit users walk, bicycle, or get dropped off at a bus stop. In Zone 2, which include a large portion of suburban King County, just over 40 percent of transit users park at a park-and-ride lot to access transit. It is important to note that this data reflects past conditions and not the extensive 2050 transit network envisioned in Metro Connects.
As part of original Metro Connects assumptions, both Metro and Sound Transit  identified new park-and-ride supply, with Sound Transit (ST) potentially adding more than 10,320 spaces and Metro adding 3,300. To determine the number of future park-and-ride spaces that Metro could partner to construct, the agency considered several factors:
Population within walking distance to frequent transit service
Future local/express service expansion
Proposed park-and-ride capacity to be provided by Sound Transit
Future park-and-ride access mode shares reasonably assumed for each access zone 
Total stalls in this revised cost estimate are modified from the original Metro Connects to accommodate additional growth from 2040 to 2050.
Park-and-Ride Expansion Cost Estimating Assumptions
Park-and-rides traditionally have been constructed as structured parking garages or surface parking lots. The original Metro Connects cost analysis assumed structured parking, which has a higher cost than surface parking, and thus provided a conservative cost estimate. Structured parking was also used as an assumption because many locations are spatially constrained, and a surface lot is prohibitive. In addition, this assumption is consistent with Sound Transit 3 (ST3) planning for typical light rail transit garages.
Revised assumptions include 20 percent of parking stalls being delivered in a structure and 80 percent delivered in leased or shared parking arrangements. Leased parking assumes 20 years of lease payments (or 240 monthly payments) at a rate of $40/stall/month in 2019 dollars, adjusted for inflation. 
The costs for new structured park-and-ride facilities are based on a combination of updated Metro Connects estimates and a verification of per stall costs from recent ST structured parking cost estimates, including actual costs from a recently completed project in Bellevue. Figure E‑19 contains typical elements and assumed strategies for each park-and-ride project type. 
[bookmark: _Ref74235827][bookmark: _Toc77708233]Figure E‑19	Park-and-Ride Access to Transit Typical Elements and Strategy
	Project Type
	Typical Elements and Strategy

	Structured Parking
	Structured parking garage and foundation
Pedestrian plaza/sidewalk
Stairs/elevators
Electrical components
Illumination
Utilities
Electric vehicle charging stations
Site civil work to access garage entrance
Right-of-way (based on typical structured garages in King County)

	Transit-Oriented Development (TOD)/Shared
	Partnerships with TOD developers to secure long-term parking leases for transit customers

	Leased
	Parking assumed 20 years of lease payments (240 monthly payments) which assumes a $40/stall/month rate in 2019 dollars, adjusted for inflation

	Parking Management
	Technology and on-site tools to implement managed parking, which could include an on-site payment kiosk and/or physical sensor technology to support parking payment/permitting and reduce costs/labor associated with enforcement




Access to Transit Cost Estimates
Figure E‑20 and Figure E‑21 summarize the estimated costs for access to transit improvements included in Metro Connects.
[bookmark: _Ref74235882][bookmark: _Toc77708234]Figure E‑20	Bicycle and Pedestrian Cost Estimates
	Non-Motorized Access Improvements
	Unit
	Total Units
	Estimated Cost (in
millions YOE $)

	Mobility Hubs
	Per Each
	5
	$43

	Bike Racks
	Per Each
	1,000
	$4

	Bicycle Storage
	Per Each
	1,250
	$18

	Sidewalks
	Per mile (one way)
	50
	$326

	Bicycle Lanes
	Per mile (one way)
	20
	$160

	Cycle Tracks
	Per mile (one way)
	20
	$169

	Unidentified Investments
	-
	-
	$72

	Total
	$792


[bookmark: _Ref74235873][bookmark: _Toc77708235]Figure E‑21	Park-and-Ride Expansion Cost Estimates
	Vehicular Access to Transit Investments
	Unit
	Total Units
	Estimated Cost (in millions YOE $)

	Structured Parking
	Per Stall
	924
	$299

	TOD/Shared
	Per Stall
	1,848
	$299

	Leased
	Per Stall
	1,848
	$18

	Parking Management
	Lump Sum
	-
	$6

	Unidentified Investments
	-
	-
	$62

	Total
	$684


[bookmark: _Ref73945571]

Passenger Facilities
Improving the passenger experience is a key part of Metro Connects and represents a significant element of Metro’s proposed capital investment. There are two major categories of Passenger Facilities: Transit Centers, and Bus Stops and Shelters, together representing an estimated cost of approximately $1.7 B.
As shown in Figure E‑22, passenger facility investments make up 6 percent of the Metro Connects capital investment.
[bookmark: _Ref73945580][bookmark: _Toc77708236]Figure E‑22	Passenger Facilities Portion of Capital Costs
[image: ]


Transit Centers
By 2050, total transit boardings in King County would double compared to 2019. This growth in ridership would be shared between 1) King County Metro, 2) Sound Transit, with new riders on expanded rail and bus rapid transit (BRT) service, and to a lesser extent, 3) Pierce Transit. To achieve this level of transit ridership growth, the envisioned Metro Connects 2050 service network relies on a significantly higher level of bus-to-bus and bus-to rail transfers than the existing network. The facilities necessary to effectively meet customer needs in this future system are in many cases very different from what is provided by current facilities. For one, there will be greater passenger activity, including boardings, alightings, and transfers than exists today. Through Metro’s integration with Sound Transit, full busloads of passengers would be expected to transfer to light rail trains to complete their commute, especially during the peak periods. With the anticipated increase in activity, the location and design of transfer facilities would become more important to create an efficient and effective transit network as well as a comfortable, safe, and easy-to-navigate environment for passengers.
Because the increased growth from 2040 to 2050 would not substantially change the total number of locations needing investment, this update to Metro Connects used the same volume of total transit centers as the original Metro Connects to develop cost estimates.  This original estimation was based upon the envisioned future service network using the following methodology:
Identified locations of high boarding and transfer activity (more than 2,500 daily boardings/transfers) and high bus volumes (more than 40 buses per hour during the peak period)
Evaluated existing facilities at each location
Identified areas that Sound Transit (ST) is planning and proposing investments in bus/rail integration facilities (ST2 or ST3), at which ST plans to include:
2 off-street bus bays
5 off-street bus layover spaces
2 on-street bus bays
An area of approximately one acre at each site
A canopy, wind screen, benches, trash cans, information pylon, etc.
Determined net future investment needed
The locations of major facilities in the Metro Connects 2050 service network and their anticipated boarding and transfer levels are shown in Figure E‑24 and Figure E‑25. These figures illustrate the anticipated passenger volumes and activities at these locations.
Several of the envisioned future transfer points are existing or planned light rail stations that will be designed and constructed by Sound Transit. In addition to being located at light rail stations, major transit centers and transfer points would be located where bus boardings are high and transfers are anticipated.
Metro would contribute to investments in transit centers and bus stop projects to support the Metro Connects service network, built in partnership with local jurisdictions, state agencies, and other transit providers to ensure they meet the jurisdictional character and needs. Transit centers will include both on- and off-street facilities. The type of investments and design of transit will be based upon a number of factors, including bus volumes and location. Consistent design elements, such as wayfinding signage and passenger information, can help to provide consistency across all sites. Coordination among Metro and other transit providers would be required to create standard features at major transit centers.
Transit Center and Transfer Point Costing Assumptions
The estimated cost for off-street facilities was based on historical construction cost information from recently completed facilities: the Burien and Redmond Transit Centers. The costs were adjusted using Commodity Channel Index (CCI) inflation rates and then divided to determine a unit price per bus bay. The estimated costs for on-street facilities were based on a recent engineer’s estimate for a minor roadway widening/bus bulb plan. The estimates represent the current industry standard for typical unit bid-based costs for known elements such as cement concrete sidewalk, asphalt, concrete curb and gutter, ADA ramp, and pavement restoration. Typical elements are shown in Figure E‑23.
[bookmark: _Ref74292333][bookmark: _Toc77708237]Figure E‑23	On- and Off-Street Facility Typical Elements
	Project Type
	Typical Elements

	Off-Street Transit Center Facility
	Right-of-way (based on right-of-way required for Burien/Redmond Transit Centers)
6 active bus bays
6 to 8 layover spaces
Emergency call stations
Security
Driver comfort station
Minor roadway work
Sidewalk modifications
Driveways
Access road paving

	On-Street Transit Center Facility
	Roadway paving
Sidewalk
Concrete pad
Additional signage


[bookmark: _Ref74301682][bookmark: _Toc77708238]Figure E‑24	Transit Centers – Metro Connects Anticipated Boarding and Transfer Levels
[image: ]
[bookmark: _Ref73947237][bookmark: _Toc77708239]Figure E‑25	Current and Metro Connects 2050 Boarding Levels Current and Metro Connects 2050 Boarding Levels 
[image: ]

Bus Stops and Shelters
Bus stops and shelters are key locations where customers interact with the agency. Annually, Metro makes an investment in these facilities and also ensures that they are maintained in a state of good repair. Metro serves a variety of bus stops and shelters containing different amenities, based on ridership, the surrounding environment, and service levels. As the agency grows and modifies its service network to meet future needs consistent with the Metro Connects vision, it will need to provide new and expanded passenger facilities. As with transit centers, the envisioned increase in ridership and the increased level of transfer activity will merit an increased investment in passenger facilities.
Metro assumes these facilities would continue to be developed in partnership with local jurisdictions, state agencies, and/or other transit providers. In particular, high ridership stops and transfer facilities will be built in close coordination and partnership with jurisdictions to ensure they meet local needs and character.
Metro currently serves standard bus stops and RapidRide bus stops.  Overall, Metro currently maintains over 7,000 bus stops. Each type of facility includes different programmatic elements based on passenger needs.
Standard Bus Stops 
At bus stops with lower ridership, Metro provides a bus stop sign, which indicates to passengers where and which bus routes will stop to pick them up. Metro provides bus shelters at bus stops based on ridership. The anticipated increase in ridership associated with the Metro Connects 2050 service network, and adjustments to the ridership thresholds for shelters, means that the number of facilities will grow.
 The updated Metro Connects network used the same number of bus stops as the original Metro Connects to develop cost estimates. The original quantity needed was based on the future service network using the following methodology:
Calculated number of bus stops with fewer than 1,000 daily boardings
Assumed that all existing shelters remain in place
Assumed that the proportion of stops that meet the daily ridership threshold for a shelter increases proportionally with ridership on non-RapidRide lines
For newly identified shelters:
Assumed half will receive a standard shelter investment (bus shelter, shelter footing, litter receptacle, bench)
Assumed the other half will receive twice the standard shelter investment
Calculated number of bus stops with more than 1,000 daily boardings and low transfer activity (fewer than 500 daily transfers)
Assumed four times the standard shelter investment at these locations
Calculated number of bus stops with more than 1,000 daily boardings and high transfer activity (500 or more daily transfers)
Assumed an investment comparable to a RapidRide station
Assumed that half of existing sheltered bus stops will need an additional investment equal to the standard shelter investment as ridership grows
Passenger Facility Cost Estimating Assumptions
Passenger facilities are assumed to include investments along existing and future RapidRide corridors, as well as non-RapidRide corridors. Estimated costs were based on historical construction cost information from Metro for passenger facilities, extrapolated into the future. Non-RapidRide corridors were broken down into categories according to the number of boardings/transfers and appropriate costs were applied. 
Typical elements are shown in Figure E‑26.
[bookmark: _Ref74236095][bookmark: _Ref41718407][bookmark: _Toc77708240]Figure E‑26	Bus Stop and Shelter Typical Elements
	Project Type
	Typical Elements

	Standard Shelter 
(fewer boardings)
	50% of shelters identified include 1 shelter
50% of shelters identified include 2 shelters
Litter receptacle
Bench

	Standard Shelter 
(low transfers)
	4 standard shelters 
Litter receptacle
Bench

	Standard Shelter (high transfers)
	Comparable elements to RapidRide station, including;
Shelter and foundation
Bench
Lit blade
Litter receptacle
Bicycle rack (optional)
Pedestrian lighting
Real-time bus information
Power supply
	50% of existing sheltered bus stops receive additional improvements:
1 additional standard shelter
Litter receptacle
Bench




Passenger Facility Cost Estimates
Figure E‑27 shows the level of investment in passenger facilities to accommodate future ridership at transfer centers. Figure E‑28 shows the estimated costs for bus stops and shelters for non-RapidRide service.
[bookmark: _Ref74292456][bookmark: _Toc77708241]Figure E‑27	Metro Connects Transit Center Estimated Costs
	Transit Center Investments
	Unit
	Total Units*
	Estimated Metro Costs (in millions YOE $)

	Off-Street Transit Center
	Bus Bay
	82
	$812

	On-Street Transit Center
	Bus Bay
	38
	$26

	Unidentified Investments
	---
	---
	$84

	Total
	$922


* A single transit center is comprised of multiple bays. This quantity allows for consistent cost estimation across locations, but does not specify the size of each facility.
[bookmark: _Ref74292467][bookmark: _Toc77708242]Figure E‑28	Metro Connects Bus Stops and Shelters Estimated Costs (non-RapidRide service)
	Bus Stops and Stations Investments
	Unit
	Total Units
	Estimated Metro Costs (in millions YOE $)

	Shelters (fewer boardings)
	Bus Stop
	1,180
	$185

	Shelters (low transfers)
	Bus Stop
	350
	$143

	Shelters (high transfers)
	Bus Stop
	405
	$290

	Existing Bus Stop Improvements
	Bus Stop
	1,615
	$86

	Unidentified Investments
	---
	---
	$70

	Total
	$774




SUPPORTING INFRASTRUCTURE
Supporting Infrastructure is critical to operate the overall mobility system, and includes the following categories: Technology, Fleet, New Bases, Layover, Other Facilities, and State of Good Repair. Together, these investments represent an estimated cost of $14.6 B, and make up 52 percent of the estimated Metro Connects Capital investment costs.
[bookmark: _Toc77708243]Figure E‑29	Critical Service Supports Portion of Capital Costs 
[image: ]
Changes from the original Metro Connects include the following:
Inclusion of fleet and state of good repair costs to maintain existing service levels. 
Construction inflation.
Increased costs for Battery Electric Buses
Increased costs for Vanpool and Access fleet base facilities increased to support electric vehicles


Technology
Over the last few years, technology investments have represented significant portions of Metro’s budget. Improvements such as the ORCA system, a new radio system, real time arrival signs at RapidRide stations and elsewhere in the system, and next stop reader boards and audio announcements on all buses provide valuable information and benefits to Metro’s customers and help to improve Metro’s operations. Other technological investments help Metro collect customer and operational data, manage network operations, and provide improved customer information. Technology investments are expected to continue through the period of Metro Connects as a means to continuously improve payment systems, bus operations, and customer information. Metro Connects assumes technology will continue to comprise approximately 4 percent of overall capital investments, representing $1.2 billion in technology investments. These investments will enable Metro to take advantage of new technologies that improve the customer experience, increase the efficiency of current operations, and support ongoing maintenance and upgrades. 
Fleet
To provide the service levels described in Metro Connects, Metro will need to replace and expand its fleet. These costs represent 34 percent of the Metro Connects capital investment.  Compared to the current network, more of the new service proposed in Metro Connects will be in non-peak hours. Since fewer buses are used then, the existing fleet will operate for more hours a day. As a result, Metro could purchase relatively fewer buses compared to the increase in service hours.
Fleet Costing Assumptions
Metro operates a bus fleet of approximately 1,500 vehicles. These include hybrid diesel-electric coaches, electric trolleys, and several battery buses. Metro currently operates a bus fleet mix of approximately 50 percent articulated buses and 50 percent standard buses (currently 40-foot buses). 
Metro is committed to having the greenest fleet possible, with a goal of transitioning to a 100 percent zero-emissions bus fleet by 2035 as identified in King County’s Strategic Climate Action Plan. The evaluation of emerging technologies will be integral to this transition. In 2016, Metro introduced its first all-battery powered bus into service.
Metro will need to expand the size of its bus fleet to approximately 1,980 buses to support the added service envisioned in Metro Connects. Metro calculated the need for additional bus fleet investment based upon the 2050 service network using the output from the Sound Transit Incremental Ridership Forecasting Model. This model (which is also used to forecast future transit ridership levels for all transit agencies operating in King County) directly outputs fleet estimates based on the route length and average speed. Metro’s standard “reserve ratio” was applied to include the need for spare buses to ensure reliable service.
Based on the current service configuration and split between peak and non-peak service, Metro currently needs a bus for every 2,500 annual service hours provided. This assumption is based on historically high morning and evening peaks for bus service. In the envisioned 2050 service network, morning and evening service peaks would be less pronounced and service hours would be more evenly distributed throughout the day. The more even distribution of service throughout the day would shift the demand for new buses from one per every 2,500 hours upwards to one per every 3,600 service hours. 
Cost estimates assume the future bus fleet will be 100 percent zero-emission with a combination of electric trolley and battery electric coaches. No updates were assumed to electric trolley fleet costs, and costs are based on replacement vehicles needed to maintain the current fleet of trolley buses with some modest growth for routes served by the existing trolley infrastructure network.
Consistent with the vision in Metro Connects, Metro anticipates growth in both the paratransit and vanpool fleets.  Expenditures for growth and replacement Access, VanPool and other Flexible Service vehicles were based on average annual replacement expenses from Metro’s 2019-2028 Capital Improvement Program (CIP). These amounts were then increased annually proportional to the increase in fixed-route bus service to account for growth, and then adjusted for inflation.
Figure E‑30 shows the costing assumptions for new fleet vehicles.
[bookmark: _Ref74292562][bookmark: _Toc77708244]Figure E‑30	Bus Fleet Costing Assumptions
	Fleet Type
	Assumptions
	Unit Costs

	Bus Fleet
	Total 3,988 coaches needed for fleet growth and replacement 2020-2050
New bus purchases split between: 
40’ Bus - 50% of total 
60’ Bus - 50% of total 
Assumes all bus purchases are zero emissions after 2025 
Replacement assumes 12-year replacement cycle (15 year for trolley)
	Vehicle costs were developed using 2020 costs from Metro’s financial model as follows: 
Hybrid 40’ Bus - $0.95 million
Hybrid 60’ Bus - $1.23 million
Trolley 40’ Bus - $0.99 million
Trolley 60’ Bus - $1.79 million
Battery Electric 40’ Bus - $1.12 million 
Battery Electric 60’ Bus - $1.64 million


Fleet Cost Estimates
Figure E‑31 summarizes the total fleet investment needed to support the envisioned 2050 service network. The estimates include cost for the initial purchase of incremental vehicles, as well as associated replacement vehicles.
[bookmark: _Ref74292595][bookmark: _Toc77708245]Figure E‑31	Metro Connects Fleet Investments Estimated Costs
	Fleet Investments
	Unit
	Total Units
	Estimated Costs (in millions YOE $)

	Bus Fleet*
	Vehicles
	3,988
	$8,562

	VanPool Fleet
	Lump Sum
	1,750
	$589

	Paratransit Fleet
	Lump Sum
	170
	$392

	Total
	$9,614


*Includes new and replacement fleet
New Bases and Other Facilities
To support the provision of transit service in King County, Metro needs to ensure that it has sufficient capacity to dispatch and maintain its vehicles as well as facilities to support its growing system and associated infrastructure. In addition, growth in programs such as Rideshare, VanPool, and Access/Paratransit will necessitate additional facilities to support a larger fleet, and service expansion will require additional passenger facilities needing maintenance. Such facilities represent a large capital investment. The following sections detail the investments needed for Metro to expand its network of supporting infrastructure, including layover, bus and VanPool base facilities, the trolley network, maintenance facilities consistent with the vision contained in Metro Connects. Any such projects will be done in close coordination with the community and partners. 
New Bus Bases
To support the provision of transit service in King County, Metro needs to ensure that it has sufficient capacity to dispatch and maintain its vehicles. Metro currently maintains and operates seven bus bases throughout King County. Bus bases serve all the daily operational needs crucial to providing transit service, such as bus parking, operator dispatching, and vehicle maintenance. Bases provide services such as bus maintenance, repair, inspection, fueling, interior and exterior washing, and minor paint and body work. Bases also include facilities to support employees located at that facility, such as office space, transit operator lockers and break rooms, and meeting rooms.
Adequate base facilities are essential to supporting the proposed Metro Connects 2050 service network. Increasing the overall fleet requirements by more than 400 buses will require two new bus bases to provide needed capacity. Availability of land and cost of potential sites will affect the location and size of bases that are built by 2050. 
Minimizing operations costs and deadheading is a key consideration in siting new facilities.  With significant increases in service projected in south King County, a new bus base will be needed there to provide the most efficient use of Metro’s service hours.
VanPool Distribution Base
Metro currently manages a fleet of over 1,700 vans to support its VanPool and other programs, and an additional VanPool distribution base will be needed to support anticipated growth in the VanPool fleet. VanPool distribution bases require parking for vans, space for van inspection and van wash bays, storage for van accessories, structures to support office space for staff while on-site, a sales office, and parking for customers coming to pick up and return vehicles. No maintenance or fueling is performed at these facilities. 
A planned expansion of an existing VanPool distribution base will support near term growth. One additional new facility with approximately 300 spaces is anticipated to support the program through the envisioned demand in 2050. Similar to bus maintenance bases, availability of land and cost of potential sites would affect the size and location of a future VanPool distribution base. Co-locating or developing the VanPool distribution base with a bus or Access Paratransit maintenance base would be considered.
Access Fleet Base
King County Metro currently has an active paratransit fleet of approximately 400 vans comprised of a variety of vehicle sizes and types. The Access program currently leases operating bases located in Bellevue, Kent, Shoreline, and Seattle to support this fleet. Metro recently purchased its Access base property in South Park. Access facilities must be fenced, paved, secure, and have a lighted lot for 100 to 135 vehicles and contract-employee vehicles. They must also have on-site fueling, on-site maintenance services, and general office space for employees. 
It is estimated that the program would need to add another base, and based upon the envisioned future service network, an eastside location would be preferred. Similar to bus maintenance bases, availability of land and cost of potential sites would affect the size and location of a future Access fleet base. Co-locating or developing the Access fleet base with other functions such as the van distribution center could be considered. Changes in propulsion technology have a potential to impact the operational model for the program. Substantial capital investments that are required to create charging depots may make the leased site model less desirable. 
Facilities Maintenance Site
In addition to bases, Metro needs satellite facilities maintenance sites for the efficient reporting and dispatching of staff to support passenger facilities. These sites are used for cleaning, fabrication, maintenance, and repair of Metro facilities, such as bus shelters. Major components of these sites include a fabrication/repair and carpentry shop; landscaping, sign, and constructor shops; covered materials shed(s); covered and heated storage; vehicle parking areas; security fencing; and office space for on-site staff. 
One additional facilities maintenance site will be needed to support the Metro Connects 2050 service network. Availability of land and cost of potential sites would affect the size and location of a future facilities maintenance site.
New Trolley Wire
The Metro Connects 2050 service network anticipates continued use of the existing trolley bus overhead charging network as well as some minor expansions to the network. These modifications generally constitute filling gaps in the existing network to allow for longer or more continuous routes. In terms of costing, it is assumed that new trolley wire would be added to fill gaps in the existing trolley wire network. For cost estimation purposes, the future new trolley wire is assumed to increase by 10 percent (7 miles) based on the existing total trolley overhead wire miles.
New Bases and Other Facilities Costing Assumptions
New Bus Base Assumptions
The additional capacity was determined by the size of the future bus fleet, and cost estimates were based off of bus bases designed for 250 vehicles. The total planning, design, and construction cost was divided by the number of vehicles to determine a unit cost of construction per vehicle. In addition, the cost for the New South King County base includes the cost of land acquisition.  The total cost for two new bases was updated using the construction and right-of-way cost index method and modified to include bus electrification infrastructure. Metro will also need to make modifications to existing bases to be consistent with changes in fleet and propulsion technology, including charging stations for battery-powered buses, covered in the Electrification section. Typical elements for a new bus base are outlined in Figure E‑32:
[bookmark: _Ref74292679][bookmark: _Toc77708246]Figure E‑32	New Bus Base Typical Elements and Strategy
	Project Type
	Typical Elements and Strategy

	Bus Base
	Land cost for bases on new property (one)
Site excavation and preparation
Paving (12 acres)
Landscaping and irrigation
Stormwater drainage and utilities
Security fencing and access
Operations building (15,000 sq. feet)
wash building (10,000 sq. feet)
Maintenance building (60,000 sq. feet)
Major equipment
Building furniture
Electrical lighting
Off-site mitigation, including roadway development, intersection improvements, and traffic signals
Right-of-way (based on average size needed per bus determined by the current size of the Metro bus base)


VanPool Distribution Base Assumptions
Unit costs were developed using the existing van distribution facility in Redmond to determine the approximate size and support facility requirements. The Redmond facility includes space for 530 vehicles, therefore unit costs were developed based on a per vehicle unit of measure. This unit cost was applied to the total quantity of vehicle spaces required in the future. In addition, unit costs for the square footage of a building were based on the cost per square foot for the King County Metro bus base project. Equipment and furniture needs were also included at 15 percent, similar to the King County Metro bus base estimate.
For the new van distribution facility, electrification was added to the revised Metro Connects costs estimates based on Level 2 charging. It was also assumed that each vehicle would have its own plug receptacle, which is a conservative assumption. However, it is also understood that more charging facilities could be installed throughout the region at park-and-ride facilities, at employer sites, and at homes where these vehicles may be stored. The facility estimate from Metro Connects was updated using the construction and right-of-way cost index method. For cost estimation purposes vehicle quantity assumptions remain the same from the original Metro Connects. Increases in base costs are due to accommodating electric vehicles.
Surface parking lot costs were determined by developing an average from other planning level projects, including Sound Transit’s Lynnwood Link Extension, Sound Transit 3 (ST3) planning, and the Puyallup Sounder station. The average cost determined by these three projects was divided by the total number of stalls for each specific location to determine a unit price per stall. The facility lot size was based on a ratio determined by the existing Redmond facility. Similar to the Redmond facility, the cost estimate assumed that half the site would require landscaping to be conservative. Unit costs for landscaping were included similar to ST3 planning level unit costs.
Typical elements include:
Surface parking for up to 700 vehicles
Service building
Landscaping
Right-of-way
Access Fleet Base Assumptions
One new Access fleet facility would be required in the future. This facility was estimated to accommodate between 100 to 135 vehicles. The site would need to be fenced, paved, secure, and lighted. The facility would also need on-site maintenance services, including an estimated nine maintenance bays, work area, parts room, tire storage, fluids distribution and waste, washing area, backup power supply, and space for employees such as lunch/meeting rooms, training room, dispatch office, and manager offices. The approximate space of the maintenance building would be 13,000 square feet. Similar to the VanPool distribution facility, the cost estimate includes an assumption that 50 percent of the site would be landscaping to be conservative.
Unit costs were developed consistent with the methodology used for the van distribution facility. Equipment and furniture needs were also included at 15%, similar to the King County Metro bus base estimate.
For the new Access fleet base, plug-in electrification was added, including additional electrical infrastructure. The Metro Connects estimate was revised using the construction and right-of-way cost index method. Vehicle quantities remain the same. Increases in base costs are due to accommodating electric vehicles.
Typical elements include:
Surface parking for up to 135 vehicles
Maintenance building (13,000 sq. feet)
Landscaping
Right-of-way
Facilities Maintenance Site Costing Assumptions
One additional facilities maintenance site will be required to support expanding passenger facilities. This facility would be required when either a new operating base capacity is addressed or if three or more parking garages and/or transit centers were constructed. The facility would include common elements similar to the existing facility such as office spaces, breakroom, mechanical room, sign shop, stores area with loading dock and secure area, fabrication/repair and carpentry shop, landscape shop, locker rooms, constructor shop, laundry room, and a data/computer room. In addition, the proposed facility would need to double the truck yard and provide the following amenities: covered sand and landscape material shed, covered and heated external storage, paint and sand blast room to accommodate shelter refurbishment, and full security fencing, door locks, and cameras. 
New facilities maintenance site assumptions remain the same from the original Metro Connects. The estimated costs were updated using the construction and right-of-way cost index method. Unit costs in the original Metro Connects were developed using the existing North Facility site details to determine approximate size and support facility requirements. The number of parking stalls, support facility building size, and size of the site is expected to be 1.5 times the existing North Facility.
Unit costs for the building were based on the 2008 King County Metro bus base’s cost per square foot estimates. In addition, equipment and furniture needs were also included at 15 percent of the total cost. Surface parking lot costs were determined by developing an average from other planning level projects, including Sound Transit’s Lynnwood Link Extension, ST3 planning, and the Puyallup Sounder station. The average cost of these projects was used to develop a per stall estimate that was then applied to this facility. The facility lot size was based on increasing the existing North Facility site by 1.5 times. It was assumed that 10 percent of the site would require landscaping. Unit costs for landscaping were included similar to ST3 planning level unit costs. 
Typical elements include:
Support buildings
Employee parking
Landscaping
Right-of-way
New Trolley Wire Costing Assumptions
New trolley wire would be added to fill gaps in the existing trolley wire network. The future new trolley wire is assumed to increase by at least 10 percent (7 miles) based on the existing total trolley overhead wire miles.
New Trolley Wire quantity assumptions remain the same from the original Metro Connects. The estimated costs were updated using the construction cost index method. Costs for trolley wire investments were estimated by using historical construction information by King County Metro from the most recent trolley projects and then extrapolated into the future. The estimated costs include construction, design, project management, and construction administration. Because these efforts would be an extension to existing trolley wire as opposed to totally new wire, 65 percent of the historical costs were used for the estimates. These costs do not include the cost of new substations or land acquisition. 
Typical elements include:
New wires (two-way)
New poles
Switches
New Bases and Other Facilities Cost Estimates
Figure E‑33 shows the estimated costs for new bases. Figure E‑34 shows the estimated costs for other facilities.
[bookmark: _Ref74292723][bookmark: _Toc77708247]Figure E‑33	Metro Connects New Bases Estimates
	New Bases and Other Facilities Investments
	Unit
	Total Units
	Estimated Metro Costs (in millions YOE $)

	Bus Maintenance Bae (South Annex)
	Vehicles
	250
	$340

	Bus Maintenance Base (New South King County Base)
	Vehicles
	250
	$777

	Unidentified Investments
	---
	---
	$112

	Total
	$1,229


[bookmark: _Ref74292761][bookmark: _Toc77708248]Figure E‑34	Metro Connects Other Facilities Cost Estimates
	New Bases and Other Facilities Investments
	Unit
	Total Units
	Estimated Metro Costs (in millions YOE $)

	VanPool Distribution Base
	Base
	1
	$191

	Access Fleet Base
	Base
	1
	$73

	Facilities Maintenance Site
	Site
	1
	$133

	New Trolley Wire
	Miles
	7
	$87

	Unidentified Investments
	---
	---
	$48

	Total
	$532




New Bus Layover
The ability to have buses in the right place to start and end their routes results in a more efficient system as less time is spent getting the bus to the right location or otherwise operating buses without passengers. This is known as bus layover. Time for layover is included in bus schedules and is the periods of time between trips when drivers can take a break, including using the restroom.
Most importantly to the typical transit customer, layover also provides a cushion of time that allows the driver to start the next trip on schedule if the preceding trip ran late. Current layover facilities include space at transit centers where buses can wait as well as street space reserved for transit use in a place that does not disrupt traffic and is located throughout the county. Street layover space is often used at trip ends that do not terminate at transit centers or other off-street facilities. Having dedicated locations for layover serves an important function by providing Metro with increased flexibility for route scheduling and operations.
Metro Connects 2050 will rely on appropriately sized and located layover facilities. Because the updated 2050 network would result in a comparable volume of layover space needed, this update to Meto Connects used the same quantity of layover as the original Metro Connects to develop cost estimates. The original Metro Connects estimated the need for future layover space based on the following methodology:
Calculated future layover need by subregion  based on demand by route category
Identified existing layover spaces based on the current route end points
Calculated future layover need by identifying the number of bus route ends within a subarea. Future layover demand was assumed at a number of layover spaces per every peak hour bus trip based on service that ends in the subarea—this is consistent with existing layover space demand per peak hour bus trip. The assumed layover demand for each route service type was as follows:
Frequent – four layover spaces
Express – two layover spaces
Local – one layover space
Calculated net new layover demand by subtracting existing layover supply against new demand within the subarea; planned layover spaces at Sound Transit and Metro transit centers were also considered in the calculations.
Assumed all new layover spaces would be off-street; no low-cost on-street spaces were assumed for cost estimating purposes
The rationale for the all off-street assumption is an acknowledgement that use of on-street parking is becoming more difficult to locate, and some of the existing on- street layover spaces could be lost to development over time. There is no way of knowing which layover spaces might be lost or how developers would mitigate for lost spaces.
In addition to the layover space included in planned transit centers, Metro would need to secure approximately 270 additional layover spaces throughout the county to support the Metro Connects 2050 service network.
Specific siting of layover facilities would be identified in collaboration with local agencies and right-of-way owners to ensure the most efficient service network (e.g., layover should be selected near the termini of routes to reduce deadheading wherever possible). Additionally, layover facilities could be jointly maintained and operated with other transit providers.
Layover Costing Assumptions
For cost estimation purposes, all new layover spaces were assumed to be accommodated in off-street layover facilities. The cost estimates assumed off-street facilities rather than on-street facilities to provide a more conservative estimate. This reflects the difficulty locating on-street layover spaces, the likelihood existing on-street facilities that may be converted into off-street facilities in the future. Before facilities are built, the availability of on-street facilities will be evaluated to determine if right-of-way space can be secured.
Project estimates were based on the layover element of the One Center City project currently being developed by King County and City of Seattle. The One Center City project evaluated multiple options to determine a unit cost range which was then converted to a per unit price per layover bay.
Typical elements for an off-street layover facility include:
Site excavation and preparation
Access
Road paving
Driveway(s)
Sidewalk
Restroom facilities for drivers
Illumination
Signal work
Right-of-way (based on average size of layover space needed per bus determined by the One Center City project)
These estimates were revised using updated unit costs from WSDOT and updated construction and right-of-way cost indices. New layover cost increases are due to updated local unit price assumptions for common elements, such as concrete, steel, and asphalt. 
Layover Cost Estimates
Figure E‑35 shows the estimated costs for new layover.
[bookmark: _Ref74292843][bookmark: _Toc77708249]Figure E‑35	Metro Connects Layover Cost Estimates
	Layover Investments
	Unit
	Total Units
	Estimated Metro Costs (in millions YOE $)

	Layover Spaces
	Bus Bay
	270
	$505

	Unidentified Investments
	---
	---
	$51

	Total
	$557


State of Good Repair 
Metro’s first commitment is to support the existing system by keeping current assets (bus bases, maintenance facilities, revenue and non-revenue vehicles, trolley wire, substations, etc.) in good working condition. Metro will continue to plan for required maintenance on the existing system as part of the biennial budgeting process. The number of assets owned by Metro is expected to grow as the Metro Connects vision is implemented. As these new items are completed, they will be added to the inventories that are used to determine the investments needed to maintain them in a state of good repair. Newer buildings and facilities generally do not require infrastructure maintenance for the first several years they are in operation. However, as facilities reach the 5-, 10- and 15-year marks, additional investment in state of good repair activities is anticipated.
State of Good Repair Cost Assumptions
The original Metro Connects analysis assumed that the budget for state of good repair is expected to increase by $132 million between 2018 and 2040, representing one percent of the total capital budget envisioned to implement Metro Connects. 
This update now includes the cost of maintaining both new and existing facilities.  To calculate this, Metro’s current 10-year capital improvement plan (CIP) for levels of investment was used. This update used an approach that matches the current 10-year CIP for the first 10 years and one percent of the overall program for subsequent years. The first 10 years will consume most of the state of good repair costs, with an average of nearly $30 million per year, in part due to many existing facilities reaching the end of their useful life. This includes needed repairs to existing trolley wire. All new facilities constructed over the next 20 years will not need extensive repair as those assets will be new. 
State of Good Repair Cost Estimates
Figure E‑36 shows the estimated costs for State of Good Repair investments.
[bookmark: _Ref74292880][bookmark: _Toc77708250]Figure E‑36	Metro Connects State of Good Repair Estimated Costs
	Layover Investments
	Unit
	Total Units
	Estimated Metro Costs (in millions YOE $)

	State of Good Repair Investments
	Lump Sum
	---
	$1,372

	Unidentified Investments
	---
	---
	$137

	Total
	$1,509


Electrification
Currently, more than one-third (36%) of regional greenhouse gas emissions come from transportation.[footnoteRef:12] In 2017, Metro made a commitment to move to a 100 percent zero-emissions fleet powered by renewable energy. This commitment was codified as part of Ordinance 19052[footnoteRef:13], which establishes the following goals:  [12:  King County, “GHG Emissions in King County: 2017 Inventory Update, Contribution Analyssi, and Wedge Analysis, July 2019, https://your.kingcounty.gov/dnrp/climate/documents/201907-KingCounty-GHG-Emissions-Analysis.pdf]  [13:  King County Ordinance 19052, https://mkcclegisearch.kingcounty.gov/LegislationDetail.aspx?ID=4159832&GUID=8B07F910-705E-4EC0-AFEA-99EAEEC5182D ] 

Fifty percent of Metro’s light-duty vehicles transition to electric by 2025 and 100 percent by 2030;
Fifty percent of Metro’s medium-duty vehicles transition to electric by 2028 and 100 percent by 2033; and
Fifty percent of Metro’s heavy-duty vehicles transition to electric vehicles by 2038 and 100 percent by 2043.
100% bus fleet to zero emission by 2035 
The transition to a zero-emissions fleet is an essential part of King County’s strategy to combat the climate crisis. However, the original Metro Connects did not include this as a separate investment category due to the infancy of the program at the time. 
Significant future investments are anticipated for battery electric bus infrastructure (including on-route facilities), battery electric bus charge management systems, and integration of this new system with legacy operations systems. Combined the estimate costs to implement battery electric infrastructure is approximately $1.7 B. None of these costs were included in the original Metro Connects. Electrification is an entirely new category in this update to Metro Connects costing.
Since Metro Connects, Metro has made significant progress in fleet electrification, building on Metro’s existing electric trolley fleet, including the following:
Starting in 2016, Metro began operating several short-range battery electric coaches from Bellevue base to  surrounding areas. 
Metro is prioritizing deployment of new zero-emissions buses on service operating from south King County, improving air quality first in communities where people are disproportionately affected by pollution. Metro is also taking steps to install charging infrastructure to support zero-emission buses. The first installation of chargers at the South Base Campus will be complete in 2021.  
Metro completed testing of 40- and 60-foot long-range battery-powered buses from multiple manufacturers that can travel up to 140 miles on a single charge to assess the performance and reliability of buses in King County geography, traffic, and weather conditions. 
Based on the results of this testing, Metro placed its first large order of 40 battery electric buses (twenty 60-foot articulated coaches and twenty 40-foot coaches  in 2021). In preparation for operations from a new interim base at South Campus, Metro is working with suppliers, utilities, and the battery electric bus industry to accelerate the adoption of standards for charging methods to reduce capital investments and operating expenses. 
Metro is also in the preliminary stages of considering electrification of its non-bus fleets, including its non-revenue, Rideshare, and Access paratransit fleets. 
Battery Electrification Cost Assumptions
This new cost category includes upgrading existing facilities, including the new South Campus interim base, addition of on-route charging throughout the service area, and a comprehensive charge management system. There are additional marginal costs associated with electrification for all new bases, which are now assumed to be built from the start as battery electric bases. These associated cost estimates are included in the Supporting Infrastructure category. Elements and strategies for electrification are included in Figure .
[bookmark: _Ref74292925][bookmark: _Toc77708251]Figure E‑37	Electrification Typical Elements and Strategy
	Project Type
	Typical Elements and Strategy

	Base Needs (including Interim Base  electrification)
	Based on a per-bus unit cost to add the charging infrastructure and associated site elements (such as the addition of added power infrastructure). The quantity is an estimated number of existing bus coach replacements. Unit cost was derived from the recent conceptual design for the electrification of the Interim Base at South Campus.

	VanPool Distribution Base Upgrade
	Upgrade the existing leased VanPool Distribution Center in Redmond. Other locations are not estimated and some of this will be at homes and will use public charging infrastructure. There will also be partnerships with Electrify America and EVgo.

	Park-and-Ride Charge Stations
	Installation of 125 Level 2 chargers at park-and-ride lots.

	On-Route Charging
	On-route charging facilities will also be needed. These will be located primarily in layover areas throughout the service area. No specific planning has occurred to identify locations.  


Battery Electrification Estimated Costs
Figure E‑38 shows the estimated costs for Electrification investments.
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	Electrification Investments
	Unit
	Total Units
	Estimated Metro Costs (in millions YOE $)

	Base Needs (including Interim Base electrification)
	Per Vehicle
	1,393
	$1,058

	Van Distribution Base Update
	Per Vehicle
	536
	$24

	Park-and-Ride Charge Stations
	Per Station
	125
	$4

	On-Route Charging
	Each
	100
	$410

	Charge Management System
	Lump Sum
	1
	$10 

	Unknown Projects Contingency
	---
	---
	$151

	Total
	$1,657


Marine
Marine is a new category in this update to Metro Connects. The Marine Division operates the King County Water Taxi passenger ferry service and is being integrated with King County Metro as the department moves toward becoming a full-service mobility agency. Capital costs for Marine have been added to this update based on the six-year program plan for the division, and based on new investments needed to support new routes identified in Metro Connects, with cost estimates developed by Metro staff. Cost categories include Vessel Preservation, Terminal Improvements, and Mobility Improvements, representing a total estimated cost of $220 M.
In early 2016, the King County Council approved the “Final Report on Ferry Expansion Options for Marine Division”[footnoteRef:14] (hereafter referred to as the 2015 Marine Expansion Report). The recommended future expansion options for passenger ferry service include two routes on Lake Washington to connect the Cities of Kenmore and Kirkland with the University of Washington (UW) and one route on the Puget Sound that connects Ballard to downtown Seattle. [14:  [1] Motion 14561, link to King County - File #: 2015-0517   https://mkcclegisearch.kingcounty.gov/View.ashx?M=F&ID=4548828&GUID=2FCA3651-DC1B-4C3A-ABC4-E99058273A85] 

These three routes met the evaluation criteria of:
Route time competitiveness with other modes of transit 
Cost of operations – farebox recovery out of 36 potential route combinations analyzed using a service model similar to the existing Vashon Island route during weekday AM and PM commute periods only 
Marine Vessels
The 2015 Marine Expansion Report identifies the new vessels needed to support expanded marine service.  One new 150-passenger vessel would be needed for each of the following routes: Ballard to downtown Seattle and Kirkland to UW, and two new 150 passenger vessels would be needed for the Kenmore to UW route.  
Marine Vessel Cost Assumptions
Overall costs for vessels were identified in the 2015 Marine Expansion Report.
The appropriate vessel size for a water taxi route is determined by potential ridership and frequency of sailings. The US Coast Guard has specific safety and security requirements for different vessel classes, including a minimum level of crew for and security infrastructure needs. As such, choosing vessels with adequate capacity to accommodate the projected ridership and future demand can influence staffing levels and security infrastructure improvements.
Based on the ridership analysis, up to a 150-passenger vessel would accommodate ridership projections on each route through 2025. With  a 150-passenger vessel, a crew of three would be required by the US Coast Guard. This is a similar size vessel utilized on the West Seattle route today. Any new vessel acquired should have bicycle storage on-board for at least 10 percent of the passengers. Additional storage of bicycles should be provided on land to reduce the number of passengers taking their bicycle on-board the ferry (and increasing the amount of time it takes for all passengers to board and disembark the vessel). The 150-passenger vessels could be accommodated at most terminal locations with modifications to the existing infrastructure. The majority of site locations being considered would require designing boarding stations for the float or pier to facilitate expedited loading and unloading of passengers to help maintain the route schedule.
King County has two options for acquiring a vessel(s) for the new routes: lease or purchase. There are multiple options to purchase a 150-passenger vessel, including purchasing a previously used vessel or constructing a new vessel to add to the King County fleet. The cost estimate for a previously used vessel varies based on the amount of useful life remaining for the vessel as well as maintenance costs. An older vessel with higher use will be cheaper to purchase but would likely have higher maintenance costs; whereas a more expensive used vessel will have a longer estimated lifespan. 
In addition to acquiring new vessels, existing vessels require ongoing preservation, and replacement vessels will be needed to maintain existing ferry service.  Replacement schedules are based on an average life for a vessel of 25 years. 
Marine Facilities
New and upgraded marine facilities are needed to support existing and expanded marine services.  These include new landings, a mobility hub for multi-modal connections in West Seattle, a maintenance facility, and float expansion at Pier 50.  
As identified in the 2015 Marine Expansion Report, new landings will be needed for the Ballard to downtown Seattle, Kenmore to UW, and Kirkland to UW routes.  In addition, investments in the West Seattle terminal and a new mobility hub will be needed to support existing water taxi service and improve multi-modal connections. 
The existing infrastructure to support marine operations is a moorage and maintenance barge on the north side of Pier 48 in Seattle. The proximity to the Pier 50 passenger ferry terminal supports efficient servicing of vessels for preventative maintenance and emergency repairs. The facility provides moorage for all three existing vessels. 
As new routes are added, daily maintenance and moorage of new vessels will have to be sited at a terminal or a nearby location. Building a small satellite maintenance facility to provide reliable vessel operations will be a priority—especially for lake routes that will be far from the current maintenance barge.
Marine Cost Estimates
[bookmark: _Toc77708253]Figure CE‑39	Metro Connects Estimated Cost for Marine Vessels and Facilities
	Marine Investments
	Unit
	Total Units
	Estimated Metro Costs 
(in millions YOE $)

	Vessel Preservation
	Lump Sum
	---
	$3

	150-Passenger Vessel Replacement
	Vessel
	1
	$10

	278-Passenger Vessel Replacement
	Vessel
	1
	$37

	West Sea Terminal
	Terminal
	1
	$21

	W Sea Mobility Transit Hub
	Hub
	1
	$13

	Maintenance Facility Relocation
	Lump Sum
	---
	$15

	Float Expansion (Pier 50)
	Lump Sum
	---
	$21

	New Ballard Landing
	Landing
	1
	$5

	New Ballard Vessel
	Vessel
	1
	$10

	New Kenmore-UW Landings
	Landing
	1
	$43

	New Kenmore-UW Vessels 
	Vessel
	2
	$22

	New Kirkland-UW Landing
	Landing
	1
	$8

	New Kirkland-UW Vessel
	Vessel
	1
	$12

	Total
	$220
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Fig. E-2 Transit Centers - Metro Connects Anticipated Boarding and Transfer Levels
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Fig. E-3 Current and Metro Connects 2050 Boarding Levels
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