Regional Rall




What Is Regional Rail”

» Different things to different people!

e We're not tal
in Philadelp

KIng about S

nia) here

—PTA commuter trains



http://regionalrail.net/

Concise definition

Regional Rall Is a transportation system that
repurposes existing commuter rail tracks and
stations to:

 Make today’s commutes faster, more reliable, and more




How Is this different”/

o Commuter rail is based on an operating
paradigm that has changed little since t

i

1890s: get wealthy people in the outskirts of the
metro to their 9—-5 white-collar
enter

obs In the city



 Regional Rall provides “rapid-transit-like”
frequencies along trunk rail lines in the most
densely populated areas

 |t's as if you built whole new rapid-transit lines serving
Dorchester, Lynn, Chelsea, Framingham, Brockton

* At the outer edges, speed improvements can




Why Regional Rail”?

* Land for transportation uses is limited in high-
demand areas

 Must make best use of available rights of way

o Commuter rail tracks link high-demand areas and are severely
underutilized




What's Wrong Today"

e Current diesel locomotives are slow, smelly, noisy, unreliable

e They also have high maintenance costs and generate significant amounts of CO»
and particulate pollution in environmental justice communities

e Current commuter coach design slows boarding and alighting

* They are also unreliable and crowded




Regional Rall
program elements

* Full high-level platforms at all stations

e Electric multiple-unit trains




High-level Platforms

 ADA requirement for at least one car (and toilet) in
every train to be accessible without climbing stairs

« MBTA meets this requirement at most pre-ADA stations with a “mini-
high” platform that only one passenger coach serves

« MBTA builds 800-foot “tull high” platforms at all new stations; Amtrak
builds 1050-foot platforms but most T stations are not Amtrak stations




High-level Platforms

o Step-free access from the platform to the train
“level boarding”) also benetits non-ADA
communities: elderly, people traveling wit
infants or children, people carrying luggage




High-level Platforms

e Level boarding significantly speeds boarding and
alighting

* 15 to 30 seconds at every stop

* Door traps Iin passenger coaches are a mechanical
component requiring frequent maintenance




Commuter Rall Equipment

* Current commuter rail service uses 17 types of
equipment:

 Diesel locomotives (4 models, 101 units built 1975-2014

* Single-level passenger coaches (4 models, 179 units built 1979-
1990




Equipment for Regional Rall

* [he greatest opportunity to improve trip times
comes from reducing the “stop penalty”

e Faster trips are a baseline requirement to support more frequent
service!




0 to 99 mi/h acceleration time/distance curves

2 FLIRT 75m, 500 pax
F40PH and 3 coaches, 500 pax ,
HSP46 and 9 coaches, 1600 pax : ' ' ' 4.2 mi, 235 s

.~ 25mi, 1445

1.3mi, 76 s

2 2.9

Distance (mi)

Acceleration to 99 mi/h

Purple and green lines show the same passenger capacity with different
equipment. Blue line shows the heaviest current MBTA commuter train.
(99 mi/h is the top speed likely to be operated on the Providence Line.)




Why Not Expresses?

e Local trains must “clear the track™ ahead of expresses,
severely limiting schedules

e This could be fixed where there is enough room to add passing tracks

e Express trains primarily benefit commuters from the farthest
reaches of the lines (Worcester, Providence, Haverhill,




Better Service without
EXpresses

 Making these service improvements gives
outlying commuters a local service that's actually
better than the express service they have now

* Trip times are faster




Worked Example:
Framingham/Worcester Line

Worcester to
South Sta.




Effect of stop penalty (train makes all stops from West Station to Framingham)

2 FLIRT 75m, 500 pax
F40PH, 3 coaches, 500 pax
HSP46, 9 coaches, 1600 pax
HSP46, zero dwell time

| chose West Station to Framingham
because it avoids the “terminal
district” around South Station, which
is harder to simulate, and also avoids
having speed limit changes between
stations, which my simulator is too
simple to model. The blue and yellow
lines show the longest current
commuter rail train. Apologies to the
color-blind.
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Simulating the “stop penalty”

Chart compares three train configurations on the F/W line between (future)
West Station and Framingham; the yellow line shows the effect of dwell time
(same as blue line, makes each stop but does not open doors)



Capital Requirements

To achieve this schedule requires a significant capital
iInvestment

* Rolling stock: replace obsolete locomotives &
coaches with Electric Multiple Units




Electric Multiple Units”?

e |nrailroad jargon, “multiple units™ means multiple
sources of motive power operating under control of a

single operator

* Thisis how all our subway trains operate




Electric Multiple Units

e EMU trains can be constructed two different
ways:

e [raditional coupled passenger coaches with controls and motors
In each one (example: LIRR, Metro-North

* Long, articulated “trainsets” with multiple car-bodies




Which Electric Multiple
Units”?

* |In my view, articulated EMUs are clearly better:

e [ess duplication of control, safety, and passenger comfort
equipment leads to lighter weight, lower costs, less energy use

e Doors need not be placed at the end of a “car”, allowing wider
doors better spaced through the seating area thus faster boarding




Single or Bi-Level?

* There are bi-level EMUs available on the global market

* Bi-levels slow boarding and alighting without adding much
capacity, while complicating accessibility

* |n part because our high platforms are so high—would be less of a problem
with 600mm platforms




2017 GAW

These Electric Multiple Units

Shown here: parts of two coupled 75-meter (250-foot)
Stadler FLIRTs passing Hartwall Arena in Helsinki



The Stadler FLIRT

e Available in a variety of lengths, power ratings, and gauges

* Not currently made with 48" platform height but feasible (UK
platforms are not much lower

* Finnish version has two 1300 kW motors for a total power of 2600
kW (2000 kW sustained); a three-motor version is available for




Only 250 seats?!

* The busiest current train on the MBTA commuter rail regularly carries
1,600 passengers at crush load

 However, that service (Worcester express) operates at 40 minute
headways

* Impractical to increase train length — need higher frequency anyway!

» At 15-minute headways, 1,600 passengers could be distributed




Why not longer?

* Articulated EMUs are by definition longer than
traditional coaches (200-300 feet vs. 90 feet

* All trainsets in a train need to be able to stop




Why not longer?

| things being equal, more frequent service
rovides greater public benefit than running
more seats on the same schedule

e Some outstanding questions about passenger needs to either
arrive or depart at specific times due to business opening hours,
- school/childcare closing time, and how this affects capacity




Challenges tfor Boston
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handle electric or articulated trains (but need
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Opportunities for Boston

* With the exception of the 2014 locomotives and coaches,
nearly all of our commuter rail equipment is not only
functionally obsolete but in need of replacement or heavy
overhaul just to maintain the current poor level of service

e |f we can quickly commit to Regional Rail and start building
hlgh platforms |t should be pOSS|bIe to get a pllot” EI\/IU




More Opportunities

* We have the potential to buy into a system of rolling
stock that includes diesel and battery power
options

e Didn't | just say those were sub-optimal? Yes!

e But some parts of the rail network won't be electrified for a while, it




Diesel Multiple Units?

e Fort Worth's transit system is buying a diesel-
powered version of the exact same FLIRT as

shown In a previous slide
 Has a lier-4 diesel generator section inserted in the middle

e Longer (about 267 feet, as it happens) to maintain the same




Dual-Mode Battery-tlectric

* Jo maintain attractive schedules, trains need 10-12 kW
of power per metric ton of weight (amax=1 m/s2=0.1g

* Battery trains are unlikely to deliver this any time soon (at
least continuously over long distances




MBITA Fare Integration

« Many areas in the inner core are served by commuter rall,
rapid transit, and bus services

 Commuter rail is priced at a significant premium to rapid
transit

- Sustains racial and economic segregation of public transportation




MBITA Fare Integration

MBTA should encourage, rather than discourage,
passengers to use surface rail rather than
overcrowded subways, especially for trips tha
require changing subway lines downtown

e e.9., Forest Hills to Broadway




RTA Integration

« At the outer ends and many intermediate stops of MBTA ralil
lines, local transit service is provided by a Regional Transit
Authority

« Some RTAs provide real service, others are social-service “last resort” systems with
poor service used only by captive audiences

s e Commonwealth should encourage Iast—‘mile transit to




Frequency = MobDility

* Transit users should be able to “show up and go”™ — just like auto
OWNers

e Current service patterns have long headways and even longer,
Irregular, gaps in service

* Riders must plan their whole day around train schedules...

* ...0r just drive —if they are able




All-Day Service

e Current service has very long gaps in service at midday
and on weekends

e Also fails to support restaurant, hospitality, and travel industry workers who
start early or leave late

e Doesn’t even support patrons of early-morning and late-night flights, never
mind late-closing bars, clubs, music venues, and restaurants




Intill Stations

 Many current rail lines pass through desirable
stop locations (dense residential or office
neighborhoods, recreational resources

* Because of the “stop penalty” it's not practical to




Intill Stations

Some places where an infill station might be desirable

e Providence Line: Pawtucket (being built!), Cummins
ighway, Forest Hills (exists but trains don't stop

* Worcester Line: New WooSox ballpark, Worcester Biotech




New Lines and Branches

* | have been supporting a service to Marlborough,
orthborough, and Clinton via the Agricultural Branch
allroad

e Also serves Bose, Sanofi, Staples, and Framingham State University, all
within the City of Framingham




Service Simplification

» Current schedules require advance planning for
MOost trips

* Regional Rail service at the outer ends of the
network would still require planning




Service Simplification

 Running a single equipment type (or at most
‘WO, closely related, equipment types):

* Provides a better, more consistent customer experience

* Improves vehicle availability




Implementation Considerations:
Order of Lines

. Providence
2. Fairmount

3. Framingham/Worcester

Route (




Missing Lines: Old Colony

* Old Colony trunk line is single-tracked through
Dorchester and Quincy (where it parallels the Red
Line), limiting capacity

e Cannot substantially increase frequencies without
double-tracking




Missing Lines: Needham

 Needham Line is entirely single-track and has a flat
junction with the Providence Line, limiting capacity

* Needham Line should be converted entirely to rapid
transit (extending the Orange Line from Forest Hills and
branching the Green Line from Newton Highlands




Missing Lines: Stoughton

e Stoughton Line is planned for South Coast Rail phase 2, so
where it fits in the schedule is uncertain given SCR'’s lack of
fiscal plan

e Stoughton Line needs double-tracking and new station
locations it SCR phase 2 is canceled or rerouted; existing
~ Stoughton station cannot support high platforms due to.
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Implementation Considerations:
Providence Line

 Thanks to Amtrak’s Northeast Corridor electrification, nearly all

the required overhead catenary already exists, and operates at
global standard voltage (25 kV)

 Amtrak substation in Sharon was built with room for expansion in
anticipation of electric commuter trains on Providence Line

~* Yard and maintenance facility upgrades needed at Pawtucket




Implementation Considerations:
Falrmount Line

* Most stations on Fairmount Line are new and have high
platforms; two exceptions: Fairmount itself and Readville

e Can draw electrical power from Sharon substation

e Resiliency benetfits for Providence Line and Amtrak: offers
alternate route to South Station




Implementation Considerations:
Framingham/Worcester Line

* Low overpass at Beacon St. (Boston) needs to be addressed
(possible interim application of dual-mode battery EMUs”? would
also allow service to operate during Allston 1-90 construction)

* Needs new electrical substation in MetroWest area (ideally
adjacent to existing N-S high-voltage transmission paths)

* Needs new layover tacility in Framingham (at_,Tech Raic op the

I~
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Implementation Considerations:
Framingham/Worcester Line

* Requires second platforms and vertical circulation at
Worcester (design contract signed in 2018), Auburndale,
West Newton, and Newtonville

* Infill station at Newton Corner should be built at the same time

e Frequent service lessens need for backup elevators at Newton stations

Requires high platform construction at all stations west of




Implementation Considerations:
North Side Lines

e Significant choices to be made regarding branch routing

* Make Reading a full-time terminal, reroute all Haverhill service via Lowell
Line and Wildcat? Extend Orange Line to Reading?

 Infill stop at Sullivan (on Eastern Route) for Orange Line
access?




Implementation Considerations:
Grand Junction Branch

 Huge demand for transit access to Kendall Sg. area, immediately
adjacent to Grand Junction, which would be well served by EMUs

e (3J is the only connection between North Side and South Side
networks east of Worcester; South Side requires GJ to access
Commuter Rail Maintenance Facility in Somerville

 Full electrification is incompatible with existing bi-level coaches
because of imited Clearances must Wa|t untll b| IeveIs are aII gone




Cost of Implementation

e Already programmed expenditures on new locomotives
and coaches would pay for Providence Line
conversion, including platforms and rolling stock

e Fairmount Line Is a relatively inexpensive add-on
because it is short and Readville needs to be upgrade




Capital Costs

e Helsinki paid €7/m each for FLIRTs shown earlier, in 2015; US
version with a similar level of customization should cost
around $8-10m in 2018 dollars

e Fort Worth is paying $14m for their diesel FLIRTs, but it's a small order for a (so
far) unusual configuration

» Platform upgrades may cost $2-3m per station where




Capital Cost Containment

e Capital costs could easily get out of control given the
history of heavy civil construction in the northeast

By committing to the full program, the MBTA can limit
design and project management costs by packaging
multiple design and construction elements




Operating Costs

 Moving to a more “rapid transit” style of operation
means single-person train operation, elimination of
conductors

« Some will naturally attrit, others become fare inspectors or CSRs

« MBTA should encourage qualified conductors to enter operator training




Operating Costs

* Longer term, moving some passengers from bus or
subway to Regional Rall will reduce operating costs
of those services

 E.g., some suburban bus services could be eliminated or cut back to
shorter, more efficient routes serving rail stations with a free transfer




North-South Rall Link

 NSRL is a proposed rail tunnel under the O’'Neill Tunnel that
would bypass existing North and South Stations (but connect

with all subway lines)

 |ntercity trains (Acela Express, Northeast Regional, Lake Shore Limited,
Downeaster) and any remaining diesels continue to serve existing surface stations

* NSRL would eliminate frequency constraints caused by stub-

[ ya da ~N N\ i y il |




North-South Rall Link

* Regional Rall would benefit greatly from NSRL
but does not require it for successtul
Implementation

 NSRL provides a maximum one-transfer ride to
| destinations on the rail or subway network:




sSumming Up

* Regional Rail would improve service for existing Boston
commuters

* Regional Rail would provide new and better service
options for non-traditional commuters
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Links to specific blog posts

e Interlude: Physics of train acceleration (includes older versions of
graphs presented here

e Restoring passenger service to the Agricultural Branch

* Next steps for Regional Ralil



https://blog.bimajority.org/2018/10/20/interlude-physics-of-train-acceleration/
https://blog.bimajority.org/2018/10/15/restoring-passenger-service-to-the-agricultural-branch/
https://blog.bimajority.org/2018/10/04/next-steps-for-regional-rail/
https://blog.bimajority.org/2018/10/01/service-delivery-standards-for-regional-rail/
https://blog.bimajority.org/2018/09/30/rolling-stock-for-regional-rail-what-and-how-to-buy/
https://blog.bimajority.org/2018/09/26/the-cost-of-implementing-regional-rail/
https://blog.bimajority.org/2017/04/23/every-american-transportation-planner-should-spend-a-week-in-helsinki-part-2-of-3/
https://blog.bimajority.org/2017/04/23/every-american-transportation-planner-should-spend-a-week-in-helsinki-part-2-of-3/

Reusing this presentation

| have released this slide deck under a Creative Commons
Attribution—No Derivative Works 4.0 International license.

This means that you can’t publish modified versions of the
deck.

However, and in addition to the rights that license gives you,
you have my explicit permission to give this presentation to
any audience, public or private, using any subset of these



Aside: Acceleration Limits

* The force (“tractive effort”) exerted by a motor cannot be
greater than the input power, times the time taken to travel,
divided by the distance traveled (by conservation of energy)

e assuming straight-line travel; in symbols, F<P/v where v is the scalar velocity

» Newton's second Law says a=//m: acceleration equals




Train acceleration from a standing stop (99 mi/h speed limit)

2 FLIRT 75m, 500 pax =
F40PH, 3 coaches, 500 pax =
HSP46, 9 coaches, 1600 pax ——

Effect of P/m on acceleration

2 colipled 75m ELIRTs: 377 5 1 5200 KW Bl — 13 8 Wik
FAOPH, 3 coaches: 305.4 1, 2237 kW; P/Im = 7.3 W/kg
HSP46, 9 coaches: 701.5t, 3035 kW; P/im = 4.33 W/kg



