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I. Executive Summary

l'he stilch·of pc,teitial r,111 4,1,licatic,tls c )11 thi San l'raticisco - ()aklatid liay lindgc· is litiliteci t,, ;in evaltititi< in
ot- tlic 11'Nisil,tilt\· alic! 11111)licatic}ns (,1- the itist,111:itic)11 of atir of several P<,ssible passeriger i ,,il mi,des (,n tlic·
platineci retri,lit clesigii" of tlic existing \F'est Spati (lietween 3'erl,a liuc·tia Islatici :itid Sati pr.iticiscc,), aticl („1

tile "clitrelitl)· clesigtied licw l·'.ilst Spiin  (I,etweell the Isl;Ind and ()aklancl)

'llits Wc,rkitig I Sper preselits mi initial "sketcli piatis" 01- rail c )11 tic )tiA, ft )cilsiti), 1-c)r th c ilic,st P,1 t t (,ti tlic' issi ic· s
Ass (,ciate<1 wit 11 3 rail ttist;illa tic in (,ti the 11 ricige itsel f. And c ) 11 st ) tile of t 11C' sigti 1 fiCA ilt i tilp 11I'Atic ills of th(,sc·
issues fc,r tlie '1'ransi),ay '1'ertilitial, sitice thilt facility is als() under Spc'cific stud)'. 711is W<,rkinB' 1';1 lc·t di),·s tic,t
gc) into detail .il,ozit sen·ice plails, rc,iltings or n e tw<,rks (,ti cith er si de of- tile H,ty, c,ther th An t<, Ilr„\·icic :1 leI·(· 1
of descriptive detail useftil to a basic understanding of eacli altertiative rail cc,licept

At a later pliase of this stucly, wheti Some of the stnictural evaluatic)tls have been undertaketi. r;111 c(,licej,t
refinement will be conducted, and a more detailed definition of the potential rail systenis \\111 lic preparecl.
I'llese sketch plans are intended to permit structural and traffic studies to begiti bv providing I,asic cc,rice·pts
atid dma for tlie rail altertiatives.



II. Previous Bay Bridge Passenger Rail Services

Passenger rail service was provided over the Bay Bridge from 1939 until 1958. A description and history of
this service was provided in Transbay Terminal Improvement Plan Working Paper 2.1: Terminal History,
Some key points of that history are directly pertinent to this study, and may be summarized as follows:

•          The "Bridge Railway," as it was known, is remembered today primarily for its use by the

"Key System," a privately-owned predecessor o f AC Transit, which operated a regional
transbay rail service between San Francisco and East Bay cities. The Bridge Railway and its
associated Terminal in San Francisco were state-owned facilities, and the private operating
companies making track connections with the Bridge Railway in Oakland paid a fee to use it.

•                When it opened in January 1939, three companies operated on the Bridge Railway:  the Key
System, the Interurban Electric Railway Company (or "IER," successor to Southern Pacific),
and the Sacramento Northern Railway (SN). Key and IER operated most of the trains,
providing regional transbay service between San Francisco and the cities of the Central East
Bay as AC transit buses and BART trains do today. The Sacramento Northern operated a
small number of trains, some commuter trains to Concord and Pittsburgh, and some
through inter-regional trains to Sacramento and Chico. Modern successors to the SN
service are the BART Concord-Pittsburgh line, which utilizes some of the SN right-of-way
between Walnut Creek and North Concord, and the Capitol Corridor trains operated by
Amtrak California. All service over the Bay Bridge was electrified, with two different
operating voltages provided on the Bridge. Weight, length and capacity for representative
examples of the rolling stock operated by these companies are included in the table in

Appendix B.

•           The Bridge Railway was designed to accommodate up to 40 million passengers per year, and

initially a high volume of service was provided. There were 500 trains scheduled over the
Bridge Railway to and from'the'six-track Transbay Terminal each day in February 1939.

Between 4:30 and 5:30 PM, 37 trains were scheduled to depart the Terminal for the East
Bay, an average headway of about 97 seconds. This is a very high capacity; if all trains
scheduled had been ten-car trains with more than 100 passengers per car, the Bridge Railway
would have had a scheduled capacity in the range o f 40,000 passengers per peak hour per
direction. Speeds were low on the Bridge, a maximum of 35 mph permitted by the signal

system. A station at Yerba Buena Island was added during the war to handle heavy

passenger traffic to and from Treasure Island.

•            The original c6nfiguration of the Bay Bridge provided for six automobile lanes on the upper

deck (three in each direction), three truck and bus lanes on the northern part of the lower

deck (one in each direction plus a passing lane), and two Bridge Railway traCks on the
southern part of the lower deck.  A fter the abandonment of the Bridge Railway in 1958, and
its subsequent removal, the Bridge was reconfigured to one-way operation on each deck,
and a highway traffic approach onto the lower deck from the Harrison/Bryant freeway
structure was constructed. The upper deck of the Yerba Buena Island Tunnel was also
lowered at that time in order to provide adequate height clearance under the arched tunnel
ceiling for trucks in the outer lanes of the upper deck.
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III. Teclmology Options for Bay Bridge Passenger Rail Service

A. Regulaton Impact
hi t hi sixtr \'c,irs sitice tile clisimi (,f tlle (,rigilial lirtilgc·Rail,\·,ly, tic·Er (,Tier,itili,t, practices atiti R tifir·
r<·gtil,iti) A' fralliework have devil(,ped, 1)(,tli of wliicli have 81 clitect I)caring (,li tile optic,n.s r\·111(-h c·,iti
realisticallr 1,e ccmsielered fc,r passenger rail service on tile Bar liricige.  Specific:illy, it is n() 1<,ilger Ic·Knl t„ c-„
nlitigle the operatic,n of light weight trains designect for c,11-street light rail c,peration or rallicl transit lt} th,.
I·.ast Rn· with iliter-reiric)nal or ititercity trains inteticied fc,r c<mimliter rail syst(·1115 or tilainhrie sen·in.. '1'1115
15 tin 11141(,rttint cc }t Steleratic iti, 1,c'c ,iuse ill tliC colirsc' c,f tlic J)111)110 cliscllssic )11 (,t A ne'\I' lirld,l c 12;zilrval·,
Statinients have lieeti nlacic ;11)(,lit rlinnilig I)(ith a ticw light rail sen·ice (A tier· -lier' ST'stelli." ft,r i·x,11111,1(·',,
atici (:apit(,1 (:orriclor (,r high s iced trains ovcr tile liridge into Sati l:rancisc(>.  '1'his ts 11() 1„tiger 11(,Ssil)1(· c,ti
tile salne set of tracks becatise of safety regulations enforced bj· the l''ederal Railroad Adillitilstratic,n CI RA).
While tlie regul,vog systeni is still evolving, the tretid is ciefillitely t(,Warci evell StriCter set,Aratic)11 of tratistt
trains and liRA-compliant inainline equipment.

The implications of the body of passenger rail regulations on transbay rail opticms was reviewed at soine
length in 'I'ransbay Terminal Improvement Plan Working Paper 2.3: Rail Service Issues and Impacts, Atici
there is no need to repeat that entire discussion here. (Excerpts are presented in Appendix A).  I''or an initial
description of sketch alternatives, it is sufficient to conclude that there are two fundamental groupings of
passenger rail alternatives for a new Bridge Railway: transit-based alternatives and railroad-based
alternatives

Whtle many potetittal transit service options exist for the East Bay, as far as the Bridge is concerned, tw()

transit-based options will be considered: light rail, and a BAR'I' relief line. Withi,i the group of railroad-based
alternatives, a commuter rail service providing regional connections between San Francisco and the Cireater
Iiast Bay, or a passenger rail link to Sacramento and Stockton miglit be accomniodated.  Amtrak's new liigli
speed trainsets desiglied for the Northeast Corridor are another possibility, though they would probably nin
at conventional speeds over the Iiridge itself. Conceptually, both high speed and conventic,nal railroad
equipment could be accomniodated on the same liridge trackage, although weights and mititillulli acceptable·
radii of curvature need to be evaliiated.

B. Available and Appropriate Technology
Irc,r the illustrative purposes associated with tliese first sketch descril,tions of liriclge rail passenger optic,ils,
only rolling stock actually available for use iii the United States will be used. '1'lic objective is to assess tile
vbility of the Bay Bridge to accept the operation of rail options that are, tc, the clegree possible, known
C] Lliln tltles, free of speculation abc,ut weight or perfc,rniance.  '1'lius tlie eqzitprn(·tit types liste,1 bc·|„w litivc·
1)('c'Il (-11( 15('11, 111 P,1 rt, 1)<'Calls 0 ()f the 7111()1.1 11 t <)f ar.1111 111C (1;lta ;11)( )lit (·ach ( )1 111(·Ill.

1'(,r light rail, this w(,rking li;iper will assiinic the I'(,rtlatici I ypi. 21(,w-fl<,cir cat·. 'l'his is a l,irge light r.111 car
mtcti(led fc)r retric)nal Service (,n rc,utes stretching zip tc) 18 miles frc,m the url)211 core', Rs cllstiligilish(·d 1-t'(,iii .1'.

car inti'nded fc,r a purely lc,cal urlian service.  It is also tlie only low-floor car ctirrently iii „I,eratic,n ill N(,rth
Amc·rica, atid a great cleal is known al)(,rit its capabilities.  12(,r IJAR I, the clinietisicins atic! c h:iract(·ristics ()f 51
(.-( 2.Ir \\·ill I)C lisC'Cl.

|wthir,lilic),idi),18('(1 (,I,t!(,1,8, t\\'c) cltl 11're„t init ((,11111,itil,lut)'lies tif"r<,11111), st„c·k will 11(. zi:(.ci t(, w'st the
liricl)',t·'s (-,11);11)11111(·s: ;tti elc·,·trific· 1 tilliltq,le litilt ("1·'.Mt I ' ') c cmwititer c:ir, :tticl thc· Amt t",ik ".·4 (·1;1 - 114,41 511('c'ti
It,1111.(·ts.  S(·i·(·1,11 (1111(·r,·lit 1.:All   optic)11. c·XISI, r\'11|1 ,':in'111)7, ('|1:ir,1(1(·1'1<11(';   |'(11' ilhasti':111\(· j,111-1,11.('. .1

''SI·:PI.·\'' (I'hil.,clc·Ii,lit,3 11.ls<·(1 5,)litliC,ist<'ril I'(·tiris\·Ir,)111,1 '1'1,111>Pi,rt,itic),1 .\tilli„litz·) c.ir \cith.111 (·xt(·ilsi\·c·
111.t„r·,·, 1!1(hi(lilli, ;11-)I)It(:lti(,tls IIi ('(·tlt(·r (-11'1.· 1111111(·IS :inci (,11 171-:1(1('s .lillic)st :1: su,!1111(,1111 :1. 111';sc· 13(,1(1111:ill\.



under consideration here, will be used for illustrative purposes.

An EMU application rather than diesel locomotive-hauled trains o f unpowered cars is proposed for several

reasons:

•           EMU trainsets have all axles powered and can thus provide a high level of tractive effort
over a range o f gradients similar to those likely to be encountered in the Bridge crossing.

Exarnples would include the incline from the Toll Plaza level to the Bridge elevation; "flying
junctions" with the Union Pacific in Oakland and/or Emeryville; the climb from a dead
stop at the Transbay Terminal, around minimum radius curves and up to Bridge level; and
the grade in a potential Rincon Hill Tunnel linking the Caltrain service with the Transbay

Terminal rail deck, and therefore also with the Bridge trackage

• Despite their poorer performance, diesel locomotives are heavier, and would impose greater
axle loadings on the Bridge. A modern commuter rail locomotive such as an F59PH of
3,000 horsepower, weighs  135  tons, or 67,500 pounds per axle, more than twice the
concentrated loading of an EMU (see Appendix B for more comparisons).

•           High speed trainsets would require electrification in any event, and since the intent would be
to accommodate them as well as conventional commuter or inter-regional trains on the

same tracks, an electrified commuter service would seem appropriate.

• Alternative Caltrain extensions to the Transbay Terminal are based on the assumption of
electrification, and San Francisco City policy calls for an electrified extension of Callrain
service to the Terminal. Any through routing o f Peninsula trains via the Terminal to the
Bridge and the East Bay would almost certainly involve electrified equipment.

For these reasons, it is proposed that the commuter rail and associated inter-regional passenger rail options
used for evaluation purposes in this study be based on an EMU concept.

The use of the Acela trainset for a high-speed option assessment may be controversial. European and
Japanese high speed experience is now quite extensive, and were the American regulatory environment not so

restrictive, a more aggressive choice than the 150mph Acela might be recommended. Certainly, the
California High Speed Rail Authority has not yet made any decisions about the specific type of technology to
be proposed as part of the statewide system. However, it is important to take several matters into
consideration:

•          The Acela trainset is the only FRA-compliant high speed set in existence.

•          The FRA has indicated that it intends to assert regulatory oversight over all high speed rail
projects in the country, whether or not they are connected with the general railroad system;

therefore, some level of FRA requirements will have to be met one way or another.
Although a different design may eventually be approved by the FRA for applications that are
fully grade separated and not connected with the general railroad system, no design has yet

been given such approval.

•            The Acela trainset has known weight, length, power and capacity data, and although it is still
being tested, much is known about its operational characteristics in an American operating
environment.

•             Weight and performance itnpacts associated with bringing any Japanese or European
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teclitic,log>' mt(, c<,11iphmice with 1''RA regzilatic,ns 1-(ir ati op('rating etivir(,titnetit (-c,tiip< Ac·(1
of bc,th higli speect and c-onventic,lial trairis \\'(,tild 111\'(,lve slicculation and guiessu·,)1·k.

•          I t- A clcilic,tistrtitic,ti of 11'Asilillity ts based (,li tlle Accl,1 trAinSet, tlicn it illa>' |)C pri'stillic·i| th,11
;inT 4,411(·r \\·clglit cilizipilient that miglit zilt inlately lie 1-(,litici ticcc·ptai)le fc)r Ailiern·,11
(,1,Cr,itic,ns C<,111£i ;115(, 1,C Liscd oil the Ilay Ilric!,t,<.  ( )11 thi other hiltlet, a findit,B,, c,l 1(·,jAil,1111'·
1),ise(-1 (,tl ;1 technc)1(49 wlic,se del,1(,ytilint on Atilericati rails is sc)me\\.'llat 4,cc'111,111\·c· c·< ,„W
le,lve tile liiattc·r of higli speect trattls (,11 tile Ilay Hridge altlic,St RS tltlt-c'Ac,lzed AS it 13 ),t

1-)resetit

Ic,r these reas(,tls, tlic higli spcc·il r„lling stock optic,n proI,(,scil lf)r lise iii this stilely is tile· .·\111tr:ik .·\ccitt
tr.iinsit.  '1'llis elois tiot tiecc·As;trily niean tliat a different higli Alic·ect rail techticil<,gy selecte<1 1)v the ( 2,111 1 (,rtil,1
I ligh Speed Rail Alitholity coulci not operate on the Bridge, or eveli that aligliter weight Systeni 1111)',Ill tic,t
eventually be granted R Wai\'er by tile 1 RA fc,r operation on the liridge co-mingled with otlicr liass<·ti , ·i·
,services at conventional speeds.  It (,tily nieans that this evaluatic,n of high spred equipinent (,ti tlic 112 tel,tic· 15
being conducted using a niore stringent test basis, i.e. a heavier trainset.



IV. Bay Bridge Passenger Rail Alternatives

Alternative A: Bay Bridge Liglit Rail
Inso far as Bay Bridge loadings and service levels are concerned, this concept is  the same as that in the  12

April technical memorandum describing "Draft LRT/Bus Assumptions for 'Ierminal Programming."

Subsequent to that memorandum, comments were received from AC Transit staff on alternative routings of

potential light rail lines in the East Bay. Those are not reflected in this Working Paper, as the details of tile

East Bay network concept are not an issue at this point, but they will be addressed in a later task of this

study.

'I'he light rail veliicle being assumed for the purposes of this study is the Portland 'I'ype 2 low-floor car.  l'he

72-seat car is 92 feet long, mid weighs 109,000 lbs. empty.  It is sometimes referred to as a "six-axle" car, but
actually the car's low floor runs through the articulation section, so that tile four center wheels are axle-less,

and are mounted directly to the frame of the car.

For the purposes of this Working Paper, it is supposed that light rail trains might operate in three-car

consists on a five minute headway. The overall concept is described in  the 12 April memorandum, which,
minus the Terminal sketches, is reproduced as Appendix E to this Working Paper.
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Alternative B: BART Relief Line
It is presumed a potential BART application on the Bridge would operate as a "relief' line providing
additional capacity during BART's constrained peak period. though it would presumably provide all-day
service. BART's main peak capacity constraint in providing Transbay service is the section between the west

end of the Oakland Wye and Daly City; in this segnient, while there are crossovers available to turn trains
back, there is no third track available.  An additional route across the Bay, connecting into the existing BAR'I'
system south o f MacArthur Station, or into the main point of constraint at the Oakland Wye, then running
independently to and over the Bridge to the Transbay Terminal, could provide considerable additional
capacity.

For evaluation purposes in this stage of the study, a BART C-Car will be used.  These cars are undoubtedly
familiar to all study participants. This is a four-axle, 70-foot car with 68 seats; it weighs 63,800 lbs. when
empty.
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Figure 2. BART C Car

Alternative C: Commuter Rail, FRA Compliant
1-he commuter rail service option would, as noted above, be based on available ISMU technc,10gy. Trains

would operate in consists as long as 8 to 10 cars iii length, depending upon platform leng;ths at the Transliay
7'erminal and at other stations.  It is assunied that two-person crews would be used, with prcic,f-of-payment
fare cc,Ilection emplc,yed.  In the I'zast Bay, track connections wc,uki be provided iii West
0,iklatic!/1  ien,villc tc, the t lilion Pacific 11:,ilrc,;id tc,Wards lic,th (.;ipit(,1 c -(,iricic,r clestltiatic,ns (1 1,·rkc·!cy,
Rtchi]iond, and <,ther stc,ps tc,ward Sacranient(,), and tc,ward Downt(,wil c );iklkitid and destilisitic)tls Ar,lith tr)
S:1,1 .1(,se, aticl s(,i,th and cast (,ver Altaiwitit I':iss Ici the Sati Ic,aquin Vallcy



For purposes of tllis study, the weight and other characteristics of the SEPTA suburban Philadelphia EMLI
fleet will be used. Electrification would be carried out using contemporary proven technology, presumably at
25kV AC. By combining a potential Rincon Hill Tunnel approach to the Transbay Terminal with Bridge

Rail, both Bridge Rail and Caltrain services could conceptually use the upper level of the Ierrninal, arid trains
miglit potentially be through-routed from Capitol Corridor points to stations on the Caltrain line. While full

exploitauon of this concept would depend upon complete mainline electrification, an initial phase of service
miglit be considered in which electrification was installed from Oakland/Emeryville to San Francisco
International Airport, with EMU's continuing beyond the end of electrified segments in the consist of diesel
lc,comotive-hauled trains.

Some of the performance characteristics of SEPTA "Silverliner" EMU's are described in Appendix C.
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Figure 3. SEPTA Regional Rail EMU

Alternative D: Higli Speed Rail
The AMTRAK Accla high speed trainset will be used as the example of rolling stock for the evaluation of
this alternative.  It is assumed that the track and infrastructure used for the IrRA compliant commuter rail
service could also be used by the high speed trains. The Acela equipment is designed tc, run on the general
Northeast (.orridor system, including tile Philadelphia-I larrisburg line.  It ts understooil that these traitisets
c:in run on curvature, albeit at Ic,w speeds, of 250 fc,ot radius, which is approximately thi curvature of tile
l'ratisbay '1'crmitial loop.  It is tlicrefore conceivable, provided that weight and other factc,rs dc, not prevent
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it, that it may be possible to route Acela equipment ttito the 'I'erminal either from the Bridge, or from the
Peninsula via a Rincon Hill Tunnel, or both It could be a ught fit, however

Each Acela tr:unset consists of a fixed arrangement - two "power cars" (locomouves), with six cars in
between, including 5 coaches (one first class, four coach class) and a bistro car.  The trains can operate on
three different voltages, including the new 25kV AC electrification between New Haven and Boston.  That ts
the voltage assumed here for study purposes. Estimated seating capacity of a trainset is 304, plus crew.
Trainset length and weight statistics are provided in Appendtx B.
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V. Track Configuration and Stations

It is assumed initially that the Bridge Railway would consist of a fully double-tracked line, electrified at the

appropriate voltage, and signalized to permit the fastest speeds allowed by the Bridge's structure and

geometrics. No assumption is being made at this time about the location of the tracks on the Bridge.

In the event that engineering considerations make possible the accommodation of only a single track, an

evaluation could be performed of capacity and operations characteristics of the alternative rail modes under

single-track conditions. While far from ideal, it is possible that service at an acceptable minimum level could

be provided with one single-track segment of minimal length.

Intermediate stations between Oakland and the Transbay Terminal may be considered at Yerba Buena Island

and on Rincon Hill. The Bridge Railway added a Yerba Buena Island stop, with bus shuttle to Treasure

Island, when military traffic grew during World War II. It would appear desirable to provide a similar station

and appropriate connections to water level in order to meet the transportation needs generated by the re-use

and  development of Treasure Island. This could be a location with great potential  for a high market share

for public transportation.

In San Francisco, the transit approach ramps between the Terminal and the Bridge also cross over Harrison

Street on an existing structure.  When the Bridge was built, this was an industrial area with little transit

demand, but today it is a booming center of dense development which does not have good transit service. .A

station at Harrison Street could provide excellent access between the Rincon Hill area, the East Bay, and

other points reached by a rail service depending upon the option in question.
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VI. Some Implications for the Transbay Terminal

At a later point in this analysis, the implications for the 7'erminal of different passenger rail options will l,e
developed.  I lowever, some assumptions have been made in tile course of tile '1-ransbay 'I'erminal
Improvement Plan, and other preliniinary thoughts can be offered here in connection with the Briclge
Railway alternatives. All initially assume retention of a loop configuration for the 'Icirminal because of tile
inherently high capacity of a Ic,op arrangement (see comparisons of terminal capacities iii Appendix ID).  1''inal
determination of track layout and Yerminal capacity will depend upon a more detailed level of design, tand
probably an operating simulation.

Alternative A: Bay Bridge Light Rail
This arrangement was discussed iri tlie technical memoranduni of April 12. A double-track aligliment ((,ile
track for each direction of travel) would use the Terminal approach ramps.  Right-of-way could, in part, lie
shared with buses, particularly inside the Terminal where one track would be located adjacent to a shared bus
loading platform (reconfigured from sawtooth arrangement to a straight edge in the segments where the rail
loading areas would be located). A second through track permitting trains to bypass the loading berths
would be built, and sets of scissors crossovers would permit independent access and egress to and from two
loading berths, each long enough for three cars. An initial look at this options suggests that this arrangement
would only be required in one of the through bus lanes, and that the two LRT berths would replace ten bus
bays.

Alternative B: BART Relief Line
BART and bus operations would require entirely separate rights-of-way, even inside the Terminal.  It is
assumed that BART would have a Terminal and approach track arrangement similar to the LRT alternative,
with two tracks in the Terminal itself.  The difference would be that BART requires high platforms and an
exclusive right-of-way, so that bus operation would have to be eliminated from the lanes converted to BAR'I
use. A split platform arrangement could be made workable, with BART on one side and buses on tlie other,
provided fare collection issues were worked out.

Demand forecasts may eventzially be needed, and additional operations analysis conducted, to determine
whether more than two tracks might be required in the Terminal for BAR'I' purposes.

Alternatives C and D: Commuter and High Speed Rail
Like the BARI alternative, it is assumed that FRA-compliant rail operations will require exclusive rights-of-
way on approach ramps and in the Terminal. Depending on the results of demand forecasts and operations
analysis, the required number o f Terminal tracks could be determined.   However, it appears likely that if both
a Caltrain extension and Bridge Railway trains were brought into the Terminal on the same (upper) level, then
that entire level would probably be used for trains, with six tracks.  1)epending on traffic, perhaps three
tracks cc,uld be used for l'eninsula trains and three fc,r 13ridge trains.  A separate level wotild be req,iired fc,r
buses.

A joint use of the '1'erminal fc,r both Peninsula and Bridge trains might require a widening of the segment of
the throat of the '1'erminal to It,ur tracks, from the three-track width as biiilt. 7'wo of tile tracks would be for
Bridge service, and two for (-altraiti. One configuration would use the inner two tracks ft,r Peninsula trains,
these tracks would descend tc) enter a Rincon Ilill 'I'unnel and clear the north line of Irc,Isom Street, while· the
oitter two tracks would climb c,n tile existing gradient, over 14,Is-d?h street and 14) tc, the Bridge.

Pronlinent anic>ng tlic niany critical issues here w<>illci 11(· thc, 1()<)11 structitre radii, atici tlic gra les 1)etwcc·ii tile
I'crminal and the Itriclge atici 1,(tu·(·c'ti tlic' '1'crillinal ;ind the Ritic-„ti Hill '1'lintic·1,111 ('(mil).irisim With tilt·
c,iptil,ilities of liMIT ecltiipnic·rit ,iticitlie AceIA traltisets.
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Appendix A: Excerpts from Transbay Terminal Improvement Plan Working
Paper 2.3: Rail Service Issues and Impacts.

Section III. Safety, Regulatory Authority, and "FRA Compatibility"

A. The Regulatory Framework
In recent years, relaxation or elimination of government regulation has been the norm in transportation as it

has been in other formerly regulated fields.  In the railroad industry this has also been generally true insofar

as it pertains to'commercial regulation, but in matters of safety and operations, the regulatory structure

remains largely unchanged. Furthermore, rail transit, whether light rail or rapid transit, is essentially a public

enterprise, and in recent decades has always come with strings attached connecting it to alllevels of

government - a situation which remains intact.

In the United States, responsibility for railroad safety regulation, both freight and passenger, rests primarily
with the Federal Railroad Administration. the "FRA," whickis p2rt of the U.S. Ilcpvitment-of.

122.sforEIFion. The FRA's jurisdiction extends to all trackage which is part of dle nation's "general railroad

system," and to all trains operated on that trackage, including long and short-haul passenger services,

commuter trains, and high-speed trains, as well as freight trains.  The body of regulations goes back many

decades, and has been added to and modified many times to incoborate changes in response to technological

change in the industry. The regulations are essentially embodied in federal law as CFR49, Parts 200 through

266; additional regulations not presently enacted, but published for industry discussion and comment under

notices o f proposed rulemaking, are pending, and likely to be enacted soon.

In general, the FRA's jurisdiction does not extend to rail transit services that are not part of the "general

railroad system." Although there was historically some involvement of the FRA in some non-railroad rail

transit matters, this was basically changed with the enaction of ISTEA, the federal transportation act, in 1991.

ISTEA added Section 28 to the Federal Transit Act, establishing the "Rail Fixed Guideway Oversight

Program."  This Program requires each state having a rail transit system ("fixed guideway") to designate a

state agency to be responsible for safety oversight o f rail transit systems, and establishes a minimum set of

requirements for the state to use in its oversight program. In California, the California Public Utilities

Commission, the "CPUC", had long had safety regulation responsibilities for rail transit systems under state

law, so the effect of this change in California was not as significant as it was in other states, such as Oregon,
for example, in which there had not previously been a state role in rail safety regulation.  The CPUC has had

long-standing rules governing rapid transit systems, such as BART, and light rail systems, such as San Diego

Trolley.

We thus have two regulatory systems in California - the FRA for railroads, and the CPUC for rail transit. The

effect of this bifurcation in regulatory structure is important to the Transbay Terminal discussion, and the

related issue of possible return of rail service to the Bay Bridge, since it means that very different operational

regulations and physical requirements apply to passenger rail systems depending upon whether or not they

are part of the nation's "general railroad system." Since the FRA's body of regulations under 49CFR run to
more than 500 pages of small print, it is really not possible to offer any meaningful summary - the rules are

simply too comprehensive and diverse. However, in terms of relevance to Terminal issues, the effect of the
body of regulations is to prevent the co-mingling of commuter, or high speed or intercity railroad passenger

trains on the same track as light rail trains. In the Terminal, this probably means different levels for the
trackage of dissimilar systems.

FRA regulations are rooted in the railroad industry. Although they make provision for some aspects of
regional passenger rail services, they essentially envision multiple-person crews, locomotives pulling cars, and

passenger trains which run a certain risk of collision with each other and with freight trains.  Many of the
regulations deal with signalization of railroad lines, but there is an implicit assumption that signals and

12
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operating procedures, and the human beings involved with them, will fail, as, indeed they have on many
unfortunate occasions.  Thus, a significant part of tile body of regulations relates to structural requirements
for rolling stock so that survivability in the event of an accident is maximized.  Much of this regulation is not
really applicable to light rail or rapid transit operatioil, but any co-mingling of operation autornatically invokes
thenl.

'lliere lias been sigtiificant recent discussic,fi of placenient of rails for passenger service on the Bay liridge,

and presumably into the 'Ferminal, and as 911 readers of this working paper probably know, advisory
referenda in several Central Bay Area cities have called for a study of this possibility.  In that discussic,n,
some have discussed the service to be provided on these rails as a new "Key Systim"-like light rail service,
while others have suggested that tliey rails could be used to britig the Sacramentc,-Ilay Area "Capitc,1
(Lorridor" trains, or perhaps other commuter rail services,  into San Francisco. While study of the issue niaj·
conclude that one or both of these 01)jectives is feasible, it is ullportant to recogriize that litider federal law,
one set of tracks cannot be used both for light rail and for commuter/intercity railroad purposes. Once
trackage is connected to the "general railroad system," FRA rules requiring equipment to have a specified
collision survival strength, for example, will apply to all trains using the track; these standards, based on
heavy steel locomotives used in mainline service, cannot be met by light rail equipment.  For its part, the

CPUC has generally frowned upon at-grade crossings of light rail lines and railroads.  Thus, in San Jose, the
light rail system passes under the ex-Southern Pacific Milpitas freight line in a North First Street underpass,
and in Sacramento, the light rail system passes over the ex-Western Pacific mainline and the ex-Southern
Pacific "Valley" mainline on new bridges.

B. Implications for Transbay Terminal Design
In taking the possibility of fitting passenger rail lines into the Terminal, the implication of regulatory
restrictions on co-mingled light rail and "mainline" or FRA-compliant" services is that their simultaneous
accommodation will require trackage on two levels. For example, if both a Bay Bridge light rail service and
Caltrain were extended to the Terminal, the light rail service might use the present bus deck level, while
Caltrain would probably be underground.  On the other hand, if the Bay Bridge service were a "FRA-
compliant" commuter-rail and mainline system, it would probably be desirable to try to accommodate both
the Bridge and Caltrain service on the same level in order to make a track connection and make through-
routed services possible.

I
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Appendix B: Illustrative Comparison of Some Key Modal Variables

Length Weight Seats Weight Axles Loaded Loaded

Empty Loaded Weight Weight
per Foot per Axle

Key
Bridge 111 feet 140,000 124 172,550              6              1555 lbs. 28,758

Unit lbs. lbs. lbs.

IER
Powered 73 feet 117,400 108 145,750             4              1997 lbs. 36,438
Coach lbs. lbs. lbs.

SN
Powered 59 feet 102,000 60 117,750               4               1996 lbs. 29,438
Coach lbs. lbs. lbs.

Portland

Type 2 92 feet 109,000 72 127,900               6               1390 lbs. 21,317
LRV lbs. lbs. (equiv.) lbs.

BART C- 70 feet 63,800 68 81,650                4               1166 lbs. 20,413
Cir lbs. lbs. lbs.

SEPTA
Silver-liner 85 feet 120,000 100 146,250            4             1721 lbs. 36,563

TV lbs. (or 120) lbs. lbs.

F59PH
Diesel 58 feet 270,000 n.a. n.a.                 4             4655 lbs. 67,500

Loco. lbs. lbs.

Acela 69.6 180,000 n.a. n.a.                   4               2586 lbs. 45,000

Loco. feet lbs. lbs.

Acela 663.7 1,164k 304 1,200*               32               1800 lbs. 37,500

Trainset feet lbs.
 

lbs. lbs.

Notes:
1. Misc. rolling stock assumptions:

•     Key System Bridge Unit from #105-124 series
• IER'powered coach from #362-367 series

•     SN powered coach from the Hall Scott series #1018-1025

2. Silvertiner IV seats 120 in 3/2 seating, equivalent in 2/2 seating is about 100. Loaded weight calculated for
100 seated and 50 standing passengers.                                                                                                               -

3. Assumed per- passenger weight is 175 lbs. For passenger load, 150% of seated capacity is assumed, except
that in tile case of the Acela high-speed sets, a full seated load (304) is used.
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Appendix C: Excerpts from Technical Memorandum on Two Types of EMU
Equipment

Excerpts from technical memorandum from Dr. Norman Vutz, 1:FK Engineering Services, describing
gradient and performance characteristics of two types of EMU equipment - the SF.P'l A "Silverliner IV"
suburban electric cars operated in the Philadelphia metropolitan area, and the "Solitli Sh<,re "

(Nortlierti

Indiana Commuter Transit District, or NIC:ID) cars operated between Chicagc,, Ciary, Michigan (Lity mid
South Bend:

•    Both the SEP7'A Silverlitier IV and the NICTD South Shore cars are 85 1-c·et 1(,tig And weigh al,c,zit
120,000 lbs.  '1'he SEPTA cars with 3+2 seating and no AIDA toilets seated 12() originally, but are I,eitig
reconditioned to 116 by elimination of 4 substandard seats in the center vestibule area. '1'he NIC: I l) cars
with 2+2 seating, an ADA toilet, and center doors seat 96.  I believe that the SliP'I'A cars have an initial
rate of 2.5 mph/sec and a top speed of 100+ mph with 12.5 kV ac on the trolley wire.  71ie NICI'l) cars
have an initial rate of 2.75 mph/sec and a two car balancing speed of 72 mph at 1600 volts dc on the
wire.

•     The NIC'ID car is a dc clone of the AVCO/GE ac Silverliner IV.  The NICID specification was written
around the AVCO/GE body and the GE Illinois Central Electric  1500 volt dc propulsion system.   '1'he
Silverliner IV is a close cousin of the NJT Arrow II cars. NICTD is now getting 8 more cars, but with
Toshiba inverter propulsion for about $3 million each.

•      One mile per hour per second of initial rate tractive effort is equivalent to climbing a 4.56% grade.

Conversely, a 3.5% upgrade will "rob" a car of 0.77 mph/sec of initial rate.  Electric cars typically
accelerate at constant rate (initial rate) to a corner point speed, and then accelerate at constant power
(decreasing rate) above the corner point speed.  A car with  an initial rate of 2.5 mph/sec and a corner
point speed of 20 mph theoretically will balance at about  65 mph on a 3.5% upgrade.  Wind resistance
and similar factors that increase with speed will probably bring the actual up-hil] speed to around 50
mph.  Slippery rail and adhesion may be bigger problems than an adequate power/weight ratio in getting
over the bridge.
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Appendix D: Selected Leading Metropolitan Railroad Terminals

Illustrative Range o f Track Capacity and Traffic Density (various years)

STATION DATE NUMBER OF NUMBER OF NUMBER OF
OPENED STATION TRAINS PER TRAINS PER

(ORIGINAL) TRACKS DAY TRACK PER
DAY

Boston, North 1894                23 607 26.4

Boston, South 1899                28 817 29.2

(1915)

Chicago, 1925 21 389 18.5

Union (9+11+1) (est. 1925)

Chicago, 1903 11
· 210 19.1

La Salle St.

Chicago, 1911                16 300 18.8

North Western

Cincinnati, 1933                16 147 9.2

Union Terminal

Hoboken, 1907                14 263 18.8

Lackawanna

jersey City, 1892                12 334 27.8

Penn

Kansas City, 1913                16 313 19.6

Union

London, 1848                        21 1,262 60.1

Waterloo

London, 1862 ·  17 1,106 65.1

Victoria

London, 1836                22 542 24.6

London Bridge

London, 1855                11 378 34.4

Paddington

Montreal, 1943                             16                            146                            9.1
Central
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New York, 1913                   67 520 7.8

Grand Central (1944-47)

New York, 1910                                      21 552 26.3

Pennsylvania (1975)

Paris, 186(P                           31 1,2(1(1 3 8.7

St. Lazare                                                                    (est.)

Philadelphia, 1893                 16 574 3 5 9

Broad Street

Portland, 189.1                   7                  75                 10 -

Union (1914 est.)

St. Louis, 1894                 32 322 1().1

Union

Washington, Union 1907                  26 244 9.4

San Francisco, 1975                                  12                                   66                                   5.5
Fourth Street (incl. storage) (1998)

San Francisco, 1939                  6 529 88.2

Transbay Ooop, 1939)

San jose, 1935                 5                  80                 16

Diridon (12 w/st(,rage) (1998) (6.7 w/storage)

Notes:
1. "Number of tracks" refers to tracks in use fc,r revetitic passenger handling at the station, and generally
excludes, except as noted, other tracks used for stc,rage, servicing,  or handling of mail ancl express.  Ciranci
Central 7'erminal, New York, is, of course, the largest terminal by far iii terms of nutill,cr of tracks, althougli
in most years, Penn Station has had more trains. St. I.ouis Union Station had the greatest number of tracks
on a single level among American stations.  Philadelpllia liroad Street had the higliest cictisitr of trains per
track per day of any majc,r  metropolitan terinitial with a stub arratigenient.

2.  Number of trains = departing moves plus arriving mc,vcs, except iii the case of tile '1'ransl,ay '1'erminal,
which, as a loop terminal, combined arrivals and departures into a single train movement, mith a five-minute
station stop in the peak. 7'he '1'ransbay figures are the total for all three operating rallrc,Ads iti I''el)niary, 1939,
as cited in I larre I)emom 71ic Key Route  (2 vc,ls.) (1985)

3.  Principal sciurce fc,r US static,ns is (Larl W. (ic,tidit 'llie Port of New York (2 vc,ls) (198(} 1981).  1 Jnless
otherwise nc,ted, the traffic fig)ires presented f(,r these stations are geticrally from 1911, iii stin,eys c-(,ndilctici
as part of the planning work carried out for the C iraticl (=entral 'I'erinitial prc,Ject.  (:(,ticht .118(1 citc·s 1(,hn A
Droege Passeneer 'I'erminals and 'Irains (1916, rel'r. 1969).  C ,ndit '1'lic Railroacland th,· (:tty (1977) was alsc,
tlsed for (Eincinnati data.

4. (.ondit prcivides his opiritc,ti tliat (:hicago linic,ii Staticm Coillil "easily ;ind safely- :ic c'(,111111(,cl;itc' lip tc, 31)(1
trains on the north side, anct 42() on tlie south (thi' static,n is esselitially twc) 1,ack-tc, 1),ic k st,11) tc·rininills wit |1
c,tie tlircizigli track). '1'his ts c·clitivaletit t<) al)(mt 35 traitis per track P,·r clay, which (:„ticlit r,·1':irds its :iti
cipproxitilate rea|lstic 111;ixtrillit„ |c,r,1 Still, ternliti,i| liticier t}pical t '.S. (,p('rati!11' c-„11(1111„tv  ( :Ar| \\'. (:„11(111
(Ehictig , 191()--lk)2<) litiilditiK. I'latlt,Ilig atid l'rl),iri I'cchtic,Ic,gy (l')73)



5.  At Portland Union Station, about 80% of the estimated volume of trains consisted of Southern Pacific
electrified service handled on tracks 1 and 2 only. This represented an average daily train density of 30 on
those tracks, which, though physically configured as through tracks, were essentially used as stub tracks.

6. Traffic data for London stations are for 1976; the original source is the London Transport Board,
presented in Condit Port of New York.    Alan A. jackson London's Termini (1969) was also consulted.
Figures for London Bridge Station are for originating and terminatlng trains only, and exclude through trains
to and from the Charing Cross extension, probably another 800 per day or so.

7. Montreal data are from Michael Leduc Montreal Island Railway Stations (2 vols) (1994-96), and Anthony
Clegg The Mount Royal Tunnel (1963).

8.  Caltrain  data are based on Peninsula Corridor Joint Powers Board "Draft Caltrain Rapid Rail Study,"
current timetable, and personal observations.
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Appendix E: Text of 12m April 1999 Memorandum

LTK ENGINEERING SERVICES
27717 Road 92F

Winters, California 95694
Telephone/Fax: (530)795-4403

MEMORANDUM

TO: Transbay Terminal Study Team PROJECT: 2653

FROM: Thomas G. Matoff, Director - Transportation Planning

DATE: 12 April 1999

SUBJECT: DRAFT LRT/Bus Assumptions for Terminal Programming

The following is a summary of working assumptions made to permit a first rough-cut illustration of the
potential impacts of a Transbay light rail service on the scope of '1'ransbay bus service, and the results of
those impacts for Terminal space requirements as a Terminal program is developed. There are obviously
many ways to approach the design of a Transbay light rail network. These are working assumptions only,
and are not a plan, proposal or recommendation of any kind.  7-113 concept documented in this memorandum
is purely illustrative, and is suggested for purposes of discussion only insofar as it demonstrates the possible
scale of a system which might result in potential space trade-offs iii the 'I'erminal itself.

A. Illustrative Transbay LRT System Concept

1. Description/Alignment

It is assumed that the system would originate at the I'ransbay lerminal, and operate across the Bay Iiridge tc,
the East Bay, where there would be three branches: Oakland-F.ast 14th Street-Airport; Oakland-MacArthur;
Berkeley-Telegraph Avenue. A station would be located at Yerba Buena Island, with connecting shuttles
serving Yerba Buena and Treasure Islands. The first Iiast Bay station would 1,e lc,cated at or near the
Oakland Army Base; additional station sites would be deterniined in the refitiemint <,f the Hriclge Rail
Feasibility Study.

'1'lie basic East Iiay trunk of tile system would run along 4(}th Street. '1'he litles wc,zilci 1,ranch frc,ni it as
ft,llc,ws:

•     The Oakland-IEast 14th Street-Airport Litic would bratich off at San 14blc, Aventle, opcirate (,11 Sail
Pablo tc, IDowntown Oakland at 14th, then south on Ilroadway and then Cast on 12th/I·.ast 14tli tc)
Seminary Avenue, south oil Seminary tc, San I.Cancirc) Street, cast alc,rig San I.candrc, Strec·t tc)
I tegenberger  lic,ad,  tlicil  alc,ng  I legenberger  tc,  a  terminal  at  Oaklatid  Intern,itic,tlai  Airport.
(:c,tinectic m s wit h 11 A RT wc,uld I,e nlade iii I ) c,writ (,wn (),aklatici at 12th mid lire,ticiwilv (12th Str(·c·t
Maklatici (:ltv C .enter Static,„), ancl at ('c,liscillil/Atrpc ),t Staticm.
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•    The Oakland-MacArthur Line would run east along 40th Street past BART MacArthur Station to
Broadway, south on Broadway to MacArthur, then east/south along MacArthur Blvd to Mills

College at Seminary Avenue. It would connect with BART at MacArthur Station.

•   The Berkeley-Telegraph Avenue Line would leave 40th Street at Telegraph, turning north and
running along Telegraph to the Cal campus at Bancroft, then west (two-way operation) on Bancroft
to Oxford, north on Oxford to Center Street, and west on Center Street to Berkeley City Hall at
Milvia Street.  This line would connect with BART at both MacArthur and Downtown Berkeley
Stations.

2. Service Concept

Each line would operate at 15-minute headways throughout  the  day  (peak  and  base).     On the common
section of the trunk between San Francisco and 40th and San Pablo, the headways would be staggered to
provide a consistent five-minute headway in both directions across the Bridge. Single cars would be operated
in slack periods, with consists as long as three cars operated in peak periods (see below).

3. Vehicles

It is assumed that the light rail system would be equipped with Portland (IRI-MET) Type 2, 90-foot, low-
floor light rail vehicles, or equivalent. It is assumed that modifications would be made, if necessary, to permit
loaded trains to sustain 55 mph running on the bridge and its associated approach grades.

B. Assumed Light Rail/Bus Terminal Space Substitution

1. Concept Capacity

As noted, the concept provides for an aggregate 5-minute headway across the Bridge at all hours. In the peak
one hour, in the peak direction, trains would be composed of three-car consists. This implies twelve 3-car
trains in the peak one hour, or 36 cars operated through the Terminal in the peak one hour. It is assumed,
conservatively, that each light rail vehicle will have one-third more capacity than one 60-foot articulated bus.
Thus, 36 LRVs may be taken to represent at least the capacity of 1 1/3 06) bilses, or 36+12 = 48 articulated
buses.

2. Impact on Bus Bay Requirements at the Terminal

As noted elsewhere, the Year 2020 projection for AC Transit Transbay peak bus flow is 153 buses per peak
one hour in the peak direction.   It was calculated that, assuming some increase in the intensity of use per bus

bay, such a level of service would require 31 bays. Under the assumptions made here, light rail service would
replace 48 of those 153 peak hour buses, or 48/153= 31.3%. A corresponding reduction of 31% in the
required number of bus bays would be (.31)(31)=10, leaving 21 bays required for bus operation, plus the light
rail service. This would represent, essentially, the equivalent of the present level of bus service (100 buses per

peak hour, peak direction, using 21 - 24 bays), with the growth increment to 2020 primarily represented by
the presence of light rail service.
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Vehicles: Peak One Hour, 7'Cril)11131 Space
Peak Directic,ti

(hirrerit 100 buses 21 - 2,1 bays

Year 2()20 Projectecl 153 buses 31 bars

witho,it I.127

Year 2020 prolected 105 buses 21 bays
witli I.liT 36 I.RVs 21,erths 1 0, 3-car tralils

C. Pliysical Arrangements in the Terminal

1. Double 7'rack in 'lerminal
The assumption made to further tlie space assessnient for the 7'ertiiinal with 7 rRnsbviy bus ;ind hght rail
operation is based on the sharing of one Terminal platform and its ass ociated bus bay and travel lane. This
shared operation is feasible with light rail systems, and is based 011 the assumptic,Ii tliat street-type trackage,
such as girder rail, and its associated special work, would be installed in the bus roadway, with tile top of rail

flush with the roadway surface.

It is further assumed that the Bridge trackage would be a double-track installation, with one track signaled
for, and regularly operated in each direction. It is assumed that the loop arrangement would be retained at the
Terminal.  Approaching the Terminal, the inbound track would divide into two tracks, which would be
carried through the Terminal area.  Except when standing at tile platform itself, most use by arriving or
departing trains would be made of the track located in the "through lane" part of the roadway.   1.eaving the
Terminal to approacli the Bridge, the two tracks would converge into the single eastl)(,und mainline.

In the space analysis being conducted for purposes of Terminal prc,graminitig. A(= 'I'ransit's bus transit
design criteria are being used; these are generally appropriate for light rail in this circumstance as well.  AC's
criteria call for a roadway with a minimum width of 25 feet between tile platform-side curb protrusic,ii of the
sawtooth bus bays and the curb on the opposite side of the roticiway. '1'lie 25-fc,<,t width is sufficient for a
double-track light rail installation, and the level of service descril„d alic,ve (5-niinute headway) can bc
acconimodated on the track in the "thrc,ligh" lane, which will not be blc,cked 1,r tlic ends of articulated buses
sitting in the bus bays.

2. Platfc,rm Space
AC 'I'ransit's design criteria provide fc,r 85-foot platfc,rni letigtli fc) btis bAL'* RCC<,fiiniod;ltifig articul; te 1
buses. '1'lie reduction of bus bays by 10, noted above, would tliercfc,re reduce tile plat fc,rni length recluired
for buses by 850 feet.  A flat platic,rm czirb for twc) light rail traitis w„lild  lic required in place of tllis bus
platform.  Assumilig the possibility of two three-car traills in the termmal simultaneously, and tile 11Se of
Portlanci '1=ype 2 low-floor cars at a length of 90 feet per car, each light rail "liertli' wc,uld reqiiire 270 feet.
Iii order to permit inclependent access tc, and exit from either bc,rth, a scissors crc,ss„vcr woulil be placcel
between the two berths, and a facing cre,ssover fc,llc,wing the Secc,nci bcrth (in the clircction of travel).  '1'he
interniediate scissors crc,ssover wozild recluire some aciditional length, anci ft)r the mc)nic'lit it will 1)(' asslitileci
that this wozild nican al)(,ut 100 aciditic)tial feet (,f lefigth lietweeti tlie twc) lic·rths.  (I'lits ts a cliatige f r(,111 thi·
tealli chSCliSSion of 12 Apnl).   I'hereft,re, tile asslinleci tc,tal letigth ol- th(· 111:ltft,rtli space reclilirecl ft,r light rall
Wcitilil |)c· tile tw(, thr('c· Car traills, or 54() fec·t (2 x 270 feet), plils 7 11(Militti:111()() f.c·(·t, 1-,)r il t(,tai „f 64() fi·(·t.

'lhts is ;iii ('stlilliltcd 11('1 rcililitic)11 iii t'(·ellitre(1 1,1.lti(,rill lerigth 1(,r (-(,lilli.11,11)1(· (1('lir·(·ri·(1 (,111,1(-ltr· (,1
31,pr<,xtinatch· 21<) ic·c·t  (85() feet 5,1\'cd t"r(,m teri 1,114 b,13·s. 1,tit .icicliti„ 1,tick (,40 Ic·c·t  rc·cltiirc·cl 1<,   hM,lit  r,iii)
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Taking the overall sawtooth-bay platform and roadway width required in AC Transit's design criteria of 41
feet, the net reduction in required Terminal area would be (41 feet)(210 feet)=8,120 square feet.
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Appendix F: Bay Bridge Rail Study Team

Nelson/Nygaard Consulting Associates: 'Iratisit (,peratic,ns, pr(,ject (hrectic)11, :lilli C()ilsensils

1,ziil ling

Simon Martin-Vegue Winkelstein Moris: (:c,ordinatic,n with tile 'l'ratilm,y '1'crtill.1:11 Iniprc,veilictit

Prc,ject, cc,nsensus-building atid zirlian design

LTK Engineeritig Services: 79 ,insit operatic,tls

Felir & Peers, Inc.: lr.iffic engineering

Ove Arup & Partners: Sti·rictur,71 :111(-1 tratisit Cligin('C'ritig

Pacific Transit Management: l'ransit demand and cost mocieling
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