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The Orange County Transit District (OCTD), in con
junction with other agencies and consultants, has 
been studying several long-range transit development 
strategies including the implementation of a guide
way transit system. Conceptual engineering for the 
guideway alternative, completed in 1982, produced a 
set of conceptual designs that have initial cost 
estimates in the range of $900 million to $1.2 bil
lion. Late in 1982 the board of directors and staff 
of OCTD decided to apply value engineering (VE) 
methods in an effort to reduce the costs of the 
guideway alternative but preserve essential perfor
mance characteristics including speed, safety, and 
dependability. Some of the results of the applica
tion of value engineering techniques to the proposed 
OCTD guideway transit system are documented here. 
This value engineering work produced estimated sav
ings of $150 million, and the cost of conducting the 
VE studies was approximately $100,000. 

The rejection of Proposition A by the Orange 
County electorate on June 5, 1984, has left the 
funding for this system somewhat uncertain. However, 
at a meeting on August 6, 1984, the board voted to 
retain the option for a north-south guideway transit 
line as part of its transit development strategy. As 
a result the work covered by this paper remains 
alive in Orange County. 

VALUE ENGINEERING 

Value engineering may be defined as a creative, 
organized approach the objective of which is to 
optimize the cost or performance, or both, of a 
facility or system. A systematic approach is em
ployed to eliminate or modify anything that adds 
cost without contributing to functional performance. 
VE employs technical, operational, and economic 
analysis methods and produces recommendations to 
management. 

Value engineers break the subject under study 
into functions in order to identify the major pur-

poses of or uses for a system. Traditional value 
engineering techniques attempt to determine the 
"worth" of each function by determining the lowest 
possible cost for performing the basic function in 
the most elementary manner feasible. To do this at 
the conceptual stage of a transit system would tend 
to repeat the alternatives analysis phase by compar
ing the proposed concept against a "baseline bus• or 
"do nothing" alternative. The mechanism for such a 
comparison, the federal alternatives analysis and 
environmental impact statement, is already in place. 
These procedures require consideration of broad 
social goals including land use planning, pollution, 
urban growth, and historical considerations. It 
would be impractical to force such an analysis into 
the more limited format of a value engineering study 
and would needlessly duplicate existing analyses 
that have been designed for this specific purpose. 

As a result there does not appear to be a role 
for value engineering during the alternatives analy
sis itself. However, when this step has been com
pleted, it has been common to move directly into 
preliminary engineering. At this time the conceptual 
design that emerged from the alternatives analysis 
may be prematurely frozen without any systematic 
attempt being made to optimize its value. 

It is at this point that the Orange County VE 
program was initiated to recommend changes in the 
conceptual design to save money while preserving all 
basic functions. The methodological approach adopted 
was to determine where the majority of the money was 
being spent and identify alternatives and less ex
pensive solutions that would still meet the func
tional requirements. To this end, the functional 
requirements were expressed quantitatively in major 
areas related to service and operations, reliabil
ity, safety, environmental impacts, passenger com
fort, and civil or route constraints. These require
ments were developed from available sources of 
information and confirmed in discussions with OCTD 
staff. Proposed VE options were reviewed against 
each of these functional requirements by the VE 
team. If the team could foresee any significant 
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impact of the proposed option on a functional re
quirement, that area was identified and assigned to 
one or more team members for analysis. 

An important question to be considered is when VE 
will have the greatest potential payoff. Experience 
shows that savings potential drops off more rapidly 
the later VE is applied during planning, design, and 
construction. This is because of two factors: First, 
the cost reduction potential decreases as the design 
becomes frozen. Second, the cost of making a change 
increases as the project progresses and it becomes 
necessary to make expensive design modifications. 
For these reasons it is valuable to institute VE 
immediately after the conceptual design phase as was 
done in Orange County. Typically, approximately 20 
percent of the elements of a system will represent 
80 percent of the actual costs. A nominal level of 
VE effort directed at these high-cost areas during 
the early stages of planning and design can achieve 
significant savings. 

The key to the VE approach is a systematic tech
nical and economic review by a team of qualified 
professionals who did not participate in the design 
phase. This team tries to come up with suggestions 
for reducing costs without adversely affecting per
formance, reliability, and safety. Important as it 
is to have the necessary skills on the VE team, its 
proper functioning requires that the team be limited 
to between three and eight members with a typical 
team consisting of three to five members. Fewer than 
three members would not be sufficient to provide 
creative interaction and a group perspective, and a 
team of more than eight members will become unwieldy 
and begin to develop factions. Especially during the 
early stages when VE is applied at the systems 
level, it is necessary that some team members be 
multidisciplinary or systems engineers so that the 
necessary expertise can be obtained within a group 
of this size. In this VE project for OCTD, the team 
included personnel with special knowledge of evalu
ation techniques and transit system design, opera
tions, and costs. 

ORANGE COUNTY VALUE ENGINEERING STUDY 

The first step in any VE study is to designate the 
system for study. For the Orange County VE review, 
the route to be studied consisted of two lines (Fig
ure 1). The north-south line ran from north of Dis
neyland south to Irvine with a split at MacArthur 
Boulevard. This line was completely elevated. The 
east-west line ran trom Buena Park; to Santa Ana 
where it met the north-south 1 ine. The east-west 
line was completely at grade. At the time of the 
study, plans called for operation of six-axle, light 
rail vehicles with an automatic signaling system on 
both lines (..!.) • 

The OCTD VE study followed the five phases tradi
Lionally employed: the information gathering phase, 
the creative or idea-generating phase, the assess
ment and evaluation phase, the proposal phase, and 
the implementation phase. The first step was to 
g;;,ther information (both technical and economic) on 
the baseline or core system. From this information 
it was determined where the major expenditures were 
and what areas would be potentially fruitful for 
further investigation. A meeting of the VE group was 
then convened to review thil:::li mctte.L ial auU ~u cum~ uf, 
with ideas about how to save money. A list of these 
ideas and the screening process is presented later. 
The most significant of these ideas was a suggestion 
to single track the north-south line. Single track
ing means the operation of both directions of traf
fic on a single track. Sidings are located periodi-
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cally to enable the two directions of traffic to 
pass one another. The suggestion for single tracking 
was then subjected to a through economic and func
tional assessment. This assessment included a life
cycle cost analysis, an operations analysis, and an 
environmental impact analysis. 

The next step (the proposal phase) included docu
menting the effort and briefing the OCTD board mem
bers on the recommended single-tracking alternative. 
This briefing, given at a board meeting on November 
21, 1983, resulted in a unanimous vote by the board 
to adopt single tracking. Because of the results of 
the Proposition A vote, the implementation phase has 
been delayed. 

system cost Analysis 

To determine where money was being spent on the 
baseline system, both capital and life-cycle cost 
breakdowns were prepared. A life-cycle cost analysis 
for transit systems involves a considerable clerical 
burden. Consequently, a computerized model was de
veloped with the aid of Multiplan spreadsheet soft
ware and an IBM PC computer. 

Table 1 gives a summary of the capital costs for 
the north-south and the east-west lines. Starting at 
the left, the first column of Table 1 identifies the 
initial cost elements of the entire system grouped 
by major categories including contingencies and pro
fessional services. The next two columns contain 
units and unit costs for certain items likely to be 
affected by alternative designs. The next six col
umns record quantity and cost data for the east-west 
baseline, the north-south baseline, and the entire 
baseline system. Costs are totaled by subsystems, 
cost categories, and for the entire system. Note 
that the total initial cost of the baseline system 
is $918. 54 million. Cost estimates were developed 
from Principles o ·f Engineering Economy (~). 

The column headed "Adjusted Baseline Cost" re
cords the costs of system elements plus contingen
cies and professional service. The contingency 
factor is i~ percent except for venicie and rigncs
of-way, and the professional services factor is 17 
percent for all elements except right-of-way. The 
total adjusted baseline cost recorded is $918.54 
million. 

The next column expresses the adjusted cost of 
each element, subsystem, and category as a percent
age of the total initial cost of the baseline sys
tem. Note, for example, that guideway and structure 

whereas vehicles and spare parts account for only 
6.58 percent of the total initial cost. 

The key conclusion drawn from this table was that 
the north-south line cost three times as much as the 
east-west line, even though it was only a third 
longer. If any significant savings were to be found, 
it was clearly necessary to closely examine the 
north-south line. 

Figure 2 shows the capital cost breakdown for the 
north-south line. The key observation is that nearly 
60 percent of the cost is attributable to guideway 
and structures. The reason that the north-south line 
is so expensive is that it is elevated whereas the 
east-west line runs at grade. When track work and 
third-rail costs are added, two-thirds of the total 
~nRt. iR ;::iit.t.rihnt.;ahlP. t.n thP g11ifipw;::iiy r1nn ;:u;u:~~i,:1t~n 

elements. 
It was evident that only modest savings would be 

possible on vehicles, stations, or controls. A 50 
percent reduction in vehicle costs would only reduce 
the cost of the north-south line by a few percent. 
Cutting the costs of the stations in half would also 
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save only a few percent. Therefore, to make a sig
nificant savings, it was necessary to reduce guide
way and structures costs. 

Two ways to reduce guideway costs were immedi
ately obvious. The first would be to run the system 
at grade like the east-west line. This would have 

<., 

been effective in reducing costs but was not possi
ble. There was physically not enough room to locate 
two tracks on much of the available street right-of
way without creating traffic problems. In addition, 
the automotive cross traffic would make it difficult 
to achieve satisfactory travel speeds. The other 
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TABLE I Initial Syetem Coete 

E-W Baseline N-S Baseline 
Unit 
Cost Cost 

Unit ($) Quantity ($ millions) Quantity 

Construction (n = 50) 
Guideway and structures 5.54 
Stations 2.95 
Trackwork 24.23 
Utilities 12.62 
Temporary traffic control 3.82 
Parking facilities 8.51 
Other 26.84 

Total construction 84.51 

Systemwide elements (n = 30) 
On-board signals Each 92,100 27.0 2.49 22. 0 
Wayside signals 

Low capability Mile 439,500 14.5 6.37 0.0 
Intermediate capability Mile 1,062,950 0.0 0.00 20.4 
Traffic signals Each 20,500 10.0 0.21 0.0 
Inter lockings Each 40,000 14.0 0.56 3.0 
Central control Each 472,500 0.0 0.00 1.0 

Total wayside signals 7. 14 

Electrification 
Catenary Mile 741,900 14.5 10.76 0.0 
Third rail Mile 544,500 0.0 0.00 20.4 
Substations Each 768,300 15.0 -1.1.dl 20.0 

Total electrification 22.28 

Communications equipment 2.81 
Maintenance equipment 0.00 
Fare collection equipment Each 15,000 26.0 __Q,12_ 32.0 

Total systemwide elements 35.11 

Vehicles and spare parts (n = 30) 
Vehicles Each 1,004,100 27.0 27.11 22.0 
Spare parts (5 %) ---1.,1,§, 

Total vehicles and spare parts 28.47 

Total construction, systemwide 
elements, and vehicles 148.09 

Right-of-way (n = infinite) 
Guideway 0.00 
Maintenance yard 8.5~ 
Parking 12.86 
Other 15.39 

Total right-of-way 36.84 

Total construction, system wide ele-
men ts, vehicles, and right-of-way 184.93 

Contingencies 
Professional services 

Total initial cost 

17.94 
28.23 

231.09 

GUl>EWA Y & STRUCTURES 

ELECTRIFICATION 

F1GURE 2 Capital coet of north-eouth line. 

Cost 
($ millions) 

296.3 
33.20 
42.85 
10.08 
17.59 
11.78 

---1,Qi 
414.84 

2.03 

0.00 
21.68 

0.00 
0.12 

_Ml 

22.28 

0.00 
11.11 
15.37 

26.47 

5.64 
7.90 
~ 

64.80 

22.09 
-1J..Q. 

23.19 

502.83 

0.19 
0.00 

14.24 
___Qj]_ 

14.96 

517.79 

71.95 
97.71 

687.44 

Baseline 
Adjusted 

Cost Baseline Percent-
Quantity ($ millions) Cost age 

301.84 406. 13 44.21 
36.15 48 .64 5.30 
67.08 90.26 9.83 
22.70 30.54 3.33 
21.41 28.81 3.14 
20.29 27.30 2.97 
29.88 40.20 ~ 

499.35 67 1.88 73.15 

49.0 4.5 1 6.07 0.66 

14.5 6.37 8.57 0.93 
20.4 21.68 29.18 3.18 
10.0 0.21 0.28 0.03 
17.0 0.68 0.91 0.10 

1.0 0.47 0.64 .......Q,Q1 

29.41 39.58 4.31 

14.5 10.76 14.47 1.58 
20.4 11.11 14.95 1.63 
35.0 26.89 36.18 --1.,,2i 

48.76 65 .60 7.'14 

8.45 11.37 1.24 
7.90 10.63 1.16 

58.0 _fill -1J1. __,,Q,,ll 

99.90 134.42 14.63 

49.0 49.20 57.57 6.27 
---1Af -1M _Q,11. 

51.66 60.44 ~ 

650.9 1 866.74 94.36 

0.19 0.19 0.02 
8.59 8.59 0.94 

27.10 27.10 2.95 
15.92 15.92 ---1.ll 
51.80 51.80 5.64 

702.71 918.54 100.00 

89.89 
125.94 

918.54 

OTHER 
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possibility was single tracking, or running the 
trains in both directions on a single track, This 
requires sidings located periodically along the 
right-of-way to enable trains to pass one another. 

This is possible because of the low traffic den
sity on the route, The trains on the OCTD baseline 
system will occupy only 1 or 2 percent of the avail
able track at any one time. What this means is that 
the OCTD system has a low traffic density, and it is 
possible to weave opposing traffic streams by locat
ing sidings strategically along the route. 

Single tracking is not unusual, The highly publi
cized San Diego light rail system was built as a 
16-mi single-track system. Pittsburgh has run a 
light rail system with major single-track segments 
for many years. Single-track light rail operates in 
a number of European cities. Single tracking is com
monly used by transit systems such as Bay Area Rapid 
Transit (BART), Chicago, and New York for special 
situations, and the great majority of the main-line 
trackage in the United States used by Amtrak and 
freight operations is operated as single track , Sin
gle track is thus a common railroad practice that is 
being applied here in a slightly different manner. 

In addition to complete single tracking of the 
north-south line, the VE team also generated a num
ber of other ideas for future evaluation. These 
ideas included the following: 

1, Construction changes 
a. Lower guideway clearances 
b. Substitute surface lines and stations for 

elevated facilities where possible 
c, Eliminate the line beyond terminal sta

tions 
d, Reduce the maintenance facility to ini

tial needs 
e. Reduce parking at stations 
f, Partial single tracking of the north

south line 
g, Single tracking of the east-west line 

2, Systemwide equipment and vehicle changes 
a. Specify wider vehicles 
b, Specify longer vehicles 
c. Specify four-axle vehicles 
d. Mix single vehicles, married pairs, and 

triplets 
e, Purchase vehicles of a kind already in 

production 
f, Negotiate volume discounts 
g, Reduce initial fleet purchase to match 

initial needs 
h, Reduce maintenance equipment to match 

initial needs 
3. Operating changes 

a, Turn trains back at intermediate stations 
b, Automate the operation of vehicles 

Preliminary Eval uation o f Ideas 

A discussion of the savings possible as a result of 
some of the preceding ideas follows. 

Partial single tracking would involve single 
tracking only the more lightly used ends of the line 
and leaving double track along Main Street, An esti
mated $68,2 million could be saved by partial single 
tracking, This would reduce the operational impacts 
of complete single tracking and was proposed as a 
fallback in the event complete single tracking 
proved to be impractical, 

Elimination of tail track would affect the mar
shalling of vehicles into service, and possibly 
operations, and was also to be considered only if 
single tracking the entire line proved impractical. 
A total savings of $7,9 million was possible by this 
means. 
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The vehicle fleet size could be reduced by using 
wider and longer vehicles. Cost can be spread out by 
staging procurements so that vehicles are purchased 
as patronage develops. It was eRtimat.ed that chang
ing specifications to allow a wide, long, four-axle 
car and tagging onto an existing rail car, would 
produce procurement savings of about $38.1 million. 

Reducing the fleet by one car and related spare 
parts would save about $1.05 million. Changes in 
vehicle specification and purchasing practice may 
save up to 20 percent of the curre nt estimate (i.e., 
about $200,000 per car). use of more effective cars 
may produce additional savings in costs of opera
tions and maintenance. The average cost of opera
tions and maintenance is $2.56 per car-mile, Turning 
trains back at intermediate stations would reduce 
car-miles and could also provide savings. 

Construction of parking facilities accounts for 
about 2, 3 percent of the north-south baseline ini
tial cost. Savings here would be possible, but the 
adverse impacts on patronage may be significant, 

single Tracki ng t he East-West Line 

Single tracking of the at-grade east-west line was 
also considered, Because this line is at grade, the 
savings from single tracking are not as great as 
they are for the north-south line, Savings are at
tributable to reduced track, overhead catenary, and 
right-of-way acquisition costs , Assuming that about 
10 mi of the east-west route can be single tracked, 
savings in track work are estimated at $9, l million 
and in electrification at $3,7 million. Right-of-way 
acquisition cost savings are estimated at $0.3 mil
lion for a combined savings of $13.1 million, Allow
ing for associated savings in contingency and pro
fessional services, the total potential savings is 
$17,5 million. The operational problems for single 
tracking at grade are more serious than they are for 
the elevated north-south line because of possible 
interference from automobile cross traffic at inter
sections . It is clear that preemptive signaling will 
be required. A detailed assessment of this option 
has not been conducted to determine the impact on 
travel speed and fleet size. Additional cars re
quired because of the increased travel time would, 
of course, reduce the potential savings, The planned 
fleet for the east-west line is 27 cars, If travel 
time were to increase by 25 percent, an extra seven 
cars would be required, reducing the total savings 
from single tracking to $8 million. However, patron
age on the east-west line is expected to build up 
slowly, and OCTD staff believe that 27 cars may be 
adequate at program start, even operating at a re
duced speed. More detailed estimates of patronage 
buildup on the east-west line are required to deter
mine the savings from single tracking more pre
cisely, In view of the potential savings, a detailed 
assessment of single tracking the east-west line to 
determine passing lengths and locations, travel 
times, and required fleet size should be undertaken, 

Technology Option 

Advanced ground transport (AGT) technology can be 
considered as an alternative to conventional LRT 
technology on the north-south baseline and also on 
north-south single track (Alternative 1), AGT tech
nology is not applicable to the east-west baseline 
because the needed exclusive guideway is not pro
vided. 

Savings in labor and related general and adminis
trative costs are the most evident benefits of AGT 
technology. On the basis of information from the 
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Design Concept Report (3), it was estimated that 
automating the north-south baseline would save about 
66 cents per vehicle-mile or $1.39 million per year. 
The equivalent present worth of that savings would 
probably be accompanied by other changes in costs 
such as increases in the costs of vehicles and con
trols. 

As will be shown, the prospective savings from 
single tracking the north-south line with LRT are 
several times as great as the savings in labor from 
automation. Consequently, OCTD decided to defer 
quantitative analysis of AGT technology and to con
centrate the initial VE project on single-tracking. 
This decision does not prevent later consideration 
of AGT technology on the north-south single-tracked 
line. If all labor and related overhead costs could 
be avoided on the north-south single track (Alterna
tive 1), the annual savings would be about $1. 77 
million and would have an equivalent present worth 
of about $24.46 million. Again, increases in costs 
of vehicles and controls would offset part of this 
savings. In addition, having two different types of 
vehicles and systems will lead to increased costs 
for maintenance facilities, parts inventories, and 
staff. However, the net savings could still be sig
nificant and should be assessed. 

The high-technology controls required by AGT may 
provide benefits in addition to labor savings. Among 
these are shorter headway, savings in travel time 
through precise management of vehicle schedules, 
longer intervals between failures that cause delays, 
and shorter times to resume operations after fail
ure. High-technology controls may also contribute to 
safety. 

A key argument against automation lies in its 
implications for the single-tracking concept. Auto
mation would remove operators from the cars and thus 
make the single-track system more vulnerable to 
delays caused by minor on-board failures. To avoid 
this pyramiding of risks, it was believed that auto
mation should not be combined with single tracking 
at this time. However, assessment of the single
track automated concept may be worthwhile at a later 
phase in the program . 

DISNEYLAND 
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Results of VE Session 

on the basis of the review of baseline system costs 
and various ways to reduce these costs, it was 
agreed that single tracking of the north-south line 
had the greatest potential for reducing costs. Ac
cordingly, a complete assessment of the cost per
formance implications of single tracking was under
taken. 

SINGLE-TRACK CONCEPT 

The single-track concept that developed from the 
Orange County VE study would provide passing sidings 
1,000 ft long in every station. In addition, because 
of the long distance between stations, it was neces
sary to add a high-speed passing area between the 
Anaheim Stadium and Disneyland stations. During peak 
periods trains were to run at headways or service 
intervals of slightly less than 10 min. A key point 
was to locate sidings at twice the frequency 
required for train passings. These extra sidings 
help accommodate any system delays and make the 
system much less sensitive to failures. 

Figure 3 shows the physical layout of the track 
between Disneyland and the Anaheim Stadium. Double
track segments were provided at both stations as 
well as the high-speed siding between the stations 
mentioned before. Platforms were 230 ft long to 
accommodate three-car trains but would be lengthened 
to accommodate four-car trains in the future. 

Figure 4 shows how the system would actually 
operate. It shows five snapshots of a segment of the 
system such as might be taken using time-lapse pho
tography. Above each segment is a digital time read
out in hours, minutes, and seconds. Thus the top 
track segment was photographed at 8:00 a.m. At that 
time there were two trains in Station A and two 
trains in Station E. In addition, to make it some
what more interesting, a failed car is being stored 
in Station B. The failed car is shown in solid 
black. Cars traveling to the right are shown as 
dotted, and cars traveling to the left are shown in 

.,.,o awrrcH PLATl'ORII :::::s .,.,o SWITCH 

STATION LAYOUT 

F1GURE 3 Typical single-track section. 



Value Engineering Methods 43 

~ 
9.5 MINUTE HEADWA V L FAILED 

~CAR 
8:00:00 
,/'-.. r"'-. 

A B C D E 

~ 
8:02:23 

C>. ,/'-.. .-9 ~ 

A B C D E 
8:04:45 

r\, ~ ~ ~ ~ 

A B C D E 

~ 
8:07:07 

r\, /',. .G ,/'-.. 

A B C D E 

~ ~ 
9:09:30 

~ ~ /',. 

A B 

FIGURE4 Operating sequence. 

white. Because cars normally travel at 9.5-min head
ways, the system is laid out so that the vehicle in 
Station A will take 9.5 min. to reach Station E, and 
vice versa. 

At 8:00 a.m. the trains all finish loading and 
unloading passengers in the stations and begin to 
depart. The white car in Station A travels to the 
left out of the picture. The dotted vehicle in Sta
tion E travels to the right and out of the picture. 
Meantime, the other two vehicles begin traveling 
toward one another. 

The second time-lapse photograph is taken a lit
tle more than 2 min later. At this time the dotted 
train is stopped in Station B to take on and dis
charge passengers. It is not affected by the stopped 
black car on the siding. The white car is stopped to 
take on and discharge passengers in Station o. 

The middle picture is taken not quite 5 min into 
the sequence. At this time the white and dotted cars 
both arrive in Station C where they take on and dis
charge passengers and pass one another. In the next 
segment, the white car has arrived at Station Band 
the dotted car is in Station o. Note that the white 
car is also not affected by the failed car on the 
siding. 

In the final segment, 9.5 min into the sequence, 
the two trains have arrived at Stations A and E. 
Meantime, because one headway has elapsed, another 
train arrives at Station A from the left and at Sta
tion E from the right. The bottom segment is thus 
identical to the top segment and the sequence con
tinues to repeat itself. 

COST AND PERFORMANCE IMPLICATIONS 

The economic and performance implications of single 
tracking were thoroughly assessed. 

Cost Impact 

Costs of Alternative 1 (single tracking) were esti
mated by adjusting estimates of the north-south 
baseline to reflect tentative estimates of the 
changes in costs that would occur if the line were 
single tracked. The estimates of changes and the 
Alternative 1 estimates are given in detail in Table 
2. 

The data in the table indicate that the savings 
in capital cost is $151 million and the savings in 
net present worth over the lifetime of the system is 
$145 million at a 7 percent interest rate. 

C D E 

The reason for this savings is that single-track 
guideway costs $6 million a mile less than double
track guideway, It would be possible to single track 
three-quarters of the length of the north-south 
line. The total savings is $151 million, which rep
resents 22 percent of the original cost of the 
north-south line. A full 86 percent of this savings 
is attributable to guideway and structures, and the 
rest is due to less trackwork and third rail. The 
cost of controls is increased slightly to provide 
interlocking for the siding switches, and additional 
cars (required because of a lower average train 
speed) add 1 percent to the system cost. As stated, 
this results in a net savings of $151 million. Life
cycle costs were also evaluated. Life-cycle costs 
include not only capital costs but the cost to oper
ate and maintain the system. The net savings over 
the lifetime of the system are estimated at 19 per
cent. 

Intrusiveness 

Single tracking is also less intrusive. The lesser 
impact of a single track is due to its more narrow 
cross section. The single-track guideway is only 15 
ft wide compared to a width of 26 ft for a double 
guideway, As a result, the single-track system 
should be less visually intrusive and ought to be 
more acceptable to the community. 

Impact on Sys.tern Operation 

Figure 5 shows a summary of the operational impacts 
of single tracking. The average speed is reduced 
from just under 30 to 26 mph in order to provide 
schedule slack, negotiate turnout switches, and 
coordinate train meets. This results in an increase 
in the time for a typical passenger trip of about 2 
to 3 min assuming an average trip length of 6 mi, 
The reduced travel speed also means that more cars 
are required to maintain the same service frequency. 
As a result, the fleet must be increased from 22 to 
28 cars. 

Failure Management 

Failure management is a key consideration in the 
proposed design. Half of the sidings are not used 
for train passings and can be used to store failed 
trains. If a train fails in a station not normally 
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TABLE 2 LCC N-S Baseline and Alternative 1 

N-S Baseline Alternative 1 

Life-Cycle Costs Life-Cycle Costs 

Adjusted Equalized Equalized 
N-S Equalized Present Adjusted Equalized Present 
Baseline Percent- Annual Worth Percent- Alt. 1 Percent- Annual Worth Percent-
Cost age Costs (50 yr) age Cost age Costs (50 yr) age 

Initial costs 
jo.07246f jB.80075 f jo.07246f j13.80075} Construction (n; 50) 

Guideway and structures 398.67 57.99 28.89 398.67 51.49 265. 79 38.66 19.26 265 . 79 34.32 
Staiions 44.67 6.50 3.24 44.67 5.77 44.67 6.50 :J . .l.<t 44.67 J, / I 

Trackwork 57.65 8.39 4.18 57.65 7.45 36.29 5.28 2.63 36.29 4.69 
Utilities 13.56 1.97 0.98 13.56 1.75 13.56 1.97 0.98 13.56 1.75 
Temporary traffic control 23.67 3.44 1.71 23.67 3.06 23.67 3.44 1. 71 23.67 3.06 
Parking facilities 15.85 2.31 1.15 15.85 2.05 15.85 2.31 1.15 15.85 2.05 
Other ~ ___Q,§Q __Q]Q_ 4.09 __Q,,il ~ _M.Q._ __Q]Q_ ~ .Jill_ 

Total construction 558.17 81.19 40.44 558.17 72.09 403.92 58.76 29.27 403.92 52.16 

Systemwide elements (n; 30) {0.08059 f j13.80075 f jo.08059} jB.80075} 
On-board signals 2.73 0.40 0.22 3.03 0.39 3.47 0.50 0.28 3.86 0.50 
Wayside signals 

Low capability 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Intermediate capability 29.18 4.24 2.35 32.45 4.19 29.18 4.24 2.35 32.45 4.19 
Traffic signals 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Inter lockings 0.16 0.02 0.01 0.18 0.02 1.40 0.20 0.11 1.56 0.20 
Central control 0.64 0.09 0,05 0.71 0.09 0.64 0.09 0.05 0.71 0.09 

Total wayside signals 29.97 4.36 2.42 33.34 4.31 31.21 4.54 2.52 34.71 4.48 

Electrification 
Catenary 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 
Third rail 14.95 2.17 1.20 16.62 2.15 9.23 1.34 0.74 10.27 1.33 
Substations 20.67 3.01 1.67 22.99 2.97 20.67 3.01 1.67 22.99 2.97 

Total electrification 35.62 5.18 2.87 39.62 5.12 29.91 4.35 2.41 33.26 4.30 

Communications equipment 7.59 1.10 0.61 8.44 1.09 7.59 1.10 0.61 8.44 1.09 
Maintenance equipment 10.63 1.55 0.86 11.82 1.53 10.63 1.55 0.86 11.82 1.53 
Fare collection equipment ~ ___Q,_Q2_ ....Q,,Qi_ __QB ........M2. ~ ....Q,Q2_ ....Q,,Qi_ __QB ....Q.Q2_ 

Total systemwide elements 87.18 12.68 7.03 96.97 12.52 83.45 12.14 6.73 92.81 11.99 

Vehicles and spare parts (n; 30) jo.o8059f J 13.80075} Jo.08059} {13.80075} 
Vehicles 25.85 3.76 2.08 28. 75 3.71 32.89 4.79 2.65 36.59 4.72 
Spare parts (5%) ~ __Ql2_ ....QJ.Q_ ~ ___Q,1,§_ ---1.:.§.i ....Q.11.._ ....QJ1_ ~ ....Q,1i_ 

,,.,_.,__, ___ ,_!_1 ____ _:I ___ •• ____ ,.._ 

30.i8 3.90 
,., n ,..., 'n, 

lUUU VCJlll,JC.:, <11LU .:)!-)i1H:; !)dll.'.> ~ ~ ~ 2.'.!.d.'.! ~ .....!:.:..!... .......:l.2.:.: ....::!:.:.Z1L. 

Total construction. systemwide 
elements, and vehicles 672.48 97.82 49.66 685.31 88.51 521.91 75.92 38.78 535.15 69.11 

Right-of-way (n; infinite) {0.010001 jl3.80075} Jomooo} jB.80075} 
Guideway 0.19 0.03 0.01 0.18 0.02 0.19 0.03 0.01 0.18 0.02 
Maintenance yard 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Parking 14.24 2.07 1.00 13.76 1.78 14.24 2.07 1.00 13.76 1.78 
Other __Q,,il ~ 0.04 _QJl __Q.Q1 ~ _Q,_QjL__ ...Q.Qi_ _QJl ....Q,,Q1_ 

Total right-of-way 14.96 ---1.1.§. --1.Q.L 14.45 ----1..§1 14.96 ..1.1.L --1.Q.L 14.45 ...Ll1... 
Tomi consuucdon, sysLemwiUe 

elements, vehicles, right-of-way 687.44 100.00 50.70 699.76 90.37 536.87 78.10 39.82 549.61 70.98 

Contin~encies 
Professional services 

Total initial cost 687.44 100.00 536.87 78.10 

Annual operations and 
j13.8007S} jB.80075} maintenance costs (n; l - ~U) 

Operations 3.54 48.9"2 6.32 3.92 54.16 6.99 
Maintenance ~ 25.63 ___li!_ --1&L 25.63 ..1...1L 

Total operations and maintenance 
cost 5.40 74.55 9.63 5.78 79.79 10.30 

Future expansion 
Total equalized annual cost 56.11 100.00 45.61 81.28 

Total present worth costs (50 yr) 774 . .31 100,00 629.39 81.28 

.Note: Costs are 1n millions ot l lJH2 constant ctollars. Jnterest 1s 7 percent. capital recovery !actors tCK.1' J are: n = mtmlty, u.u ,uuu; n = ~u, u.u /".l'+b; ana n = .:tu, u.u Ou:, .;. . U mform 
series present worth factor (USPWF) for n = 50 is 13.80075. Contingency estimate is 15 percent of construction and systemwide equipment. Professional services estimate is 17 percent 
of construction and systemwide equipment, contingencies, and vehicles and spares, General and administrative costs at 17 percent are included in annual operations and maintenance 
costs. Costs of future expansion have not been estimated. 



Value Engineering Methods 

30 
28 

22 
18 -

~ 
14 Iii: Iii: 

u 0 
< ~ < 

w I a: w a: 
z ... 3!i ... 

w ::::i 

J 
w ..I w 

..I ..I w ..I 
Cl w Cl Cl Ill Ill ~ 3!i < 3!i < 1 

3!i 
Ill m (/) m 1/) 

AVERAGE AVERAGE TRIP TIME FLEET SIZE 
SPEED-MPH IN MINUTES CARS 

FIGURE 5 Operational impacts. 

used for train passings, there is no effect on ser
vice at all. If the failure occurs in a station used 
for passing maneuvers, traffic in the nonpeak direc
tion of travel will be delayed for just under 5 min. 
This will shift the train passings to alternate sta
tions that do not have the blockage. About 90 per
cent of all failures occur in stations and can be 
handled in this manner. For the unusual condition in 
which a failure between stations cannot be corrected 
by the driver, the next good train is moved up to 
the failed car and is automatically coupled to it. 
With operators on each train, two persons are on 
site for the coupling operation. When coupled, the 
failed car is towed along with the good car. Should 
this reduce the speed achievable by the towing car, 
a slight increase in headways and reduction in speed 
will be programmed for all trains in the system. 

Schedule Adherence 

Because the heart of single tracking is the accurate 
scheduling of train passing movements, schedule ad
herence is critical. This system has been designed 
to accommodate at least 45 sec of unanticipated 
train delay per passing. The key to achieving this 
45-sec slack is the 15 sec less it takes to go 
through a station in the straight-through direction 
than to turn onto the siding. By giving the 
straight-through direction preferentially to trains 
that are behind schedule, it is possible to pick up 
0.5 min per passing. Because trains normally pass in 
every other station, it is always possible to hold 
up a late train for 5 min and let it pass opposing 
traffic using the normally unused set of sidings. In 
this way a late train can be accommodated without 
causing a domino effect on following traffic. 

System Capacity 

The capacity of a single-track system is inherently 
less than that of a double-track system and assuring 
adequate margin for future growth is of concern. As 
designed, the system can carry about 2,500 passen
gers in peak hour per direction. This capacity will 
meet the demand anticipated by planners through the 
year 2000 and requires a mix of two-car and three
car trains. With all three-car trains, capacity can 
be increased to more than 3,000 persons per hour. 
Using wider cars and expanding the stations to ac
commodate four-car trains, a capacity of 5,000 pas
sengers per hour can be obtained (more than twice 
the volume predicted for the year 2000). 

Relia bility 

Reliability data from transit systems in Chicago, 
New York, and San Francisco were used as input to an 
analysis of the Orange County single-track systems 
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three, four, and five. Conclusions were that the 
design goal of 98 percent probability of no delay 
longer than 10 min can be met. This is the same goal 
that was used to design the Atlanta rapid rail 
system. 

Safety Comparison 

The main potential safety distinction between sin
gle- and double-track s ystems involves the operation 
of t wo-dir ect iona l traffic on a sing le track, This 
operation will be governed by fail-safe vital rail
road interlockings to assure that there is never 
more than one train moving between pass ings at a 
time. Such equipment is desig ned so that no unsafe 
failure is possible. It is commonly used on all 
main- li ne railroad and rail transit systems. With 
suc h equ i pment there s hould be no d ifference in 
safety between the single-track system and a conven
tional double-track system. The California Public 
Utilities Commission has already approved single
track light rail operation for the San Diego system, 
which se t s a precedent for this type of operation in 
California . 

CONCLUSIONS 

This VE study has shown that value engineering, ap
plied after the alternatives analysis phase, can 
provide significant savings on an overall transit 
project's costs. It also has demonstrated that sin
gle tracking is an operating technique with poten
tial for major capital cost savings. It should 
therefore be given serious consideration by cities 
concerned about the capital cost of fixed-guideway 
transit. It is also believed that the savings should 
make single tracking a worthwhile area for federally 
sponsored research and development work. 
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