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1. INTRODUCTION

The Southern California Rapid Transit District is currently considering three
Los Angeles Metro Rail alternatives. The first alternative, termed the Locally-
Preferred Alternative (LPA}, is 18.6 miles in length and extends from the Los '
Angeles CBD to North Hollywood. The second alternative, termed the Minimum
Operable Segment (MOS), is an 8.8 mile segment of the 18.6 mile LPA, extending
from the Los Angeles CBD to Fairfax Avenue at Beverly Boulevard. The third
alternative, termed the M0S-1, is a shorter segment of_the LPA, extending 4
miles from the Los Angeles CBD to Alvarado Street at Wilshire Boulevard. In
order to qualify for rail funding, the Urban Mass Transportation Administration
(UMTA) requires the transit industry to calculate several cost effectiveness
indices which guide UMTA in making decisions on major transit investments,
These indices, representing a measure of transportation cost and benefits, are
based upon a comparison between the rail alternatives and Transportation System
Management (TSM) alternatives which are comparable in terms of the level of
service provided. To this end, three additional non-rail alternatives were
developed by SCRTD which reflect traffic operation and transit service
improvements. A comparison of each rail alternative to-its non-rail TSM-

equivalent is then made in order to measure the cost-effectiveness of the rail
alternatives.

The following text provides a detailed definition of the TSM alternatives,
followed by a summary of TSM measures that have already been implemented,
measures that have been considered, and most importantly, additional actions
which are proposed to supplement the current TSM program. In each case, the
impact of the TSM actions on the transit and highway level of service is
quantified.



2. DEFINITION OF ALTERNATIVES

TSM alternatives were derived incrementally. The 4-mile alternative was
developed from the 1985-base planned and committed system. The 8-mile TSM
alternative was developed from the 4-mile TSM alternative. The TSM alternative
was derived, in turn, from the 8-mile system.

2,1 4-MILE TSM ALTERNATIVE

Figure 1 shows the impact area of the 4-mile TSM alternative. This area is
bounded on the north by the Hollywood and Pasadena Freeways; on the south by the
Santa Monica Freeway; on the east by the Los Angeles River; and on the west by
Hoover Street.

To arrive at this alternative, the following modifications were made to the 1985
base planned and committed transit system:

A. Prohibit left turns on 7th Street between Alvarado and the Harbor
Freeway. This traffic management action has the effect of increasing
the speeds of all highway and transit modes on 7th Street by 15
percent,

B. Implementation of a computerized signal control system affects limited
stop transit route speeds (Routes 320 and 322 on Wilshire Boulevard,
and Route 328 on Olympic Boulevard) as well as surface street arterial
speeds. The effect of this action is to increase the speeds on the
affected bus routes and arterial streets by 7 percent.

2.2 8-MILE TSM ALTERNATIVE

Figure 2 defines the impact area of the 8-mile TSM alternative. This area is
bounded on the north by Melrose Avenue and the Hollywood and Pasadena Freeways;
on the south by the Santa Monica Freeway; on the east by the Los Angeles River;
and on the west it is bounded by Santa Monica Boulevard, Wilshire Boulevard and
La Cienega Boulevard, -

For this alternative, the following modifications were made to the 1985-base
planned and committed transit system:

A. A1l changes described above for the 4-mile alternative.

B. Implement left-turn prohibition on 0lympic Boulevard from San Pedro
Street (Los Angeles CBD} to La Cienega Boulevard. The effect of this
action is to increase transit and automobile speed by 15 percent

C. Implement asymmetrical traffic operation (reversible lanes) on Olympic
Boulevard between San Pedro Street #Los Angeles CBD) and La Cienega
Boulevard. The impact of this traffic operation change is to increase
transit and automobile speed on Olympic Boulevard by an additional 10
percent,

D. Extend implementation of the computerized signal control system within
the 8-mile TSM alternative impact area. The effect of this action is
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(. to increase limited-stop bus route speeds on Olympic, Wilshire and
Cahuenga Boulevards by 7 percent. Similarly, auto speed dincreases of
7 percent apply to the arterial street system in the area. Total
speed increase on 0lympic Boulevard is 32 percent.

2.3 18.6-MILE TSM ALTERNATIVE
Figure 3 shows the entire impact area of the 18.6-mile TSM alternative. In
addition to the area defined for the 8-mile alternative, the 18.6-mile TSM
impact area extends to Sylvan Street on the north. -
The 18.6-mile TSM Alternative is defined as follows:

A. A1l changes described above for the 4- and 8-mile alternatives.

B. Extend computerized signal control system within the expanded LPA

impact area. The effect of this action is to increase limited-stop

bus route speeds on Wilshire Boulevard and automobile speeds on
arterial streets by 7 percent.

C. Incorporate the following route changes:

- Divert Route 150 to Universal City Trans1t Center (UCTC) via
Lankershim., Peak headway: 7 minutes.

= Extend Route 152 to Universal City Transit Center {UCTC).
= Add Route S-170 service from Lankershim/Tujunga to Burbank CBD
via Tujunga, Ventura, Lankershim, Cahuenga, Riverside, Main,

Victory and 0live. Peak headway: 22 minutes; off- peak headway:
35 minutes.

- Extend Route 160 to UCTC.

S Add limited stop service {Route L- 4) from Ventura Hills to UCTC
via Ventura Boulevard. A.M. peak headway: 5 minutes, P.M. peak
headway: 8 minutes.

= Eliminate express Route 424 west of UCTC; leave express to CBD.

- Divert Route 423 to UCTC.

= E]1m1nate express Route 425 west or north of UCTC; leave express
o CBD.

- Divert Route 427 to UCTC.
= Add Route S-162 on Reseda from Devonshire to Ventura Boulevard.

A.M. peak headway: 5 minutes; P.M. peak headway: 8 minutes; off-
Fo peak headway: 20 minutes.

<. = Delete Routes 421 and 422.

= Divert Routes 420, 420A, 426 and 426A into UCTC.
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(‘ 2.4 TSM IMPROVEMENTS

2.4.1 Recently Implemented TSM Improvements

The City of Los Angeles and SCRTD have actively pursued a rigorous TSM program
to make effective use of its existing transportation resources. Since 1980

numerous TSM projects have been implemented for both highway and transit
facilities,

The City of Los Angeles Department of Transportation's.extensive list of recent
TSM improvements range from the restriction of parking in commercial areas to
the installation of a computerized traffic control system. The following list
presents the types of TSM improvements implemented by LADOT and typical
locations where the improvements were made. This list presents examples and do
not represent all improvements made.

a. Channelization of traffic

- Western Avenue between Santa Monica Freeway and Franklin Avenue.
- Beverly Boulevard between Fairfax Avenue and Rossmore Avenue.

b. Reversible lane operation

- Highland Avenue between Hollywood Freeway and Sunset Boulevard.

c. Downtown contra-flow bus lane

- Spring Street from Ninth Street to Sunset Boulevard.

d. Fine-tuning of intersections signal timing

- Various locations (100 to 200 per year).

e. Improvement of signal coordination

- Wilshire Boulevard from Alvarado Avenue to La Brea Avenue.

f. Computerized traffic control operation

- Los Angeles Coliseum area bounded by Santa Monica Freeway (north),
Harbor Freeway (east), Vernon Street {south) and Western Avenue (west)

g. Bus pre-emption of traffic signals

- Ventura Boulevard from Vineland Avenue to Reseda Boulevard.

h.  Improvement of signal operation reliability

- Various locations. Replaced electro-mechanical signal controls with
ﬁg@; micro procedures at multi-phase traffic signal locations.
i

7‘.* i. Installation of left turn restrictions (except buses)

- Wilshire Boulevard and Alvarado Avenue

.t o 20 o & iy @ oa
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= Wilshire Boulevard and La Brea Avenue
- Wilshire Boulevard and Fairfax Avenue

j. Widening of approaches to intersections

- Normandie Avenue and Olympic Boulevard
- HWilton Place and Wilshire Boulevard

k. Strict enforcement of traffic regulations and parking restrictions

= The City of Los Angeles recently established the Bureau of Parking
Management. Their responsibility is to enforce traffic regulations
and parking restrictions.

1. Restriction of on-street parking during peak periods

= Wilshire Boulevard between San Vincente Boulevard and Figueroa Street

m. Time-limited parking in commercial areas

= MWilshire Boulevard between Highland Avenue and La Brea Avenue

n. Neighborhood preferential parking programs

- Universal City area (sticker parking for residents)

0. Provision to permit reduced on-site parking in exchange for
comprehensive employer-sponsored ridesharing incentive program
{new development}.

- City ordinance passed in 1982

p. Flexible work program

- City employees work eighty hours in a two-week period in nine
working days and take Monday or Friday off.

q. Promotion of ridesharing programs

- A quasi-public agency formed to promote and encourage ridesharing
(Commuter Transportation Services--Commuter Computer)

r. Development of bicycle routes and storage facilities

- Bicycle route on Venice Boulevard between La Brea Avenue and Pacific
Avenue

-~ Shower facilities for bike riders in City Hall

- Enclosed bike storage lockers at City Hall

RTD has implemented its 1980 Sector Improvement Program (SIP). The SIP

represented the biggest series of service changes in RTD history. A key feature

of service in the 1980 Sector Improvement Program developed an expanded bus .
route grid of north-south and east-west bus lines with improved frequencies of

ten minutes or better between Santa Monica Mounf{ains and Manchester Boulevard,




and between downtown Los Angeles and La Cienega Boulevard.

In addition to establishing a grid system, the SIP also used the concept of
transit centers which are key locations where certain lines converge for the
convenience of passengers (such as shopping center malls and employment
centers). The transit centers simplified transferring and made possible the
boarding of any of several routes at one location.

The grid network of bus lines simplified the system, spread passenger loads over
more lines, and eliminated duplication. -

The 1980 Sector Improvement Program simplified the bus system on a single street
in a grid=-1ike manner whenever possible. It reduced the number of transfers;
provided faster service; and reduced overcrowding.

The 1980 SIP provides the following benefits to the public and to the District:

a, Produces a more comprehensive system. Recognizing urban growth
and change in the Jast 30-40 years: :

- Replaces uncoordinated conglomeration of predecessor
companies, lines with a coordinated system.

= Fills in service voids and creates a basic grid in the core
of RTD system.

b. Improve responsiveness. Implements requests, comments, and
suggestions from the public which require change in more than a
single line.

c. Simplify the system for users. By replacing circuitous, complex
and/or confusing routings with simplified grid and improved
service:

= Reduces travel time in several major corridors.

- Reduces the number of transfers required to complete a trip,
thereby increasing usage by many who chose not to use

previous services.

d. Open new opportunities for travel. New lines or connections of
existing lines provide:

- Better “crosstown" service in peripheral areas, allowing
patrons to complete their trips without traveling through
downtown Los Angeles.

= Better linkage across topographic_barriers (e.g., Hollywood
Hills, Baldwgn Hills, Elgs?aanalley = L.A.(Riger). y

= Improved connections between sectors (e.g., San Fernando
Valley to Pasadena, Highland Park to Hollywood, Glendale to
West Los Angeles, North Los Angeles to Central Cities and
East Los Angeles to the employment centers in Commerce,
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Vernon, and Cudahy).
Implementation of TSM improvements are hindered by discontinuities in the street
system. Despite the grid pattern of the street system, there are only four
through streets on an east-west axis in the entire corridor, namely, Third
Street, Sixth Street, Wilshire, and Olympic. Fourth Street and Fifth Street are
discontinuous at the Harbor Freeway and in the middle of the corridor. Sixth
Street, while continuous, turns into a quiet residential street west of Western
Avenue., Wilshire, while continuous throughout the corridor, dead-ends on the
west side of the CBD necessitating major bus turning mpvements in the CBD.

Seventh, Eighth, and Ninth Streets are discontinuous in the mid-Wilshire area.
Several north-south streets in the study area are also discontinuous. These
include Rossmore Avenue/Crenshaw Boulevard, Wilton Place/Arlington Avenue,
Normandie Avenue/Irolo Street and Virgil Avenue/Hoover Street. The
discontinuous streets result in a concentration of vehicular movement on only a
few arterial streets which are already at capacity, thus compounding the
congestion problem. Figure 4 shows the discontinuities, including jogs and
street mergers, which are an impediment to the normal flow of traffic.
Congestion on Cahuenga/Highland in the vicinity of the access ramps to the
Hollywood Freeway is also very severe, in spite of special traffic measures,
such as using one lane as a reversible lane for peak direction travel,

2.4.2 Proposed TSM Measures

The previous chapter outlined various transportation system management (TSM)
techniques which have already been implemented by the City of Los Angeles. In
addition to these, three general TSM techniques were proposed to supplement the
existing TSM program:

. Expansion of Computerized Traffic Signal Control
. Prohibition of left turns; and

. Asymmetrical lane operation.

. Development of Transit Centers

oo o

The following text Erovides documentation of the travel time savings which can
be expected for each technique as it is applied to the transportation system.

2.4,2.1 Computerized Traffic Signal Control

The City of Los Angeles Department of Transportation has conducted two studies
1o measure the effectiveness of computerized signal control. The first study
was conducted to quantify the benefits of installing a computerized traffic
signal control system in Downtown Los Angeles. The results of the study showed
significant improvements, with reductions in stops and delays of thirteen to
seventeen percent for automobile and bus traffic. The second study was
conducted to evaluate the TRANSYT model in Downtown Los Angeles. A TRANSYT-
derived timing plan for the p.m. peak period was installed in the study network.
Before—and-af%er field evaluations indicated that the TRANSYT timing plan
produced a thirteen percent reduction in stops and delays, with an increase in
average speed in the study network of seven percent.

Based on the results of the above studies, a seven percent increase in speed for
auto traffic was assumed and incorporated into the highway networks used for the

10
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TSM alternatives. Since signals are not timed for local bus operation, no
change in speed for local bus routes was assumed.(l) Limited-stop bus routes
are affected, however, and therefore the same speed increases assumed for auto
were assumed for limited-stop transit service.

2,4,2.2 Prohibition of Left Turns

The City of Los Angeles Department of Transportation conducted a study in 1980
to evaluate the effect of left-turn prohibitions on Seventh Street in OJowntown
Los Angeles. As shown in Table 1, the results of the speed study-~conducted
before and after the left-turn prohibition~~indicate an overall reduction in

travel time of thirteen percent and an overall increase in speed of fifteen
percent.

Therefore, using the results of this study, a fifteen percent increase in speed
was applied to auto and bus speeds in the networks used for the TSM
alternatives,

2.4.2.3 Asymmetrical Lane Operation

0lympic Boulevard currently provides three travel lanes in each direction, and
operates at a V/C ratio of approximately 0.90. . :

Asymmetrical lane operation, to be applied only to 0lympic Boulevard, would
provide four travel lanes in the peak direction and two travel lanes in the non-
peak direction. This operation would provide one additional lane in the peak
direction, thus theoretically increasing capacity in the peak direction by 33
percent,

According to a graphic representation of travel speed versus V/C ratio in the
Highway Capacity Manual(2), an increase in capacity of 33 percent (to go from
good to perfect progression) would result in an thirty percent increase in
speed. However, since perfect progression can realistically seldom be achieved,
and since adding 33 percent capacity cannot actually be attained by adding a
fourth lane to Olympic Boulevard, this increase in speed may not be feasible.
Therefore, as a conservative estimate, an increase in speed of ten percent was

used for auto and bus traffic and incorporated into the highway networks used
for the TSM alternative.

2.4,2,4 Development of Transit Centers

Implementation of the 18.6-mile TSM alternative would require the construction
of transit centers (as defined in the 1980 Sector Improvement Plan) at Universal
City and at Hollywood/Cahuenga.

12




7th Street Between

Left Turn Prohibitign Results:
Figueroa Street and Los Angeles Street (3,630 ft.)

TABLE 1

Time Trials : Time Trials
Period Before "No Left Turn® After "No Left Turn"
of Day Direction September 1980 April 1981
Time, sec Speed, mi/hr| Time, sec Speed, mi/hr
_ AM Peak EB 186.5 13.3 186.4 13.3
T WB 218.3 11.3 163.1 15.2
u Mid-day EB 293.7 8.4 305.9 8.1
WB 309.1 8.0 278.8 8.9
PM Peak £B 309.7 8.0 234.6 10.5
WB 339.8 7.3 272.8 9.1
Average Both 276.2 9.0 240.3 10.3
Overall Reduction in Time = 13.0%
Overall Increase in Speed = 15.0% -

Source: Los Angeles Department of Transportation

13
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I. Introduction

Metro Rail and Transportation System Management (TSM) alternatives
have been dffined for each of the three Metro Rail line extents (4,3.3, and
18.6 miles)”. Complete travel demand model simulations have been performed
to estimate the ridership, travel time, and operating resource and cost
implications of each of thse six alternatives.

Briefly sumarized in this memorandum are the results of the UMTA
prescribed cost-effectivenss calculations aimed at comparing each rail
alternative with the comparable non-rail alternative.

2. Cost-Effectiveness Inputs and Results

In addition to the data provided by the individual travel demand model
simulations, other capital and operating costs were computed based upon the
definition of the specific alernative being tested.

Rail system capital costs included the cost of the Metro Rail line and
the corresponding cost of bus expansion and replacement. The rail system
operating costs were derived from the respective rail and bus cost models,
which are calibrated components of the travel demand models.

The TSM capital costs include the cost of bus fleet expansion and replace-
ment for all alternatives. Computerized traffic signal constrol was also
included in all alternatives at $40,000 per signal, with the following
number of signals in each alternative:

TSM NUMBER OF SIGHALS
ALTERNATIVE EFFECTED

4.0 mile 334

3.8 mile 632

18.6 mile 960

In the 8.8 and 18.6 mile TSM alternatives, reversible lane control on
Olympic Boulevard was included at $1.5 million. And finally, in the 18.6
TSM alternative, new transit centers at Universal City and Hollywood/
Cahuenga were included at a total cost of $5.7 million. TSM operating
costs include the Long Beach Light Rail line and regional bus operating
costs plus the maintenance of the computerized traffic signal control
system (at $700 per signal per year).

A1l cost-effectiveness inputs are presented in the attached tables together
with the calculation results:

Extent Federal Total
(Mile) Index Index
4.0 4.58 6.51
3.8 1.80 3.00
18.6 2.03 3.77

Technical Memorandum 6.1.3, Description of Transportation System
ilanagement {TSM) Alternative Networks, September, 1984




SCRTD COST-EFFECTIVENESS CALCULATIONS
(. Alternative Name: MOS-1

item Gisc Lite Guantity Unit Price Cost Rate Vaiue TOTALS

RAIL ALTERNATIVE

Rail Capital Cost 0.1 30 1.175E489 1 $1174900000.00 0.1060792  $124632502,77
Initial Bus Expansion 0.1 {2 84 $158600.0C  ${26G000C.00 0.1447433 $1849217.77
Other Bus Cznital 0.7 30 0 %29425000.00 $0.00 0.1840792 £4.00

Replacement Bus Losts 0.1 12 2254 $150000.00  $34410G2G0.00 0.1467433  ¢505012%4.73

Other Capital Costc 6.1 3 0 1 $0.60 0.1048792 $0.80  $1749829E3,27
Local Capital Fending . $52970021.43 432970021 .43
bus Operating Costs b1 325420860 f $525420200.98 .1 45254z70880,40
Rail COperating Costs ! 1 Z8330ceg 1 $ZB3B0060.00 1 423320040.00  $553300800.00
Work Transit Travel Time 1§ 78311315 $4,00  $313245220.00 1 (3313245220, 00)
Nonwork Travel Time T 1 249973748 $2.0 $539947520.00 1 ($337947320.00) (2853102740.00)
Ann. Linked Transit Tr}p ! 1 922732980 1 222732800 H 9227325040

TSH ALTERMATIVE

Initial Bys Expansion g.1 12 26 %150000.00 $3900060.00

0,1467633 $5972374.53
Dther Bus Capital ¢.1 30 0 $27006000.00 $0.08 0.1040792 50,40

Reptacement Bus Costs 0.1 12 2226 3156000.00  $335400080.00 0,1447433  $49224415,58

Other Capital Cocts 0.0 30 13340000 T $12340000.00 ¢.1040792 $1417218.7¢  $31214011. 57
Local Capital Funding $12603502.89  $12803%02.39
Bus Cperating Costs 11 518104880 1 $518104886.00 1 #518104880,00
Ciher Operating Costs 1t 13232800 1 $13232300.00 ! $13233306.00  $531340480.00
Work Transit Travel Time 1 1 79354485 34,00 $319417940.00 1 (3319417940.50)
Nenwork Travel Time o1 273339740 $2.00  3544475520.00 ! (3544877520.00) <3844097450.50)
R nna. Linked Transit Trip 1 1 531937200 ! 501937266 1 01937200
@
- Coct-Efdectiveness Indey 4,573

Federal Cost-fffpctiveness Index ’ 4,5758



ECRTO CGST-EFFECTIVENESS CALCULATIONS

Alternative Name: MOS

Item Disc Life @uantity Unit Price Cost Rate Valye TOTALS

RAIL ALTERNATIVE

Rail Capital Cost 0.1 35 2.134E409 1 $21335300000.00 9,1040792  4224328074.13
Initial Bus Expansion 0.1 12 ¢ $150000.00 $0.00 £.14674633 $0.60
Other Bus Capital 0y 3B 0 $29000000.00 $0.00 0.1640792 $0.60

Replacement Bus Costs  G.1 12 2104 415CD0D.G0  $315400000.00 5.1447433  $44318502.25

Dther Capital Coszis L.l 3 g ! 40.00 0.19407%2 58,30  $272438578.39
Local Capital Furcing . $84002049.92  $84002045.93
fus Coerating Costs 11 499221230 1 $490221200.50 I $490281200.00

Raii [Cperating Coste 11 44700000 1 $44500000.00 I $44000000.00 $9351E1206.00
ork Transit Travel Time 1 1 B9443540 $4.00  $358443340.00 ! (4338443240.00)

Nonwork Trave? Time I 1 248312480 $2.00  $934424800.00 I ($334624800.0%) ($693283140.00)
Ann, Linked Transit Trip 1 1 $7441BEi0 i 374418500 1 374418500

TEM ALTERNATIVE
Inittal Bus Zxpansion 0.1 {2 203 $130000.80  $31200000.00 0,1447533 34577015.43
Other Bue Capital 0.1 A 1 $29000000.00  $290R0CCG.00 0.1040792 $3074295.20

Replacement Eug Costs 0.1 12 2418 $150000.00  2242700000.00 0.1467433 $57221054.29

Other Capital Costs 0.1 3@ 28780000 1 $28780000.00 0.1040792 $3032940.76  $43739228.78
Local Capital Funding $13984832.20  $13984832,20
Bus GOperating Costs 1 1 344063832 1 3544228832,50 1 $344088832.00
Other Dperating Costs I 1 13522440 1 313522490.00 I 313322400,00  $557411232.40
kork Transit Travei Time 1 1 91528800 34.00 $344113200.60 I {$353115200.50)
Norwork Travel Time P L 27301544) $2.00  $344220880,50 t 02544030650.00% ($912144020.09)
Ann. Linked Transit Trin ¢ I 519990700 1. 3199574900 | 31997006}
Cest-Cffectivensse Incex 3.0023

Federal Cost-Effactivenees Index ' 1.794%



SCRTD COST-EFFECTIVENESS CAL CULATIONS

Aiternative Name: LPA

Ttem Disc Life Juantity Unit #rice Cost Rate Value TOTALS

RAIL ALTERNATIVE

Raii Capital Cost 0.1 30 3,384E+09 ! $3384000000.00 G6,1040792  $358972174.09
Initial Bus Expengion 0.1 12 0 $i50000.c0 80.00 0.1447433 $0.00
Bther Bus Capital 8.1 30 b $Z9000000.60 $0.00 3.1040792 $0.00

Repiacement Bus Costz 0.1 12 1726 $130006.00  $298400000.00 0.14476433  $37952993.28
ther Capifal Costs g0 3 0 1 20.0C 0.10437%2 30,00 3394%23147.37

Local Capital Funding . $124359344.47  $124359344.47

Bue fnerating Costs I 1 404344000 I 3404344809.50 b 3404344066.90
Rail Operating Cosic 1 1 41520000 I 941520090.03 b $415Z0080.03  $4478464003.00
Work Transit Travel Time 1 1 90891080 44,00 $343344140.00 1 ($3435£4160.00)
Nonwork Travel Time 1 1 245235040 $2.00 9330470080C.90 1 (3530470080.00% ($894034240.00)

ann. Linked Transit Trip 1 1 582331408 ! SBIZEL0D 1 JBZZB1A0D

TS ALTERNATIVE

Initial Bus Expansien 0.1 12 181 $15E600.00  $24150000.80 p.1447433 $3544324.04
Other Bus Cepital 0.1 33 I $29000600.00  227000000.06 0,30407%2 $3074298.20
Repiacsment Sus Coste 3.1 12 237 6159200.00. $353430000.00 §.1467833  $52194373.02
Other Capital Costs 0.1 30 43400000 1 $45400000.60 0.1040792 $4837213.72 $434534218.99
Local Capital Funding $15913534.75  $15913554.75
Bus Operating Cosis b1 533248000 1 $533248000.00 1 $533248000. 06
Bther Jperating Costs 11 13717000 T $13717600,90 1 413717009.00  $544983000.00
Work Transit Trave) Time 1§ 91133920 $4.00  $384535480.00 1 0$344335480,00)
NotwoerK Travel Time 11 272938540 32,00 2547977120.40 1 03347977120.00) (391251280C,00)
(fif:éi Ann, Linked Transit Trip | 1 519832380 1 SIGESZ300 1 315252300
.-ill"
) Cost-zifectiveness Index 3.7¢%0

Fegeral Cost-Zdfectivensss Indey

g% ]

L347
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I. Introduction

Metro Rail and Transportation System Management {TSM) alternatives
. have been d?fined for each of the three Metro Rail line extents (4,8.3, and
18.6 miles)~. Complete travel demand model simulations have been performed
to estimate the ridership, travel time, and operating resource and cost
implications of each of thse six alternatives.

Briefly sumarized in this memorandum are the results of the UMTA
prescribed cost-effectivenss calculations aimed at comparing each rail
alternative with the comparable non-rail alternative.

2. Cost-Effectiveness Inputs and Results

In addition to the data provided by the individual travel demand model
simulations, other capital and operating costs were computed based upon the
definition of the specific alernative being tested.

Rail system capital costs included the cost of the Metro Rail line and
the corresponding cost of bus expansion and replacement. The rail systenm
operating costs were derived from the respective rail and bus cost models,
which are calibrated components of the travel demand models.

The TSH capital costs include the cost of bus fleet expansion and replace-
ment for all alternatives. Computerized traffic signal constrol was also
included in all alternatives at $40,000 per signal, with the following
number of signals in each alternative:

. TSM NUMBER OF SIGNALS
ALTERNATIVE EFFECTED
4.0 mile 334
8.8 mile 682
18.6 mile 9580

In the 8.8 and 18.6 mile TSM alternatives, reversible lane control on
Olympic Boulevard was included at $1.5 million. And finally, in the 18.6
TSM alternative, new transit centers at Universal City and Hollywood/
Cahuenga were included at a total cost of $5.7 million. TSM operating
costs include the Long Beach Light Rail line and regional bus operating
costs plus the maintenance of the computerized traffic signal control
system (at $700 per signal per year).

A1l cost-effectiveness inputs are presented in the attached tables together
with the calculation results:

Extent federal Total
(Mile) Index Index
4.0 4.58 6.51
8.8 1.80 3.00
18.6 2.03 3.77

. 5 Technical Memorandum 6.1.3, Description of Transportation System
Management (TSM) Alternative Networks, September, 1984



.‘31 ternative Name: MOS-!

Ttem Cisc Life
RAIL ALTERRATINE
Rai} Capital Cost 0.1 3
Imitial Bus Expansion  G.1 12
Other Eus Capital 0.1 30
Replacement Bus Costs p.i 12
Other Capifa] Coste .1 3
Local Capital Funding
Bus Operating Cotts 1 t
Rail Operating Costs ! 1
Work Transit Travel Time ! {
.Nunwnrk Travel Time ]
Ann. Linked Transit Tr}p 1 {
TsH ALTERNATIVE
Initial Bus Expanzion g.1 12
Other Bus Capital 0.1 30
Replacement Bus Costs 0.1 12
Other Capital Costs 0.1 30

Local Capital Funding
Bus Operating Cosis
Dther Operating Costs
Work Trarsit Travei Time
NonworK Travel Time

Ann. Linked Transit Trip

1 !
! ]
| i
! 1
11

Juantity

1,173E409

84

0

2294

0

323420600

23380000

78311343

265%73750

322732900

28

0

223¢

12340000

JiBloéegn

13233800

79354485

273339740

201937200

SCRTD COST-EFFECTIVENESS CALCULATIONS

Unit Price

Cost

Rate

1 $1174900000.98 0.1040792

$158880.00
$29662000.00
$130000.00

1

$4.00

$2.00

$150000.60

$29000000.00

$150000.00

{

$4.00
$2.00

i

$12400006.00
30,04
$344100000.80

$0.50

3523420808.00
$28380000.G0

$313245220.00

$039947520.00

S2I73E980

43700208.C0

30,00

$335400006.00

%13360000.00

$518104880.00
$13233800.00
$319417%40,00

$34667§320,00

501937200

G.1467633

0.10407%2

.1467633

0.10487%2

1

1

4
1

1

§.1467633

0.1040792

0.1467633

0.10407%2

Value

$124632308,77
$1849217.77
0,00
$535ﬁ1256.73
$0.00
$52970021.43
$520426800.00
$28380000.00

($313245220.007

TOTALS

$174982783.27

$92570021.43

523800800, 00

($95%947520,08) (¢B93192740.00)

GE2732300

$572376.93

$0.00

$47224415, 38

$14172(8.74

%12803502.89

$516104880.00

$13233200.00

1$219417%40.00

$31214011,57

$12803302.87

$531240680.00

1$396679520,00) (3844097440.90)

0137200

Cost-Effectiveness Index

Federal Cost-Effectiveness

Index

6.5373

4,3738



Hos

.Nternatiue Name:

Item
RAIL ALTERNATIVE
Rail Capital Cost
Initial Bus Expansion
Qther Bus Capitai
Replacement Bus Costs
Other Capital Cosis
Local Capital Funding
Bus Cperating Costs
Raii Qperating Losts
Work Transit Travel Time

.Nonwnrk Travel Time

finn, Linked Transit Teid

TSH ALTERNATIVE

Initial Bus Expansion
Oiher Bus Capital
geplatement Bus Costs
Other Capital Costs
Local Capital Funding
Bus Operating Cosis
Bther Dperating Coste
Work Teangit Travei Time
HerworX Travel Time

Ann. Linked Transit Trip

Disc Life
7.1 3
g.1 12
1
g.1 iz
g1 3w

1 1
1 1

0.

0.

0.

g.

!

i

20
12

30

{

!

SCRTD COST-EFFECTIYENEES CALCULATIONS

fuantity Unit Price

2. 1348409

0 $150002.30

0 $29000003.00

2104 4150000.00

0 1

49(281280 1

44200080 1

B9443840 $4.,00

268312400 $2.00

574418356 1

208 $150000.00

1 %2%000000,00

2418 $130000.00
2780000 !
344088832 i
13522400 i
71528384 34.00
273015449 $2.00
319990900 1

{ost

$0.00

$9.09

$313£80000.60

$6.00

$479281200.00

$44%00000.00

$3586633606.00

$534624809.00 .

376418300

$31200000.00
$29000000.C0
4362708000.00

$28780000.00

4344086832.80

$13522400.60
$344113280.00
43446020888.480

519990780

Rate

1 $2133300000.00 0.10407%2

0.1467633
0,16407%2
0.1347433

0.10467%2

i

1

1

0.1447433
0.1040792
0.1447633

{.1040792

!

Value

$226320074.13
$0.00

$0.00
$46358502.?5
$8.00
£8400204%.93
$490281200,490

$44900005.00

($338663240.00)

TOTALS

§272638578.3%

$B4002047.53

$333161200.00

($236624800,00) ($B95288140.00)

576418300

34379015.43
$3076295. 28
$33231034.39
$3052940.76
$15984832.20
$344088832, (0
$13322400.00

{$366115200.50)

$43939328.78

$13964832.20

$957611232.60

($346030630.00) (3912144080.09)

S15990900

Cost-Effectiveness Index

Federal Cost-Effectiveness Index

3.0023

1.794%



——

Alternative Name: LPA

SCRTD COST-EFFECTIVENESS CAL CULATIONS

Item Disc Life Buantity Unit Price Cost Rate Value T07ALS
RAIL ALTERNATIVE
Rail Capital Cost 0.1 30 3.3B4E+39 1 $3384000000,00 B,1048752 $338972174.09
Initial Bus Expansien 0.1 12 ] $150098.60 20,00 D.1447633 $0.00
Other Bus Capital g.1 30 0 $29000000.480 $0.00 0,1040792 $6.00
Repiacement Bus Coste 0.1 12 1724 $150000.00  $258400800.00 §.1447633 $3??§2993.28
Other Capital Costs 0.t 30 0 1 50,00 0.1060752 20,00 #3%4925147.37
Local Capital Funding $124359344.,67  $124359344.47
Bug Cperating Costs i 1 404344000 1 4404344046.00 1 $404344000.00
Rail Operating Costs I [ 1520000 i $41320000.00 H $41320000.08  $447864000.00
York Transit Travel Time I 1 908%i040 $4.00  $343544146.00 1 (3343544140.00)
Nonwor¥ Travel Time { 1 245235040 $2.00  $330470080.00 1 (3530470080.00) {4694034240.00)
Ans. Linked Transit Trip I 582381400 1 82281400 ! 382331400
TSM ALTERNATIVE
Initial Bus Expansion 6.0 12 141 $150000.80  $24130000.08 0.1447433 $3544334.04
Other Bus Czpital §.1 3 1 $29000000.00  $29200000.00 0.i040792 $3076292.20
Replacement Bus losts 5.1 12 2371 4130000,00  4333450000.00 0.1447433  $52194373.02
Other Capital Costs 6.1 30 435800600 1 $45690000.00 0,10607%2 $4837213.72  $63434216.99
Local Capital Funding $15913534.73 $15913534,73
Buz Operating Coste { 1 533248000 1 $333248000.20 1 $533248000.00
fther Cperating Coctc ! 113717000 1 $13717600.00 1 $13717600.00  $544933005.00
Work Transit Travel Time § 1 71133920 $4.00  $344335460.00 1 {$344339480.00)
Kergork Travel Tine l 1 273%8B346 $2.00  354797712¢.00 I (3347977120.08) (39125128080.00)
#nn. Linked Transit Trip | I 519852300 i J19BE2300 1 115832300
{ost-Effectiveness Indey 37690
Feceral Cost-Eéfectiveness Index ‘ 2.4347
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I. Introduction

Metro Rail and Transportation System Management (TSM) alternatives
have been dff1ned for each of the three Metro Rail line extents (4,8.8, and
18.6 miles)~. Complete travel demand model simulations have been performed
to estimate the ridership, travel time, and operating resource and cost
implications of each of thse six alternatives.

griefly sumarized in this memorandum are the results of the UMTA
prescribed cost-effectivenss calculations aimed at comparing each rail
alternative with the comparable non-rail alternative,

2. Cost-Effectiveness Inputs and Results

In addition to the data provided by the individual travel demand model
simulations, other capital and operating costs were computed based upon the
definition of the specific alernative being tested.

Rail system capital costs included the cost of the Metro Rail line and
the corresponding cost of bus expansion and replacement. The rail systenm
operating costs were derived from the respective rail and bus cost models,
which are calibrated components of the travel demand models.

The TSH capital costs include the cost of bus fleet expansion and renlace-
ment for all alternatives. Computerized traffic signal constrol was also
included in all alternatives at $40,000 per signal, with the following
number of signals in each alternative:

TSM NUMBER OF SIGNALS
ALTERNATIVE EFFECTED
4.0 mile 334
8.8 mile 632
T 18.6 mile 960

In the 8.8 and 18.6 mile TSM alternatives, reversible lane control on
Olympic Boulevard was included at $1.5 million. And finally, in the 18.¢
TSM alternative, new transit centers at Universal City and Hollywood/
Cahuenga were included at a total cost of $5.7 miilion. TSM operating
costs incliude the Long Beach Light Rail line and regional bus operating
costs plus the maintenance of the computerized traffic signal coantrol
system (at $700 per signal per year).

A1l cost-=ffectiveness inputs are presented in the attached tables together
with the calculation results:

Extent Federal Total
(Mile) Index Index
4.0 4.58 6.51
8.8 1.80 3.00
18.6 2.03 3.77

Technical Memorandum 6.1.3, Description of Transportation System
lanagement (TSM) Alternative Networks, Saptember, 1934



A b

alternative Name: MAS-1

Rail Capitai Cost
Initial Bus Expansion
Diher Bus Capital
Replazement Bus Costs
Otker Lapital Costs
Local Capital Fuading
Bus Operaiing Cocis

Rail Operating Cosis

Work Tramsit Travel Time

Noowork Travel Time

Cisc Life Guantity
B.0 30 1.1750+09
L1 iz 84
¢.1 3 b
g.1 1z 2254
g 3 i

11 525420800
I 1 =8330680
Pl 78311343
I 1 269973740

Ana. Linked Transit Trip 1

TSH ALTERNATIVE
Initiai Bus Expansion
Other Bus Capital
Replacement Bus Coszts
Other Capital Costs
Local Capital Funding
Bus Operating Costs

Other Cperating Costs

Work Transit Travel Time

Nonwork Travel Time

Apa, Linked Transit Trip

0.1

0.1

0.1

—

———

1 322722990

12 zd
30 ]
12 2234

36 12350060

1 518104880
113232800
1 79354485
1 273339740

1 aR1837200

SCRTD COST-eFFE

Unit Price

il

TIVENESS CALCULATIONS

Cost Rate

1 $1i74900000.00 0.1043792

$130000.00

$29000000.00

$150060.08

I

e

$4.00

$2.00

$150000.00
$29000000.,00
$130009.00

1

$4.00
32,00

i

$12400006.99 €.1467433
40,08 0.1069792
$344100000.90 £.,1447433

$0.00 0.1040792

$322420800.00 1
$2838C000. 00 ]
$313265220.00 H
$339947520.00 1
322732830 1
$2700200.00 0,1447432
$0.00 £.:1040772

$335450000,00 0.1447433

$13340600.00 0.1040792

35181046680 .00 1
$13233800.09 I
$319417940,00 i
$54¢675520.00 !

501937260 1

Value TGTAL
$124432508.77
$1849217.77
£6.,90
$50301254.73
$0.00  $174987783.77

$32970021.43  $52970021.43
$525420800.00
$2328000C6.00 553300800, 00

1$32132452:0.00)

3972376.%2

$0.08

349224415, 88

$141721E6,74  $51214011.77
$12803302.89  $12803502.89
$9168104880. 00
313233800.00 333134048000

($319417940.60)

(3346679520,00) (3844097440.00)

301937200

Coct=-Effectiveness Inceyx

Faderal Cost-Effectiveness Index

6,2173



SCRTD COST-EFFECTIVENESS CALCULATIONS

Altepnative Name: M0S

Ttem Disc Life Guantity Uit Price Cost fate Value T4

e
[ir)

RAIL ALTERNATIVE

Rail Capital Cost 0.1 3 2.134E449 1 133306000.80 §,1040792  $224226074.15
Initial Bus Expansion 0.7 12 0 $150000.00 40,50 0.1447432 30.06
Other Eus Capital .1 30 8 $29000000.00 $0.00 0,1040792 $0.00

Replacement Bus Costs 0.1 §2 2104 ${5CDCO.CC  $313400000.00 5.1447633  $44318502.25

#ther Capital Costs 8130 0 ! $6.00 0.1048752 $0.00  $272438578.29
Lacal Capital Funding . $B4002047.93  ¢R4002047.93
bus Operating Cozts 1450231230 Voo$49n281200.00 1 4496281200,30

Raii Cperating Casts 11 44300000 I $44700000.00 I $44900000.00  ¢$535151200.60
Hork Transit Travel Time ! 1 B9442540 $4.00 3358463340.00 1 ($358443240.40)

Nonwark Travet Time I 1 248312400 $2.00  $538424800.00 I ($334424800.88) ($993288140,00)
Ann, Linked Transit Trio ! 1 574415500 i 376418500 ! 374418380

TSM ALTERHSTIVE

Initial Bus Zxpansion 0.1 12 203 $135000.90  $31200006.00 0,1447433 $4575015.43

Other Eue Cayital 0.1 3 Yo$27000000.00  $29000006.00 0.1040792 $307625%.20

Repiacement Eus Costs 0,1 12 2418 $150000.60  2242700000.90 0.1447433  $53231054,59

Dther Capital Costs 0.1 30 28780000 T $28780000.00 0.1040792 $30529¢0,76  $63939228.78
Lecal Capital Funding $15784632.20  $139045832.20
Bus Gperating Cosic 11 54463832 1 $044088832,00 1 $344088832.00
Other Operating Coste I 13522490 1 313322400,00 I $13322400.00  $537411232.40
Work Transit Travei Time 1 1 91528800 34,00  $366113200.00 [ (336011328000
Norwor¥ Travel Time Lo 1273015440 82,00 3345020880.00 1 (3344032850.20% ($%12144630.00)
f‘*;*f; Anf. Linked Transit Trip 1 S17990%00 1 319950900 1 51699000)
- cost-Effectivensce JTneex 3.0023

Federat Cost-Effectiveness Index ' 1.7549



(\iili

Alternative Mame: LPR

SCRTD COST-EFFECTIVENEES CAL CULATIONS

Item Disc Life Buantity Unit Price Cast Rate Vatue TOTALS
RAIL ALTERNATIVE
Raii Capital Cost 0.1 30 3.384F+59 1 $3384000000.00 0.1040792  $358972174.09
Initial Bus Expansion 6.1 12 8 $130060.60 $6.00 0.1447533 36.00
Bther Bus Capital 8.0 30 0 $Z5006000.00 $0.00 0.1040792 $0.6D
Repiacement Bus Costs 6.1 12 1724 $150u00.00  $258400080.00 0.1467433  $379529%3.28
Othar Capital Costs g.r 3 0 ! 30.90 0.1042792 10,50 $394%20147.37
Local Capital Funding $124359244.67  $124359344.47
Bus Goerating Cosis T 1 4B4344060 1 $404244000.00 1 24043440G0.00
Rail Operating Cosic 11 £iszio00 i $415Z6090.00 1 $415920000.00  $447544003.00
Work Transit Travel Time 1 1 90891040 24,00 $263544140.00 1 ($343544140.00)
Honwork Travel Time I 1 245233040 £2.00  $333470080.00 P ($330476080.008) ($BP4034245.00)
Ann. Linked Transit Trip 1 1 582381408 1 582561500 1 JB2zE1400
TEM ALTERMATIVE
initial 2gs Evpansion  §.1 12 151 4190000.00  329130000.00 0.1447433 $3544324.04
Other Bus Capital 0.1 2 1 $25000800.00  ¢29000000.00 §,1040792 $3074292.20
Repiacement Sus Cecie 3.1 12 270 #130009.0C  $55365G000.00 9.1467433  $52194373.02
Other Capital Costs 0.1 30 45400000 1 $43400800.60 0,1040792 $4827213.72 $63654218.57
Local Capital Funding $19713354.79  315%13354.75
Eus Cperating Costs [ 1 333243000 1 $333248000.00 ! $5332480C0. O
Oihter Operating Coste t 1 127172600 T $13717600.20 1 $13717000.00  $544985006,00
Work Trangit Travel Time | 1 %i133920 $4,00  $344535480.00 1 (3344533480000
Horwork Travel Tire I L Z7EheRasl $2.00  3547977120.60 1 0%547977120.00) ($712512800.00
Aan, Linked Transit Trip 1 1 519052300 i S1%E22308 4 915352300
Cost-zffectiveness Inoex 37470
Feceral Cost-E4fectivensss Indey ‘ 2.0347
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SUMMARY

The Alvarado Station is proposed to serve initially as a terminal station for
the Unjon Station to Wilshire Alvarado (M0S-1) segment of the Metro Rail system.
Use of this station as a terminal facility necessitates the routing of express
buses via a passenger drop-off area located adjacent to the station site. Two
alternative bus routings have been identified to provide access to the station.

. These two routings, referred to as the "Alvarado Alternative” and the “Westlake

Alternative,"” are described in detail in this report.

The purpose of this analysis is to determine if the proposed location of the

Alvarado Station would affect surface traffic to the extent that it exceeds an

acceptable level of seryvice and if sufficient street capacity is available to
accommodate the needed bus access to the station. Potential 1impacts could
result from buses terminating at the station. Originally, the bus routing for
limited routes was east on Wilshire Boulevard, south on Alvarado Street, and
west on 7th Street. Discharge and pickup of passengers would have occurred on
the west side of Alvarado Street opposite the station entrance. This pedestrian
movement was deemed unsafe, undesirable, and impractical given the traffic
volume on Alvarado.

In the Alvarado Alternative the 1imited routes were proposed to allow discharge
and loading on the east side of Alvarado Street. The alternative routing would
be east on Wilshire Boulevard, south on Hoover Street, east on 7th Street, north
on Alvarado Street, then west on 6th Street and return to Wilshire via Rampart
Boulevard or Lafayette Park Place. The westbound routing was placed on 6th
Street rather than Wilshire Boulevard because the distance from the station to
Wilshire Boulevard was too short for the buses leaving the station to cross
Ethrough lanes of traffic to turn left on to Wilshire Boulevard.

A second alternative routing for the limited buses (Westlake Alternative) was to
have them travel east on Wilshire Boulevard past Alvarado Street and then south
on Westlake Avenue, one block east. The buses would discharge and Tload
passengers near the kiss-and-ride area on the west side of Westlake Avenue. The
buses would leave the station area traveling south on Westlake Avenue, then west
on 7th Street, and north on Hoover Street to west on Wilshire Boulevard.

The results of analysis on the Alvarado Alternative show that this scenario will
not work without improvements, whether considering traffic flow or bus
operations. Under existing conditions, traffic flow is extremely congested at
Wilshire/Alvarado and 6th/Alvarado 1in the p.m. peak hour. The Westlake
Alternative operates much more efficiently. The additional bus traffic does not
add to the p.m. peak surface traffic congestion. Based on results of this
analysis, it is recommended that the Westlake Alternative be implemented to
provide the necessary bus interface with the Alvarado Station.

As part of this analysis, it is further recommended that the curb radius on the

southwest corner of Wilshire and Westlake be improved to a minimum of 36 feet to
enhance bus operations for this right-turn movement.

S-1
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1.  INTRODUCTION

The Alvarado Station is 1located 1in the block bounded by Alvarado Street,
Wilshire Boulevard, Westlake Avenue and Seventh Street (Figure 1). The Alvarado
Station is proposed to serve initially as a terminal station for the Union
Station to Wilshire/Alvarado (M0S-1) segment of the Metro Rail system. Use of
this station as a terminal facility necessitates the routing of express buses
. via passenger drop-off areas Jlocated adjacent to the station site., Two
alternative bus routings have been identified to provide access to the station.
These two routings, referred to as the "Alvarado Alternative" and the "Westlake
Alternative," are described in detail later in this report.

Two basic operational elements are defined, evaluated, and documented herein,
The first d§s an analysis of surface traffic (forecast to the Year 2000)
including background vehicular and pedestrian traffic plus autc, bus, and
pedestrian traffic interfacing with the station. The second is an evaluation of
the bus operations for each of the alternative routings. The purposes of this
analysis is to determine if the proposed location of the Alvarado Station would
affect surface traffic to the extent that it exceeds an acceptable level of
service and if sufficient street capacity is available to accommodate the needed
bus access to the station.
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2. DESCRIPTION OF ALTERNATIVE BUS ROUTINGS

. A traffic engineering analysis was conducted to determine the effect on traffic
flow when the Alvarado Station is temporarily used as a terminal station.
Potential impacts could occur as a result of buses terminating at the station.
Originally, the bus routing for limited routes was east on Wilshire Boulevard,

_to south on Alvarado Street, and west on 7th Street. ODischarge and pickup of
passengers would have occurred on the west side of Alvarado Street opposite the
station entrance. Bus patrons accessing the station would have to cross
Alvarado Street, This pedestrian movement was deemed unsafe, undesirable and
impractical given the traffic volume on Alvarado.

An alternative bus routing (Alvarado Alternative) for the 1limited routes was
proposed to allow discharge and loading on the east side of Alvarado Street.
The alternative routing would be east on Wilshire Boulevard, south on Hoover
Street, east on 7th Street, north on Alvarado Street; then west on 6th Street
and return to Wilshire via Rampart Boulevard on Lafayette Park Place. The
westbound routing was placed on 6th Street rather than Wilshire Boulevard
because the distance from the station to Wilshire Boulevard was too short for
the buses leaving the station to cross through lanes of traffic to turn left on
to Wilshire Boulevard.

A second alternative routing for the limited buses (Westlake Alternative) was to

have them travel east on Wilshire Boulevard past Alvarado Street and then south

on Westlake Avenue, one block east. The buses would discharge and load

passengers near the kiss-and-ride area on the westside of Westlake Avenue. The

buses would leave the station area south on Westlake Avenue, then travel west on
. 7th Street, north on Hoover Street, and west on Wilshire Boulevard,

The impact of the bus routing on traffic flow in the station area was determined
for each alternative.




3. IDENTIFICATION OF CRITICAL INTERSECTIONS

. Five intersections were identified as having potential for being impacted by the
Alvarado bus routings. These are Hoover Street/Wilshire Boulevard, Hoover
Street/7th Street, Alvarado Street/6th Street, Wilshire Boulevard/Alvarado
Street, and ‘Wilshire Boulevard/Hoover. A review of traffic control, traffic
volumes, and observation of traffic operation in the field indicated that the
three intersections with Alvarado Street would be the critical intersections for
analysis. The traffic volume in the Hoover Street area is significantly less
than that in the Alvarado area and Hoover Street has an additional exclusive
lane for left turns. '

Two intersections were identified as having potential traffic impacts with the
Westlake routing. They are 7th/Alvarado and Wilshire/Alvarado.



4.  METHODOLOGY

. The key analytical methods used in this study were Critical Movement Analysis
and bus operations analysis.

The *Operations and Design” application of the Critical Movement Analysis as
. presented in "Transportation Research Circular Number 212, Interim Materials on
Highway Capacity” was utilized to calculate the 1Jevel of service for the
critical intersections. The "Operations and Design” application of Critical
Movement Analysis allows for specific adjustments to be made for traffic and
roadway conditions. There are four adjustments related to the factors of
vehicle mix (trucks and buses), peaking characteristics, turns, lane utilization
(i.e., volume distribution), and lane width.

The traffic volumes used in the analysis are Year 2000 volumes assuming the
temporary terminal station at Alvarado Street. The volumes were derived from
the previous work of the City of Los Angeles Department of Transportation as
documented in the "Final Project Report - Traffic Analysis," June 1983 (Task
18CAA21). Also used were existing traffic count data provided by the City of
Los Angeles Department of Transportation. The bus volumes for the alternative
routings were generated by SCRTD's General Planning Consultant. The volumes
were based on travel demand forecasts for the systems with Alvarado Street
serving as the terminal station.



5. GEOMETRICS AND TRAVEL CONTROL

. The Alvarado Street, 6th Street, Wilshire Boulevard, and 7th Street

intersections have similar geometrics and lane utilization. Each street has
three lanes in each direction with the curb lane used for parking during part of
the day. The approaches to each intersection have parking restricted (except
for westbound 7th Street at Alvarado} allowing right turns to be made from the
curb lane., Left turns from all approaches at each intersection are prohibited
during the hours of 7:00 a.m. and 6:00 p.m.. Buses may make left turns at all
times throughout the day. Traffic signals are currently in operation at each of
the critical or potentially critical intersections identified previously. These
signals operate on a two-phase, fixed-time cycle length with approximately equal
green-to-cycle (G/C) ratios. Specific signal timing was not considered
critically essential in the analysis since it was assumed timings could be
slightly modified as necessary to accommodate anticipated variations in traffic
volumes.



6.  TRAFFIC VOLUME DATA

. The traffic volume data used in this analysis were obtained from three sources.
Existing traffic count data, including 24 hour volumes, turning movement data,
pedestrian volumes, and peak 15 minute counts. The volume of trucks and buses
was provided by the City of Los Angeles Department of Transportation. These
-detailed counts were provided for the intersections of 6th Street and 7th Street
with Alvarado Street.

Also included with the turning movement counts are pedestrian volumes across
each approach during the peak periods observed for the intersection of 7th
Street & Alvarado Street. The pedestrian volumes are relatively Tlight in the
a.m. peak period when the average volume is around 150 persons per hour in each
crosswalk. In the afternoon peak, however, pedestrian activity in the east-west
crosswalks (crossing Alvarado) varies from 500 to 600 persons per hour.
Pedestrians crossing 7th Street parallel to Alvarado Street range from 600 to
800 persons per hour.

Added to these traffic data and forecasts were the "limited" bus volumes
associated with each alternative as forecasted by SCRTD's General Planning
Consultant. These buses would be in addition to the local bus service and would
only serve the Alvarado Station. The numbers of buses anticipated are 40 per
hour in the a.m. peak, 35 per hour in the p.m. peak and 5 per hour during the
mid-day (Hoover, 7th, Alvarado, 6th and Lafayette Park Place back to Wilshire),
Wilshire Boulevard eastbound would have six “Limiteds" per hour in the a.m. and
one in the p.m. Seventh Street westbound from the station would carry one in
. the a.m. and six in the p.m. (Figure 2). '

The ‘“Westlake Alternative" (Figure 3) would have the same number of "limited"
buses in each period; however, it would have a different routing system as
described earlier. In addition, the document entitled “Final Project Report
Traffic Analysis" (Task 18CAA21) by the City of Los Angeles Department of
Transportation was used as a source for Year 2000 traffic forecasts in the
vicinity of the Alvarado Station. Copies of these data are provided in Appendix
A.
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7.  ANALYSIS AND RESULTS

. Critical intersections in the vicinity of the Alvarado Station were analyzed to
determine the impacts created by buses, vehicular traffic, and pedestrians.
This examination involved utilization of the Capacity and Critical Movement
Analysis and an evaluation of bus operations were performed. The locations

studied are presented in Table 1,
7.1 ALVARADO ALTERNATIVE

A Critical Movement Analysis was performed using the existing traffic control
and street geometry conditions with Year 2000 background traffic control and
street geometry conditions plus transit generated traffic and bus volumes. The
traffic volume data and the detailed analysis results using existing conditions
are presented in Appendix B for the Alvarado Alternative using existing
conditions. Based on the level of service (LOS) ranges used in the referenced
document for the "Operations and Design Application"” (Table 2}, it was
determined that two of the intersections would experience unacceptable levels of
service with transit traffic impacts during the p.m. peak period. With
reference to Table 2, it should be noted that LOS D 1is generally acceptable
during peak periods while LOS E is not. Level of service F represents breakdown
conditions in the traffic flow. The CMA results (Table 3) show that the a.m.
peak period experiences acceptable conditions and the p.m. peak conditions at
Wilshire/Alvarado and at 6th/Alvarado are less than desirable before transit bus
traffic is added.

. Pedestrian traffic at the 1intersections of Alvarado Street with 7th Street,
Wilshire Boulevard, and 6th Street is relatively heavy {600 to 800 per hour) in
the p.m. peak. However, adjustments were made in the Critical Movement Analysis
to account for up to 1,200 pedestrians per hour opposing the right turn
movements. Since the right turns are in separate lanes with space for queueing,
relatively minor impacts result for through traffic. Since the critical
movements are in the through lanes, no decrease in service level is experienced
due to pedestrians. This conclusion applies to both alternatives.

7.2 ALVARADO ALTERNATIVE WITH IMPROVEMENTS

The next step in the evaluation of the Alvarado Alternative 1is to identify
improvements that would enable this scenario to operate at an acceptable level
of service. A major objective in realizing this goal 1is to minimize capital
expenditures through the use of transportation systems management (TSM) type
traffic enhancements. Because the p.m. peak period 1is the only time when
unacceptable levels of service are experienced, it was decided to test a traffic
flow improvement that prohibits curbside parking (which is currently metered)

~during the p.m. peak (3-6 p.m.)} on the east side of Alvarado from about 200 feet
south of 7th Street north to Maryland Street, one block north of 6th. This
parking restriction would provide three lanes for moving traffic during the time
when it is most needed. The results of the Critical Movement Analysis with this
improvement (Table 4) indicate the service level can be improved to D, which is
acceptable in urban areas during a peak period.

10



TABLE 1

ALVARADG STATION
INTERSECTIONS STUDIED

Alvarado Westlake
Intersection ATfernative Alternative
7th & Alvarado a.m, and p.m. P.M. Only
Wilshire & Alvarado a.m. and p.m. P.M. Only
6th & Alvarado a.m. and p.m. Not Critical
7th & Hoover Not Critical Not Critical
Wilshire & Hoover Not Critical Not Critical

Source: Schimpeler.Corradino Associates, 1984.

"



TABLE 2
. LEVEL OF SERVICE RANGES
OPERATIONS AND DESIGN APPLICATIONS
(IN PASSENGER CARS PER HOUR EQUIVALENCY)

FOR SIGNALIZED INTERSECTIONS

Maximum Sum of Critical Volumes

Level of Service Two-Phase Three-Fhase rour+ Phase
A 1,000 950 900
B 1,200 1,140 1,080
C 1,400 1,340 1,270
D 1,600 1,530 1,460
E 1,800 1,720 1,650
F  emmmeaso=aa- Not Applicable--------------

Source: Transportation Research Circular 212 Interim Materials on Highway
Capacity, Transportation Research Board, National Academy of Sciences,
. Washington, D.C.

12



TABLE 3

ALVARADO STATION
CRITICAL MOVEMENT ANALYSIS

Alvarado Alternative

“Sum of Critical Level of
Intersection “Volumes (pch) Service

7th & Alvarado

a.m. 1,216 C

p.m. 1,433 D
Wilshire & Alvarado

a.m, 1,399 C

p.m. 1,717 E
6th & Alvarado

a.m. 1,491 D

p.m. 1,889 F

Source: Schimpeler.Corradino Associates, 1984.
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TABLE 4
ALVARADO STATION

CRITICAL MOVEMENT ANALYSIS
WITH IMPROVEMENTS

Alvarado Alternative

Sum of Critical Level of
Intersection Yolumes (pch) Service
Wilshire & Alvarado
p.m. 1,538 D
6th & Alvarado
p.m. 1,513 D

Source: Schimpeler.Corradinc Associates, 1984,

14



7.3 WESTLAKE ALTERNATIVE

The Westlake Alternative allows buses eastbound on Wilshire Boulevard to
continue east to Westlake, and then turn right with passenger drop-off/pick-up
from the Westlake side of Alvarado Station. Buses then continue right onto 7th
and back- to Wilshire via Hoover. Based on the previous analysis it was
determined that the a.m. operations would be at an acceptable level of service,

_but that two dintersections were potentially critical during the p.m. peak

period. The two intersections analyzed for this alternative were
Wilshire/Alvarado and 7th/Alvarado. The traffic volume data and detailed
analyses for this alternative are presented in Appendix D. The results of the
analysis (Table 5) show that the 7th/Alvarado intersection operates acceptably.

‘However, the Wilshire/Alvarado intersection operates at LOS E, which s

unacceptable. However, a further examination reveals that the transit traffic,
specifically the buses eastbound on Wilshire in the p.m. peak to serve the
Alvarado Station, does not add to the critical movements. This is demonstrated
in Table 6, which presents the equivalent passenger cars per lane per hour for
each approach in the before-and-after transit condition. This table shows that
the buses ~dded to the intersection are added to the smallest traffic stream
(588 PCV before vs. 629 PCV after, with buses added) and that this addition
leaves the eastbound movement far short of the critical volume (841 PCV) on the
westbound approach. Therefore, the additional bus traffic contributes nothing
to cause deterioration to the level of service and, although the service level
is E, no improvements are recommended since transit and the station's presence
make no contribution to the problem,

15



TABLE 5

WESTLAKE ALTERNATIVE
CRITICAL MOVEMENT ANALYSIS

Westlake Alternative

Sum of Critical Level of
Intersection Volumes (pch) Service
Wilshire & Alvarado
p.m. 1,676 E
7th & Alvarado
p.m. 1,470 D

Source: Schimpeler.Corradino Associates.
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TABLE 6

WESTLAKE ALTERNATIVE
WILSHIRE/ALVARADO APPROACH VOLUMES (PCY)

Total PCY (Passenger Car)

Intersection Approach

Equivalents in Cars Per

Wilshire & Alvarado

Eastbound (A1)

Westbound (A2)

Southbound (A3)

Northbound (A4)

Sum of Critical Volumes 1,
Level of Serviﬁe

Reference: . Calculation #10, Appendix D.

. Source: Schimpeler.forradino Associates.

Before

538
841 (c)
641
835(c)
676

£

17

After
629
841 (c)
641
835(c)

1,676



8. CONCLUSIONS AND RECOMMENDATIONS

Stated succinctly, the results of analysis on the Alvarado Alternative show that
this scenario will not work without improvements, either from the traffic flow
perspective or the bus operations viewpoint. Traffic flow, with existing
conditions and experiences, present extreme congestion at Wilshire/Alvarade and
6th/Alvarado in the p.m. peak period. Bus operations are seriously impacted due
to insufficient Jength of the pull-out bus bay to allow for efficient
Toading/unloading, much less having space for layover. This scenario would,
therefore, require buses to circulate around the block to accomplish Tayover
time, which is obviously undesirable for several reasons.

The Westlake Alternative (refer to Figure 3), on the other hand, operates much
more efficiently. The additional bus traffic does not add to the p.m. peak
surface traffic congestion since it operates eastbound on Wilshire against the
major traffic flow and 7th/Hoover both have sufficient excess capacity to accept
the additional buses. Bus operations are enhanced also through the provision of
a layover space along the west curb face of Westlake Avenue south of Wilshire in
addition to sufficient space for passsenger loading/unloading.

Based on results documented herein, it is strongly recommended that the Westlake
Alternative be 1implemented to provide the necessary bus interface with the
Alvarado Station.

As part of this analysis, it is further recommended that the curb radius on the

southwest corner of Wilshire and Westlake be improved to a minimum of 36 feet to
. enhance bus operations for this right turn movement, allowing the buses to turn.
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APPENDIX A

TRAFFIC VOLUME DATA
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11 AH s2| 72| 1] 75 266 82| 112| 93| 109 396 0b6¥| o680 7% JTY 662
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12 AM 23 13 22 9 67 12 4] 10 30 | 1.94 1.6¥ 2.0 ) 105
1 AM 77 11 5 o 2T | 9 2 M 6 24 | .8 5.54 .1 W TH 51
2 AM . 20 4 2l 7 33 B % ) 5 25 | 2.5% 1.0 OH 1.5 LYt}
3 AM 1 2 5 3 11 1 1 1 4 | 1.0 | 2.0% 5.0 3.0%H 15
4 AM zZ 3 1 4 10 3 2 1 0 1% cTH 1,58 L.0 | «5%H 2%
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6 HOUR TOTAL '
' 4189 44949 bu6eso
16 HOUR TOTAL
9599 _10417 20016
24 HOUR TOTAL
10542 — 11247 217TH9
HOUR HO HOUR
BEGINNING | VDLUME BEGINNING VOLUME BEGINNING VOLUME
PEAK HOURS -
AM AM AM
) 166 11 15 55 il 15 15599
PM PM PM
FOAM MO, 283 REV. | 42 “I.IJ &4“ & [*5 l_t_[bd? ['_ 1'5 L?UB
T9T506 2.3 6 012662 HILGHIRE bl | AT ALVARADU ST

11

l.l El

33




b33
AvE

3.0, 11,7
139 .1 ALvAZAOO
NN

Sec o8
L LS ™~
- e o
- _ - o ra (-]
s ) 3 « = |+0 -«
‘:%’ (o'_.uo- = = l":t":. -t -
RS s T N
§z4]7%6 % R e
Teo : - 1 'J.. - o
5 1 gg%les 3
e ::i:: e 73222 Litp, iSRS, 15ve
109, 15.0, 143 SixTH 57 _ ‘Sé'“. 230, 7%0
1.2, 18.3, 1.1 . 0.0, 10, 13
23, 139, 14O e, te3, 154
g0, 1380, a0 joop, 1390, 319
%0, (300, LS
W £ o _ (-]
% FoElETS
s5.1,5¢
H ¢ :';-§
LLE 1 3 ] -y 3
Tea’ (Do 7 f25l83¢
“_7 * ‘lrba f:-'° -
o A :Ol.o 3 u’n. 147D, 141D Jodo, 135D, 130
2, V. %5 3D, (85T 220, tobe a0
. 2 . ! Fl
:’:: iy HER 152 (O°e  WILINIRE Bo e T 14
10, 5 .
& “ra: :"-Oo aio) ::“la: e oy, 13.7, 130
Sxy Eiotp RAPE '“*cé.',ﬁ‘.’u&ﬁ.:‘: O - TN, 1D, §50
193':&::0 CTRECT AL KNG 750, 104D,
e
A '}-.5_. E g
‘Bus Bbas - 5. .
S ¢ METET AL
? % STATOR
LS L
76, 448, &0 : a6d ° o
178, $3, 43¢0 - oo eaa. e 33‘;;:;: e
ey, 12, 2# 14, 10.2, D% sEvEATH ST 4’ , 45
2.0, &1, 4.8 22, &5 q.1 7, 16, 4.5
Y20, b, LWD Y=o, 618, <9c te, Fen, B2
530, e, LYo o - 3T t9y, 2% Lao, &0,
§ - ) -3
ﬂ'ﬂ - = e
L= '-'-‘r"_ -'_"'__J_F-E
so+la 8 g —3~=od
a07F 5 < = o] i
SEE{EYc Sy
- - - . o ‘O‘o o - -
Sow ".-2.3 §=JU\E3
8r:co2 A STATIDN Access POT T
meo, 2000 muv, 1000 PRDI. <
’ PaA P bt z
AM Pu W
TRAFFIL VOLUIALS € (odn) —_— §
z
=]

Al VARADO/WILSHIRE STATION TRAFFIC YOLUMES



APPENDIX B
ALVARADD ALTERNATIVE

TRAFFIC VOLUME DATA

AND CMA RESULTS

EXISTING CONDITIONS -



Traffic Volume Data Z
dentification of Intersection Movements

3 | Approach 31
| i - .
T-_3% Y
LtB-_4 5 =
TB- _0 < @
_ J4 L .
220 : o :
i SO0 , AD A
~ g2 e Q—-‘C
O L0 B - B1 |
T
O go —A y 2
o | & 8‘_
Q. =
A‘] 590 <
< '%B‘ VEZZ |
- — oo =
) )
i -k
LB=_//_ | '
TB= LD 1-}
Approach 4
Design Year _z2¢22
Design Hour AN
At A 7% | Test lase.
Intersection _ 77 S/ Yoty -

oL //ﬂ//fﬂ//ﬁ

Loferres



& z - f’-/_/
yare e g z:)(/ & A/J/a;{’_(:

Critical Movefment Anaﬁzsns OPE% AND DESIGN
Calculation Form 2

. / a Do
Qtersectlon 7/“ Gerd g Alvarse S5 Design Hour Zi2a- € JopM
Problem Statement e frrelnr fitiiea s Lppir S 2 ) S
Step I. Identify Lane Geometry||Step 5. Develop Passenger Car Step 8. Step 9a.
Approach 3 Volumes (PCV) in pch Calculate
I Approach 3 Lane
! : Adjusted Volumes = Volumes
} aiss Total Ad)justed ':_PEV
¥ L 4 Mowee PCV PCV of per
- o~ ment dNtep 7y U W (Uswx PCVY lanes lane
5B
o = S N
8|~ 75 8|3 3 |lgspl 1156 ies 1o Ja4 | 2 &0
—LL2 ) 4 g 2\laz re70 15 1o (124 |2 52
'| e
j“:”['f i S ||a3 1735 L5 10 1297 |2 648
}
' / $te 92- 40
Approach 4 A4 |8 [ 1451 le 7. &
Slep 2. Ident:fv Hourly Volumes
(HV) in vph
;\. % Approach 3 Approach 4
0 -
\ N 1= 3% Step 6. Calculate Period Volumes||Step 9b. Volume Adjustment for
" n ] p [3 = [)
£ T oA e=4 (PV) in pch Multiphase Signal Overlap
S Sl — .4 85 Possible  Volume  Adjusted
== I — “ﬁ 1;\_“-.!\ Approach 3 (PHF = € ©2 Probable  Critical Carryover  Critical
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AT = AR 'AW!T SEE < L3
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I || eze .

Step 10. S um of Critical

o ][t {22 et

g2 A \ lumes
B1 83 = —_ -
D [ TERIrS tep 7. Turn Adjustments _B_C’i .
B2 3 Bale I
Step 4. Left Turn Check 2 2 2 ; =
tep eft Turn s Approach B2a1 A2 A2 A4||Step 11. Intersection Level of
Moremen Ny
a. Number of 1 d 8 4 Turn Z‘f ﬂ‘l" A" Q"L ‘27" SE’I"I A ,
ha A ] e (compare Step 10 with Table 6|
B ooy | 7 AT A iy o4 a1 /63 267 34
(4
b, Left turn capacit : oL ol
on change in:cr\-zl. ?0 90 ge ° Opposing vol. in 950 - - - D
in vph ~||*nh from Step 2
< G/C EO 08 80 58 ped ol hour | — < Go2 Step 12. Recalculate 07[’
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d. Qppo;ing volume 950 _— —~ — -prst]e LJT 5] 4:0 — —— 7 || Geomeiric Change M%
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trn o — = —||Livolinpch 1375 — —  — Signai Change
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rc[:r:u;:' vph Table 4 2 Volume Change
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Traffic Volume Data
|dentification of Intersection Movements

3 | Approach 31}
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T-32Z V
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Calculation Form 2

Design Hour _4 /7 fea & #s-

Problem Statement .;r__.}ﬂré)'ﬁﬂf?f-"’ ﬁﬁ/r‘f;écqf_’%f/f MHW#. .-:f.zj/ LDG

Step 8. Step 9a.
Calculate
Lane

Adjusted Volumes Volumes
Tuta! Adwsled No.  PCV

Move- PCV PCV of per
ment Reep ) U W (Uxwe PCVY lanes lane
BIfl 4G fos |0 996 | 2 498
AL A0 tos |2 72 |2 336
13 1368 1os Lo (436 o 718
/.4 056 [0S te 1769 |2 S55

Step 9b. Volume Adjustment for
Multiphase Signal Overlap

Possible Volume Adiusted
Probable  Critical Carryover  Critical
Phase Volume 10 next Yolume

in mh phase in pch

Zz &

Step 10. Sum of Critical

21 il Volumes
l2l(9

H pch

Step 1. Identify Lane Geometry Step 5. Develop Passenger Car
Approach 3 Volumes (PCV) in pch
:J- Approach 3
" }
f'lﬂ"ﬂ
S p =
S _:,_-*_'Liiw b
3 - % - |N
< - . <5 -
; g g
E: 3
>3 <
g
Q a{'ﬁ\
Step 2. Identify Hourly Volumes w
(HV) in vph { : e
ﬂ% Q j—Approacn 3 RT 24 Approacn
N 1:3% | 1 ._475 |[Step 6. Calculate Period Volumes
E I~ LB= é LT = o (PV) in pCh
- - ;
. / i) 7‘ “'\' Wi | | Approacn 3 (PHF =’_'9_
1= 3% o~ \g, i
T P ‘ H I .‘:?.-Q|“‘| il
a1 7ad AU A IR N ¥ L ] AN TH (4D
al ; 18l|l& &8
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TH=572 |- 4 s ® 8 s
AT = E5 O g g
Approacha | - < <
Step 3. Identify Phasing ouF = 085
|_4 ﬁ | | Al A3y LTa_S94
ATy A2 a4 § THe Tl /.
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ﬁ ' , 5183 Step 7. Turn Adjustment
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' B2 4 54 b P 4
o z 3 4
Step 4. Left Turn Check Approach —_—
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ﬂ{c:tz‘o‘;h ‘T';ChEicF.llT from — 2% 15 {Z"p Irzs’
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g lefv :l).lm volume | 4D -~ - = ;rgm\ ?;liclp“ (,p‘:h 76/ 640 /%5‘ 56
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Step 11. Intersection Level of
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{compare Step 10 with Table 6)

.

Step 12. Recalculate Mo+
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([ '3 | Approach 3§ 2
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Calculation Form 2

. 4 7D
@ersection ;}:’//@4//&- zwd vora Ao Design Hour /4’/7,‘/?’4‘ r-/.LuF
Problem Statement Zoelesropre o tivo X Laue olbowaoe gud LOS

Step I. Identify Lane Geometry||Step 5. Develop Passenger Car Step 8. Step 9a.
Approach 3 Volumes (PCV} in pch Calculate
Aoproach 3 Lane
f U | N“ Adjusted Volumes = Volumes
f \‘ Toal Adluutcd Na. PCV
E Move- PCV PCV of per
- A’L_:‘ T ment (Siep?) UOW [U=WxPCVY) lanes lane
= [ A N [
== =E||: Al o130 pos 1o 1396 | % 697
2| T T &g
Rt N gl AL (99 105 Lo [253 | 4 - 670
s <
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k4 nse (o570 1214 |z 667

Approach

Step 2. Identify Hourly Volumes
(HV) in vph

§§ Approach 3 GELIEEEIC
) 7 . 5
'r=_£‘/'_; Step 6. Calculate Period Volumes||Step 9b. Volume Adjustment for
. .y (PV) in pch Multiphase Signal Overlap
Possibl Volume = Adjusted
,\N Approa:h 3 (PHF = —L& Probable Crisli:::]c Cnr:yovcr ant::a‘l:
o~ gt Phase ¥olume 10 next Yalume
sl g in poty phase in pch
T= % E " W ll "
elf w
e £ < g T Z &
- .
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o
=1
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<
| Step 3. Identify Phasing PuE = 0- 85
) O__[ | o
. neens b || TH 2 L3528 - Step 10. Sum of Critical
v}rf AT =S8 Approach 4 A l Volumes
| ‘ 81 ¢8I - = 2
I I ) Step 7. Turn Adjustments 73 . 372G, +
82 4 psle 1399
t Z Z < - peh
Step 4. Lfft Turn Check Approach . - . : i
Aproach \nprosch A rE L5 so||Step 11, Intersection Level of
Number of T2 3 a]|r Service
a. Number o . £
char;‘gc intcrvals &5 g #£5 45 Tarn \'olurrsac /rQ.Z 12/ /37 A (compare Step F0 with Table 6)
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b. Lefl turn ¢, t 7 . o
i | 7090 50 90|lompoineras | _ G
in vph . vph [rom Step . : i 7
“ Rl M /C’ ;L/’ Ped. vol hour |, (00 £602 Step 12. Recalculate
. P T _
d. Opw;mg volume 7-{} Ry S T.?bEl‘lj rom —_— — Geometric Change A e
v - - .
,p,u,,, i LT vol. in pch — — —_ Signal Change Aececediy
pacity on - PCE RT fro . ) 2¢ )2 -
ﬁcf:n‘ ll; vph P O K Table 4 ™ 2% 12 51 . 125 Volume Change
o ur q
capacity in vph AT vol. in peh 728 /57 ) /éé o C
{b+e) TH vol. ch i ent
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¥
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3 | Approach 3§
| | Pros
T = ﬁfo v
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Calculation Form 2

Design Hour /4/‘// rfvmv'_.er‘f

Problem Statement 2e¥we Critscal Lowe Lelorts cwed LOS

Step 1. Identify Lane Geomelry

Approach 3

Approach

Step 2. Identify Hourly Volumes
(HV) in vph

Approach 3

Step 5. Develop Passenger Car
Volumes (PCV) in pch

Approach 3

e G
= 70
e I

-

(73
=
C
[+
o
=
=
o
=3

Approach 4

Step 8. Step 9a.
Calculate

Lane

Adjusted Volumes  Volumes
' Toial Adjusied mv
Move- PCV PCV of per
ment (Siep?) UOW (UxWePCVY lanes lane
Al [36p 105 1o jdeof 2 730
L1 BS54 105 (e 8962 448
A2 1227 105 (0 128817 644 |
okl S0 [0S (0 1§22 2~ Té

Step 6. Calculate Period Volumes
(PV) in pch#o# :
£

ﬁ \ﬂq & Approach 3 | PHF »E

Hi o0 u TH =

LT=_0

PHF =

Approach 4

Approach 2

pposn |

Approach

Step 3. Identify Phasing

prrF =188

;oM
T = [3!9
RT = 17 Approach 4

Step 9b. Volume Adjustment for
Multiphase Signal Overlap
Possible Volume Adjusted
Probable  Critical Carryover Critical
Phase Yolume to next Yolume
in nch phase in pch

2R

E O [
#‘4 . | Al Al f
—‘ - B1 "-BBﬁ
] B2 S s:le
Step 4. Left furn Check
Annrrarh
a. Numbcr of 4;
change intenvals %5
per hour st; {5 5
b. Lelt turn capacity
on change intenval, 90 90 9 o 5 <
in vph S
€. G/C i
Ratio 'S S
d. OP‘:’:’:WE volume  —
It turn
pacity on I — —_— 0
green, sn vph
. Left tern — 90
capacity in vph — -
(beel
g- Left turn volume —_— — -— 4—0
in vph
h. Is volume »capac-
ity te > N? NO no No Ne

Step 7. Turn Adjustments

Approach ——/.. _2__ ."_-3-.—— %
Movement A-] A’ ?— Ps?) m
Turm R+ . BE LA
Turn volume

{PV from Siep 6) “-7 92' 465'5?7
Oppowing vol. in

vph from Siep 2 — — — 4 -
Ped. vel hour — boa

e | - - 6o
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Tobie 4 0 |128 1.2 12§ - (26
AT ok inpch 4l 11E Sob -12l
Taaeln ek 30 pof 1227 - Sk
Tewal PCV inpeh | /39, 8;4_ j227 450

Step 10. Sum of Critical

mes
730 &

=_Lchh

Step 11, Intersection Level of

Service
{compare Step 30 with Table 6)

D

o

Step 12. Recalculate
Geometric Change

Signal Change

Volume Change
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Comments




Traffic Volume Data =

Identification of Intersection Movements

® 3 | Approach 3}
i S .

| 2
T-_2% Y T = ﬂ |
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Calculation Form 2

Problem Statement 7}%-// e ity Lrrre ////

Desién Hour ﬁM@LAJ

gr) Lﬁf

Step 1. Identify Lane Geometry

Approach 3

-
£ * guees 0= le
= [l Jro— )
—— — p=
P— f———
alT > =
& -7:” 2

Step 5. Develop Passenger Car Step 8. Step 9a.
Volumes (PCV)} in pch Calculate
Approach 3 Lane
N Adjusted Volumes Volumes
™| ny
‘ ’ Toal Adjusted No. PCV
LN Move- PCV PCV of  per
E T : ment tSep 7Y UW (Uswx PCVY lanes lane
: ~ ||g2hl 1032125 10 1084 |2 5¢2]
a' g 11851810 22| €]
™ <

Approach 4

43 (233 10510 1275
Ko 156 108 1 1644

lz ¢4
1- gtz

Step 6. Calculate Period Volumes
(PV) in pch

Approach 3 | PHF =

Step 9b. Volume Adjustment for
Multiphase Signal Overlap

Possible Volume Adjusted
Probable  Criteal Carryover  Cnitieal
Phase Yolume 10 next Volume

tn nch phase in pch

2.2/
A
3

PHF

Step 2 Identrfy Hourly Volumes
(HV) in vph
o Approach 3
N |5
Le=_4
3% |3
(=%
Le: L2 |2
Tsif_o !IQHQ
R
PAVERN LN
Approac!: 4 = E E

Approach 1

Approsch

Step 3. Identify Phasing

pur « L. £

28

- | | A1 —A3 ¢ e
pzanad || T /i) Step 10. Sum of Critical
—
| RT = Approach 4 Az V% es
81 BI™ - - -
D | | ) Step 7. Turn Adjustments _éL - .
B2 4 asle g =
;. oz 3 4 e e
Step 4. Left Turn Check h — =, = ;
P f Approach -::;P‘f:r::m o 2r ot F EA4|Step 11. b{nte{secnon Level of
T2 5 | Al ervice
3. Number of ) 43 45- 4£E s Turn I£qu’ Az A+ {compare Step 10 with Table 6)
change intervals Turn volume 55
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2 :;“l:}::;:cc?:;?\?l g0 ?ﬂ 9d 9 0 Opposing vol. in D
in voh : o | vpb from Siep 2 %a - =
¢.GIC o.5e 058 858 O3\ b ohow | o L 1e=e —[ Step 12. Recalculate
ot PCE LTfrom |4 - - - o7
d. gp{i:;mg volume |98 -~ ~  — |l Tibk 3 B - Geometric Change
1 turm LT vol.in pch Elé — = . = 7| signal Change /Vf(f oY
acity on 12 — = | PCE RT from Voea g 0 2o 06 2 \j
rfcﬂ. in vph Tabte 4 LESTLTE T k] Volume Change
g:p:.;::”m vph ) - —_ i | RT vol.in pch 2?7 A RS DI -:'T C
(b+e) TH vol. in pch ; mments
g leht lt;”n volume 5; g,_,gj I'mrr: Slclp 6p * 7/@ f# /753 ffﬂ‘f" o
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3 | Approach 31 -
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Calculation Form 2

I Xrs, (7

OrLS

&tersecti,on LI Lhire. aidd A va rade Design Hour M/jg"&%ﬂf"
Problem Statement Lrsesrm e Crrtyiallort Yobiprits pnd LOE

Step 1. Identify Lane Geometry

Approach 3

|
“\} ,
Approach

Approach 1

Step 5. Develop Passenger Car
Volumes (PCV) in pch

Approach 3

.—l IN
o T
TJ ‘-U
n Lol
o Q
h e
= &
e

< <

Step 8. Step 9a.

Calculate
Lane

Adjusted Volumes Volumes
i Twal Adiusted Na. PCV
Move- PCV PCV of per
ment  (Siep?) U W (U=wx PCV) Lames Llanc
b 12 105 10 1176) T 58D
AT lps ! 15 42 (681 | T B4
A3 /‘25’[ oS 4o /3‘45 Z 64"|
2- B7

pa 1668 145 10 /757

Step 9b. Volume Adjustment for
Moultiphase Signal Overlap
Possible Volume Adjusied
Probable  Crincal Carryover Critical
Phase Volume 1o next ¥olume
in nch phase in pch

Z X

=)

b. Lelt wurn capacity

Approac}\
Step 2. Identify Hourly Volumes
(HV) in vph
@\ S Approach 3 Approach 4
2% Step 6. Calculate Period Volumes
e 4 (PV) in pch)@é
! & Approach 3 | PHF =Q'£_
-z &| Ly ,“ Q‘ f aTel2T
T= '3_'?‘ § W " \-;I " TH =£._é_éf_{_
e £ |8 1% EBS % IO L
——— Q ] o
TH=F4L s 4 || ? S °
H " n a a
bproacna | 5 & E 21_- <
Step 3. Identify Phasing )
[_.'_A-] I_] Al cwm Al * LT = a
r ‘ A2 As § T
' 4 - RT = ,"'Hr Approach 4
. B1 B3 - -
l i B2 b el Step /, furn Adrustments
Step 4. Left furn Check Approach -j— -2: "5"
: Af’m”':h . Btr;\cmcnl ,4/ /,4.2- A’? /44
i Y A
per hour U 0 [PV from Siep 6) /74 /37 /72- 172

on change interval,
in vph

€. G/C
Rauo

d. Opposing volume
in vph

{t turn
acity on
reen, in vph
. Left turn

capacaty in vph

feft
T}VIUS

(b =z

g- left turn volume
in vph

h. ls volume > capac-
ity (e > N?

- L

Oppositg vol. in
vph from Siep 2

Ped. vol hour

me—
| p—

Z «/zae —

—————

PCE LT from —_— —_—

Table 3

LT vol. in pch — _— -

?chI RT from /5’0 LCC .o l%
able 4 " - .

AT obinpenst |17/ 270/ 258 756

TH vol. in pch ' s

wom Sicps /120 K /2E] W

Total PCV i pch

wze féot 128/ /665

s LT g g PV R T | t4

Step 10. Sum of Critical
A2 Voﬂgg}.es
341 , 876, o
LT

Step 11, Intersection Level of
Service
{compare Step 10 with Table 6)
o

r
enp—

Step 12. Recalculate

Geometric Change

Signal Change

Volume Change
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3 | Approach 31} D
_ i -
T-_3% v T-3%
B-_4 - < 1B= /&
TB=_0_ J < i TB= -0
152 — _
aa;!i- £
T / 7z 7 $A2 S
_S /:3@.? S 4—*'8
qo! = | B'l | 14¢]
= B2 —A ¥ =
< Al //fﬂag /390 <
. 2% m,«%ﬂ: %
. T
T1..3% | 23
\B= /& |
TB- _ & t?
Approach 4 |

Design Year 2222
Design Hour £ fuc

Intersection &7 -S4/




o rae & re rece /g ;/j s i B

Critical Movement Analysis: OPERATIONS AND DESIGN
Calculation Form 2
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Step 1. Identify Lane Geometry||Step 5. Develop Passenger Car Step 8. Step 9a.
id P
Approach 3 Volumes (PCV} in pch Calculate
4 ] & Approach 3 Lane

¥4 \‘ Adjusted Volumes _ Volumes
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Approach 4
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Step 2. Idennf_v Hourly Volumes
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Approach 4

g] Q] Approach 3
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- 7= 3_% Step 6. Calculate Period Volumes||Step 9b. Volume Adjustment for
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Step 10. Sum of Critical

k2 Kolimes

_ . B1 ¢—B3 - -
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P L —  — pAo||rcE LTirom S .
-inpypl:’ g velume | - Table 3 Geometric Change
cabrft turn o LT vol. in pch — - - 4{44 71| signal Change
acity on _ = - PCERTI ’ :
Q:':u'::. o : T s " |1S0 /050 1SE 18R] votume coane
Al I | ot O L [
g Lzt tara votume _ _ o z5lliom Sic ; iﬁ‘ /392 1627 15 1595 omments
2t o Total PCV i peh i
Vhyasm Sl Ne Nk No " 592 6T A5 IS

2{/'#" Fear L, fore Yor bes o ok DS Srais A S podr OF Lot Pl



APPENDIX C

ALVARADO ALTERNATIVE
CMA RESULTS
WITH IMPROVEMENTS



VAre ©

PR T /

- M/mﬂe//z&/

Critical Movement Analysis: OPERATIONS AND DESIGN
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1. Introduction

Metro Rail and Transportation System Management (TSM} alternatives
have been dffined for each of the three Metro Rail l1ine extents (4,3.8, and
18.6 miles}~. Complete travel demand model simulations have been performed
to estimate the ridership, travel time, and operating resource and cost
implications of each of thse six alternatives.

Briefly sumarized in this memorandum are the results of the UMTA
prescribed cost-effectivenss calculations aimed at comparing each rail
alternative with the comparable non-rail alternative.

2. Cost-Effectiveness Inputs and Results

In addition to the data provided by the individual travel demand model
simulations, other capital and operating costs were computed based upon the
definition of the specific alernative being tested.

Rail system capital costs included the cost of the Metro Rail line and
the corresponding cost of bus expansion and replacement. The rail system
operating costs were derived from the respective rail and bus cost models,
which are calibrated components of the travel demand models.

The TSH capital costs include the cost of bus fleet expansion and replace-
ment for all alternatives. Computerized traffic signal constrol was also
includad in all alternatives at 340,000 per signal, with the following
number of signals in each alternative:

TSM NUMBER OF SIGNALS
ALTERNATIVE EFFECTED
4.0 mile 334
8.8 mile 632
7. 18.6 mile 9560

In the 8.8 and 18.6 mile TSM alternatives, reversible lane control on
0lympic Boulevard was included at $1.5 million. And finally, in the 18.¢
TSM alternative, new transit centers at Universal City and Hollywood/
Cahuenga were included at a total cost of $5.7 million. TSH operating
costs inctude the Long Beach Light Rail line and regional bus operating
costs plus the maintenance of the computerized traffic signal control
system (at $700 per signal per year).

A1l cost-effectiveness inputs are presented in the attached tahles together
with the calculation results:

Extent Federal Total
{Mile) Index Index
4.0 4.58 6.51
8.8 1.80 3.00
12.6 2.03 3.77

Tecnnical Memorandum 6.1.3, Description of Transportation System
lanagement (TSM) Alternative Networks, Saptenmber, 1934
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