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Los Angeles Basin Railway 
Electrification Study 

RICHARD U. COGSWELL 

Railway electrification as a means to reduce locomotive emissions dates 
back to the original electrification schemes in Baltimore's Howard 
Street Tunnel and New York's Park Avenue Tunnel at the tum of the 
century. Although today's emissions are more complex and less visible, 
electrification of railroad lines still offers the same solution as it did a 
century ago. The voluminous railroad electrification study done for the 
Los Angeles Basin area in 1991-1992 is summarized. Emphasis is 
placed on emissions findings, capital cost parameters for electrification, 
and the relative effectiveness of railway electrification as compared 
with mitigation measures being ordered for fixed source emissions in 
the Los Angeles Basin. The relative priority ranking of the various 
routes studied is beyond the scope of this paper, involving as it does 
subjective and operationally variable analysis. 

A major problem in the Los Angeles, California, Basin is the brown 
smog that seems to overrun the whole metropolitan area by mid
aftemoon almost every day. This smog, and the resulting health ram
ifications to the local population, has resulted in the imposition of 
stringent limits on most sources of emissions in the basin. In order 
to comply with even more stringent limits on emissions, the local 
governments prepared plans and arranged funding for a regional . 
commuter rail system that would, it was hoped, help to get daily 
commuters out of their automobiles and onto theoretically more effi
cient mass transit. At about the same time the South Coast Air Qual
ity Management District (SCAQMD) reviewed their efforts and it 
was realized that because other emissions controls were causing a 
reduction in emissions, railroad emissions were becoming an 
increasingly large proportion of the total basin emissions. 

An environmental assessment of the proposed commuter rail 
system showed that under light ridership conditions the smog
producing nitrous oxides (NOx) from diesel-electric railroad loco
motives would actually exceed the NOx from the automobiles that 
commuters were being asked to leave at home. At about the same 
time the SCAQMD studies projected that with proposed emissions 
controls implemented for everything except diesel locomotives, the 
railroad emissions of NOx would increase from about 3 percent of 
the basin totals in 1987 to about 9 percent of the totals in 2010. It 
was also forecast that in 2010, even with the implementation of the 
full proposed commuter rail system, freight trains would generate 
nearly 93 percent of the total railroad NOx emissions. The 1991 
South Coast Air Quality Management Plan thus came to include 
Measure 14, which requires a 17 percent reduction in rail-related 
emissions by the year 2000 and a 90 percent reduction in rail-related 
emissions by the year 2010. 

The only way known at this time to achieve a 90 percent reduc
tion in rail-related emissions is to electrify the railroads. Under the 
direction of the California Transportation Commission (CTC), a 
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study team of nearly 30 different organizations (railroads, utilities, 
local governments, state. and federal agencies, etc.) joined forc_es, 
with the assistance of a consultant, to perform a conceptual-level 
study of electrifying the railroads in the Los Angeles Basin. Major 
portions of the resulting study are summarized in this paper. 

LOS ANGELES BASIN EMISSIONS 

The emissions controls community is normally concerned with five 
major types of emissions produced by energy conversion processes: 
nitrogen oxides (NOx), particulate matter (PM), hydrocarbons 
(HC): carbon monoxide (CO), and sulfur oxides (SOx). Without the 
details of health impacts caused by each type of emission, the smog 
producing NOx is a prime target in the Los Angeles Basin area. The 
SCAQMD has over the years placed very strict controls on all these 
emissions produced by fixed facilities (power plants, factories, etc.) 
and non-railroad mobile sources (automobiles, trucks, lawnmowers, 
etc.). They have now turned their attention to railroads. 

The projected 2010 emissions from various railroad sources, 
assuming present technology, are shown in Table 1. (The metric 
tonne used in this paper is equal to 1,000 kg and is about 10 percent 
larger than the traditional American short ton of 2,000 lb.) A review 
of Table 1 shows not only that the commuter and Amtrak passenger 
trains have a relatively small impact, but that local and yard freight 
operations account for an unexpected 22 percent of the total emis
sions. Converting yards and numerous industrial lines around the 
basin to electric operations was· quickly acknowledged by all par
ties to be cost prohibitive. However, it was demonstrated that there 
were applications for advanced nonelectric technology in the fight 
to reduce railroad emissions. 

Emissions projections were then made for 2010 levels of traffic 
assuming electric operation of line-haul freight, commuter, and 
Amtrak trains as shown in Table 2. It can be seen by comparing 
Tables 1 and 2 that total emissions are reduced 97 percent for those 
services that were projected to be converted from diesel to electric 
power, a total annual reduction of 12,207 tonnes. 

The SCAQMD has issued a number of rules to industry requir
ing emissions reductions. These rules have resulted in a cost per 
tonne of emissions eliminated over the economic life of the capital 
investment. Table 3 gives typical NOx rules and the relative cost
effectiveness in dollars per tonne. 

It is interesting to note at this point that if a typical value 
of $25,000/tonne and the computed NOx reduction of 9,201 
tonnes/year credited to electrification over a projected 30-year eco
nomic life are used, mainline electrification would be cost-effective 
if the total cost were in the vicinity of $6.9 billion. It should also be 
noted that the SCAQMD does not routinely issue emissions control 
rules if the cost-effectiveness exceeds about $35,000/tonne. 
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TABLE 1 Projected 2010 Diesel Emissions in Tonnes per Year 

NOX PM BC co SOX Total 

Line Baul Freiqht 8,580 264 495 1,260 855 11,454 
Local Freiqht 1,298 40 84 268 136 1,826 
Yard Preiqht 1,182 38 98 247 92 1,657 
Amtrak 239 8 5 38 21 311 
commuter 643 _Z2 --11 ___li _.ll 820 
Total 11,942 375 693 1,902 1,156 16,068 

TABLE2 Projected 2010 Electric Emissions in Tonnes per Year 

NOX PH BC co SOX Tot1:l 

Line Baul Preiqht 253.9 9.1 35.6 56.2 3.6 358.4 
Amtrak 1.8 0.3 0.9 1.8 0.1 4.9 
commuter ~ __JL_2, _L_Q ~ 0.3 14.9 
Total 261.2 10.3 39.5 63.2 4.0 378.2 

TABLE 3 Cost-Effectiveness of Various SCAQMD NOx Rules · 

Rule Title 

cost Effectiveness 
in 1991 Dollars 

Per Tonne 

1109 
1134 
1146.1 
1146 
1135 

Refinery boilers and heaters 
Gas turbines 

10,800 - 24,500 
4,100 - 23,400 

12,200 - 39,900 
2,400 - 58,100 
7,200 - 51,200 

Small industrial boilers 
Large industrial boilers 
Electrical qeneration 

AVAILABLE OPTIONS 

Initial discussions among the many involved organizations pro
duced the following list of options that could be studied in more 
detail: 

1. Clean up the existing diesel emissions, 
2. Use alternative fuels that might reduce diesel emissions, 
3. Electrify the main lines, and 
4. A combination of the first three options. 

Before the options are discussed, it should be noted that the diesel 
engine inherently operates at high temperatures and pressures, the 
precise conditions that produce NOx. 

Over the years, diesel locomotive manufacturers have improved 
the overall efficiency and performance of their products. However, 
the higher temperatures and pressures that have reduced PM and 
HC have increased NOx. A number of possible changes to the way 
the diesel engine functions were reviewed by technical experts. It 
was determined that a potential exists through a combination of 
actions to perhaps reduce the critical NOx emissions by up to 
25 percent. Although significant, this reduction is not nearly the 
required 90 percent reduction. 

Alternatives to traditional diesel fuel have been investigated by 
several railroad companies and interesting results have been 
reported. Several different configurations using natural gas (com
pressed and liquified) or Methanol/ A vocet were investigated. 

Hypothetical results indicate a better performance than that of a 
clean diesel, with potential emissions reductions of 50 to 75 percent, 
but power output may drop 15 to 30 percent and thermal efficiency 
may drop about 5 percent or more. Alternative fuels would thus 
appear to offer a workable alternative for yard or local freight ser
vice where electrification is not possible. Actions are being taken in 
parallel with the electrification study to define the alternative fuels 
concept further. 

The electrification alternative with its projected emissions reduc
tion of 97 percent for the Los Angeles Basin area clearly had to be 
investigated in sufficient depth to justify further action. It should be 
noted here that the 97 percent reduction probably cannot be directly 
applied to other parts of the country because of the different 
environmental regulations and fuel combinations used elsewhere. 

ELECTRIFICATION STUDY OVERVIEW 

The railroad map of the Los Angeles Basin area resembles a small 
spider web, even after removing all the purely local freight service 
and yard tracks. Since it was desirable to be able to cost various 
alternative routings of both freight and passenger service, it was 
agreed to break the railroad routes being studied into a number of 
discrete segments, which could then be combined through computer 
analysis into any continuous route. Figure 1 shows approximately 
75 track segments, which were individually characterized and 
costed for each of the many items required for electrification. 
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FIGURE 1 Track segments used for Los Angeles Basin Electrification Study. 

A significant part of any electrification study involves locating 
substations, transmission line connections, transmission line capac
ity, and so forth, which requires the intimate involvement of the util
ity companies and their regulatory agency, the state Public Utilities 
Commission (PUC). The organizations making the study included 
the appropriate major utilities and the state PUC. A difference in the 
case of Los Angeles is that the municipally owned Los Angeles 
Department of Water and Power provides electricity to much of the 
Los Angeles area. 

Although the local emissions problems precipitated the whole 
electrification study, additional community impacts were covered in 
the study. Topics such as the overall quality of service, noise levels, 
train performance, and visual impacts were addressed in the report 
(1). Some of these topics are difficult to quantify financially, but the 
impacts are still real. The primary thrust of the study was financial: 
how much does it cost to build, what does it cost to operate, and 
where does the funding come from? 

Electrification Cost Study 

Any electrification cost study must start with definition and 
approval of the basic system requirements and parameters by all 

parties. The basic routes and segments to be studied are shown in 
Figure 1. Anticipated train power requirements varied widely from 
short, high-performance commuter trains to heavy freight trains 
climbing steep mountain grades for long periods of time. Some 
route segments would be used by both freight and passengers, some 
by only freight and some by only passengers. 

After significant discussions of the basic benefits and liabilities 
of different electrification systems for each of the proposed users, 
it was decided to study three types of systems using commercial 
60-Hz power: 

• A 25-kV center-fed system, 
• A 50-kV center-fed system, and 
• A 25-kV autotransformer system. 

The basic electrical parameters recommended by the American 
Railway Engineering Association (AREA) in Chapter 33 of their 
manual were used for the study (2). The study ultimately provided 
both separate freight and commuter results and combined results. 
The utility companies identified transmission lines on their systems 
that were stiff enough to handle the expected loads without exceed
ing phase unbalance, harmonic, or light flicker limits. Preliminary 
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schedules were prepared by the different operators in order to give 
the utilities some indication of the anticipated electrical load over 
various parts of the system. A number of iterations would take place 
during the study as more detailed and refined information became 
available. 

A great deal of effort was spent by all anticipated train operators 
to determine their projected train operations through the year 2010. 
Table 4 summarizes the number of trains per day by route for 2010. 
Freight service is given as a range, because not all trains will be 
operated over the whole route or routes. 

The operating time of each electrically hauled train was checked 
to determine locomotive turnaround time (including servicing). The 
individual train requirements were then combined and helper units 
and maintenance factors added to arrive at total electric locomotive 
requirements. A generic 4,500-kW (6,000-HP) continuous-rated 
6-axle locomotive was used for freight service and a 6,700-kW 
(9,000-HP) short-time-rated 34-axle locomotive was used for most 
of the passenger service (a few long-distance passenger trains were 
assigned a freight engine because of tractive effort requirements). 
Freight service requires more locomotives for the number of trains 
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operated because freight trains use multiple locomotives, travel 
longer distances, and generally operate at lower speeds. Table 5 
summarizes electric locomotive needs. 

Electrification clearance requirements were hotly debated. The 
freight railroads asked for vertical load height clearances that sig
nificantly exceeded the dimensions of both double stack container 
cars and covered trilevel automobile racks. It was ultimately 
decided to follow the FHW A guidelines contained in Title 23, CFR, 
Chapter 1, Appendix to Subpart 3, which are based on a railroad car 
height of 6.4 m and electrical air gap clearances recommended in 
Chapter 33 of the AREA manual. 

A comprehensive inventory was made of each existing overhead 
obstruction (bridge, tunnel, through truss bridge) and a conceptual
level determination made on what could be done to obtain the clear
ance required for each of the electrification voltages being studied. 
Lowering track by undercutting was obviously the first choice, but 
proximity- of interlockings, undergrade bridges, industrial sidings, 
underground utility lines, and so on, sometimes made this infeasi
ble. The next choice was to raise the bridge, but adjacent roadway 
profiles, bridge-mounted utilities, and various other items can sig-

TABLE4 Projected Trains per Day in 2010 

Amtrak Service 

1. Los Angles - San Diego 
2. Los Angeles - Santa Barbara 
3. Los Angeles - Barstow 
4. Los Angeles - Yuma 

Commuter service 

1. Los Angeles - San Bernardino 
2. Los Angeles - Moorpark 
3. Los Angeles - Santa Clarita 
4. Los Angeles - Oceanside (ATSF) 
5. Los Angeles - Riverside (UP) 
6. Los Angeles - Riverside (ATSF) 
7. Riverside - Hemet 
8. San Bernardino - Irvine 
9. San Bernardino - Redlands 

Freight service 

1. 
2. 
3. 

Santa Fe 
Union Pacific 
Southern Pacific 

TABLE 5 Electric Locomotive Requirements 

Freight service 

1. Santa Fe 
2. Union Pacific 
3. Southern Pacific 

Total Freight 

Passenger service 

1. Commuter 
2. Amtrak 

Total Passenger 
Total Electric Locomotives 

20 trains 
12 

4 
2 

38 
38 
24 
12 
10 
38 
10 
48 
10 

8-24 
13-26 
14-44 

50-75 
56-66 

122-130 
228-271 

56 
18 
74 

302-345 
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nificantly increase cost. In a few cases bridge replacement became 
the only apparently viable alternative. Improvements were based on 
the following clearance criteria: 

1. Lower track if less than 61 cm, 
2. Raise bridge if between 61 and 152 cm, and 
3. Replace bridge if greater than 152 cm. 

Table 6 summarizes the recommendations for increasing clear
ances at 265 overhead bridges in the study. The three categories 
represent AREA minimum clearances, AREA desirable clearances, 
and freight railroads' requested heights. 

A total of six tunnels and seven through truss bridges were inves
tigated that require various combinations of improvements, includ
ing lowered track, structural modifications, and substandard ballast 
sections. The majority of this work could be accomplished under 
normal traffic conditions. 

The horizontal clearance from track center line to the face of cate
nary supports also generated intense debate. The state of California 
requires a minimum distance of 2.6 m; AREA recommends 2.9 m, 
and the railroads wanted 4.6 m. A distance of 3.2 m was finally used 

· to generate catenary costs for the report. 
The existing signal systems throughout the Los Angeles Basin 

area, irrespective of their age, use direct-current track circuits, 
which are totally incompatible with electrified railroads. In addition, 
open lineside signal or communications wires or unshielded cables 
on poles must be replaced with electromagnetically shielded cable, 
preferably buried, in order to provide protection for both equipment 
and maintenance personnel against high catenary-induced voltages. 
Since an electrified railroad uses both running rails to return traction 
current to the substation as well as for signal track circuits, provi
sions must be made to separate the signal track circuits from the 
traction power return system. This is usually done by using an 
alternating-current signal frequency that is different from the 60-Hz 
traction power system. The chosen frequency has typically been 
100 Hz. A special filter, called an impedance bond, is provided at 
insulated signal system rail joints to stop the signal current but allow 
passage of traction current to the substation. Unfortunately, the 
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electrical characteristics of 100 Hz require track circuits not to 
exceed about 1,800 m as compared with perhaps 3,000 m for a 
direct-current track circuit. The signal system for an electrified 
railroad thus usually requires more individual track circuits than an 
existing diesel-powered railroad. These signal requirements were 
computed on an individual track segment basis for the study. 

It should be pointed out that the electrification system itself will 
increase the communications requirements. Controls and indi
cations from substation apparatus (circuit breakers, voltage read
ings, power flow, etc.) and sectionalizing switches (open, closed, 
grounded) at interlockings must be transmitted between the central 
supervisory control facility and remote sites. When this is added to 
existing voice and data communications for centralized traffic con
trol systems, it frequently becomes more economical to install a 
fiber-optic cable system that is immune to electrical interference 
than to build a more conventional copper-wire system. The Los 
Angeles study costed a backbone fiber-optic communications 
system with local drops of conventional copper circuits. 

The introduction of electric locomotives into a basic diesel loco
motive maintenance system requires some changes and modifica
tions to existing facilities. Pantograph inspection platforms need to 
be provided along with an interlocked system to ensure catenary 
deenergization whenever personnel are working on or adjacent to 
the pantographs. Sanding facilities may have to be modified or 
partly relocated because of the catenary installation. Catenary is not 
normally erected through a maintenance shop, but if it is, safety 
interlocks with bifolding doors and both visual and audio warning 
systems must be provided. Lacking specific details, the study team 
agreed on a lump sum to cover maintenance facilities costs for 
electrification. 

Unit Costs 

It was agreed early in the study that average unit costs would be 
determined for each element of the study and then applied to each 
of the 75 separate track segments. There was surprisingly little dis
agreement over most of the basic unit costs shown in Table 7, but 

TABLE 6 Bridges Requiring Overhead Clearance Improvements 

No action reqd. 
Lower track 
Raise bridqe 
Replace bridqe 

Minimum 

195 
62 

8 
0 

Minimum 

No action reqd. 52 
Lower track 185 
Raise bri4qe 28 
Replace bri4qe o 

25kV system 

Desirable 

153 
95 
17 

0 

Railroad 

42 
162 

61 
0 

SOkV System 

Desirable 

40 
151 

74 
0 

Railroad 

38 
131 

92 
4 



TABLE 7 Estimate of Capital Costs: Unit Price Schedule Costs Related to Railroad Improvements and 
Electrification (Tm = Track Meter; Tkm = Track Kilometer; ea = Each; LS = Lump Sum; m3 = Cubic 
Meter) 

New Track construction 

Mainline, sub-ballast 
up, 
Single tracks 

Yard, sub-ballast up, 
Single track 

Upgrading Siding to 
Mainline 

Single track 

Track Removal 

Single track 

:enter lockings 

Turnouts #34 

Turnouts #24 

Turnouts #20 

Turnouts #14 

Turnouts #10 

Turnouts #7 

Mainline Drainage 

New drainage 

Restored drainage 

Earthwork 

Excavate 

Embankment 

Retaining walls 411 

High 

Units Unit cost 
1992 Dollars 

T.m. 394 

T.m. 344 

T.m. 279 

T.m. 23 

L.S. 130,000 

L.S. 95,000 

L.S. 80,000 

L.S. 60,000 

L.S. 45,000 

L.S. 40,000 

m 

m, 

3 
m 

3 
m 

m 

33 

16 

13 

8 

525 

Specifications 

Rails 136RE CWR, wood tie 
plates, 4 track spikes, 
4 anchors, ballast, sub
ballast 

Rails #1 relay 115 RE CWR, 
wood tie, relay tie plates, 
4 track spikes, 4 anchors, 
ballast 

Replace all rails 136 RE CWR 
with same OTM as new track, 
replace 50% of ties, add 
ballast 

Remove rails, ties, ballast. 
Disposal of removed material 
excludes environmental 
requirements 

All work sub-ballast up from 
stock rail ·joint to last 
common tie along normal and 
reverse sides 

All work sub-ballast up from 
stock rail joint to last 
common tie along normal and 
reverse sides 
All work sub-ballast up from 
stock rail joint to last 
common tie along normal and 
reverse sides 

All work sub-ballast up 
from stock rail joint to 
last common tie along 
normal and reverse sides 

All work sub-ballast up 
from stock rail joint to 
last common tie along 
normal and reverse sides 

All work sub-ballast up 
from stock rail joint to 
last common tie along normal 
and reverse sides 

Side ditch 

Regrade side ditch 

Ordinary soil 

Ordinary soil 

Complete 
(continued on next page) 



TABLE 7 (continued) 

units unit cost 
1992 Dollars 

Grade Crossinqs 

Remove & lay 
new crossing 

Add second crossing 
alongside existing 
crossing 

Eliminate existing 
crossing 

Culvert Extension 

Railroad Bridqe for 
Additional Trackaqe 

Grade Separations 

T.m. 820 

T.m. 558 

ea. 3,000 

m 492 

T.m. 17,050 

Highway underpass L.S. 14,000,000 

Flyover viaduct 
structure 

T.m. 5,470 

stabilize Track for 
Electrification 

Single track 

overhead Utility 
Relocations 

Site Demolition 

Shops & Ancillary 

Locomotive Change 
Facilities 

Electric Locomotives 

Passenger 

Freight 

crossinq warninq 
Systems 

T.m. 

L.S. 

3 
m 

L.S. 

L.S. 

ea 

ea 

ea 

communications SCADA m 
(Supervisory Control) 

Control Center L.S. 

overhead Bridqe Clearance 
Improvements (Includinq 
Approaches) 

20 

16,000 

105 

40,000,000 

4,000,000 

5,250,000 

4,000,000 

100,000 

100 

10,000,000 

Specifications 

Demolish and remove existing 
crossing pavement complete, 
lay new precast concrete 
paving complete (no track) 
Add new precast concrete 
paving for new single 
track alongside existing 
crossing (no track) 

Demolish and remove existing 
crossing, close both sides 
to traffic by guard rails 

Concrete or CMP circular 
culvert 30-120 cm 

Additional bridge 6m wide 
alongside existing bridge 
for new track 

Assumed bridge 10.7 X 27.5m 
with structural work, 
approaches and all utilities 

Assumed bridge 10.7 X 
1,525m double track structure 

Add ballast, compact shoulder 
with lining and surfacing 

Up to 16kV line at each 
grade crossing 

Demolition and removal 

Based on adequate component 
replacement at a separate 
facility for each railroad 
Consists of selected double 
ended through tracks and 
enqineer service areas at 
Yermo, Barstow, 3 facilities 
at the port and two Amtrak 
facilities. Indio will be 
priced at $6,000,000 

6,715kw, 60Hz units 

4,480kw, 60Hz units 

Enclosures, signal system, 
gates - upgrading/repairs 

Total allotment for SCRRA 
& 3 railroads including 
SCADA 

(continued on next page) 



TABLE 7 (continued) 

Units Unit cost 
1992 Dollars 

Raise bridge L.S. 
supported on bearings 

Raise monolithic L.S. 
bridge 

Replace bridge L.S. 

Track Lowering 
30 cm, Avg. 

Single track 

Tunnel Modifications 

Track lowering 

Signals (Wayside) 

Phase Sel & Tru-II 

Cab signals 

Utility Provisions 

One transformer 
substation 

Two transformer 
substation 

Traction Power 
Substations 

One transformer 

Two transformers 

switching station 

25kV 

50kV 

Paralleling station 
25kV 

T.M. 

T.M. 

T.m. 

T.m. 

L.S. 

L.S. 

L.S. 

L.S. 

L.S. 

L.S. 

L.S. 

600,000 

700,000 

1,000,000 

130 

1,650 

180 

23 

497,000-
1,842,000* 

833,500-
3,216,500* 

1,296,500-
3,630,500* 

1,296,500-
3, 169, 750* 

962,500 

1,012,500 

892,500 

Specifications 

Approaches 300m, utility 
relocation, abutments, wing 
walls, bearings, fixation 

Approaches 300m, utility 
relocation, abutments, 
wing walls, bearings, 
fixation 

Approaches 300m, utility 
relocation, abutments, wing 
walls, bearings, fixation 

Based on two 4-hour occupancies 
in 24 hours, 300 - 350m long 

Tunnels 25, 26, 28 on the_sp 

Average cost based upon 
183 km sample analysis 

Average cost based upon 
183 km sample analysis 

Includes bus extension, 
circuit breakers, metering 
and 1.6 km of transmission line 

Includes bus .extension, circuit 
breakers, metering and 1.6 km 
of transmission line 

25kV system uses 20MVA 
transformer, 50kV & 25kVA 
systems use 30MVA transformers. 
Cost includes HV & LV 
breakers, signal power supply 
and sitework 

25kV system uses 20MVA 
transformer, 50kV & 25kVA, 
systems use 30 MVA 
transformers. Cost includes 
HV & LV breakers, signal 
power supply and sitework 

5 circuit breakers, signal 
power, sitework 

5 circuit breakers, signal 
power, sitework 

4 circuit breakers, signal 
power, sitework 

(continued on next page) 
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TABLE 7 (continued) 

units Unit cost 
1992 Dollars 

Specif'ications 

50kV L.S. 932,500 4 circuit breakers, signal 
power, sitework 

Autotransformer L.S. 2,342,500 2 autotransformers, LV 
switchgear, sitework station 

simple catenary system 
25kV Tkm 250,000-

265,650 
Poles, foundations, 4/o·cu 
contact wire, 4/0 Cu messenger 
wire, fittings 

SOkV Tkm 257,100 Poles, foundations, 4/0 Ccu 
contact wire, 4/0 cu 
messenger wire, fittings 

Tunnel Catenary System 
25kV Tkm 130,000-

146,300 
Flexible arms, fittings, 
4/0 Cu contact wire, 4/0 cu 
messenger wire 

50kV Tkm .134,000-
150,000 

Flexible arms, fittings, 
4/0 Cu contact wire, 4/0 cu 
messenger wire 

Crossover 
25kV L.S. 

50kV L.S. 

Turnout 
25kV L.S. 

50kV L.S. 

56,075 

57,757 

46,625-
47,825 

48,024-
49,260 

Poles, foundations, conductors, 
fittings 

Poles, foundations, conductors, 
fittings 

Poles, foundations, conductors, 
fittings 

Poles, foundations, conductors, 
fittings 

* Varies by input voltage and electrification voltage 

there was strenuous disagreement over the percentages to use for 
various add-ons such as contingencies, insurance, testing, and 
design. Two approaches were taken. The consultant team produced 
its projected add-ons and the local organization building the Los 
Angeles subway system tabulated its actual historical figures in a 
range. Both sets of percentages are shown in Figures 2 and 3 for 
comparison. The study results generally used percentages at the 
lower end of the range experienced by the group building the sub
way system. However, this was still viewed as too high by some 
study participants. 

Table 8 summarizes the costs associated with work necessary to 
electrify each of the 13 routes studied independently for either com
muter service alone or commuter, Amtrak, and freight service com
bined. It is interesting to note that on a systemwide basis the addi
tion of freight service to a commuter line increases electrification 
costs by about 4 percent on a track-mile basis and 17 percent on a 
route-mile basis (additional passing tracks and yard leads are 
required). Although Table 8 gives costs for a simple 25-kV system, 
separate analysis showed that a 50-kV system would cost about 6 
percent less and that a 25-kV autotransformer system would cost 
about 12 percent more to construct. The 50-kV option appeared to 

be a desirable feature for the mountainous or desert areas east of the 
main basin. 

The total Los Angeles Basin electrification system cost cannot be 
obtained by totaling the cost of the 13 routes because many routes 
contain segments of other routes. It is only when all 75 route seg
ments are individually totaled in Table 9 that the total cost to elec
trify the whole Los Angeles Basin mainline system can be seen. It is 
interesting to note that the combined cost of civil, structural, and sig
nal modifications plus shops, locomotive change facilities, and the 
supervisory control center nearly equals the costs of the basic elec
trification system. This helps to explain why many foreign electrifi
cation projects appear to be so inexpensive; many foreign countries 
do not include these elements as part of electrification costs. In addi
tion, foreign countries normally provide free use of railroad-owned 
construction trains, locomotives, crews, flagmen, and so forth. 

An emissions cost-effectiveness review of the summary shows 
some interesting results. Taking the total fixed plant cost of about 
$3.3 billion for the whole commuter and freight system and neglect
ing discounting out-year costs, railway electrification costs a very 
respectable $12,000 per ton of emissions eliminated as compared 
with other projects shown in Table 3. The three major freight routes 



ITEM DESCRIPTION: 

1. Guideway Costs 

2. Station Costs 

3. Maintenance Facilities and Shops 

4. Vehicles 

5. System-Wide Equipment 

SUBTOTAL A - ITEM 1 THROUGH 5: 

6. Testing and pre-operations Costs (2.5% to 3.5% of Subt. A) 

7. Owners Insurance Program (7.5% to 8.5% of Subt. A) 

8. Master Agreements (3% to 10% of Subt. A) 

SUBTOTAL B - ITEM 6 THROUGH 8: 

9. Right-of-way (see Real Estate Division) 

SUBTOTAL C - ITEM 9: 

10. Professional Services (25% to 35% of Subt. A+B+C) 

11. Contingency Allowances: 

A. On subtotal A+B (7% to 12%) 

B. On item 9 right-of-way (32% to 47%) 

12. Total Estimated Cost 

FIGURE 2 Subway project capital cost estimate experience for add-ons. 

A. Construction Costs 

B. Locomotive Costs 

c. Contracts Mobilization/Demobilization (5% of A) 

D. Testing and Operations Mobilization (2% of A) 

E. Owners Insurance (8% of A) 

F. Mitigation (2% of A) 

G. Right-of-way 

H. Force Account (8% of A) 

I. Employee Training (3% of A) 

J. Construction Change Orders (12% of A&F, 2% of B) 

K. Project Services (25% of A&F, 1% of B, 10% of J) 

L. Subtotal (A thru K) 

M. Project Reserve (20% of L) 

N. Total Cost in 1992 dollar$ (L&M) 

FIGURE 3 Consultant estimated add-ons. 



TABLE 8 Summary of Electrification-Related Costs by Route (Costs in Millions of 1992 Dollars) 

commuter & Freiqht 2SkV Commuter only 2SkV 
Minimum Vertical Clearance Minimum Vertical Clearance 

Route Construction Total Construction Total 
Route Descrietion Kilometers Cost Cost Cost Cost 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

NOTE: 

UP/SP Corridor 634 $744.6 $1,513.7 

Baldwin Park Commuter 92 93.5 189.5 $ 93.5 $189.5 

Moorpark Commuter 77 91.8 186.2 91.8 186.2 

Santa Clarita Commuter 56 68.3 137.9 68.3 137.9 

LOSSAN Corridor 216 276.9 562.8 248.5 502.4 

Riverside Via Ontario 95 124.7 253.3 108.9 220.5 

Riverside - LAUPT via 
Fullerton 100 142.6 289.1 126.8 256.3 

Hemet - Riverside 63 54.4 110.1 54.4 110.1 

San Bernardino - Irvine 85 126.6 257.8 106.0 214.8 

Redlands Commuter 19 18.9 39.1 18.9 39.1 

Southern Pacific Routes 
Ports to Yuma 454 511.4 1,040.7 

Santa Fe 
Ports to Barstow 283 369.1 748.8 

Union Pacific 
Ports to Yermo 301 394.5 801.3 

Locomotives, shops and ancillary facilities, locomotive change facilities and control.center 
not included. 

TABLE 9 Total Costs Related to Electrification (No Segments Duplicated) (25 kV Minimum Vertical Clearance; 
Costs in Millions of 1992 Dollars) 

commuter Only 
Track Kilometers 1,080 

Elements 
Construction 

cost 

Civil, Structural & Signal 
Costs 

System-wide Traction 
Electrification Costs 

Shops & Ancillary 
Facilities 

Locomotive Change 
Facilities 

Control Center 

Locomotives 
Commuter 
Amtrak 
Freight 

Total 

$338.8 

371.3 

0 

0 

5.0 

$715.1 

Grand Total 

Total 
cost 

$678.8 

758.9 

0 

0 

10.0 

$1,447.7 

300 

$1,748 

Commuter ' Preiqht 
Track Kilometer 2,337 

Construction 
Cost 

$629.3 

889.0 

40.0 

34.0 

10.0 

$1,602.2 

Total 
cost 

$1,261. 7 

_l, 831. 8 

80.1 

68.1 

20.0 

$3,260.9 

30_0 
96 

1,330 - 1,520 

$4,987 - 5,177 



Cogswell 

would account for less than half this figure, a very cost-effective 
way to eliminate NOx emissions. 

Locomotive costs were removed from this calculation because a 
very convincing argument was made that locomotive purchases, 
whether diesel or electric, would have to be made under any sce
nario and thus drop out of the equation. 

Funding Sources 

In addition to the usual list of various local, state, and federal gov
ernment sources of funding, with some costs borne by the railroads, 
the state PUC has indicated that it would probably look favorably 
on a request to have a significant part of the cost put in the utility 
companies' rate base for the entire basin. This action is ba~ed on the 
logic that the health and welfare of everyone in the basin is at stake 
and that everyone stands to benefit. 

Several funding scenarios have been put together with up to 
40 percent of the total electrification cost placed in the basin-wide 
utility rates for everyone to pay. The study team is also reviewing 
the use of emissions credits to cover part of the cost. 

CONTINUING WORK 

Although the basic capital-cost-versus-emissions study of electrifi
cation has been completed, a number of secondary issues remain 
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to be fully resolved to everyone's satisfaction. Significant dis
agreement still exists over the cost of operating an electrified rail
road compared with an existing dieselrailroad. Part of the operat
ing cost question concerns what utility rates will be used, what 
time-of-day rates will be employed, and what the demand charge 
will be for both normal and contingency conditions. Certain legal 
issues such as ownership, liability, and operational control need to 
be further reviewed. Also, additional information is desired con
cerning environmental effects of electromagnetic fields, noise, sub
station siting, and so on. A number of organizations have also sug
gested that it would be desirable to have a full detailed design 
completed on a 30- to 50-km segment of railroad to confirm this 
conceptual-level study before final decisions are made on which 
routes to electrify. 
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