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Foreword

ight Rail Transit: A World of Applications and Opportunitiesis the first Joint International

Light Rail Conference and the 10th in the Transportation Research Board (TRB) series
starting in Philadel phiain June 1975. The American Public Transportation Association became a
cosponsor in 1995 and the International Union of Public Transport joined TRB and APTA this
year, thus thefirst Joint International Light Rail Conference.

In Philadelphia, the technical sessions focused on introducing—or reintroducing—the
concept of light rail transit (LRT) in North America. At that time there were eight systemsin
operation. Now, 31 years later, there are 30 systems in North America, three “new starts’ and
seven projectsin planning or design.

The focus and related topics of the previous nine national conferences have paralleled the
development and reintroduction of LRT in North America:

e Introduction to LRT—1st National Conference, Philadelphia, Pennsylvania, 1975;

e Light Rail Transit: Planning and Technology—2nd National Conference, Boston,
M assachusetts, 1978;

e Light Rall Transit: Planning, Design, and Implementation—3rd National Conference,
San Diego, California, 1982;

e Light Rail Transit: System Design for Cost-Effectiveness—4th National Conference,
Pittsburgh, Pennsylvania, 1985;

e Light Rall Transit: New System Successes at Affordable Prices—5th National
Conference, San Jose, California, 1988;

e Light Rail Transit: Planning, Design, and Operating Experience—6th National
Conference, Calgary, Canada, 1992;

e Building on Success, Learning from Experience—7th National Conference,
Baltimore, Maryland, 1995;

e Light Rall: Investment for the Future—8th National Conference, Dallas, Texas, 2000;
and

e Light Rail: Experience, Economics, and Evolution: From Starter Linesto Growing
Systems—9th National Conference, Portland, Oregon, 2003.

The technical information contained in the proceedings of these conferences (1-9)
provides planners, designers, decision makers, and operators with a valuable collection of
experiences and ingredients necessary for a successful transit development project.

The Joint International Light Rail Conference focuses on planning and urban integration,
vehicle design and innovation, infrastructure use, security and fare enforcement, new
infrastructure design, the case for contracting, LRT and bus rapid transit, regulations and
standards, accessibility, streetcars, financing and controlling capital costs, operations,
supervision, and service quality. A wealth of technical material is offered at the conference.
There are 16 sessions; severa technical tours of St. Louis-areatransit construction, operations,
and related devel opment; and 26 papers presented at the conference and published in this
compendium. The papers were peer reviewed by members of the TRB Light Rail Transit
Committee and APTA Light Rail Transit Technical Forum in an anonymous online process.



The conference cosponsors—TRB, APTA, and Ul TP—wish to acknowledge special

support from the Federal Transit Administration and the St. Louis Metro for providing invaluable
assistance as the host organization.

The objective of each of these conferencesisto add to the growing body of knowledge

and real-world experiences with modern LRT applications in order to improve continually new
systems being planned, as well as those already in operation.

Success can be fleeting, and we need to learn from past and current experience in order to

do the best possible job of providing cost-effective public transportation services. The
information, data, and research contained in this proceeding are meant to serve this need.

—Paul O’ Brien, Chair

Chair, APTA Light Rail Transit Technical Forum

Rail Service General Manager, Utah Transit Authority,
Salt Lake City, Utah

—John D. Wilkins, Vice Chair

Chair, TRB Light Rail Transit Committee

Director, Capital Planning, New Jersey Transit Corporation
Newark, New Jersey

—Raymond Hue, Vice Chair

Chair, UITP Light Rail Assembly

President & Chief Executive Officer,

Transport en Commun de I’ Agglomération rouennaise (TCAR)
Rouen, France
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OPENING GENERAL SESSION

Status of North American Light Rail Transit Systems
Year 2006 Update

JOHN W. SCHUMANN
LTK Engineering Services

his paper reports on changes and additionsto light rail transit (LRT) and streetcar systemsin

the United States and Canada that have occurred since the last National Light Rail

Conference was held in 2003. There were two completely new LRT start-ups during this
period, Houston, Texas, and Minneapolis, Minnesota, as well as anew streetcar linein Little
Rock, Arkansas, al in 2004. In addition, several cities extended existing lines: Jersey City, New
Jersey; Denver, Colorado; Salt Lake City, Utah; Los Angeles; San José, and Sacramento,
California; Portland, Oregon; and Calgary and Edmonton, Canada. These developments are
discussed in the text and reflected in the accompanying data tables. The paper also provides an
overview of ongoing work to further extend several of the existing LRT systemsin North
America, and progress on still more new starts. In the latter category, Phoenix, Arizona; Seattle,
Oregon; and Charlotte, North Carolina, are under construction, the LRT projects in Norfolk,
Virginia, are advancing through design, and the Oceanside—Escondido light diesel multiple unit
(DMU) lineisunder construction in California. In summary, interest in and implementation of
LRT, streetcar, and light DMU projects continue.

INTRODUCTION

After World War 11, there was a divergence of opinion among the world’ s cities regarding the
future of streetcars. In some, policy and economics combined to support their preservation and,
in most cases, gradual upgrading and modernization to what we now call light rail standards. In
others, notably Britain, France, and the United States, streetcar abandonment that had begun
earlier accelerated as most places chose “bustitution” over modernization.

In 1917, nearly 45,000 mi (72,400 km) of streetcar and interurban lines were laced across
the United States. By 1977, when the first edition of this paper was prepared, that figure had
declined to eight cities operating little more than 300 mi (480 km) of lines, of which perhaps 125
mi (200 km) could be called light rail transit (LRT). Since then, there has been a rebirth of
interest and activity, with 570 mi (924 km) of such services operating now in 22 U.S. cities plus
three each in Canada and Mexico. More are under construction, being designed, or planned. This
paper reports on the progress of North American LRT projects since the last Transportation
Research Board (TRB)-APTA Conference on Light Rail Transit was held in 2003.
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NEW STARTSAND EXTENSIONS SINCE 2003

There were two completely new LRT start-ups during this period, Houston and Minneapolis, as
well asthe new streetcar linein Little Rock, all in 2004. In addition, severa cities completed or
were constructing extensions to existing systems. Since this conferenceisin St. Louis, the listing of
citieswith operating LRT systems will begin in mid-America, work out to the Pacific Coadt, then
east across Canada, back to the eastern United States, and end with the several streetcar systemsin
the Deep South. Descriptive datafor the LRT systems are provided in Tables 1 through 6.

TABLE 1 LineLengths, Car Fleets, and Productivity Indicators

One-Way Line Fleet Cars per Weekday Service Productivity, Psgrs per
City/System km miles | Cas | km mi Rides Linekm | LineMile Car
(000s)

Baltimore, Central Corridor d 47.0 29.0 53 11 18 24.7 525 852 466
Boston, Green Line & Mattapan b 415 25.6 222 53] 87 2374 5719 9273 1069
Buffalo, MetroRail a 104 6.4 2711 26| 42 226 2178 3531 837
Cleveland, Blue/Green b 25.0 15.4 48 19 31 151 605 981 315
Dallas, DART LRT d 73.0 45.0 95 13 2.1 59.1 810 1313 622
Denver, RTD LRT d 253 15.6 49 19| 31 40.0 1581 2564 816
Houston, MTA d 122 75 18] 15 24 328 2697 4373 1822
Jersey City & Newark, NJ Transit e 24.0 14.8 73] 30 49 419 1746 2831 574
Los Angeles, Blue/Green/Gold d 90.3 55.7 121 13 22 1133 1255 2034 936
Minneapolis, Metro Transit d 195 12.0 24 1.2 2.0 30.0 1542 2500 1250
New Orleans, Streetcars b 141 8.7 66| 47 76 141 1000 1621 214
Philadel phia, City & Suburban b 68.9 425 159 23] 37 100.0 1451 2353 629
Pittsburgh, South Hills b 38.6 23.8 83 22 35 26.0 674 1092 313
Portland, MAX a 713 44.0 105 15 24 97.0 1360 2205 924
Portland, Streetcar d 49 30 7 14/ 23 78 1604 2600 1114
Sacramento, RT LRT a 60.2 37.1 76 13 20 60.0 997 1617 789
St. Louis, MetroLink d 60.8 375 83 14 2.2 46.0 757 1227 554
St Lake City, UTA LRT d 30.8 19.0 40 13 21 52.0 1688 2737 1300
San Diego Trolley a 85.1 52.5 134 16/ 26 100.0 1175 1905 746
San Francisco, Muni c 498 30.7 175 35 57 164.2 3299 5349 938
San Jose, VTA LRT a 68.4 42.2 100 15| 24 23.0 336 545 230
Seattle/Tacoma d 26 16 3 12 19 30 1156 1875 1000

Tota U.S. 9235 569.6] 1761 19 31 1310.0 1418 2300 744
Cadgary, C-Train a 44.6 2715 115 26| 42 220.0 4934 8000 1913
Edmonton, LRT a 131 8.1 37 2.8 46 420 3198 5185 1135
Toronto, Streetcars b 79.3 48.9 248 31 51 307.1 3873 6280 1238

Tota Canada 137.0 84.5 400 29| 47 569.1 4154 6735 1423
a- New start since 1977. b - Major reconstruction/rehabilitation since 1977. ¢ - Upgraded from streetcar to LRT standards
since 1977. d- New start since 1990. |e - J‘ersey City|—d, Newark-b.
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TABLE 2 Key Descriptive Statistics

Double | Through Approx. System Average
Reserved | Av Stop Spacing | Track Service Number of Cars Speed
City/System RIW km mi % Routes 4-Axle 6-Axle km/h mph
Baltimore, Central Corridor 100% 16 1.0 61% 2 0 53 35 22
Boston, Green Line & Mattapan 97% 05 0.3 100% 5 11 211 22 14
Buffalo, MetroRail 100% 0.8 05 100% 1 27 0 20 12
Cleveland, Blue/Green 100% 0.8 05 100% 2 0 48 30 19
Dallas, DART LRT-a 100% 21 13 100% 2 0 95 34 21
Denver, RTD LRT 100% 13 0.8 98% 2 0 31 23 14
Houston, MTA 100% 0.8 05 100% 1 0 18 23 14
Jersey City & Newark, NJ Transit 100% 10 0.6 100% 3 0 45 28 17
Los Angeles, Blue/Green/Gold 100% 18 11 100% 3 0 121 34 21
Minneapolis, Metro Tranist 100% 13 0.8 100% 1 0 24 32 20
New Orleans, Streetcars 91% 0.3 0.2 100% 2 41 0 15 9
Philadelphia, City & Suburban 33% 0.3 0.2 91% 7 141 0 18/26 11/16
Pittsburgh, South Hills 63% 05 0.3 91% 4 0 55 26 16
Portland, MAX 100% 11 0.7 99% 2 0 78 30 19
Portland, Streetcar 0% 0.3 0.2 100% 1 7 0 16 10
Sacramento, RT LRT 92% 11 0.7 1% 2 0 56 34 21
St Louis, MetroLink 100% 14 0.9 97% 1 0 65 43 27
St Lake City, UTA LRT 100% 14 0.9 99% 2 0 33 40 25
San Diego Trolley 100% 14 0.9 99% 2 0 123 30 19
San Francisco, Muni 59% 0.2 01 100% 6 39 136 18 11
San Jose, VTA LRT 100% 11 0.7 96% 3 0 50 32 20
Seattle/Tacoma 100% 0.6 04 ~50% 1 3 0 20 12
Total U.S. 55 269 1242
Cagary, C-Train 100% 10 0.6 100% 2 0 99 29 18
Edmonton, LRT 100% 13 0.8 100% 1 0 37 30 19
Toronto, Streetcars 11% 0.2 0.1 1009 10 196 52 15 9
Totd Canada 13 196 188
Totd U.S. & Canada 68 465 1430
aone LRV expanded in 2003 to 8—ax|e‘ double arti CL|J|aIed W/ITW floor m‘iddle ca.




TABLE 3 Right-of-Way L ocations
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km of line by category*

miles of line by category*

%

City/System A B C Tota A B C Total AorB

Baltimore, Central Corridor 05 46.2 - 46.7 0.3 28.7 - 29.0 100%
Boston, Green Line & Mattapan 28.6 11.4 11 411 17.8 7.1 0.7 25.6 97%
Buffalo, MetroRail 84 19 10.3 5.2 1.2 6.4 100%
Cleveland, Blug/Green 11.3 135 24.8 7.0 84 154 100%
Dallas, DART LRT 85 63.9 724 5.3 39.7 45.0 100%,
Denver, RTD LRT 14.0 111 25.1 8.7 6.9 15.6 100%
Houston, MTA - 12.1 121 - 15 75 100%,
Jersey City & Newark, NJ Transit 6.9 16.9 23.8 43 10.5 14.8 100%
Los Angeles, Blue/Green/Gold 36.7 52.9 89.6 22.8 32.9 55.7 100%
Minneapolis, Metro Transit 5.6 13.6 - 19.2 35 85 - 12.0 100%
New Orleans, Streetcars - 12.7 13 14.0 -- 79 0.8 8.7 91%
Philadelphia, City & Suburban 40 18,5 458 68.3 25 115 28.5 425 33%
Pittsburgh, South Hills 34 20.9 14.0 38.3 2.1 13.0 8.7 23.8 63%
Portland, MAX 24.5 46.2 0.1 70.8 15.2 28.7 0.1 44.0 100%,
Portland, Streetcar -- - 48 48 - - 3.0 3.0 0%
Sacramento, RT LRT 9.5 45.3 4.8 59.6 59 28.2 30 371 92%
St. Louis, MetroLink 15.6 448 60.4 9.7 27.8 375 100%,
Salt Lake City, UTA LRT - 305 305 -- 19.0 19.0 100%
San Diego Trolley 17.2 67.2 - 84.4 10.7 418 - 52.5 100%
San Francisco, Muni 10.8 18.1 204 49.3 6.7 11.3 12.7 30.7 59%
San Jose, VTA LRT 15.8 52.1 67.9 9.8 324 42.2 100%
Seattle/Tacoma - 2.6 2.6 16 1.6 100%

Total U.S. 221.3] 6024 923 9160 1375 3746 575/ 569.6 90%
Calgary, C-Train 3.2 411 44.3 2.0 255 - 215 100%
Edmonton, LRT 52 79 - 131 3.2 49 - 8.1 100%
Toronto, Streetcars 13 7.2 70.2 78.7 0.8 45 43.6 48.9 11%

Total Canada 9.7 56.2 702 1361 6.0 34.9 43.6 84.5 48%

Total U.S. & Canada 231.00 6586 1625/ 1052.1| 1435/ 4095  101.1| 6541 85%

R/W categories: A: fully controlled; B: at grade with crossings, but separated from parallel traffic; C: mixed traffic.

(Source: Vuchic)
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TABLE 4 Stations, Double Tracking, Electrification, and Signaling

Passenger | Double Track | Traction| Substations Signals
Stations & Car Power Rating | Type of
City/System Stops km | mi | (vDC) | No. [ (mW) | Overhead| Block | Traffic
Baltimore, Centra Corridor 28/ 286| 178 750 14+ 10| Caenary| 91% 9%
Boston, Green Line & Mattapan ~83| 444| 276 600 12|  3-6| Trolley] 62%| 38%
Buffalo, MetroRail 14 103] 64 650, 5 20| Caenary| 81% 19%
Cleveland, Blue/Green 33 211 131 600 6+ 7 Catenary| 84%| 46%
Dallas, DART LRT A 3R2 200 750 ? ?| Catenary| ~80%| ~20%
Denver, RTD LRT 17)  220] 137 B0 7 10 Both| 60%| 40%
Houston, MTA 16] 122| 715 750 / ? Both [b]| 100%
Jersey City & Newark, NJ Transit 29 238 148 750 4+ ? Both ? ?
Los Angeles, Blue/Green/Gold 36| 663 412 750 21} 15-30 Both| 86%| 14%
Minneapolis, Metro Transit 17} 195 120 750 15 15][q Both ? ?
New Orleans, Streetcars 55 140, 87 600 ? 71 Trolley] 0% 100%
Philadelphia, City & Suburban 217\ 496| 30.8| 600/635| 4+ 7 Trolley] 25%| 75%
Pittsburgh, South Hills 59| 274 170 640, 6 6.0 Both| 90%| 10%
Portland, MAX 46| 525 32.6 70 4 08 Both| 52%| 48%
Portland, Streetcar 24 81 50 750 5 03| Trolley]  0%| 100%
Sacramento, RT LRT 30| 254 158 750, 15 10 Both| 77%| 23%
St. Louis, MetroLink 18] 265 165 7500 12 15| Catenary| 100%| 0%
Sdlt Lake City, UTA LRT 16| 244 152 7500 20 15 Both| 77% 13%
San Diego Trolley 48 720 447 600 33 10 Both|  92% 8%
San Francisco, Muni ~215| 356 221 600, 12|  2-8] Trolley] 19% 81%
San Jose, VTA LRT 41| 431 268 750| 15+ 15 Both| 58%| 42%
Seattle/Tacoma 5 08 05 750 2 7| Caenary 7 100%
Totd U.S. 1053| 659.7| 409.8
Calgary, C-Train 31 293 182 600, 17 20 Both| 92%| 8%
Edmonton, LRT 100 123 76 600 8 20| Caenary| 100%| 0%
Toronto, Streetcars ~625 755 469 600 ? 71 Trolley] 0% 100%
Totd Canada 666| 117.1) 728
Totals- U.S. & Canada 1719| 776.8| 482.6 -

[ 1@2.5mW a O&M facility. [b] Terminal interlockings and one midline wh

ere limited vision only.




TABLE 5 Revenue Service Vehicles

Characteristics of M ost Common Vehicle
City/System Car Types' Builders Fleet Accel Vmax Length Weight | Train Capacity ATS
No. | nVs/s mphpskmh mph m ft ‘onnes< tons # cars

Baltimore, Centra Corridor LRV-6-ADac ABB/Adtranz 53 1.3 30 88 55 29 95 50 55 3 84/174 No
Boston, Green Line& M attapan LRV-6-ADac Boeing, Kinki, Breda® 222 1.3 3.0 80 50 22 72 38 42 3 50/130 No
Buffalo, M etroRail LRV-4-RDac Tokyu 27 1.3/ 3.0 80/ 50 20 67 17 19 3 51/7121  Yes
Cleveland, Blue/Green LRV-6-ADac Breda 48 1.3 3.0 88 55 24 80 40 45 2 80/144 Part
Ddlas, DART LRT LRV-6-ADac Kinki Sharyo 95 1.3/ 3.0 105 65 28 93 50 55 3 76/160 ?
Denver, RTD LRT LRV-6-ADac Semens 49 1.3 3.0 88 55 24 80 37 41 3 64/144 No
Houston, M TA LRV-6-ADac Semans 18 1.3/ 3.0 106/ 66 29 96 44 48 18  72/170 ?
Jersey City & Newark, NJ Transit| LRV-6-ADac Kinki Sharyo 73 1.3 3.0 80 50 27 90 45 49 2 68/160 ?
Los Angeles, Blue/Green/Gold LRV-6-ADac @ Semens, Nippon Sharyo 121 1.3 30 88 55 27 89 43 47 3 76/160/ Yes
M inneapolis, M etro Transit LRV-6-ADac Bombardier 24 1.3 3.0 88 55 29 94 48 52 3 66/186 No
New Orleans, Streetcars VTL-4-RD Perley Thos, NORTA 66 0.8 1.7 43 27 14 48 19 21 1 52/68 No
Philadelphia, City & Suburban LRV-4-RSDac K awasaki* 159 1.3 3.0 80 50| 15/16 50/53 27 30 1 50/95 No
Pittsburgh, South Hills LRV-6-ADac Siemens & CAF 83 1.3/ 3.0 80/ 50 26 84 36 40 2 62/150 Yes
Portland, M AX LRV-6-ADac Semens & Bombardier 105 1.3 3.00 88 55 27/28 89/92 42/50 46/55 264-76/170 Yes
Portland, Streetcar LRV-4-ADac Inekon-Skoda 7 15 34 70/ 43 20 66 29 32 1 30/90 No
Sacramento, RT LRT LRV-6-ADac Siemens + CAF® 76 1.1 25 80/ 50 24 80 36 40 4 60/144 No
. Louis, M etroLink LRV-6-ADac Semens 83 1.3 3.0 88 55 26 86 41 45 2 72/155 Yes-Cab
Salt Lake City, UTA LRT LRV-6-ADac Siemens® 40 1.3/ 30 88 55 24 80 37 41 4 64/144 No
San Diego Trolley LRV-6-ADac Semens 134 1.3 30 88 55 24 80 37 41 4 64/144 No
San Francisco, M uni LRV-6-ADac Breda 175 1.3 3.0 84| 52 23 75 30 33 3 60/130 Part-Cab
San Jose, VTA LRT LRV-6-ADac Kinki Sharyo® 100 1.3| 3.0 88 55 27/28 89/92 45 49 2 75/160 No
Seattle/Tacoma LRV-4-Adac Inekon-Skoda 3 1.5 34 70 43 20 66 29 32 1 30/90 ?

Tota U.S. 1761
Cagary, C-Train LRV-6-AD Siemens 115 1.0, 22 80/ 50 24 80 32 35 3  64/162 Yes
Edmonton, LRT LRV-6-AD Semens 37 1.0 22 80 50 24 80 40 45 5 64/162] Yes
Toronto, Streetcars LRV-4/6-R/IAS uTDC 248 1.3| 3.0 85 53 16/23 53/75 23/37| 26/40 1 46/95 No

Total Canada 400

Totals- U.S & Canada 2161

1-LRV=light rail vehicle, VT L=vintagtrolley, #=no. of axles, A/R=articulated or rigid, D/S=double or singe ended & sided, ac=air conditioned. 2-Boston total includes 11 PCC
3-50 UTDC LRV-6-ADac sold by San Jose, VTA to Sacramento, RT (21) and Salt Lake City, UTA (29), but arenot yet in regular service.
4-Philadelphiatotal includes 18 remanufactured PCC cars.



TABLE 6 Changesin North American LRT and Streetcar Systems, 2001-2003

City/System Code* Changes
UNITED STATES:
Baltimore, Central Corridor R Double tracking in progress - 9.4 mi
Boston, Green Line & Mattapan RV Introducing Type 8 LFLRV's
Buffalo, MetroRail - -
Cleveland, Blue/Green - -
Dallas, DART LRT XV Designing 40+ mi NW, West & SE extensions, adding 20 LRV s and plansto "stretch” existing fleet with low floor middle section
Denver, RTD LRT XV Opening19 mi TREX (southeast) in 2006 & adding 34 LRV's; planning/designing FasTracks extensions in severa corridors
Houston, MTA N Opened 7.5 mi Central LRT linein Jan 2004
Jersey City & Newark, NJ Transit X Opened Hoboken extension 2002; under construction: 6.1 Mi Tonelle Av extension (HBLRT) & 1.1 mi NERL (Newark)
Los Angeles, Blue/Green/Gold XV Opened 13.7 mi Pasadena Gold Line mid-2003 w/26 Siemens LRV, building 6 mi East LA Gold Line; adding 50 LRV's; designing Expo Line.
Minneapolis, Metro Transit N Opened 12.0 mi Hiawatha line in two stages, Jun and Dec 2004
New Orleans, Streetcars XV Opened 4.1 mi Cand line in 2003; added 24 replica streetcars built in house
Philadel phia, City & Suburban R Opened restored 8.2 mi Girard Ave line in 2005 w/15 remanufactured PCC cars
Pittsburgh, South Hills RV Completed 5.5 mi Stage 2 reconstruction in 2004; purchasing 28 New CAF LRV's; building North Shore Connector for 2007 opening
Portland, MAX XV Opened 5.8 mi Interstate MAX in 2004; purchasing 27 Siemens LFLRVs & building 8.3 mi 1-205/Portland Mall MAX for 2009 opening
Portland, Streetcar NX Opened 0.6 mi Waterfront extension 2005; opening 0.6 mi South Waterfront extension 2006; buying 3 more streetcars
Sacramento, RT LRT XV Opened 6.3 mi South line fall 2003;10.9 mi Folsom extension in stages in 2004-05-06; purchased 40 new CAF LRV, 21 used VTA LRVs
St Louis, MetroLink XV Opened 20.5 mi East extension in two phases 2001 and 2003; added 9 Siemens LRV's; building 8 mi Cross County line
Salt Lake City, UTA LRT XV Opened University linein 2001 (2.5 mi) and 2005 (1.5 mi); added 3 new Siemens LRV's + 29 used UTDC LRVsfrom VTA
San Diego Trolley XV Opened 5.8 mi Mission Valley East extension in 2005; purchased 11 Siemens LFLRV's; planning/designing Mid-Coast Corridor extension
San Francisco, Muni XV Building 5.4 mi Bayshore Line (3rd St) for 2006 opening
San Jose, VTA LRT XV Opened 6.4 mi Tasman East/Capitol & 5.3 mi Vasona extensions; purchased 70 Kinki Sharyo LFLRVs (replace 50 UTDC cars & expand fleet)
Segttle/Tacoma N Building 14 mi Seattle Central Link LRT for 2009 opening
CANADA:
Cdgary, C-Train XV Extending all lines: NW 1.9 mi (2003), South 1.9 mi (2004), 1.3 mi NE (2005-6); purchasing 26 Siemens LRV's
Edmonton, LRT X 5 mi South extension to Heritage Mall in design for 2005 opening; purchasing 26 Siemens LRV's
Toronto, Streetcars -- --

NEW STARTS UNDER CONSTRUCTION: Houston (Jan 2004); Minneapolis (spring 2004)

* N = New Start; R = Renovation/Reconstruction; V = Vehicle Procurement; X = Extension.
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St. Louis

Since opening its original line from East St. Louisto Lambert International Airport (1993, 17
miles), the system has more than doubled in length with the phased opening of the line out into
the Illinois suburbs (2001-2003, 20.5 mi). Presently, athird branch—the 8-mi Cross-County
extension—is nearing completion and is expected to open during 2006. It includes a 1.3-mi
tunnel. Most of this remarkable system effectively reuses surplus railroad lines, even including
the historic Eads Bridge over the Mississippi River and the tunnel under downtown St. Louis,
perfectly located to serve today’s central business district (CBD). With no trackage in streets,
eveninreserved lanes, LRT in St. Louis really could stand for Light Rapid Transit; itisavery
high-quality alignment.

Minneapolis: New Start

The 12-mi Hiawathaline is the newest of U.S. new-start LRT systems. Opened in two segments
in 2004, it connects downtown Minneapolis with the Minneapolis-St. Paul International Airport
and the Mall of Americain Bloomington. With only 24 cars, the lineis carrying 25,000-30,000
rides per day, depending on the scheduling of sporting events, and already has exceeded the
daily ridership forecast for 2020 by about 25%. Several extensions are in various stages of
planning. Most advanced is the Central Line, which would connect the Minneapolis and St. Paul
downtowns by way of the University of Minnesota and the busy University Avenue corridor.

Houston: New Start

Despite sustained efforts by anti-rail political forces, the MTA of Harris County managed to
locally fund and build the 7.5-mi Main Street LRT line, which opened at the start of 2004. This
urban corridor links downtown Houston with the Texas Medical Center and various other
intermediate educational and cultural institutions, terminating at the Astroworld complex. Its 18
LRVscarry in excess of 32,000 weekday passenger trips, avery strong showing for arelatively
short line. LRT is planned for five other corridors; but on four, financial and political pressures
appear likely to require introduction of enhanced transit in the form of BRT lines that can be
converted to LRT later.

Dallas

LRT in the Dallas portion of the Metroplex is thriving. The 20-mi Y -shaped system opened in
1996 was more than doubled in length—to 44 mi—and became a two-route elongated “X” in
2002. Now, design iswell advanced for athird line that will connect southeastern Dallas through
downtown to the Medical Center and northwest suburbs out to Carrollton. DART is buying 20
additional LRV sfor this service. To improve accessibility and increase fleet carrying capacity
system-wide, a program has begun to stretch al the cars into double-articul ated vehicles with a
low-floor middle section.
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Denver

Planning for Denver arearail transit began in the 1970s; but it was not until 1994 that the
Regional Transit District’sfirst 5.5-mi LRT line was opened. An immediate success with riders,
it set technology and helped build community consensus for its extension 8.5 mi southwest to
Littleton. Thislonger line' s effectiveness and the popularity of the short 1.6-mi Central Platte
Valley branch in 2002 led to inclusion of 19 more LRT miles as part of the T-REX project to
rebuild 1-25 and 1-225 in the southeast. This latest mileage will open for service in 2006. As T-
REX construction was progressing, the region’ s voters approved areferendum in November
2004 that will provide local funds for another 100+ mi of rail transit, acombination of LRT and
commuter rail in several more of the Denver area’ sradial corridors, as well as along
circumferential 1-225. These additional lines are to be complete within a decade, making
Denver’s program one of the country’s most aggressive timetables for completing a multiline
regional network.

Salt Lake City

Thisregion'sfirst 15-mi LRT line opened in 1999 to link Salt Lake City and its southern suburb
of Sandy. Almost immediately, the Utah Transit Authority (UTA) secured funds and agreements
to build a4-mi branch from downtown Salt Lake City east to and through the University of Utah
campus. Thiswell-placed line now carries 25% of the university’ s student—faculty—
administrative staff every day, relieving parking demand on campus. Plans are advancing for a
Mid-Jordan extension to southwestern suburbs. To accommodate this new line as well as
growing demand on the present system, UTA purchased 29 surplus LRVs from Santa Clara
County to increase its total fleet to 62.

San Diego

The new age of LRT in the United States began in 1981, when San Diego opened its 15.9-mi
South Line to the Mexican border at San Ysidro. Like the later initial line in Salt Lake City, the
San Diego Trolley coupled about 2 mi of reserved track in downtown streets with a high-quality
railroad alignment for the remainder of the line. San Diego’s second line to El Cgjon (1989) and
the third line north to Old Town also followed railroad rights-of-way (ROWS). This and other
shorter extensions grew the system to 40.5 mi by 1996. East of Old Town, the 6.1-mi Mission
Valley West line (1997) required acquisition of new ROW, but brought service to the Qualcomm
Stadium and a number of transit-friendly communities such as the Hazard Center. In 2004, the
Mission Valley East extension opened, adding another 5.9 mi parallel to afreeway, and
including a4,000-ft tunnel, the system’ sfirst, to reach the campus of San Diego State
University. Planning and design are in progress for phased development of the 10.7-mi Mid-
Coast Corridor line north from Old Town to the University of Californiaat San Diego and
University City. Finally, under construction is the 22-mi Sprinter light diesel multiple unit
(DMU) project that will link Oceanside and Escondido in northern San Diego County starting in
late 2007.



12 Transportation Research Circular E-C112: Light Rail Transit: A World of Applications and Opportunities

Los Angeles

The City of Angels now has the largest one-way line mileage of LRT inany U.S. or Canadian
city (Table 1) and more weekday riders than all except Toronto, Boston, Calgary, and San
Francisco. The three operating lines are Blue to Long Beach (1990, 22 mi), Green from Norwalk
to El Segundo (1995, 20 mi), and Gold to Pasadena (2003, 13.7 mi). Construction isin progress
for a6-mi East Los Angeles extension of the latter, to open in 2009. At the sametime, designis
progressing for the Expo Line, a 9.5-mi corridor to the west that isintended to eventually reach
Santa Monica, and for an eastward extension of the Gold Line from Pasadena to Pomona. In
addition, cities such as Glendale and Burbank are starting to evaluate the feasibility of streetcar
lines as complements to the region’ s growing LRT, commuter rail, and heavy rail system. In
Long Beach and San Pedro, the replicated Red Car Lineis an attractive addition to waterfront
leisure-time facilities.

San Francisco

The San Francisco Municipal Railway operates the only first generation survivor streetcar
system in the western United States, the Muni Metro. Its five routesin western residential
neighborhoods merge to reach the Financial District in the upper level of the Market Street
Tunnel, built in the 1970s as part of Bay Area Rapid Transit (BART). Since then, there has been
an extension of the outer J Line to Balboa (1991, 2.3 mi), and from the city end of the tunnel up
to grade and around to the Caltrain Depot at 4th and King (1998, 1.7 mi). In 2000, the 1.5-mi
streetcar line to Fishermen’s Wharf was opened and linked with surface tracks on Market Street
to form the popular F Line, operated with presidential passenger cars (PCCs) and older vintage
trolleys. Muni’ s next LRT addition will open in fall 2006: the 5.4-mi line from 4th and King
along Third Street through the southeast section of the city to Bayshore.

San José

Valley Transportation Authority opened a portion of its Guadalupe Corridor LRT in 1987, and
completed the 20.8-mi line in 1991. Attention then turned to the Tasman West Line, opened in
1999 to extend service 7.6 mi to Mountainview. Thereafter, work continued on the 8.5-mi
Tasman East and Capitol Lines, which opened in stages between 2001 and 2004. Also under
design and construction was the Vasona Line, a 5.3-mi extension west to Campbell opened in
2005. Planning for additional LRT lines continues, but their phasing and funding must be
coordinated with the proposed extension of BART to Santa Clara County.

Sacramento

When Regional Transit opened itsfirst ssgment in March 1987, it became the second new-age
LRT property in California, after San Diego, most of whose design criteria were adopted to
achieve an effective yet low-cost project. Coordinated with the region’ s buses, the addition of the
18.3-mi LRT “starter line” spearheaded a doubling of total transit ridership in the region during
the 1990s. By 1998, the line had been extended 2.3 mi. Then, in 2003, a 6.3-mi South Line was
added. Most recently, the eastern end of the starter line was extended in stagesin 2004 (2.8 mi)
and 2005 (7.4 mi) to reach the City of Folsom. LRT ridership now surpasses 60,000 aday. A
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further 0.5-mi branch to the Amtrak station in downtown Sacramento will open late in 2006.
Extension of thisline to the north—eventually 12 mi to the airport—is being planned.

Portland

Oregon’s single major metro areais the scene of one of transit’s best success storiesin the
United States. After 17 years of improving and expanding the region’s bus system, TriMet
opened itsfirst LRT line 15.1 mi to Gresham in 1986. Trains were busy from the start, and
crowded in am. and p.m. peaks. Nonetheless, working through the federal process and building
aline that includes a 3.5-mi tunnel consumed fully 12 years before the Westside Line was
completed to Hillsboro (1998, 17.5 mi). Thereafter, the pace quickened, with the locally and
privately funded Airport Line (5.6 mi) opening in 2001 and federally supported Interstate MAX
(5.8 mi) completed in 2004. During these same years, the City of Portland built itsinitial 2.4-mi
streetcar line (2001) and extended it to River Place (2004, 0.6 mi). Another 0.6-mi extension
opening in 2006 will take streetcars to the new South Waterfront neighborhood of offices and
high-density residential developments. On MAX, final design is under way for the 6.5-mi 1-205
Gateway—Clackamas extension, to open in 2009. Addition of LRT on an updated and
rejuvenated Portland Mall through downtown is also part of this project.

Tacoma and Seattle

The Central Puget Sound Region’sfirst new LRT line opened in 2003, 1.6 mi to connect
downtown Tacoma with edge-of-downtown parking, the Tacoma Dome Arena and a hub for
commuter trains and buses. The line uses three cars added to the Portland streetcar order; but
facilities are built to LRT standards for eventual use by larger LRV's operating on aregional line
to Seattle. In the latter city, a14.5-mi line is under construction, with a planned 2009 opening
between downtown Seattle and the SeaTac International Airport. Planning and design also arein
progress to extend this line north to the University of Washington and beyond to Northgate.
Concept plans envision thisline eventually extending north to Everett, creating an LRT truck
over 60 mi long between Everett and Tacoma, with Seattle at about its midpoint. Studies of
alternatives also are being conducted for enhanced transit—L RT or BRT—to communities east
of Lake Washington. Meanwhile, Seattle’s Waterfront Streetcar Lineis closed temporarily while
anew car barn is being designed and built; and an assessment district has been formed to help
finance construction of the new 1.3-mi South Lake Union streetcar line, due to open in 2007.

Edmonton

Similar to St. Louis, but 15 years earlier, Edmonton coupled an existing railroad ROW with a
downtown tunnel, new in their case, to create the very first new-age LRT linein North America,
and one for which light rapid transit fairly defines the LRT acronym. Though providing a high-
quality alignment, tunneling also was costly. Thus, extension of the system has been rather slow,
but as of 2005, the line surpassed the 8-mi mark with the latest 0.5-mi extension at the
University of Alberta. Thiswork also brought the line back up to grade, setting the stage for a
substantial 4.7-mi further South Extension to Century Park, to open in 2009. Another 26 LRVs
have been ordered to serve this extension. Well integrated with connecting buses, and gradually
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expanding, Edmonton’ s pioneering LRT line has been a beacon to which others have looked as
they developed and implemented their own LRT plans.

Calgary

With the opening of Calgary’s South Linein 1981, Alberta could claim the first two new-age
LRT linesin North America. Using virtually the same design criteria as Edmonton, Calgary
made one significantly different decision: to live with surface operation through downtown until
aregional system was built, and then perhaps build a central subway. Asaresult, Cagary has
been able to sustain an ongoing series of extensions outside downtown, bringing the system now
to three lines (South, Northeast, and Northwest), all of which have been or are being extended.
When the latest Northeast Extension is finished in 2006, the system will have 27.5 mi, served by
116 LRVs (with 26 more on order), and accommodating 220,000 rides each weekday, afigure
exceeded by LRT systems only in the much larger cities of Toronto and Boston. Asin
Edmonton, LRT and buses are fully coordinated in a multimodal, multidestinational timed-
transfer transit system. This system also has been followed by most of the more successful new-
age LRT operatorsin the United States.

Toronto

The nine routes operated by the Toronto Transit Commission represent the only surviving first-
generation streetcar system in Canada. 1ts 49 mi of lines are served by afleet of 196 four-axle
cars and 52 six-axle articulated LRV's. They carry substantially more weekday passengers—
more than 300,000—than any other LRT or streetcar system in North America, working with
TTC subways and buses as part of the city’ s coordinated public transit network. Perhaps
surprisingly, only 11% of the streetcar system’s trackage is not in mixed-traffic street lanes
shared with automobiles, the median at the west end of the Queensway and on Spadina Avenue
and the Waterfront, and the short subway at Union Station. Creation of additional median
reservations is being discussed, but no firm decision has been made as thisis written (late
November 2005).

Boston

The MBTA’s Green Line, really anetwork of acentral trunk and four branches, continuesto be
the most heavily patronized of U.S. LRT systems. A major physical improvement recently
completed was relocation of the line in the vicinity of North Station, from the old elevated
structure to a new subway and ramp up to the Science Park viaduct. At the Lechmere end of the
system, plans are moving forward on two extensions, to West Medford and to Somerville's
Union Square. Both are part of a package of transit improvements to offset impacts of the Big
Dig highway project. However, it now appears the mixed-traffic portion of line from the
Arborway to Heath Street will not be restored, and the latter point will be the permanent
terminus of that branch. Efforts continue to resolve issues with the Type 8 low-floor LRVs
(LFLRVs); it isanticipated areport on thistopic will be on the LRT conference agenda. Finally,
the Ashmont—M attapan line will be out of service for several months while Ashmont station is
under reconstruction, during which time the overhead contact system and cars will be converted
from trolley pole to pantograph operation.
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New Jersey Transit
Jersey City

Since 2003, the Hudson—Bergen LRT line has grown from 9.6 mi as the full 20.1-mi project
originally envisioned, and as of 2006 extends from Bayonne 34th Street to Tonnelle Avenue.
The last northwestward extension includes the Bergenline Avenue station in tunnel, and
Tonnelle Avenue on the Meadows side of the Palisades. Thisis one of the few North American
LRT systems presently operating both express and local services. There is some consideration
being given to an electric LRT extension to the Meadowlands Sports Complex; and aDMU
feeder from Tonnelle Avenue 9 mi north to Tenafly is proposed.

Newark

The City Subway was rebuilt, reequipped with new LRVs and extended 1 mi to Bloomfield in
year 2000. Since then, work was begun and is nearing completion on a 1-mi link from Penn
Station, on the Amtrak Northeast Corridor, north through downtown Newark at grade to Broad
Street Station serving NJ Transit’s Morris and Essex commuter rail lines. This segment connects
the two Newark commuiter rail stations served by NJ Transit with each other and with
destinations in downtown Newark. In Union County, a separate Cranford—Elizabeth LRT lineis
in the early planning stage.

River Line

Though not LRT as defined by TRB, because it is not electrically powered, the Camden—Trenton
light DMU River Line has several LRT-like characteristics, including frequent service with one-
and two-car trains operated by one person, POP fare collection, and some street running in
Camden. Widely disparaged prior to completion, it has performed reliably, and is devel oping
patronage, now more than 7,000 a day, quite satisfactory given the relatively low population in
its service area. It feeds passengersto radial rail transit lines at both ends: NJ Transit-Amtrak at
Trenton and PATCO Lindenwold Line in Camden, where it also serves several leisure venues
along the Delaware River waterfront.

Philadelphia

In September 2005, Philadel phia enjoyed what must be a rare event, the return of streetcarsto a
line mothballed for many years. The 8.2-mi Route 15-Girard Avenue, run with buses for more
than a decade, was restored as atrolley line, using 18 rebuilt PCCs equipped with new
propulsion systems, wheelchair lifts, and air conditioning. At its west end, this line shares the
Overbrook loop with Route 10, and thisis joined physically to the five subway—surface lines. In
Delaware County, the Media—Sharon Hill lines continue with no significant changes since 2003.
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Pittsburgh

Port Authority Transit completed Stage 2 of its South Hills Car Lines rebuilding programin
2004. Now, all Library and some South Hills Village trains operate over this shorter line, while
some South Hills Village trains continue to operate via Beechview and Mount Lebanon. In 2006,
work is starting on the 1.2-mi North Shore Connector, a short but complex project to extend LRT
from downtown Pittsburgh under the Allegheny River to the devel oping North Shore, and setting
the stage for potential future extensions to northern suburbs.

Buffalo

The 6.4-mi Metro continues to link downtown and the State University of New Y ork’s Buffalo
campus. Midlife overhauls are being done on Buffalo’s 27 LRV's, the only nonarticulated four-
axle cars built for a North American new-age LRT project. A new special events station has been
added near the waterfront end of the line to serve the HSBC Arena.

Cleveland

The Blue and Green LRT lines, including the Waterfront Extension of 1996, continue to serve
the cities of Cleveland and Shaker Heights. Overhauls of the early 1980s Breda LRVsarein
progress.

Baltimore

Double-tracking of 9.4 mi of the Central LRT line should be completed in 2006, bringing afull
restoration of service to the entire line. The work areas were four segments north of downtown
Baltimore, and three sections south of downtown, one of the latter including the junction and a
short section of the branch to Baltimore-Washington International airport.

New Orleans

One of the great delights of this report was to have been the 2004 reconversion of Canal Street
from bus to streetcar operation on new tracks in the neutral ground (median) of this broad
boulevard. The project was completed, and included 24 new replica streetcars built by the New
Orleans RTA inits own shop. It functioned well, but with much of the rest of the city was
inundated in the flooding that occurred in the wake of Hurricane Katrinain 2005. All of the
Canal cars and most of the Riverfront fleet were damaged and must undergo extensive
propulsion system repairs or replacement, as is also the case for substations. Tracks and the
overhead contact systems (OCSs) on these two routes came through well. On the historic St.
Charlesline, the cars remained dry; but the OCS is reported to need rebuilding, a project that
already was planned. In late 2005, some St. Charles cars were running on the Riverfront line and
atruncated Canal service was being offered within the CBD.
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Memphis

Opened as a Main Street Shuttle in 1993 using vintage cars, this system was extended along the
Mississippi River waterfront afew years later. The fleet now includes both vintage and replica
streetcars. In 2004, a 2-mi extension on Madison Avenue was opened to reach the Medical
Center. It isintended that this serve as the first segment of an eventual 9-mi route to the
Memphis airport.

Little Rock

The Arkansas capital city became the newest operator of streetcarsin 2004, when it opened the
1.5-mi River Rail using three replica double-truck Birney cars from Gomaco. By late 2006, a
0.9-mi extension to the new Clinton Presidential Library should bein service, with two more
replicaBirney cars added to the fleet.

Tampa

The TECO Trolley Line continues to link downtown Tampawith Y bor City and other leisure
venues along the 2.3-mi route.

FUTURE NEW STARTS

In addition to Seattle, previously noted, two more completely new-start LRT lines are under
construction, asis a streetcar line in Washington, D.C.:

e Charlotte: The South Corridor LRT line will extend 9.6 mi south from Uptown
Charlotte to suburban Pineville, with revenue service anticipated to start in 2007. Located mostly
on aformer railroad ROW, the line will have 15 stations served by 16 articulated 70% LFLRVs.
The Charlotte Area Transit System also is planning a central area streetcar system; and
additional LRT lines may emerge from aregional planning process. A short replicatrolley linein
the city was suspended in late 2005 so that its line could be rebuilt as part of the LRT project.

e Phoenix: Valley Metro Rail’s 20.5-mi Central—East Valley LRT line will link
Phoenix, Tempe, and Mesa, opening in December 2009. Except for a short segment though the
Arizona State University campus in Tempe, the entire line will be located in median and curb
lane reservations within existing street ROWSs. There will be 27 stations and a fleet of 36
articulated 70% LFLRVs. Already, planning isin progress for extensions that could develop into
a57-mi LRT system.

e Washington, D.C.: A system of several linesthroughout the District has been
proposed to complement the Metro and bus systems. Of these, a portion of thefirst line is under
construction in Anacostia to link that community and its Metro transit center with nearby
military bases. Three modern streetcars are being built for this project.

Two other projects under construction will use “light” DMUsto provide service similar
in character to LRT: the Oceanside—Escondido route in northern San Diego County, and Capital
Metro' s line from Austin to Leander, Texas.
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Other citieswith LRT planning or design in various stages include:

e Norfolk—a7.5-mi LRT line has completed preliminary engineering (PE) and is ready
for final design;

e Vancouver, British Columbia—the 6.8-mi Evergreen LRT line is undergoing “project
definition” (similar to PE), for the corridor linking TransLink’s Coquitlam and Lougheed
centers,

e Atlanta—a 22-mi circumferential loop line and an 11-mi north-south streetcar line are
in the works;

e Columbus—environmenta work for a planned LRT line north from downtown is
being completed;

e Miami—a 3- to 6-mi streetcar line will link downtown Miami, the Arts District,
Midtown Miami (anew town on an old rail -yard site), and the Design District;

e Spokane—concept plansfor light rail or a streetcar line are in devel pment; and

e Tucson—a short extension is being built for a volunteer-operated heritage streetcar
line that could serve as the core for alarger public system.

In other locations, LRT isincluded as an alternative in multimodal planning studies from
which a project may or may not emerge.

CONCLUSION

From eight cities with survivor trolley systemsin the mid-1970s, new LRT and streetcar projects
have spread across North America so that today about 30 cities in the United States and Canada
are served by LRT or streetcars or both. Extensions and more new starts under construction, and
additional cities in various stages of project development, indicate that LRT has proven to be an
attractive addition to local transit systems, and that the appetite for such projectsis not yet
saturated. LRT continuesto offer cities the possibility of meaningful and affordable transit
improvement.
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Who is TTK?

> Subsidiary to PTV (Visum, Vissim) and AVG (Karlsruhe tramtrain
operator)

= International light rail consultancy with 25 members of staff
> Existing since 1996
[> Coordinator of LibeRTiN (EC-light rail thematic network)

4—%];:“[/;)&[ AVG
TTK

www.ttk.de
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Consolidation Process in the Market — An Example

Electrical Part:
> The Karlsruhe tram vehicles always left the same factory

[> The electrical parts came from Mannheim BBC
- The mechanical parts from Krefeld L e s

> These companies manufactured the trams:

Mechanical Part:

“» DUEWAG
SIEMENS

4L ID D
FrFaipiv

@
ADtranz
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System Vehicles — Tram

® Outlaak
B Citadis
- " CEil
= The "big players Dclgrl,?nbmg
> Bombardier Flexity Outlook ~ Sold: 2111 g /anatrarn
I Bombardier Flexity Classic  Sold: 190! B ko
> Alstom Citadlis Sold: 760l
[> Siemens Combino Sold: 489l

= The "underdogs”

> Stadler \VVariotram Sold: 39!
> LfB Leoliner Sold: 35!
> AnsaldoBreda Sirio Sold: 248l

i- Skoda / Inekon Sold: 621
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Development of the European LRV market

Flexity Outlook — Bombardier
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Flexity Classic — Bombardier
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Citadis — Alstom
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Combino — Siemens
e - - b
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Development of the European LRV market

Variotram — Stadler

E_iro
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Sirio — AnsaldoBreda/ Leoliner — LfB
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Astra / 14T — Skoda/ Inekon
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System Vehicles — Light Rail

= The "big players”
> Bombardier Flexity Swift Sold: 473

> Alstom RegioCitadlis Sold: 871
[> Siemens Avanto / S70 Sold: 60l

> The "underdogs”
> Stacler Tango Sold: 6l
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Development of the European LREY market
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RegioCitadis — Alstom
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Avanto S70 — Siemens
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Tango — Stadler
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Development of the European LREY market

Technologies — quo vadis??
The following main innovations play a
significant role in Europe’s LRV domain:

> 100% — 70% low floor?

- "Real Bogies" or independently rotating
wheels?

- Modular vs. differential construction?

> Energy recuperation and operation without
overhead line (e.g., Bordeaux)?

- Real-time passenger information and
interfaces with other communication modes
(web/cellular phones)?

- "Diesel-trams”™? Kassel and Nordhausen

Slide 22
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100% or 70% LF? — "Real Bogies" or IRWs?

[> Question really should be

> What speeds will we be operating?
>~ Do we need large wheel diameters?
> Do we need multiple articulations?

= Tendencyin Germany goes toward "more conventional” systems, generally
with axles on the power bogies and often also with axles on the trailers.

> Examples are BT Flexity Outlook, BT Flexity Swift, Alstom "Magdeburg,” and
Siemens Avanto/S70 (though this has no axles on the trailer).

> In France, the tendency remains toward 100% low floor with multiple
articulations (better gauging envelope, but increased wear).

Slide 23
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Construction Methods?

> Three basic types are seen:

= Type 1: Fully welded [including exterior panels (e.g.,
Sirio, "new” Combino, Alstom Magdeburg)].

> Type 2: Welded chassis or car body and bonded roof,

exterior panels etc. (e.g., Variotram, BT Classic,
Avanto/S70, "old” Combino).

> Type 3: Fully modular, with body and all other parts
being of different materials and bonded (e.g., BT
Outlook, BT Swift, Alstom Citadis).

= Inthe past 10 years:
- Type 1: 1,310 times (32%),
> Type 2: 1,425 times (35%), and

= Type 3: 1,323 times (33%). - No clear tendency Is visible!

Slide 24
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Construction Methods?

= Type 1 (steel):
> Advantages:
= Easy welding repairs and
> known behavior over time.
- Disadvantages:
= Long production time and
> Difficult to change design.

> Types 2 and 3 (modlular):
> Advantages:
> Reduced production time (and cost) and -
> Wehicle modules can be replaced.
> Disadvantages:
> Greater difficulties in engineering and
= Unknown long-time behavior,

Slide 25
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Development of the European LRY market T‘T‘K

Energy Recuperation?

- Developmentis ongoing both on the vehicle and on the infrastructure (OLE)
side.

I~ Developments on the infrastructure side are more likely on existing systems,
e.g., in Germany:
> Equipment of substations with four quadrant choppers will allow the
feeding back of energy all the way to the power stations;
[> Some operators also test flywheels in the substation to store peak
energy and feed it back into the system; and

I~ Advantage: No additional weight and complexity on the vehicle.

"mpewinin ! ome |
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Energy Recuperation?

> On the vehicle sicde, systems are usually introduced under special
requirements (e.g., heritage sites) and in new systems:

= The ULEV-TAP2 project (funced by the EC) was just finalized, in
which a dual-mode LRV was developed using diesel engine plus
flywheel technology. Operation without OLE and with reduced
energy recuirement is possible (www.ulev-tap.org).

= Manufacturers are also developing electric-only vehicles with
energy storage devices (e.g., flywheel, ultracaps).

> Alstom introduced a third rail solution in Bordeaux (combination of infra
and on-board measures)

Slide 27
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Passenger Information and Links to Modern
Communication Modes

> On-time passenger information is employed by more ancd more light rail
and tram operators.

> Provision of information to passengers on less used stations by short
message service on cellular phones is being introduced in some systems.

> Good information within the vehicle is
important; trials to provide location-related
information via GPS have been carried out.

> Electronic ticketing is difficult in an open
system. Standards for “be-in be-out”
systems are being discussed.

Slide 22
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Diesel Trams?
= Hybrid diesel and electric "Combino Duo” operates successfully in

Nordhausen as a tramtrain on a narrow gauge secondary railroad (Harzer
Schmalspurbahnen, HSB).

> One 180-kW diesel engine-generator pack inside the vehicle is employed.

Elide 20
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Development of the European LRY market TT%

Diesel Trams?

> Hybrid ciesel and electric "Regiocitadis” operates on Kassel tramway
(750V DC) and on non-electrified railroads.

= Two 375 kW roof-mounted diesel engine—generator packs are employed.

Slide 30
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Conclusion and Outlook (1)

> The number of suppliers and the demand for vehicles make this a
challenging market with the structure of an oligopoly.

> For the time being, it appears that Siemens will remain active in the field of
light rail (its future product is the GT type low-floor tram).

> Alstom and Bombardier are currently the most successful rolling stock
suppliers.

> In these market conditions, innovation will hardly be driven by the suppliers
alone.

Compared to the aviation or automobile industries, this remains a market
where the final product is supplied in prototype-like numbers.

Slide 31
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Developrment of the European LRY market '—‘H‘-TK
Conclusion and Outlook (2)

> France and Germany have been a driver of innovation (e.g., low-floor
technology in France, tramtrain in Germany).

> The further development of some of these technologies remains to be seen.
> A revitalization of old values can be seen, at least in the biggest section of
the market.

> Take Bremen as an example:

> Mow ordered 46 "BT Classic” type cars with conventional [l
traction bogies and low-floor trailer bogies (with IRWYs) :
on the center section only (Figure 13;

> Originally operated with old Duewag/VYegmann cars
(Figure 2); and

B Introduction of 1009% low-floor vehicles with stub axles
(IRYYs) in the early 1990s (Figure 33,

Figure 3

Figure 2
Slide 32
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