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1. Summary

On October 29,1994, the Central Puget Sound Regional Transit Authority (RTA) adopted a
Master Plan to serve as the basis for a referendum to be placed before voters within the RTA
district in March, 1995. The Master Plan proposes a $6.7 bilion transit program, the most
prominent features of which are light rail and commuter rail lines connecting the principal
population centers of King, Pierce, and Snohomish counties. Implementation of the RTA
Master Plan will have potentially far-reaching effects on how this new development in the region
wil be accommodated.

Adoption of the Master Plan culminates years of debate about the form and extent of a regional
rail system. Although roots of the plan date from the 1968 Forward Thrust rail referendum, it I
was the region's adoption of Vision 2020 in 1990 and subsequent development of a regional
transit plan by the Joint Regional Policy Committee 

, (JRPC) that shaped today's debate about \
what the rail system should accomplish.

Due to the potentially far-reaching effects of the RTA Master Plan, the RTA's enabling \
legislation specified that the legislative authorities of each county confirm their continued I
participation in the RTA, given the extensive modifications to the JRPC plan in the now-adopted
RTA Master Plan.

This report documents information presented to the King County Council during its \

consideration of this decision. This information was shared with the Council at a joint meeting \
of the Regional Transit Committee and the Transportation, Transit, and Regional Governance
Committee on December 1, 1994. Based on the joint committee's recommendation, and
following public discussion at its December 5, 1994 meeting, the Council decided on December
12, 1994 to continue participation in the RTA.

The contents of this report are as follows:

· The Plan's relative scae and performance - the RTA plan was compared to the
JRPC plan and to other rail transit systems in the U.S.

· Operating issues - presents implementation issues likely to arise with the LRT

system, commuter rail system, and bus services which should be addressed in the next
phase of planning.

· Bus/ra integration - presents an assessment of the impact on Metro bus operations

associated with full implementation of the rail system.

· Capita costs - presents an assessment of the capital cost methods and results as
presented in the RTA Master Plan.

· Financing plan - presents a review of the reasonableness of the methods and

assumptions used in preparing the RTA's financial plan.

These sections of the report are followed by appendices which provide additional technica
information.
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2. The Plan 
IS Relative Scale and Performance

Because the RTA's rail plan would be the first passenger rail system in the Puget Sound region, it
is both interesting and useful to place the projected performance of the plan is some context that
would facilitate its evaluation. This section of the report presents a comparison of the RTA plan
to the pl,an previously adopted by the JRPC, and to other rail systems across the U.S.

2.1 Comparison to the JRPC Plan

The JRPC plan, adopted in May, 1993, served as the predecessor for the RT A Master Plan. The
JRPC Plan also was a necessary interim step in the formation of the RT A.

The RT A Master Plan shares some similarities with the JRPC plan, but differs from the JRPC in
several important ways (see Appendix 

A for maps of both plans). Within King,County, the rail
components of the RTA plan follow similar horizontal alignments in the North and South
corridors. The vertical alignments have changed considerably in the South corridor, and both the
horizontal and vertical alignments have changed considerably in the East corridor. Another
important difference is the RTA plan's decreased emphasis on regional bus improvements.
Whereas the JRPC plan would devote approximately 25% of local tax revenues to bus service and
bus-related improvements, the RTAMaster Plan devotes approximately 17% ofloca tax revenues
to these purposes. Collectively, these changes reduced the cost of the plan by about half - from
approximately $13 bilion to $6.7 bilion. Precise comparisons of the overall costs of the two
plans are limited by the brevity of the final financing plan which accompanied the JRPC plan.

Most of the discussion regarding a comparison of the two plans has focused on costs. Somewhat
less discussion has occurred regarding the relative performance of the two plans, especially where
rail alignments were similar. Questions regarding this type of performance comparison arose in
part due to the RTA plan's emphasis on at-grade rail construction.

Exhibit 2- 1 presents a comparison of the rail components of the RT A Master Plan and the JRPC
plan. The JRPC plan data has been modified to allow a reasonably direct comparison to the RT A.
plan. The major adjustments included: (1) converting the JRPC plan cost to 1995 dollars; and
(2) deleting those segments of the LRT system in the JRPC plan which are excluded from the
RTA plan (i.e., extension of the East line to Totem Lake, the Renton extension from the South
line, the North line north ofSW 164th Street in Snohomish County, and the South line south of
Tacoma). Adjustments were also made to the JRPC p'lan ridership, beyond those needed for the
comparable segments. These adjustments included: (1) discounting the ridership to 2010 from
2020; and (2) discounting of the baseline ridership which had overstated the JRPC ridership
estimates relative to the ridership methodology now used by the RT A.
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Generally, the RTA plan accomplished its reduction in costs while maintaining comparable
ridership productivity:

· For comparable segments, the RTA plan reduced capital costs by $1.6 billion (25%)
though operating cost estimates are slightly higher.

· Daily boardings decreased by about 12,000 (6%), owing mainly to the lower
operating speed of the RTA plan (about 25 mph versus 30 mph+ in the JRPC plan).

· Cost per boarding was practically the same in both plans.

It is important to note, however, that the RTA ridership estimates assume a tunnel alignment
through the University District. A surface alignment, which is still under consideration, is
generally acknowledged to have a lower operating speed and would probably carry less riders.
With this caveat, the changes made to the JRPC plan appear to be cost effective.
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2.2 Comparison to Other Rail Systems

Another perspective on the plan's performance can be achieved by its comparison to other
multimodal systems developed in the United States since the beginning of the resuscitation of
urban transit in the mid 1960's. This comparison is first placed in a historical perspective, then
viewed from a statistical perspective for light rail transit and commuter rail services.

Rail System Development in the U.S.

Most of the major intermodal transit systems in the country were developed through various
strategies by private and public agencies over a period of many decades. The primary examples of
these kinds of older, more established, systems are in the Boston region, Metropolitan New
York City, Philadelphia, Chicago, and Cleveland. Over the recent two or three decades, the
preexisting rail transit, commuter rail, light rail, bus, and trolley bus systems operating in these
metropolitan areas have been improved through various strategies which have resulted in
rehabilitation, and often expansion of these systems.

Since i 965 or so, three major new regional rail rapid transit systems have been developed in San
Francisco, Atlanta, and Washington, D.C. These single mode rail rapid transit systems have
been developed based on an original regional system plan. In the case of Atlanta and San
Francisco, full original build out was initiated at the outset and carried out over a period of
several years. Since the completion of these original system plans of 60 to 70 miles, newly
planned extensions have been developed and implemented - in both cases to the respective
airports.

In the case of Washington D.C., the system that has been under construction for the past three
decades has been based on an original plan with staging based on a combination of financial and
service considerations.

In San Francisco. the rail rapid transit system of BARTD has been complemented by the light rail
system owned and operated by the City of San Francisco, and a commuter rail line connecting
San Francisco with the suburbs and commercial areas to the South which is sponsored by the
State.

In Baltimore, the State of Maryland has developed three new rail modes since 1970. The first
stage of a 60 mile regional rail rapid transit system has been completed and has been in operation
for several years. The second stage is under construction. At the same time, the state
rehabilitated commuter rail lines between Baltimore and Washington, D.C., and between
Washington and the northwestern Marland suburbs, as well as a light rail line between
Baltimore and its north central suburbs. Further extensions of the light rail line are planned to
the airport and its neighboring commercial and residential areas. Both the commuter rail and
light rail lines were developed and implemented in parallel to the rail rapid system, over a
relatively brief implementation period.

The other light rail systems that have been developed over the past two decades have taken a
more incremental approach. These systems are in Buffalo, San Diego, San Jose, Sacramento,
Portland, Los Angeles, Denver, and St. Louis. In these cases, new light rail lines have been
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developed incrementally in segments generally in the 10 to 20 mile range. In some cases, these
lines are the first phase in longer term plans for a multi corridor or a full regional system.

With the exception of Los Angeles and San Jose, none of these regions has a companion
commuter rail or rail rapid transit operation. San Jose is at the southern end of the commuter rail
service on the Peninsula to San Francisco. In Los Angeles, the County MTA is developing other
light rail and rail rapid transit lines in addition to the existing light rail line to Long Beach, and
the County is a partner in a multi-county agency that has developed and implemented a regional
commuter rail system.

Statitical Comparison: LRT System

A summary of the major financial and operating characteristics of the RTA plan and that of a
selection of other existing systems is provided on Exhibit 2-2. Inthis table, we have compared
the RTA light rail plan to the average of four groups of other systems:

· the three new rail rapid systems in San Francisco, Atlanta, and Washington

· the seven new light rail systems in San Diego, San Jose, Sacramento, Buffalo,
Portland, Los Angeles, and Baltimore

· the seven "old" light rail systems in Boston, Philadelphia, Cleveland, Pittsburgh,
San Francisco, Newark and New Orleans (even though the latter two are very small
and quite different otherwise)

· the average of the all three groups.

(the detailed data for each of these systems is presented in Appendix B)

The new systems that have recently begun operation in Denver and St. Louis are not included in
this comparison, because the data from these systems are not yet available. In general, both of
these lines are being developed incrementally in the style of the other new light rail systems.

Exhibit 2-2:

LRT Systems
Comparison
System Directional Operating Vehicle Cost per Passengers Farebox
Group Route Miles Costs Hours Hour per Hour Recovery
Rail Rapid 124 $211 M 1,207,000 $162 91.2 NA
Systems
Newer LRT 33 $20M 124,868 $167 71.1 36.4%
Systems
Older LRT 47 $30M 187,229 $167 105.8 40.0%
Systems
Group 68 $87M 506,499 $165 89.4 38.2%
Average
RTA 138 $120M 674,550 $178 75.2 40.0%
(projected)
RTA % of 203% 137% 133% 108% 84% 105%
group
average
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The general conclusions that can be reached from this comparison include:

. the operating and financial characteristics of the RTA light rail plan are more
comparable to the three large rail rapid systems (BART, WMTA, MATA) that
were built under the concept of achieving full regional service as soon as possible
the scale of the RTA light rail system is significantly larger than those of either the
seven new or the seven old light rail systems
the level of service provided, measured in vehicle hours, is greater than both the
other new systems and the old light rail systems - in parr because of the length of the
system
the operating costs of the RTA system, measured in cost per car hour, are comparable
to the average of the other systems
the 40% "operating ratio" assumed by the RTA is very close to the average of the
other systems

the ridership productivity (riders per vehicle hour) .i lower than that for the rail rapid
systems and the older LRT systems, but slightly above the newer LRT systems.

.

.

.

.

.

Statistical Comparison: Commuter Rail

The comparison of the proposed commuter rail element of the plan calls for some similarly
judgmental considerations. The current set of commuter rail programs that are in operation in
the United States vary significantly in nature and extent, operating and financial characteristics,
and underlying costs factors. Some are owned by public agencies, and operate passenger services
only. Some are publicly owned and operated by private carriers. Some are owned by private
companies and subsidized by public agencies.

For the purpose of this comparison, we selected a sample of five commuter rail lines: one in
Boston, two in Chicago, the new system in southern Florida serving the three counties en route
to Miami, and the system operated by CalTrans serving San Francisco. The results of this
comparison are presented in Exhibit 2-3 (top of following page).

The general conclusions that can be drawn from the commuter rail system comparison are as
follows:

· The estimated cost per hour of the RTA commuter rail system is less than the average
cost per hour of the other systems.

· The average passengers per hour of the RTA system is about 60% that of the other
systems.

· The speed of the RTA system is comparable to that of the other systems.
· The level of service provided, measured in revenue hours, fals within the range of the

other systems and is about the same as the services provided by BN in Chicago.
· The estimate of total annual passengers is lower than the average of the other systems,

and exceeds only that of the Tri-Rail service in south Florida.

The overall scae of the planned commuter rail system is partly a function of the indirect
alignment of the existing right of way, a partly of a desire to serve Tacoma on one end of the
route and Everett on the other. The aspect of the plan helps the overall equity of the
redistribution of the tax revenues, but diminishes the cost effectiveness of the overall scheme.
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Exhibit 2-3:

Commuter Rail
Systems Comparison

Annual Statistics (OOOs)
Operating
Cost per Riders per
Revenue Revenue Operating Operating Vehicle VehicleSystem Hour Hour Speed Expenses Miles Hours RidersBoston $199 39.8 29.7 $99,954 15,177 511 19,949

(MBT A)

Chicago $262 64.2 32.9 $95,565 12,342 370 23,299
(C&NW)
Chicago $279 92.7 34.5 $34,234 4,886 142 11,359
(BN)
Florida Tri- $367 51.2 40.6 $16,249 1,892 56 2,267Rail
CalTrans $327 68.8 33.5 $28,774 2,951 88 6,0581992 $287 63.3 34.2 $54,955 7,450 233 12,606Average
1995 Value $323 63.3 34.2 $61,817 7,450 233 12,606
~ 4 %/year

RTA $256 34.9 32.9 $32,000 4,110 125 4,361
(projected)
RT A % of 79.3% 55.1% 96.1% 51.8% 55.2% 55.7% 34.6%peer group
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3. Operating Issues

The operation of the services proposed in the plan carries with it a set of assumptions which are
common to such plans. The nature of several of these assumptions is that they require the
acceptance and cooperation by a number of other agencies and organizations to be carried out
effectively and within the cost and service quality parameters of the plan.

It would not necessarily be the case that all of these issues would be resolved at this stage of the
planning. However, the ability of the RT A eventually to deliver the services it proposes at that
costs it estimates wil depend to at least some extent on its ability to work with each of the
relevant agencies to reach an acceptable resolution. For the short term, agreements in principle
would be useful to support the financial and operating feasibility of the plan.

The operating issues and assumptions can are unique to each of the three major modes of the
plan: commuter rail, lights rail, and "feeder bus" and "trunk bus" services.

3.1 Commuter Rail

The commuter rail operating plan calls for operating passenger service on the same tracks that the
railroad currently operates freight services. This is a practice that is common to many existing
commuter rail operations in this country and elsewhere, and is generally a very feasible scheme.
The volume of freight service on this line is extensive, and greater than is found on many joint
passenger and freight operations.

The diffculties of such operation are known to the RT A, and have not been ignored. They
include:

. using rolling stock that is safe to operate in common with freight operations
coordinating schedules so that passenger service can achieve on time performance
avoiding passenger service delays caused by freight operations on a railroad owned and
managed by the freight railroad
allocating to costs of right of way maintenance in such a way that reflects the generally
higher standards required for high speed passenger service, while the extent of wear
and tear is largely a function of the weight and volume of freight traffc.

.

.

.

The resolution of these issues can be dealt with in the eventual contract for services, but should
be spelled out in a memorandum of understanding with the railroad before the commitment is
made to make the capital improvements on the railroad that are a part of the plan and wil be
necessary to provide the levels of service contemplated by the plan.

The eventual agreement with the railroad wil also be subject to the federal procurement
regulations to which agencies that receive FT A funding are bound. These include the
requirement that service contracts be competitively procured initially, and then recompeted every
three to five years. The application of this principle to an operating contract with an owning
railroad may require an exemption from the FTA.
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A competitive procurement involving both private and public bus companies could achieve a
lower cost of these services. Among the factors that suggest this strategy are:

. the current physical plant of METRO is reportedly at capacity
the time that it takes a public agency to acquire new rolling stock and provide an
operating base is substantially longer than can be done by the private sector
the operating costs of Community Transit's express operations are substantially lower
than those of METRO.

.

.

The ridership of the light rail system includes a substantial diversion of riders from existing bus
services, and depends on the three bus operations to adopt operating strategies that create this
diversion. In general, this means that the "competing" bus services needs to be curtailed, and

complementary feeder and distribution bus services must be developed to provide access to the
light rail system.

The RTA has adopted a "hold harmless" scheme for reimbursing the local carriers for ridership
and revenues lost to the light rail system. It has not yet reached agreements with the three
agencies with respect to reduction of "competitive" service nor to the service plan for providing
feeder and distribution services.

The are several years before these actual feeder and distribution service decisions need to be made.
Nevertheless, the feasibility of achieving ridership - as well as creating service revision
opportunities for the carriers - would be enhanced by agreements in principle on these issues with
the three major public carriers.
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4. BuslRaillntegration

We examined the impact ofbuslrail integration through a review of current bus routes that RTA
assumed would be changed when the rail system became operational. The RTA planners were
conservative in their forecasts and did not make any assumptions about how the METRO bus
system as a whole might be restructured and reoriented to provide feeder service to the rail
system. They only assumed changes to existing METRO routes that now serve proposed rail
stations or that provide competing line haul service.

The RTA planners provided a list of 107 bus routes that they assumed would be affected. The
routes could be grouped into three categories:

· 20 routes were marked for elimination because they provided competing line haul
service.

· 27 routes were targeted for reduced service because it was assumed that these routes
would lose long-distance travelers to the rail system and would only retain their
existing short-distance riders.

· 60 routes would be cutback at the rail stations and converted to feeder bus services.

We obtained recent (1993) route level statistics from King County METRO to assess the
potential impact of the proposed changes on the current bus system. We found that the
proposed changes would afect about 37 percent of METRO's existing ridership and about 40
percent of current service provided as measured by platform hours (see Exhibit 4-1).

Exhibit 4-1:

Bus Service Changes Associated with Rail System
Implementation

Type of Change Number Platform Passengers Revenues
of Routes Hours

Eliminated Service 20 252,523 5,248,137 $3,422,950Reduced Service 27 357,929 9,871,547 $5,378,549Truncated Service 60 556,148 13,617,128 $8,901,053
Total 107 1,166,600 28,736,813 $17,702,553Total Bus System 234 2,804,614 76,870,301 $4,221,051
Percent of System 45.7% 41.6% 37.4% 40.0%

(fr detailed data supportng the above table, please refr to Appendix C)

One of the benefits of the proposed rail system is the potential to redeploy bus service that is
replaced by rail service to' meet unserved bus needs. We estimated that approximately 759,000
annual platform hours of bus service --- 27 percent of the total system --- would be available to
meet unserved needs if the bus route changes assumed by the RTA planners were implemented
(see Exhibit 4-2).
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Exhibit 4-2:

Potential for Bus Service Redeployment

~

Type of Change
Eliminated Service
Reduced Service
Truncated Service
Total
Total Bus System
Percent of System

Platform
Hours

252,523
357,929
556,148

1,166,600
2,804,614

41.6%

Percent
Redeployed

100%
25%
75%

Redeployed
Platform

Hours
252,523
89,482

417,111
759,116

2,804,614
27.1%

Although the operating costs for the redeployed service would not change, there may be a
reduction in passenger revenues because the service may be redeployed to areas with lower
passenger productivity. We estimated the loss in passenger revenue based on three key
assumpnons: 1""

· The passenger productivity of the redeployed services would be 20 passengers per platfrm

hour. This rate compares to an average system productivity of27 passengers per

platform. We feel that the rate of20 passengers per platform hour is reasonable
because the redeployed service probably would be assigned to some areas such as the
City of Seattle where productivities may be near or above the system average and to
other suburban areas where the productivities may be as low as half the system
average.

· The average fare per passenger on the redeployed services would be $0.50. This farebox
return appears reasonable from a review of current experience of local METRO bus
routes.

· METRO would continue to receive the same passenger fares on the routes where service is
reduce or the route is trncated. This assumes that an equitable revenue sharing scheme
can be negotiated between the RTA and METRO.

Based on these assumptions, it is estimated that METRO would lose approximately $3.8 mitJlion
in annual passenger revenues if the RTA bus route changes were implemented. This estimate
represents 8.7 percent of METRO's total passenger revenues and 1.9 of METRO's total bus
operating costs, and is caculated as follows:

Eliminated Service
Reduced Service
Truncated Service
Total- affected service

System Passenger Revenues
Percent of System Revenues

Lost
Revenues

($897,720)
($49,817)

($2,504,680)
($3,852,217)
$44,221,051

8.7%
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The estimate oflost revenues is based on 1993 passenger statistics. The RTA forecasts that transit
ridership wil grow 27 percent between now and 2010 due primarily to population and
employment growth. If this growth occurs, the loss in annual passenger revenues would be $4.9
million.

The RTA Master Plan anticipated the potential loss of passenger revenues by local bus operat~. S ~ f! 't
It has proposed a regional fare integration budget of $ 1 5 million a year in 2010 to provide fulW"/ .
reimbursement of all operators. This budget appears suffcient to meet the needs of METRO
and other local operators.

While the RT A policy on fare integration is good conceptually, many details must be negotiated.
These issues include:

· The design of a single regional fare structure that would be applicable to and accepted
by all operators.

· The method for allocating revenues to transit operating agencies.

· The basis for determining what full reimbursement of operators means as the rail
system is implemented and population, employment, and ridership increases. Some
important issues include:

What is the base year for reimbursement (e.g., 1995, 2010)?
What provisions for natural growth in ridership (e.g., none, partial, or actual
growth)?
What, if any, guidelines should be applied to redeployed bus service resources
and resulting revenues?

Wil the funds for regional fare integration be a permanent part ofRTA's
budget or wil it have a limited life to provide for a smooth transition for the
region's operators?

It is important to recognize that the estimate of 760,000 annual platform hours represents the
maximum amount of service that would be available for redeployment. It is likely that METRO,
like other transit systems that have built new rail systems, wil be unable to make all of these
changes because:

· For selected trips, some bus routes may be faster than rail service.

· Some riders are reluctant to change long established travel habits and wil always ride
the existing bus routes and lobby for their continuation.

· Some riders are unwiling to give up a one-seat ride and transfer to the rail system.

· Transit boards often are unwiling to eliminate service when there any level of vocal
and public rider opposition.

For these reasons, we do not believe that METRO wil be able to redeploy 760,000 annual :J
platform hours of service. We think a more reasonable estimate might be between 300,000 and
400,000 annual platform hours.
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5. Capital Costs

The purpose of the capital cost review was to determine the reasonableness of the RT A estimates,
based on comparisons with similar projects in the United States and Canada. This review was
conducted by Toronto Transit Consultants Limited (TICL). TICL reviewed the current Phase
I RTA engineering reports and cost estimates, and public documents describing the RTA Master
Plan. TICL also reviewed various alignment drawings for rail alternative plans and capital cost
data prepared by the Parsons Brinckerhoff/ICF Kaiser Engineers Team.

The RTA Master Plan proposes a regional rail and bus system which would cost $6.7 bilion to
construct and operate through the year 2010. The plan includes light rail transit (69 route
miles), commuter rail (74 route miles), and regional trunk bus services. The review conducted by
ITCL focused on the light rail transit (or LRT) component of the plan. Construction of the
LRT system accounts for approximately 60% of the plan's total costs.

The remainder of this section presents a breakdown of the LRT system capital costs, provides an
overview of the cost estimating methods, and presents an analysis of the capital cost estimates
relative to other rail projects. Generally, the cost estimates are within the range of costs
experienced elsewhere. Given the conceptual nature of the plan and the lack of site-specific
information, however, it would be prudent for cost contingencies to ,be higher than now included
in the plan.

5.1 LRT System Capital Costs

The LRT system is comprised of three lines (please refr to Appendix A for a system map). The
length, cost, and unit cost of each line are as follows:

Line Length (miles) Cost ($M) Cost per Mile ($M)
North 19.3 $1,700 $88South 34.3 1,525 44East 15.0 620 41
total 68.7 $3,845 $59

The costs for each of the line segments include a share of the following system costs:

Vehicle cost, 300 at $2.3M each
DSIT conversion to LRT operation
RTA Headquarers
Main Maintenance Facility

300 vehicles at $0.5M/vehicle
Central Control Facility

$690M
26M
31M

150
$ 33M
$930M
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5.2 Estimating Methods

The rigor of the estimating methods employed by the RT A is limited by the level of engineering
data currently available for the plan. The Phase I Plan for the LRT system is only in the
conceptual stage. Cost estimates, based on alignment option drawings, at i inch = 200 feet scale
exist for only parr of the proposed alignment. Accordingly, one cannot expect a great deal of
precision in the cost estimates.

A variety of techniques have been used to estimate system costs.

· A Unit Cost Libraty was prepared for common unit costs.

· A Construction "Kit" was prepared for rapid identification of total costs for various
system elements.

· Costs per foot for a variety of construction sections were estimated.

· A number of alignment options were estimated in a more complete format.

· Finally a check of comparable system costs per mile from similar US system were

escalated to i 995 dollars and compared with the final results of the Seattle estimate.

(samples of these documents are presented in Appendix D)

These techniques appear reasonable for the purpose for which they were developed - "quick
turnaround" capital cost estimates to aid in developing consensus on the scope of the plan. Cost
estimates are tyically the product of unit costs and quantities. Although considerable care seems
to have been exercised in developing the unit costs, a good deal of work remains to be done in
estimating quantities before the cost estimates can be considered solid.

5.3 Capital Cost Analysis

The capital cost estimates in the RTA plan are generally consistent with capital cost associated
with similar projects in the US and Canada, as,shown in the table below:

Item
Tunneling ($ per lineal foot of
twin tunnels)

Project
RT A North Line

Unit Cost
$10,900

$10,700
$15,000 to $24,000
$9,100 to $11,900

$34M to $54M
$30M

$2.3M
$2.0M

Subway Stations ($ per station)

Downtown Seattle Transit Tunnel
BART Airport Extension
Toronto (various projects)
RTA
Toronto
RTA
Toronto

Rail cars

Review of the Regional Transit Plan
prepared for the King County Council ~ Dec., 1994
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Although the RTA's unit cost estimates fall within a reasonable range of those experienced
elsewhere, it still would be prudent to increase the project's contingency funds. The RTA
assigned line-by-line item contingencies ranging from 1 5 to 30 percent, depending on the level of
uncertainty. At this stage of the project, with only a conceptual design and no alignment-specific
geotechnical data, a more appropriate contingency range might be 30 to 40 percent. The upper
end of this range should be applied to subway sections of the alignment. As noted above,
tunneling costs can be substantially higher than planned for by the RTA. The cost risk will
remain unknown until complete georechnical data are available.

Project contingency funds are important because they allow for the inevitable additions and
changes during design development and for changes and claims during construction.
Contingency allowance should be highest at the conceptual stage of the project, and decrease
contract by contract as final design is completed and construction starts. Among the kinds of
changes that could produce unexpected increased costs are:

· betterments and mitigations adopted during the EIS stage;
· more elaborate stations to accomm.odate local interests;
· increased right of way protections for safety and traffc conditions; and
· unanticipated diffculties during the actual construction of the project.

Some additional observations about major components of the RTA's capital cost estimates are
provided below.

Tunneling Costs

The Downtown Seattle Transit Tunnel (DSTT, which was constructed in the late 1980's and
opened in September, 1990, provides some insight into tunneling costs to be anticipated in the
Seattle area. The DSTT involved twin tunnels, 18 feet in diameter and about 5,000 feet 

in
length. The tunneling portion of this project's cost is approximately $44M. The cost per foot of
twin tunnels escaates to about $10,700 in 1995 dollars. The tunnels were driven in soft ground
and it is assumed that this condition will prevail for all future tunneling. Bedrock is said to be
very deep and beyond any practica tunneling application.

Aerial Strtures

Aerial guideway cost estimates appear reasonable when compared with costs from Toronto and
Los Angeles' Blue Line (LRT). Consider the following costs per lineal foot of double-track
structure:

RTA Seattle
Los Angeles
Toronto

$3,000 to $5,000
$3,400
$4,600

Review of the Regional Transit Plan
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Similarly, the costs of aerial station can be compared with those in Los Angeles.

RT A Seattle (300 foot platform)
Los Angeles (400 foot platform)

$6 to 7M each
$3M

Suifce Strctures

Surface guideway, including trackwork, can be compared with Toronto and Los Angeles costs as
follows:

RTA Seattle ($'s per foot, double track)
Los Angeles (T&B construction)
Toronto (T&B construction)
Toronto (In-street construction)

$ 740

$ 726

$ 900

$1,200 to $1,500

(note T&B refrs to ties & ballat constrction, whereas 'ïn-street comtrction" refrs to direct fiation of rail to the
roadway pavement surfce)

As with tunneling, surface construction costs are quite variable. Mitigation of traffc flows and
business disruption (due to roadway reconstruction) are among the so~rces of cost risk.

Trackwork Costs

Cost per foot of single track compared with Toronto and Los Angeles shows that the RTA
estimates are relatively conservative for both Ties and Ballast (T&B) and Direct Fixations (DF)

type of construction:

RTA Seattle (T&B)
RTA Seattle (DF)
Los Angles (T&B)
Toronto (T&B)
Toronto (DF)

$370
220 to 460
250
230

$365

Yard and Shops

The RTA's estimates for yards and shops are very general. While the estimate compares favorably
to recent experience in Los Angeles, site conditions and facility design wil influence the costs of
construction.

R T A Seattle

Los Angeles
$500,000 per car
$600,000 per car

Review of the Regional Transit Plan
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6. Financing Plan

Our review of the financing plan focused on the methodology and assumptions used to determine
the RTA's financial capacity to implement the Master Plan by 2010. As part of this review, we
also analyzed the procedures for developing the subregional revenue estimates which have been a
focus of attention for evaluating the equity of the plan's services and facilities. Findings from
both these analyses are presented below.

6.1 Reasonableness of Methods and Assumptions

Financial Methodology

The methodology is expressed by the cash flow model used to calculate the RTA's prospective
cash position for each year between 1995 and 2020. Tables produced from this model were
included in the Regional Transit System Master Plan TechnicalAppendix, dated November 23,
1994. These tables include: (1) an annual cah flow summaty; (2) annual operating and capital
expenditures; (3) bond financing and debt service; (4) annual revenues; (5) federal funding
assumptions; and (6) tax revenue assumptions and calculations. These tables provide a complete
and relatively transparent picture of how the RTA's year-end cash position is projected.

We reviewed the calculations of the model and determined that the resulting projections present a
reasonable basis for evaluating the financial feasibility of the plan, given the assumptions on
which the projections are founded.

Several modifications should be made to the model, however, which would improve the precision
of the results:

· The debt service coverage ratio should be calculated net of local tax revenues
committed to other purposes, such as operating costs. The debt service coverage ratio
currently included in the model assumes that all local taxes would be pledged to debt
service, which tends to overstate the RTA's ability to issue additional bonds. In 201 1,
the year in which the minimum debt service coverage is reached, the model identifies
a coverage ratio of 3.09. If revenues needed for operating subsidies are subtracted
from the calculation, however, the coverage ratio drops to 1.9. This is a more realistic
measure of the RTA's remaining debt capacity at 201 1.

· First-year interest payments are currently excluded from the annual cash flow. This is
immaterial from the standpoint of determining financial feasibility, but does
understate the outlays required for debt service.

· Annual reserves should be differentiated according to operating and construction
programs. The operating reserves now included in the model are excessive, while
construction program reserves are not identified. These two situations may net to
zero additional reserves compared to what is now included in the model, but should
be explicitly identified.

Review of the Regional Transit Plan
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Financial Assumptions

The financial plan indicates that revenues are balanced against costs on an annual basis, after
accounting for proceeds from bonds and the debt service costs associated with the bonds. The
viability of the financial plan depends on the reasonableness of cost and revenue estimates. The
reasonableness of the cost estimates is addressed elsewhere in this report. The most important
assumptions with respect to the revenue estimates, in order, are as follows:

· Loca tax revenue - Local tax revenue, from a 0.4% sales and use tax and a 0.3%
motor vehicle excise tax (MVET), is the single-largest source of funding for the RTA
Master Plan. A total of$3.3 bilion (constant 1995$) is projected for the period
1995-2010. We verified the caculation used to establish the beginning tax base, and
evaluated the reasonableness of assumed growth rates for the revenue projections.

The tax base for both retail sales and for MVT was estimated by the RTA from the
percentage of retail employment (92%) and population (85%), respectively, lying
within the RTA boundaty in 1990. The tax base presented in the RTA's cash flow is
an accurate representation of these percentages. The sales tax base, however, may be
understated because the tax is applied to more taxable events than taxable retail sales
alone. We did not verify the degree of understatement but believe it to be
approximately 5%, based on a comparison of retail sales and use tax collections to
taxable retail sales in King County for 1993.

The annual growth rates applied to this beginning revenue base are consistent with
recent regional tax base projections prepared for the Puget Sound Regional Council
(PSRC) by Dick Conway & Associates. These growth rates, in turn, are linked to
projected personal income for the region and other variables which affect retail
purchases, building activity, and motor vehicle purchases.

In summary, the tax revenue projections are based on reasonable assumptions that are
drawn from the best available data.

· Federa grants - Federal grants form the second-largest source of funds for the Master
Plan. The RTA assumes that approximately $1.12 bilion (constant 1995$) will be
available to fund rail capital costs. This is about $70 milion per year for the period
1996 thro,ugh 2010. Federal grants would account for approximately 24% of the rail
capital program.

The RTA's request for Federal funds would be at the high end of the experience of
other metropolitan areas that have received "new start" rail funds. Atlanta ($ 1.6
bilion), Los Angeles ($1.3 bilion), and Miami ($0.9 bilion) are the only areas to-
date which have received funds in the neighborhood of the RTA's proposal. Also, the
RTA's request would need to be sustained over a 16-year period. The $70 milion
annual funding request equates to about 18% of the federal fiscal year 1995 projected
funding for new rail starts. In comparison, Los Angeles sustained an average of 35%
of rail funds for 9 years, and Atlanta sustained a 26% share over 6 years. This
suggests that out-year funding is risky, even if support for Federal funds is attained for
the early segments of the rail system.

Review of the Regional Transit Plan
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One factor that is in the RTA's favor is the relatively low Federal match being
requested. The RTA's request for 24% federal funding compares to an average of
64% being requested by other rail projects that are nowÏn alternatives analysis.

In summary, the RTA's outlook for federal funds is aggressive and potentially
attainable, but is risky over the long run.

. State funds - State funds are the third-largest revenue source for the RTA Master
Plan, and are projected to total $880 million (1995$) between 1995 and 2010. This
is approximately 20% of rail capital costs.

Currently, the state's only source for supporting the rail program is the
Transportation Fund. This fund derives from a statewide 0.2% MVET surcharge,
and is authorized to be used for a wide variety of transportation uses. In contrast, all
other material sources of state funding are restricted to highway purposes. Because
the state has limited financial capacity for highways, including use of the
Transportation Fund, it appears unlikely that the RTA plan would be funded absent
an increase in state transportation taxes.

The Transportation Commission recently announced a new transportation revenue
package, which would include a refinery tax which would be used to fund the state's
contribution to high capacity transit (HCT) projects. The Commission has indicated
that substantial public support exists for supporting HCT projects with state funding.

In summary, state funding for the project, in the amounts anticipated by the RTA
Master Plan, depends on the ability to enact a new transportation funding package.
Although the RTA could proceed with the implementing the plan before these state
funds are available, completion of the plan depends on the state funds eventually
being available.

· Farebox revenues Fare revenues are anticipated to total $360 milion between 1995
, and 2010, and form the fourth-largest source of funds in the financial plan. This

assumption is based on the ridership forecasts, and translates to approximately $0.90
per rider on the LRT and commuter rail systems. This fare is reasonable, and is
higher than the average fare now paid by bus riders in King County.

The financial plan is feasible within the constraints of the assumptions identified above.
Additional bonding capacity of approximately $330 milion (constant 1995$) would exist at
201 1, at the close of Phase I construction, after meeting all other obligations. This can be viewed
as untapped financial capacity for meeting shortfalls which may occur in the capital program
funding sources.

6.2 Subregional Revenue Allocations

The loca taxes to be collected by the RTA have been used as a criterion in determining the equity
of the overall plan. Collection of these taxes, and estimates for these tax revenues on a
subregional basis requires some judgment because precise source data does not currently exist for
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either sales tax collections or MVET collections that conform to the RTA plan "subareas" within
each county.

Sales tax collections are currently reported for each city, and for the unincorporated area of each
county. MVET collections are reported on a county-wide basis only. To assess the RTA's
estimates of sales tax and MVT revenues for each subarea, we reviewed the RTA's definition of
the subareas and the methodology used to allocate revenues to each subarea.

The RTA uses different methods for allocating sales tax revenue and MVT revenue to each
subarea, which is appropriate given the differences in the source data. Sales tax revenues are
allocated to each subarea based on retail employment. The retail employment estimates were
obtained from the Puget Sound Regional CounciL, which maintains a detailed database of
population and employment for various geographic breakdowns within each county. The RTA
decided on this approach based on a statewide, county-by-county analysis of the relationship
between sales tax revenues and various explanatory variables. MVET revenues were allocated to
each subarea based on population.

The sales tax allocation method carries some potential error because the value of sales tax
collections per employee may not be constant across all subareas. To validate the RTA's estimate,
we used actual sales tax revenue reported by city, and used the RTA allocation method only for
the unincorporated areas. This involved a four-step process: (1) identifying the forecast analysis
zones lying within each subarea; (2) assigning each zone to either a city or to the unincorporated
area; (3) calculating 1990 population and retail employment for incorporated and unincorporated
areas within each subarea; and (4) computing each subarea's share of sales tax revenue based on
actual city collections and allocated collections for the unincorporated area. The findings from
this analysis are presented in Appendix E.

Our findings virtually replicated those reported by the RTA. Our estimates of population by
subarea were exactly the same as those presented by the RTA. Although some differences
emerged for sales tax revenues in each subarea for 1990, our estimates of the sales tax distributions
were within 1 % of the RTA's by subarea for 1993. We believe that the 1990 data may contain
some error because of annexations and incorporations that occurred that year, and that the 1993
data are more reliable. Accordingly, we believe that the numbers used by the RTA for
subregional sales tax revenue allocations are reasonable.

With regard to the per capita distribution of MVT revenues, we believe the RTA used the best
available approach. There are no sub-county data for MVT. While differences may exist within
the county as to the residential component of MVT (i.e., because higher-income families may
own more vehicles or higher-cost vehicles), the location of commercially-owned vehicles would
tend to offset the income-based error in per capita distributions of MVET. Thus, we believe the
RTA's approach to allocating MVET revenue was reasonable.
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Appendices:

A. RTA & JRPC Plan Data

B. Comparative LRT System Data

C. Disposition of Metro Bus Routes with Rail

D. Sample Source Documents - Capital Costs

E. Subregional Revenue Allocations
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Comparison of AT A Master Plan to JAPC Plan

(1 )
RT A Master

Plan
2010

JRPC Plan
(3)

Segments
Similar to
RT A Plan

2020

(4)
Ridership

Adjustments

(2)
Adopted

Plan
2020

CAPITAL COSTS (1995$ mil)

(5)
RT A Net

Change
Relative to

JRPC Plan

69 miles 105 miles 69 miles
1,933 2,702 2,702

800 1,509 1,125
644 1,755 1,175

3,377 5,966 5,002
480 1,287 585
327 1,170 495

total LRT ca ital 4,184 8,423 6,082
ital Costs 74 miles 76 miles 76 miles

116 62 62 54
141 131 131 10

0 0 0 0
257 193 193 64

87 46 46 41
251 80 80 171

total CR ca ital 595 318 319 276

total capital costs 4,779 8,741 6,401

120 146 96 24
26 22 22 4

146 168 118 28

total LRT boardin s

56,700 69,800 69,800 52,973
63,800 112,500 90,921 69,003

9,900 28,200 28,200 21 ,402
130,400 210,500 188,921 143,378

9,800 25,000 20,350 15,44
17,200 24.900 16,900 12,826

157,400 260,400 226,171 171,648
7,900 40,750 16,350 14,598
3,700 4,500 4,500 4,018

169,000 305,650 247,021 190,264
17,100 8,100 8,100 7,232

189,800 318,250 259,621 201,514

Commuter Rail
total boardings

PERFORMANCE

$8.86
$4.66
25.0
34.0

$8.63
$4.05
30.0
34.0

$7.68
$3.57
30.0
34.0

Notes:
(1) Drawn from RTA Master Plan (10/29/94) and Technical Appendix (11/23/94). Capital costs include proportional

allocation of 'Mitigation Betterment" costs.
(2) JRPC Plan as adpoted in May, 1993. Capital and operating costs inflated from 91$ ~4% per year. Capital costs

are based on final estimates; O&M costs are allocated based on route miles and costs included in the FEIS.
(3) Based on capital costs and allocated operating costs of those segments of the JRPC plan that closely match the

RT A rail alignments.

(4) Boardings in the JRPC plan were reduced by 15% in King County to reflect a change in the RTA forecasting
methodology. All boardings were reduced by 12% to adjust for growth in ndership between 2010 and 2020.

(5) Calculated as RTA values (col. 1) less JRPC values (col. 4 if ndership-related, col. 3 otherwse).

prepared by Porter & Associates, Inc.



B. Comparative LRT System Data
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C. Disposition of Metro Bus Routes with Rail

Review of the Regional Transit Plan
prepared for the King County Council Dec., 1994
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D. Sample Source Documents - Capital Costs

Review of the Regional Transit Plan
prepared for the King County Council Dec., 1994



toronto transit
consultants riied

REGrONAL TRANSrT PROJECT
UNrT COST LIBRARY

02-Jun-94

ICODE
AF101
AF102
AF111
AF112
AF113
AF11S
AF116
CN101
CN102
CN103
CN104
CN105
CN106
CN107
CN109
CN110
CN111
CN112
CN113
CN114
CN116
CN117
CN118
CN119
CN120
CN121
CN122
CN123
CN124
CN126
CN127
CN128
CN129
CN131
CN132

, CN136
. CN138

CN139
CN140
CN141
CN142
CN143
CN144
CN145
CN146
CN147
CN149
CN150
CN151
EE101
EE102
EE103
EE104
EE105

DESCRIPTON

Arhitctra Finish, Underground Stations (floor ara)

Ar. Finish, Aenal & At-grae stations (floor ara)
Safety Handrl
St&irs w/Handral
Stairs wlHandral 25' High
Handrail at Stes and Ramps
Acoustcal Barer, 4' High
Box Beams for Buswy
Box Beams for Guideway, 14'-6' wide
Box Beams for Platorm, 12' wide
CIP, Column Capital. Girder
CIP, Columns
CIP, Concrete Columns
CIP. Concrete Mezzaniie Slab
CIP. Concrete Pier Cap
CIP, Concrete Roof Slab
CIP. Concrete Slab (g Mise Areas
CIP, Concrete Walk, Outside
CIP, Concrete Walk, Inside
CIP. Concrete Walls & Ancn. Spaces
CIP, Footing, Pile Cap or Spread
CIP, Invert Slab
CIP. Part Wall
CIP, Retaiing Wall
CIP. Retaiing Wall Foundaton
CIP, Roo InCludig Beams
CIP, Sla on Grade .
CIP. Steps & Ramps
CIP, Suspded Slab
CIP. Wall - Exenor. formed 1 side
CIP, Wall- Imenor, formed 2 sides
Cocrete Pavment
CIP, Highway Jersy Barr
CIP, Concrte Deck Slab
CIP, Second Pas Liing, 10' Thick
Formrk LierlFinh Columns
Plaorm Canopy SuPPOrt CoiJmns
Platorm Slab
Preas Concrete Barr, Permaient
Second Pour Concrete
Seond & Third Pour Concrete
Sound Wall, 8' High (LCI Rebar. ftgs. etc.)
Waterroofg wi Bemonìe Panel. At sides
Waterrofig Membrae. at top & bottom
Rigidboard Protecn. at top
Pos Tensioning (2 Lbs per Surfe SF)
Preas Concrete Pile. 12" 1:0.
Mis. Metal AJlowcce. Underground Stations
Mis. Metal Allowaice. Underground Vent Shaf
EJevator(s) w/Support (Approx 25' High)
Eleator, High Sped
Escaor(s) w/Support (Approx 25' High)

Eleal Power, Stations
Ughtig, Stations

UNIT

SF
SF
LF
LF
Vl
LF
LF
LF
LF
LF
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
CY
LF
CY
CY
SF
CY
CY
LF
SF
SF
LF
SF
SF
SF

LBS
LF
LS
iS
EA
EA
EA
SF
SF

COST 

I 

$65
$20
$20

$150
$30

$35
$55

$40
$720
$650
$766
$888
$888
$641
$568
S440
$295
$22
$250
$44
$267$4
$581
$501
$26
$540
$212
$801
$855$4
$533
$210

$50
$650
$40

$2
$800
$754
$4
$5
$7

$125
$1.90
$2.50
$1.60.
$1.50

$2
$30.000
$125.000
$100.000
$300.000
$22 .000

$10
$10

RTA MASTER PLAN REVIEW, METROPOLITAN KING COUNTY COUNCil
CENTRL PUGET SOUND REGION mCL C0171941



toronto transit
consultants nmited

REGIONAL TRANSIT PROJECT
UNIT COST LIBRARY

02-Jun-94

1,~~eE'....,..'.'
EE106
EE107
EE108
EE100
EE110
EE111
EE112
EE113
FR10l
FR102
LNl0l
LNl02
LNl03
LNl04
ME100
ME101
ME102
ME103
ME104
ME105
ME107
ME108
ME100
MEiio
ME11l
ME112
ME113
ME114
MEl15
STl0l
STl02
ST103
STl05
ST106
ST108
STl09
ST110
ST111
ST112
ST113
ST114
SW100
SW10l
SWl02
SW103
SW104
SW105
SW107
SW108
SW109
SW1l0
SW111
SWl12
SW113

DESCRIPTON

Ughting, Guideway
MOdif Exiing Signal A1lowaice
New Signal Allowane
Signal Pre-Emption for LAV
Corrsion Conlrl

Modif Stret Ughting - Urban

MOdif Stret Ughtig - Suburbai
Trafc Signal wi Pre-Emption for LAV
Fumishings. Stations - Side Platorm
Fumisings, Stations - Center Platfrm
Ladscaing. Guideway
Ladscaping, Stations
Ladscaping - Urban
Ladscaping - Suburbai
Vent Shaf Eouipment (per Shat)
Fire Protection, Statons
Fire Protection. Guideway
Ventilation & Heating, Stations
Pump Station. Drainage (g Stations
Drainage. Tunnel Guideway inct pump station
Aerial Guideway Dranage. l00'lcol
Retain CutFil QJideway Drainage
At-Grde Dranage Ditch
Highway Draiiage for HOV Laes
Modif Street Draage - Urbai
Modif Street Draiage - Suburban
Modif Street Utilities - Urban
MOdif Strt Utilites - Suburbai
At-Grade Guideway Draage
Bus Stops wi Shelters per Met
Canopy (g Statons .
Service Walkway, Aerial At-Grade, U/G
Elasomeric Bearg Pads
Expansion Joints
Head House, (g Station Access Points
Head Hou, (g Emerency Acces Points
Pedestrian Bridge. 12'Wconc, uncovered, fenced
Pedestan Bridge, (g Statons. Covered. Glag
Stairs & Escalator Suppon Beam

. Trasi Center pe Melr - see std

Constnict Bus Bulb
Clear & Gnibbig. Moderae
3' Asphal Treated Bas
Aggreate Bas
Street Modication
S' Asphalt Pavg
Backfill, Nativ Matnal
Backfll. Stnict, Imported
Bas Coure - 12"
Compac Site
Curb & Gutter
Demoliton Cinc!. sa c-.Jng. hauliig, etc.)
Dewatering
Disposal of Excavted Material

UNIT

TF
LS

INT
EA
RF
RF
RF
EA
LS
LS
RF
SF
LS
LS
EA
SF
TF
SF
EA
RF
LF
LF
LF
LF
RF
RF
RF
RF
LF
EA
SF
LF
EA
LF
SF
EA
LF
LF
CY
EA
EA
RF
SY
CY
EA
SY
CY
CY
CY
SF
LF
SF
RF
CY

COST 

I 

$75
$2.000

$100,00
$110,000 .

515
5150

515
$210,00
$50.000
$4,000

$20
$4

520,000
510,000

$300,090
$2

$100
$4

SSO,OOO

$100
$50
$50
$2
SSO
$80
$80

$30
$100
$4

$13,500
$50
$60

$1.20
$30

$100
$75,000

$750
$1,500

$500
52.000.000

$16,000
51
SS

$20
$3.00

517
$15
$22
$20

SO.65
$12

$1
$150

$12

RTA MASTER PLAN REVIEW, METROPOliTAN KING COUNTY COUNCIL
CENTRAL PUGET SOUND REGION iTTCL C017/94)



toronto transit
consultants limed

REGIONAL TRANSIT PROJECT
UNIT COST LIBRARY

02-Jun-94

IÇ~DE:........
SWl15
SWll6
SWl17
SWl18
SW119
SWl20
SW121
SWl22
SW123
SW124
SWl25
SW125B
SW126
SWl27
SW128
SW128B
SWl29
SW130
SW131
SW132
SWl33
SWl34
SWl35
SW136
SW137
SWl38
SWl39
SWl40
SW41
SW142
SWL43
SWl44
SWl45
SWl46
SW147
SW149
SW151
SWS2
SWl53
Teiei
Tel 02
Tel 03
Tel 04
TelOS
TC106
TellO
TNl01
TNl01B
TNl02
TN180
TN181
TRl01
TRl02
TRl03

. DESCRIPTON

Excavation
Eroion Control

Excavate. Mas
Excavate Staton. Mining & Root Support
Excavtion, Dep Trench
Exavon for Access Shaf
Excavaton Support Sysem (Soldier Beæn & Laggig)
Excavion Wall Foolig
Excavion, Cut & Cover

Excavation, Pier Footing
Excavation, Toonef (EPBM) 18.5' J.D.
Excavion, Toonel (EPBM) 20.33 1.0.

Excavation, Toonel (TM Normal or Shield)
Moderare Grading
Grouting, Tunnel Lining 18.5' 1.0.
Grouting, Tunnel Lining, 20.33' 1.0.
Embankment Imported Fil incl Compaction
Instrumentation, Tunnel Construction by iEM
Instmentaton. C & C Constcton
Parking, Multstory
Paring Area. Sunace Typ (300 Ca (g400 sf each)
AC Paving incl Bas
Remov AC Pavg. (Asme SO' Wide)
Remov Bus Stop & Dispose
Remov Curb
Remov Sidewaks, (Asme 5' Wide)
Remov Structre & Obstructons
Rough, FlOe Grade & Compac Site
Saw CU
Secri Fence & Gaes ~ Staions Qrork)
Shorig. Shallow Excavon
SidewàJk Demoliton
Site Work & Sunae Draage
Secri Chai Link Fence
Sidewak. S'W
Sidewak
Rumble Strip
Belgian Bloks
Interchange Modificatons
Tra Control, Cit Str cu & covr
Tra Col. Freway (Cones, Signs, Barrs)
Tra Conl for "Guidewy", Cit Stret. Median
Traic Conl for "Trakwork', Cit Stret. Media
Tra Contrl in Interon - Urbai
Tra Conl in Interct - SuburbaiStreet Deing ,
Preas Tunnel Liing, Boild, Gaseted, 18.5' J.D.
Preas Tunnel Liing. Boild, Gaseted for 20.3' 1.0.
Preas Tunnel Liing, Expanded Segmented
CIP, Cross Passage, 800' o.c., Standard
CIP, Cross Pasages. 800' o.c., Compressd Air
Reflors (2 per 10')
Striing
Striping (2 sides, paied)

UNIT

CY
RF
CY
CY
CY
CY
SF
CY
CY
CY
LF
LF'
LF
SY
LF
LF
CY
RF
RF

SPACE
SF
SY
SF
EA
LF
SF
RF
SF
i.
LS
SF.
SF
RF
LF
SF
SF
LF
SF
EA
RF
RF
RF
TF
LS
LS
SY
LF
LF
LF
EA
EA
EA
LF
LF

. COST 

I 

$30
$15
$10

$180
$20

$120
$30
$15
$20
$20

Sl.860
$2,000
Sl.02)

$5
5150
$167

$15
$100
S200

$10,000
$7.50

$27
SO.50

$1,000
$1.50

Sl
$3

$0.55
$250

$60.000
S15
Sl

$3
$12

$2.0
$2.50

$4
$12

Input $S
$500
$2

$150
$20

$60.000
$25.000

$30
$1,900
$2,110
$1,100

$130,000
$320,000

$4
$1
$1

RTA MASTER PLAN REVIEW, METROPOLITAN KING COUNTY COUNCIL
CENTRAL PUGET SOUND REGION rTTCL C017/94)



torønto transit
consultants Hmited

9/8/94
2:J7 PM

The New and Improved
(Simplified)

Construction Kit
(1995 $' s)

For any option, to add or sutr a Route Mie of
· Tunel. use S 125 mion
· Aeri stcti, use S60 mion

· Surce algnent, use S35 mion*

.could be S10 mion les on pre-esting reserved right-of-way, or as much as S15

mion more in dense uraned area

To add or subtrct a StatIon in the case of:
· TuneL. use $65 mion
· Aeri, use $15 mion
· Surce, use $2.5 mion

To add or subtrct a 500 st Park & Ride:
· Surce, use S5 mion
· Strctu, use S10 mion

For MitIgatIonIetterment:
.. Tunel, use 2.5%

· Aeri use 5%

· Surce, use 5%

For Operatig & Maintenance cost per mie per yea
· TuneL. use S2.0 mion
· Aeral use S 1.9 mion
· Surce. use S 1.5 mion

RTA MASTER PLAN REVIEW. METROPOLITAN KING COUNTY COUNCIL
CENTRAL PUGET SOUND REGION ¡TTCL C017/94)
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toronto transit
consultants limited

OZ-Jun-94

t.--
I

I

Y.u_IO. 12"- 0......

II UfCLD
,'. O.

...JlIMnau ""0" 1'-0"

TYPICAL SECTION
AT-GRDE GUIDEWAY FOR PAVED (MALL) TRACK

1~228A

, I IUNIT i UNIT DESCRIPTION UNITI UNITCODE~ COST
1522BA I Guideway, at grade, dual, in s;eet for paved tracks Litt Jeigian BlockJ

I QUANTl
COST PER

UNIT

Lengt
Widt 100 RF

25 FT

CNl22
LNl01
SW102
SWl13
SW115
SW151
SW152
TC103

CIP, Slab on Grade
Ladscaping, Guideway
Aggreate Bas
Disposal of Excaved Marerial
Excavon
Rumble Strip
Belgian Bloks
Trac Control for 'Guideway', City Street, Median

CY
RF
CY
CY
CY
LF
SF
RF

$212.00
$20.00
$20.00
$12.00
$30.00
$4.00
$12.00

$150.00

30
100
55
S4
84

100
1.140

100

$6,360
$2.00
$1,100
$1,00
$2.52J
$4,000

$13.680
$15,000

Note:
Demoliton to be included wI standard 12110
Roadway Modifications are included wit the varous 121 1 standads

Total Cost
TOTAL COST PER ROUTE FOOT

100 $45.668
$457RF

RTA MASTER PLAN REVIEW. METROPOLITAN KING COUNTY COUNCIL
CENTRAL PUGET SOUND REGION (TICL C017/94)



toronto transit
consultants rimited

02-Jun-94I

1'.0. 'j TO"'
I

V&'llD" ft.o-..... i T-i

I

I

5."fi

MCRIGlTE J
.,on

1'-0. "'0'
TYPICAL SECTION

AT-GRADE GUIDEWAY FOR PAVED (MALL) TRACK

/62:31

UNlrl
CODE!

UNIT DESCRIPTION

IUN1
UNIT
COST I QUAN

COST PER
UNIT

16231 Trackwork. on track slab with Belgian Blocks

Lengt
Widt 100 TF

5.5 FT

SW152
TC104
'Tlll
1W121

Belgian Bloks
Traffc Contrl for 'Trakwork., Cit Stret, Median
Girder Rail
Rail Embedment Material

SF
TF
LF
CF

$12.00
$20.00
$25.00
$25.00

400
100
200
112

$4.800
$2.000
$5,00
$2.Boo

Note:
Demolition to be included wI standard 12110
Roadway Modifications are included wit the varou 121 1 standards

T eta! Cost
TOTAL COST PER TRACK FEET TF

100 I $14.600
$146

RTA MASTER PLAN REVIEW, METROPOLITAN KING COUNTY COUNCIL
CENTRL PUGET SOUND REGION (TTCL C017/941



toronto transit
consultants Umited

02-Jun-94

-".0. r.o.

SIOI.AUISHNI I

"" ..""....., -I \r- co
Tii su I"'

,_.
OATt BA

"TYCAL SECTION
AT-GRDE GUIDEWAY FO PAVED (CONC,) TRACK

1!522BC

. UNIT i
CODE

UNIT DESCRIPTION
I

UNiri UNIT
COST

QUANTITY I COST PER I
UNIT

I ¡ I ¡
I 

15228C Guideway, at grade. dual, in street for concrete pav~d tracks

Lengt 100 RFWidth 26 FT

CNl22 CIP, Slab on Grade CY $212.00 76 $16.112LNl01 Ladscaping, Guidewa RF $20.00 100 $2.000SW102 Aggreate Bas CY $20.00 62 $1,240SW113 Disposal of Excavated Matenal CY $12.00 169 $2.028SW115 Excavaton CY $30.00 169 $5.070TC103 Trac Control for .GuidewaY', Cit Street, Median RF $150.00 100 $15.000

Note:
Demolition to be included wi standard 12110
Roadway Modifications are included with the varous 121~ 1 standards

Total Cost -
100 $41.450

TOTAL COST PER ROUTE FOOT RF $415

RTA MASTER PLAN REVIEW, METROPOLITAN KING COUNTY COUNCIL
CENTRAL PUGET SOUND REGION ITTCL C017/94)



toronto transit
consultants nmited

02-Jun-94

r.o'" l 1IU'"

I

i
,

r- MOT "CLVOED
1 YARIES _ 1:'-0. ..... "'.0.

It.. . NAT~L II. T1H
..TaaWM ITT )

TYCAL SECTION
AT-GRAOE GUIOEWAY FOR PAVED (CONC.) TRCK

J6Z3Z

UNIT I
CODE.

UNIT DESCRIPTON
IUN1

UNIT
COST

, QUANTITY COST PER
UNIT

16232 Trackwork, on track slab with concrete ¡nfiD

Lengt
Widt 100 TF

5.5 FT

CN142
TC104
TW111
TW121

Second & Third Pour Concrete
Traic Comrol for "'rakwork', Cit Street. Median
Girder Rail
Rail Embemem MatenaJ

SF
TF
LF
CF

$7.00
$20.00
$25.00
$25.00

400
100
200
112

$2800
$2.000
$5,000
$2.800

Note:
Demolition to be included wI standard 12110
Roadway Modifcations ar included with the varou 121 1 standards

Total Cost
TOTAl COST PER TRCK FEET

100 I $12.600
$126TF

RTA MASTER PLAN REVIEW, METROPOLITAN KING COUNTY COUNCIL
CENTRAL PUGET SOUND REGION ITTCL C017/94l



toronto transit
consultants lied

LN101
ME109
SW100
SW140
TC102
MEt15
iW101
SW110
SW146

STUTI
f nu ~TI

r-O'''N i VMlD-M"O"_.'ai~
o'-d.."o, r-O',-

02-Jun-94

OWN UN. (_C:l_
I

Î

COST PER 'i
UNIT

$2.00
$2.500

$100
$2.20
$2.500
$4.000
$4.082
$1.2
$1,200

$19,782
$198

12'- 0"

TUc;AY

vi
TYPICAL SECTION

AT GRAE GUIOEWAY - ADJACENT TO STREE

1~228D

UNIT I
CODe i UNIT

COST I QUANT
UNIT DESCRIPTION UNI~

152280 Guideway, at grade, dual, adjacent to street

Lengt
Widt 100 RF

40 FT

Ladscaping, Guideway
At-Grde Drainge Ditch
Clear & Grubbing, Moderae
Rough, Fine Grade & Compa: Site
Traffc Contol, Freeway (Cones, Signs, BaJrs)
At-Grde Guideway Draage
Subballa
Curb & Guter
Securi Chai Link Fence

RF
LF
RF
SF
RF
LF
CY
LF
LF

$20.00
$25.00

$1.00
$0.55

$25.00
$4.00
$20.00
$12.00
$12.00

100
100
100

4.00
100
100
20
100
100

Note:
Demolition to be included wI standard 12110
Roadwa Modifications ar included with the vaou 121 1 standads

Total Cost -
TOTAL COST PER ROUTE FOOT RF

100

RTA MASTER PLAN REVIEW, METROPOLITAN KING COUNTY COUNCil
CENTRAL PUGET SOUND REGION iTTCl C017/941



toronto transit
consultants Iled

A-ï'-d 02-Jun-94

~.-o ",~.t=-¡.ì~ ',Z-c~ i~i ~~P' /4-, ' ,
(1')

..1
I I !

I

,
i

i ,.

i Iw ,i ~

TYPICAL SECTION

AT-GRADE SIDE PLATFORM STATION

15~24.

UNIT I UNIT DESCRIPTON ¡UNITI UNIT
I QUANT ,

COST PER
I

CODE, COST UNITI I i '15324 Station. at grade, low, 300'L wI 2-12'W side platorms wI 0% canopy I

LENGTH OF STATION 300 LFTOTAL PLATFORM VVDTH 24 LF
STATION VVDTH 47 LF

AF102 Arh. Finish. Aerial & At-grae stations (floor area) SF $20.00 7.200 $144.000AF115 Handrail at Steps and Ramps LF $3.00 314 $10,990CN111 CIP, Concrete Slab ~ Mise Ar CY $295.00 66 $19.470CN123 CIP. Steps & Ramps CY $801.00 36 $28.836CN138 Platorm Canopy Support CokJmns CY $800.00 29 $23.200CN122 CIP, Slab on Grade CY $212.00 210 $4.520EE104 Eleccal Power. Stations SF $10.00 7.200 $72,000EE105 Ughtig, Statons SF $10.00 7,200 $72,000FR101 Fumishings, Stations - Side Platorm LS $50,000.00 1 $50.000LN102 Ladsing, Statons SF $4.00 7,200 $28,800ME101 Fire Proecton. Statons SF $2.00 7,20 $14,400ST102 Canopy (§ Statons SF $50.00 3,600 $180.000SW108 Bas Coure - 12" CY $20.00 100 $2000SW122 Excavion Wail Footig CY $15.00 46 $690SW140 Rough, FlOe Grade & Compac Site SF $0.55 14,100 $7.755TC103 Trac Control for 'GuidewaY'. Cit Stret, Median RF $150.00 300 $4,000

Subtotal
I $743 661

Ar Work allowance
I $37.183

TOTAL COST PER STATION
I S780.844

RTA MASTER PLAN REVIEW, METROPOLITAN KING COUNTY COUNCIL
CENTRL PUGET SOUND REGION (TTCL C017194)



r ~

toronto transit
consultants Dmited

-

02-Jun-94t~ :f~12'-"- "i 1"5"..iw ~I.'~ I¡"-O.
i

IÁA~-o' I #¡~
I ..'" I

~IH I
r ;,-,-' ,,l-~~
I

1 ~I.

u

TYPICAL SECTION

AT- GRADE CENTER PLATFORM STATION

15326

UNIT I UNIT DESCRIPTION
IUN1

UNIT
I auAN I

COST PER
CODE COST UNIT ,

Station. at grade, low, 300'L x 15'W center platform l/50J canopy
,

15326
-

LENGiH OF STATION 300 LF
TOTAL PLATFORM WIDTH 15 LF
STATION WIDTH 48 LF

AF102 Arh. Finish. Aerial & At-grae stations (floor ara) SF $20.00 4,500 $90,000
AFl15 Handral at Steps and Ramps LF $3.00 240 $8,40
CNll1 CIP, Concrete Slab (§ Mise Areas CY $295.00 66 $19.470
CNl23 CIP, Steps & Ramps CY $801.00 36 $2.83
CNl38 Platorm Canopy Support Coumns CY $800.00 29 $2,2)0
CNl22 CIP, Slab on Grade CY $212.00 122 $2.864
EE104 Elecrical Power, Stations v SF $10.00 4,500 $4,00
EE105 Ughting, Stations ; SF $10.00 4,500 $4,00
FR102 Furnishings. Stations - Center Platfrm LS $4,000.00 1 $4,00
LNl02 Ladscaping. Statons SF $4.00 4,500 $18.00
ME101 Fire Protecton. Statons SF $2.00 4.500 $9.00
STl02 Canopy (§ Statons SF $50.00 2,250 $112,00
SW108 Bas Coure - 12" CY $20.00 72 $1.44
SW122 Excavation Wall Footig CY $15.00 24 $360
SW140 Rough, Fine Grade & Campa: Site SF $0.55 14,40 $7,92J
TC103 Trac Conuol for 'Guideway, Cit Sueet. Median RF $150.00 300 545,00

Subtotal I I $519.990
Ar Work allowance I T S5 20
TOTAL COST PER ST ATl ON I $525 190

RT A MASTER PLAN REVIEW . METROPOLITAN KING COUNTY COUNCIL
CENTRAL PUGET SOUND REGION iTTCL e017/94)
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E. Subregional Revenue Allocations

Review of the Regional Transit Plan
prepared for the King County Council Dec., 1994
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Allocation of Population and Retail Sales Tax Collections
to RT A Subregions within King County

page 1 of 1

Sales Tax Sales Tax
Collections CollecionsJurisdiction Corridor 1990 1993 1990 lOOOs\ 1993 (OOOs)

AIQona S 1,694 1,895 $122 $75
Auburn S 33,650 34,550 3,117 3,617
Beaux Arts E 303 285 4 5
Bellevue E 86,872 89,710 11,647 12,261
Black Diamond S 1,422 1,575 48 44
Bothell E 11,986 13,050 859 1,336
Burien S 0 27,800 0 822
Carnation X 1,243 1,360 44 59
Clyde Hil E 2,957 2,990 23 39
Des Moines S 17,283 19,460 363 418
Duvall X 2,nO 3,200 89 133
Enumclaw X 7,227 9,205 534 603
Federal Wav S 67,449 75,320 1,955 3,6n
Hunts Point E 514 502 21 11
Issaquah E 7,786 8,326 963 1,138
Kent S 37,960 41,090 5,825 6,478
Kirkand E 40,059 41,700 3,418 4,404
Lake Forest Park N 3,372 3,405 91 126
Medina E 2,981 3,000 96 142
Mercer Island E 20,816 21,260 827 671
Normandv Park S 6,709 6,890 92 95
North Bend X 2,578 2,620 241 310
Pacific S 4,622 5,160 58 75
Redmond E 35,800 40,095 3,867 4,330
Renton S 41,688 43,470 4,358 4,954
SeaTac S 22,701 22,840 1,355 2,083
Seattle N 516,259 527,700 37,725 39,935
Skyomish X '273 250 12 17
SnOQualmie X 1,546 1,54 120 108
Tukwila S 11,874 14,660 5,353 6,099
Woodinville E 0 9,407 0 608
Yarrow Point E 957 965 9 19

subtotal - cities 993,351 1,075,285 $83,236 $94,692
Unincorporated

North Countv N 81,608 81,353 $10,545 $9,907
South Courl S 173,481 172,939 9,527 8,950
East Count E 134,473 134,054 5,542 5,207
Non-RT A X 123,695 123,309 4,344 4,081

subtotal - unincornorated 513,257 511,655 $29,958 $28,146
county total 993,351 1,075,285 $113,194 $122,838

Note:
Corrdor designations are N(orth), S(outh), E(ast), and exurban (X). Exurban areas are outside the RTA boundary.
Values for unincorporated areas are based on percentage allocations derived from forecast analysis zone data

maintained by the PSRC.
Population data are taken from reports on county population developed by the Washington State

Ofce of Financial Management.
Sales tax collections are taken from the year-end report of locl ta distributions prepared by the Washington State

Department of Revenue.

compiled by Porter & Associates, Inc.



Allocation of 1990 Population and Employment by RT A Subregion

r '
;

Po ulation Retail Em 10 ment
Cities Unincor . Total Cities Unincor . Total

North 516,290 65,662 581,952 68,960 5,869 74,829
South 301,161 139,543 440,704 41,151 5,298 46,449
East 225,773 108,261 334,034 36,059 3,094 39,153
Sub-RT A 1,043,224 313,466 1,356,690 146,170 14,261 160,431
Non-RT A 51,010 99,620 150,630 4,120 2,428 6,548
Total 1 ,094,234 413,086 1 ,507,320 150,290 16,689 166,979
County %

";'::
."

North 34.3% 4.4% 38.6% 41.3% 3.5% 44.8%
South 20.0% 9.3% 29.2% 24.6% 3.2% 27.8%
East 15.0% 7.2% 22.2% 21.6% 1.9% 23.4%
Sub-RT A 69.2% 20.8% 90.0% 87.5% 8.5% 96.1%
Non-RT A 3.4% 6.6% 10.0% 2.5% 1.5% 3.9%
Total 72.6% 27.4% 100.0% 90.0% 10.0% 100.0%
King RTA%
North 38.1% 4.8% 42.9% 43.0% 3.7% 46.6%
South 22.2% 10.3% 32.5% 25.7% 3.3% 29.0%
East 16.6% 8.0% 24.6% 22.5% 1.9% 24.4%
Total RTA 76.9% 23.1% . 100.0% 91.1% 8.9% 100.0%

prepared by Porter & Associates, Inc. Source: PSRC Forecast Analysis Zone (FAZ Data



Allocation of FAZ Data to RTA Subregions page 1 of 2

Retail
FAZ Population Employment Corridor Type CIty/Cities

3010 31,103 787 S C Federal Way
3020 18,587 5,775 S C Federal Way
3030 24,288 212 S U
3045 22,676 799 S C Federal Way
3046 20,958 1,554 S C Des Moines
3110 5,595 62 S C Algona, Pacific
3120 18,491 624 S C Auburn
3130 14,510 3,171 S C Auburn
3200 15,106 1,124 X C Enumclaw
3310 9,083 243 X C Black Diamond
3320 16,302 200 X U
3330 11,039 187 X U
3413 5,456 624 X U
3414 18,151 524 S U
3415 15,345 699 S U
3416 20,036 874 S U
3425 11,162 0 X U
3426 10,343 524 S U
3427 13,220 468 S U
3505 26,863 2,497 S C Auburn
3600 12,337 2,197 S C Kent
3705 27,143 3,440 S C Burien, SeaTac
3706 14,734 868 S C Normandy Park
3815 17,740 2,410 S C Burien
3816 19,312 1,185 S C Burien
3825 15,153 880 S U
3900 4,130 8,528 S C Tukwila
3905 6,895 943 S C Tukwila
4005 10,333 156 S U
4110 14,987 1,448 S C Renton
4120 13,913 793 S C Renton
4130 11 ,187 4,070 S C Renton
4210 12,674 961 S U
4225 3,766 44 E U
4226 12,388 250 E U
4230 9,393 50 X U
4300 8,578 1,636 X C Issaquah
4400 20,816 886 E C Mercer Island
4505 14,120 12 E U
4506 15,682 2,684 E C Bellevue
4605 10,898 437 E U
4606 16,124 412 E U
4607 4,829 19 X Ur-,
4706 7,276 181 X U
4810 8,453 642 E C Bellevue
4820 6,836 462 E C Bellevue
4900 1,182 7,797 E C Bellevue
5010 16,140 2,609 E C Bellevue
5020 24,165 1,917 E C Bellevue
5100 7,436 94 E C Hunts Pt, Yarrow Pt, Medina, Clyde Hil
5205 11,181 4,670 E C' Bellevue

prepared by Porter & Associates, Inc. Source: PSRC Forecast Analysis Zone (FAZ Data



Allocation of FAZ Data to RT A Subregions page 2 of 2

r- 7

I '

Retail
FAZ PODulation Employment Corridor Type City/Cities

5305 20,322 2,697 E C Kirkland
5306 20,197 2,759 E C Kirkland
5415 11 ,578 1,436 E C Bellevue, Redmond
5425 27,093 3,445 E C Redmond
5426 8,620 381 X U
5515 23,363 512 E U
5525 9,335 637 E C Bothell, Woodinvile
5535 16,551 1,161 E U
5545 11,051 266 E U
5546 14,805 2,394 E C Wooinvile
5600 10,552 930 E C Woodinvile
5715 16,522 175 N C Seattle
5716 21,195 755 N C Seattle
5720 32,789 2,460 N C Seattle
5815 4,047 1,935 N C Seattle
5825 2,331 4,638 N C Seattle
5826 3,724 125 N C Seattle
5915 17,347 843 N C Seattle
5916 32,304 557 N C Seattle
5925 23,629 1,736 N C Seattle
6010 6,785 14,613 N C Seattle
6020 4,758 3,022 N C Seattle
6113 25,936 6,979 N C Seattle
6114 28,732 818 N C Seattle
6115 20,797 1,217 N C Seattle
6123 9,422 4,458 N C Seattle
6124 23,468 1,329 N C Seattle
6125 8,494 648 N C Seattle
6126 11 ,925 406 N C Seattle
6213 15,299 1,473 N C Seattle
6214 4,668 162 N C Seattle
6215 24,179 4,919 N C Seattle
6216 14,492 436 N C Seattle
6223 23,317 1,893 N C Seattle
6224 19,809 1,217 N C Seattle
6225 15,920 4,070 N C Seattle
6226 27,656 1,060 N C Seattle
6316 24,517 3,558 N C Seattle
6325 32,101 1,555 N C Seattle
6326 20,127 1,903 N C Seattle
6410 34,471 4,146 N U
6420 31,191 1,723 N U Includes Lake Forest Park
6505 3,888 206 X U
6506 11 ,285 1,086 X C Snoqualmie, North Bend
6605 6,958 31 X C Duvall, Carnation
6606 3,716 6 X U
6900 5,948 31 X U
6910 2,682 150 X U
6930 9,309 393 X U

1,507,320 166,979

prepared by Porter & Associates, Inc. Source: PSRC Forecast Analysis Zone (FAZ Data
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