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ABSTRACT 

While the economic viability of diesel multiple units (DMUs) has been studied in the past, the 
advent of an FRA Part 238 compliant DMU makes the evidence al1 the more valuable. This 
paper compares the life-cycle costs of FRA-compliant DMU technology with the costs of 
traditional locomotive-hauled equipment for various consist sizes and levels of service, using 
data on the Colorado Railcar DMU as well as data supplied by several U S .  commuter properties 
on the costs of the commonly-used EMD F-40 and F-59 locomotives and the GO Transit-style 
Bombardier bi-level cars. Comparisons between the initial purchase COSI for the rolling stock, 
the cost of the maintenance facility, and costs for fuel, maintenance, and crew show that the 

. .. DMU technology is estimated to provide substantial savings for consists of smaller,passenger 
capacity. 

INTRODUCïION 

Self-propelled passenger cars, also called diesel multiple units (DMUs), have long been in use in 
Europe, but not since the heyday of the Budd RDC have self-propelled rail vehicles been a major 
carrier of passengers in the United Sîates. DMUs have long seemed appealing to transit 
properties in the United States for their potential to Save money in specific situations, but up until 
now a DMU that passed the stricter American strength and safety standards was not available. 
On July 12, 1999, the FRA’S new structural safety standards in 49 CFR Part 238 became 
effective. Without compliance, DMUs cannot be run on active freight lines without a waiver 
from the FRA. Colorado Railcar has worked closely with the FRA to demonstrate ihat the DMU 
is compliant, including several iterations of meetings with the FRA to improve the DMU per 
their suggestions. Colorado Railcar’s new DMU meets the structural requirements of 49 CFR 
Part 238. On September 21,2002, FRA perfomed a sample car inspection on the DMU, 
recommending a few minor modifications IO safety appliance placement, which the Company has 
implemented. 

Description of Locomotive-Hauled Trainseu and DMUs 

This study compares the cos& of owning and operating locomotive-hauled trainsets VS. DMUs. 
This section gives a brief description of the two types of rolling stock. 

EMD F-40 and F-59 Diesel-Efectric LGcomotives and Bombardier Bi-Level Coaches 
Traditionally, a locomotive is designed to power large capacity trains by pushing or pulling 
many coaches behind it. A large diesel engine (ofien 3200 hp) generates electricity to run the 
traction motors at the wheels. Because of the potential dificulty ofrestarting the locomotive 
engine, some transit agencies leave their locomotives idling overnight. Paçsenger locomotives 
also have head-end power (HEP) that delivers electricily to the passenger cars This can either 
be driven off of the prime mover or off of a separate engine. Locomotives generally operate with 
a minimum of Iwo coaches to ensure adequate braking. 



The popular GO Transit style bi-level car built by Bombardier is often hauled by one of the 
aforementioned locomotives. The Bombardier cars are well known for their low cost per 
passenger, due 10 their high passenger capacity. 

Colorado Raikar DMUs 
Figure 1 presents a drawing of the single-level Colorado Railcar DMU. (More detailed drawings 
may be found at the Company website, www.coloradoraiIcar.com.) The 92-seat DMU is 
powered by two 600 horsepower Detroit Diesel Series 60 diesel engines, similac Io engines used 
in highway trucks. A low-maintenance Voith hydrodynamic transmission delivers the power to 
the drive shaft directly.to the powered axle on each truck. Because they are easy to stop and 
starî, the Detroit Diesels may be turned off when the DMU is stationary (such as when the caris 
in the station for 3 minutes or more), rather than idling. A separate generator provides electrical 
power to the passenger cabin, or the DMU may be plugged in to 480 VAC station wayside 
power. Colorado Railcar Manufacturing has also designed a double deck DMU using the same 
basic componenls as the single-level DMU. The doubledeck DMU, which has 28% more 
useable floor space than a Bombardier bi-level, seats 185. 

The Colorado Railcar DMU differs significantly from the Budd RDC or a European DMU 
because it can pull coaches. In this way, the Colorado Railcar DMU is a hybrid behveen a 
traditional locomotive-hauled train and a traditional self-propelled car and will therefore have 
economics different from both traditional types ofrolling stock. A Colorado Railcar DMU may 
pull up to two single level coaches or one double deck coach. For larger consists, enough DMUs 
are added to keep the.correct ratio of DMUs to coaches. A DMU train may be operated in either 
direction with a cab coach, or a single DMU with cabs at both ends could be used. 

The Colorado Railcar DMU also differs from locomotive-hauled trainsets in that it is a good 
neighbor with both low noise and low emissions. The perceived noise from the DMU is 
substantially lower than that of a locomotive. The Detroit Diesels that power the car aiready 
surpass the 2005 locomotive emissions standards: they must meet the emissions standards for 
truck engines, which are stricter standards than those for locomotives. (More infoimation on 
emissions is presented in a technical document prepared by Colorado Railcar which is available 
from the author upon request.) In some cases, these environmental factors can be more 
important than the actual dollar cost of operating or purchasing rolling stock. 

. .  
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Previous Siudies 

Prior to the advent of an FRA-compliant DMU, several experts studied the economic viability of 
DMUs. In 1996, Ken Sislak, of Wilbur Smith Associates, found that DMUs appeared to be a 
viable technology option along the 32-mile Lakeland-Tampa Corridor, with the major savings 
coming from fuel economy. The study compared the costs of operating Siemens’ non-FRA 
compliant VT628 with costs based on locomotives and bi-level coaches operated by Tri-Rail, 
which serves Miami to Palm Beach, Florida. Based on a required seated passengercapacity of 
about 300, Sislak found that total system operating costs for the DMUs were approximately 17% 
percent lower than locomotive-hauled services, with savings of 76% on fuel, 36% on 
maintenance cost, and 3 I % on crew cost. Mr. Sislak’s study did, however, face some data 
limitations: information on the breakout between locomotive and coach maintenance costs was 
not availabie, nor were the DMU maintenance costs per mile tailored to match the conditions 
under which the Tampa cars would operate. In addition, a compliant DMU was not yet 
available. (I) 

In 1997, Daniel Jacobs of LS Transit Systems (now SYSTRA) and Ann Galbraith ofthe MBTA 
Planning Department studied the potential of using DMUs for the MBTA’s Fall RiverMew 
Bedford route. Jacobs and Galbraith found that DMUs had an operating and maintenance cost 
advantage for consists with a capacity of between 400-600 passengers when debt service costs 
were included. The authors recognized certain data limitations (such as ambiguity as to whether 
maintenance costs included the cost of servicing vehicles) that may have influenced the accuracy 
of their results. (2) 

This study attempts to address some of the data limitations of the above-cited studies Detailed 
data on the costs of commuter rail operations have been provided by Tri-Rail, which serves 
Miami to Palm Beach with peak and off-Peak service and by the Altamont Commuter Express 
(ACE), which runs peak-hour commuter service between Stockton and San Jose, California. 
Colorado Railcar has developed detailed estimates on the cos& of owning and operating its FRA- 
compliant DMU, including simulations of fuel consumption and maintenance costs under 
conditions comparable to ACE and Tri-Rail. 

Organization of Paper 

This paper is organized to~first present a description oithe data sources. Next, the variable 
operating costs and purchase costs compared in this study are described. The following section 
displays cornparisons in total variable operating cost and purchase cost for consists of varying 
passenger capacities in the Tri-Rail and ACE operating environments. The final part of that 
section gives examples of consists of similar passenger capacity in each of those operating 
environments, showing in detail how costs differ between locomotive-hauled equipment and 
DMUs. The next section describes potential cost differences between locomotive-hauled trains 
and DMUs that have not been quantified in this paper, followed by the conclusion. After the 
conclusion, the technical appendix gives the deiailed data used in the study. 

- ~. 
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DESCRIPTION OF DATA SOURCES 

This section provides a description of the data sources used in this study. 

Transit Agencies 

Data on the cost of locomotive-hauled equipment was provided by Tri-Rail and ACE for their 
rolling stock, in response to a detailed 18-page questionnaire developed by Colorado Railcar. A 
description of the services is provided below. 

Tri-Rail 
Tri-Rail runs 14 round trips per weekday between Miami and West Palm Beach, plus 7 round 
trips on Saturdays and 6 on Sundays. A round trip îakes 4 hours and covers approximately 144 
miles. Tri-Rail operates a fleet of 35 pieces of rolling stock 9 F-40’~ built by Boise Locomotive 
between 1981-1992 and 26 Bombardier bi-levels, built between 1987-1996. During =venue 
service hours, 27 pieces of rolling stock are in service and the remainder are in maintenance or 
protect. (Tri-Rail also owns one more F-40 which is not used in service at al1 and therefore not 
counted in the figures above.) 

ACE 
ACE runs 3 round-trips per weekday from Stockton to San Jose (1 72 miles round trip). The 
ACE route includes 5 miles at I .5% grade over the Altamont Pass. ACE operates a fleet of 25 
pieces of rolling stock 5 F-40PH-3Cs received from Boise Locomotive in 1997 and 2000 and 20 
Bombardier bi-levels, built in 1997,2000, and 2001. 

Other Agencies 
Multiple agencies provided brief data on some of the costs of their operations, including 
Metrolink, Caltrain, and Seattle Sounder. 

Colorado Railcar Manufaciuring 

Colorado Railcar Manufacturing has  made every effort to calculate costs for its DMU that will 
match the respective operating conditions of ACE and Tri-Rail. As ofthis date, the DMU has 
not been run in regular service but has had extensive testing on which the estimates in this study 
are based. DMU fuel consumption has beën simulated for both ACE and Tri-Rail services. 
Maintenance costs for the single-level and double deck DMUs and single-level and double deck 
coaches have been projected. Supplier; of major components in the DMU provided detailed 
costs of operating their components. Current customers of Colorado Railcar shared their cos& of 
operating their single-level and double-deck dome coaches, which use many of the same 
technologies as the DMU. Industry experts advised on appropriate replacement intervals for 
items such as windows and wheels. Costs for FRA inspections were based on Colorado 
Railcar’s experience performing daily inspections and 92-day inspections on the DMU. 
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VARIABLE OPERATING COSTS AND PURCIIASE COSTS COMPARED 

The following section describes the variable operating costs and purchase costs that are 
compared in this study. Detailed data on variable operating costs and purchase costs are 
available in the technical appendix. 

. . . .  . .  
Variable Operating Costs Compared 

This study compares al1 the operating costs that may be affected by an agency’s choice o f  eiiher 
traditional locomotive-hauled trainsets or DMUs. Operating costs include fuel and electricity 
consumption, maintenance of rolling stock (including ovethaul), and operating crew cost. Costs 
that do not Vary wiîh the type of rolling stock have k e n  excluded, such as management cost and 
maintenance o f  shop facilities and shop vehicles, and therefore the operating costs are tenned 
’ variable operating costs’ . 

The author has used the data provided by Tri-Rail and ACE to estimate how variable operating 
costs change as consist lengths change. Only the conclusions for Tri-Rail and ACE’s current 
train lengths reflect their existing situations’ the calculations for other train lengths show 
projected costs if Tri-Rail or ACE were to change their train lengths. At present, Tri-Rail 
operates 5 consists with 3 bi-level coaches and I mnsist wiîh 6 bi-level coaches. ACE operates 
3 trains with 6 bi-level coaches. 

The section below describes the variable operating costs compared. 

Fuel and Electriciy Consumption 
Passenger trains consume fuel or electriciv for several purposes: to operate the train in service, 
to provide electric pawer to the passenger cabin when the train is stopped either for layover or 
between arriva1 and next departure during revenue service, and to keep the prime mover engine 
idling. Each use of fuel will be described below. 

Fuel consumption in service varies by several factors, including speed, grade, curves, adhesion, 
required acceleration, and the number of cars on the train. Under Tri-Rail operating conditions, 
locomotive-hauled trains consume more fuel~than double-deck DMUs are projected to consume 
when the passenger capacity is 940 or less,’and more &an single-level DMUs for 576 seats or 
les.  For ACE conditions at 840 passengers (ACE’s current train size), locomotives and double- 
deck DMUs are projected to use about the same amount of fuel: approximately 2 gallons per 
train-mile. For passenger capacities below 840, locomotive-hauled trains are estimated to 
consume more fuel under ACE conditions than double-deck DMUs, as well as for capacities of  
940 and higher, because an additional locomotive must be added Io reach capacities o f  940 
passengers, increasing fuel consumption. ACE locomotives also consume about the same 
amount o f  fuel as projections for single-level DMUs for passenger capacities of 570 seats. (Data 
used in the above calculations is available in the technical appendix.) 

. . .  
. .  
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The amount of fuel consumed by a train to provide electric power depends on 1) the energy’ 
efficiency of the train’s lighting, heating and air conditioning systems, 2) the number ofcoaches 
on the train, and 3) the transit agency’s requirements for maintaining onboard temperature and 
lighting standards. Transit agencies generally require more electric power during the t h e  close 
to revenue service hours when the passenger cabin temperature must be maintained, and much 
less during ovemight layover. 

Fuel to keep the prime mover idling for long periods of time is more often used by locomotives: 
the DMU’s engines can be shut off when the train is stopped for as short as 3 minutes. 
Locomotive prime mover idling consumes relatively little fuel, however: ACE’s prime movers 
use I .25 gallons per hour at low idle, Tri-Rail’s use 411 gallons per hou’r, and the prime movers 
‘on’Metrolink’s F-5Ysuse I to 1.5 gallons per hour at low idle. (Personal communication with 
Bill Lydon, Metrolink, January 9,2003) n e  DMU engines use 1 gallon per hour in idle. 
Detailed fuel consumption figures are presented in the technical appendix. 

Maintenance of Rolling Stock 
Maintenance of rolling stock is one of the more costly aspects of operating a commuter rail 
service, yet one of the most difficult costs to quantify. Maintenance costs can depend on a 
vanety of factors, including the agency’s maintenance practices, the conditions under which the 
vehicles are operated (including hours per day, miles per day, days per year, and temperature), 
the union representing the workers, and the age of the rolling stock. Added to this complexity is 
the question of what components the maintenance. cost includes, such as cleaning, servicing 
(refueling, dumping toilets, replenishing water), overhauls, maintenance of shop, and 
management costs. This analysis calculates variable maintenance cost by including preventative 
maintenance, repairs, cleanjng, servicing, and overhauls. Overhauls are a large cost for 
locomotives: Tri-Rail’s overhauls in.1 999 and Zoo0 cost $700,000 per locomotive. Because of 
its easily-serviced components, inexpensive overhaul requirements and large passenger capacity, 
the double-deck DMU has been projected to Save on maintenance costs for al1 passenger 
capacities under Tri-Rail operating conditions and for capacities of 370 and lower under ACE 
operating conditions. For passenger capacities of 370 or less, the double-deck DMU is estimated 
to Save more than 25% on maintenance costs under Tri-Rail conditions. The single-level DMU 
could also Save on maintenance costs for Tri-Rail conditions for 380 seats or las and for ACE 
conditions for 190 seats or less. Detailed maintenance costs are presented in the technical 
appendix. 

Operating Crew Costs 
Another major cost of commuter rail operations is the crew costs for engineers, conductors, and 
fare enforcement oficers. These costs may depend on the type of rolling stock being used and 
the length ofthe train, as weli as any labor.agreements in place and the agency’s requirements 
for the number ofcrew on a trainset at any given t h e .  Detailed operating crew costs are 
presented in the technical appendix. Both ACE and Tri-Rail are required to have 2 crew onboard 
regardless of train length, and therefore in this analvsis. oDeratina crew costs are assumed to be 
the same for locomotives and DMUs. 
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Purchase Cosfs Compared 

This section presenis the costs of purchasing rolling stock and the maintenance facility. 

Rolling Stock Purchase Cos1 
The cost of rolling stock depends on the number of trains in revenue service during the day, their 
passenger capacities, and the number of spare pieces of rolling stock required for maintenance 
and protect. In this analysis, spare pieces of rolling stock are calculated as a percentage of the 
Jota1 rolling stock-(the spare ratio) with a minimum of a certain number of locomotives, coaches, 
or DMUs. Tri-Rail has more spares as a percentage of its rolling stock (8  spares out of 35 total 
pieces of rolling stock) than does ACE (4 out of 25). The number of DMU spares assumed in 
each of those cases therefore allois more spares to the Tri-Rail service. The makeup of the DMU 
consists also differs between Tri-Rail and ACE: because Tri-Rail’s topography is so flat, the 
DMU is modeled to pull two single-level coaches behind it, but for ACE’s steeper route 
Colorado Railcar has modeled a 2 to 3.ratio of DMUs to single-level coaches, and a 1 to 1 ratio 
for double-deck DMUs and coaches. See the technical appendix for calculations of DMU 
consists and spare pieces of rolling stock. 

Maintenance Faciliry Purchase COSI 
The DMU can be maintained in any existing maintenance faciliîy designed for locomotives and 
coaches. Tri-Rail and ACE already have traditional maintenance facilities. For transit agencies 
that do not already have maintenance facilities in place, the maintenance facility  COS^ is estimated 
to be substantially lower for DMU equipment because the DMU facility does not require Some of 
the sophistication of locomotive maintenance facilities. Colorado Railcar Manufacturing can 
help transit agencies define a cost-effective maintenance facility. Because Tri-Rail and ACE 
already have locomotive maintenance facilities (in which the DMU could be maintainedl 
differences in maintenance facility ourchase cost are not included in the study analysis. 

COST COMPARISONS FOR CONSISTS OF VARYING SEATiNG CAPACITIES 

This section begins with an analysis that identifies the conditions where DMUs are less costly to 
operate and purchase than locomotive-hauled trains, based on varying passenger capacities. The 
section then presents example consists for Tri-Rail and ACE to examine the sources of cost 
differences for consists of similar passenger capacities. The detailed data and assumptions used 
in this section are available in Tables 1 and 2, which are explained in the technical appendix. 

Cornparison of DMU and Locomoiive-Hauled Ownership Cosfs by Consisf Seaiing CapacifV 

The analysis in this section looks at what seated passenger capacity provides the dividing line 
betweeii when it is cheaper to own DMUs vs. when it is cheaper to own locomotive-hauled 
trains. Figures 2 and 3 present coniparisons ofoperating costs and purchase costs for 

- .~lecomotive-kauled~tFaiRs YS. DMUs; by ttreseated passenger m p a c i t i c s o f i h ï r a k f o r  TWRail 
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Fuel 
In service (gaümiie) 

F-lO locomoîive Mlh 6 coaches 2.52 Single-level DMU 
Each addilional w f m r  coach 0.025 Sigle-ievel DMU + 1 single-level mach 

Single-ievel DMU + 2 single-ievel coaches 
2 Single-level DMUs + 3 single-level coaches 
Singie-levei DMU + 1 double-ded< coach 
2 Single-level DMUs + 3 d o u b l d  coaches 
DouMedeck DMU 
Dwble-deck DMU + 1 double-deck coach 
2 DouMe-ded< DMUs + 3 double&ed<coaches 

Each single-ievel DMU (wilhwl prime movers) 
Each -de& DMU (wilhout prime movers) 
Each single-level coach 
Each doubledeck mach 
kWhr of electnaty per gallon (approximale) 
t DMU prime movers idling dons (2) 

ldling at full HVAC andlighting (gaühr) 
F-lO lmmotwe wilh 3 w c h e s  
Each addilional w f& coach 

18.00 
6.00 

Cost per gallon of fuel (S): 0.90 
0.08 Cost per kW-hr of elecbicity (S): 

Dperating Conditions 
Round irips per year 
Miles per round trip 
Annual lraimmiies of sewice 
Revenue serice hours per rwnd  trip 
t Hwrs idlirg per year per h o l i v e  (Lmlh layover mode and full lighl and HVAC) 
Percent of Murs idling per year per  locomotive thai require full lighl and W A C  
Power msumed in byover mode as percent of full Eght and idling 

4246 
144 

61 1.424 
4.0 

3500 
25% 
15% 

0.55 
0.86 
1.16 
1.90 
0.96 
2.13 
0.66 
1.03 
2.26 

2.59 
3.23 
2.17 
2.81 

19 
1.0 

I 
Maintenance COSt: VaMbk cosi  per mile includind overbaul($) tm in  tmax  

* F-lO locomotive (1 per train) 2.65 Singlelevd DMU 1.73 1.80 
'Bombardier bi-level mach 1.29 Doubkded< DMU 2.13 2.21 

Single-level mach wilh cab 1.20 1.24 
Single-level coach 1.19 1.24 
Double-deck mach wilh cab 1.60 1.65 
DarWeck m a d i  1.59 1.65 

Pwchase Cost 
Number of trainsets in revenue service: 6 
Nurnber of spares: 20% drolling stockwith minimum of: 

Locomotives 3 

Locomotive 2.40 Single-level DMU (92 seals) 3.00 
Bombardier bi-level coach 1.90 DwtiedeckDMU (185seats) 3.90 

(150 seals) Single-level cab mach (92 seals) 1.90 
Bombardier bi-level cab coach 2.10 Single-levei mach (98 seats) 1.80 

(150 seals) Double de& cab mach (185 seals) 2.90 

Bombardier bi-level coadies 3 1 z z e s  3 .  
Cost perpiece of rolling stock (S millbns) 

Double deck coach (185 seals) 2.80 

POperaüng Crew Cost per hour of revenue service ($1: 134.40 t 

, .  
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Figure 2. Variable Operating Cost and Rolling Stock Purchase Cost: 
Tri-Rail Case 
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and ACE, respectively. The top panel of each figure shows annual variable operating COSIS 

(which include fuel, maintenance, and operating crew, as discussed above). The lower panel 
shows the rolling stock purchase costs, including spares.. Included in each figure are four fypes 
of consists: 1) traditional locomotives plus bi-level coaches, 2) single-level DMUs plus single- 
level coaches, 3) "mixed-level DMUs" which are single-level DMUs plus double-deck coaches, 
and 4) double-deck DMUs plus doubledeck coaches. The points where these lines cross show 
where the costs change from favoring one type of rolling stock to another. 

Tri-Roi1 
Anrwal variable owrating cost: Figure 2 shows that under Tri-Rail'k operating conditions, for. 
every passenger capacity presented a DMU consist exists that is estimated to be less expensive to 
operate than the comparably-sized locomotive-hauled consist. Double-deck DMUs plus double- 
deck coaches are projected to be. less expensive to operate than traditional rolling stock for seated 
passenger capacities of 1300 or fewer. Mixed-level DMUs are less expensive to operate than 
traditional rolling stock for seated passenger capacities of 740 or fewer. Single-level DMUs plus 
single-level coaches are less expensive to operate îhan traditional rolling stock for seated 
passenger capacities of 500 or fewer. While the operating cost crossover point  for single-level 
DMUs is similar to that found by Jacobs and Galbraith, the crossover point for doubledeck 
DMUs, which have not been analyzed previously, is much higher than any figure reporîed in 
existing studies for single-level DMUs. a 
Rollinp stock wrchase cost: Under Tri-Rail'$ operating conditions, the system cos& to purchase 
DMUs and locomotive-hauled consists are quite close (within about $5 million) for passenger 
capacities of 280 to 750 seats. Below 280 seats DMUs offer savings of $ 1 O million or more. 
Above 750 seats, 'locomotive-hauled sets have an advanîage of approximately $10 to $20 million 
compared to double-deck DMUs, the most cost-effective DMU. 

Result: For seated passenger capacities of 280 or fewer under Tri-Raiïk operating conditions, 
DMUs win handç down: they are both less costly to purchase and less costly to operate. For 
seated passenger capacities above 280 seais, the results depend on the agency'k desire to trade 
operating cost savings gencraied by DMUs for higherpurchase costs. Each agency will have a 
different threshold for whether the operating cos& saved with DMUs are sufficient to payback 
the greater initial purchase cost. For example,Tri-Rail could Save $1.8 million per year in 
variable operating costs using two double-deck DMUs plus one double-deck coach (560 seats) 
rather than a locomotive hauling 4 bi-level coaches (600 seats). The initial purchase COS~ would 
be $3 million more for DMUs, which would be paid back within 2 years of operating cost 
savings. (Data used for the above calculation are available in Table 1, which is explained in the, 
technical appendix.) 

ACE 
Annual variable operating cost: Figure 3 shows that under ACE"s operating conditions, for 
ACE$ current seated passenger capacity of 840 per train. locomotives are less expensive to 
operaie than DMUs. Double-deck DMUs plus double-deck coaches are estimated to cost about 
the same to operate as traditional rolling stock for seated passenger capacities o f  550 and to be 
less expensive for 370 or fewer seats, as well as for 935 10 I 125 seats. Mixed-level DMUs are 
less expensive to operate than traditional rolling stock for seated passenger capacities of  277 or 
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Figure 3. Variable Operating Coçt and Rolling Stock Purchase Coçt: 
ACE Case 
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Dperating Conditions 

765 Rwnd irips per year 
1 72 Miles per round trip 

Annual iraiwniles of Semce 131.580 
4.67 Revenue service hwrs per round trip 
IBO0 
25% Permt of hOUrs idIl4 per year per locomotive lhal reguire hili lght and HVAC 

Power wnsumed in layover mode as percent of full iight and idling 15% 

t Hours idling per year per l m o t i v e  (both layover mode and iull lght and HVAC) 

n service (gaihile) 
F-iO locomotive Wih 6 maches 
Each addiional cx fewer mach 

2.00 
O 02: 

0.41 
0.63 
NIA 
1.38 
0.71 
NIA 
0.49 
0.75 
NIA 

Wing ai full HVAC and lighting (galihrj 
F-iO b m o t i v e  with 6 coaches 
Eadi addilional or fewef mach 

20 
3.333 

Each single-level DMU (wiihout prime movers) 2.59 
Eadi  doub!edeck DMU (mthoot pnme movers) 3.23 
E W  singk-levei wach 2.17 

19 
1.0 

Each doubleded< coach 2.81 
kW-hr of eiedkity per gallon (approximate) 
t DMU prime movers idling alone (2) 

idim overhaul (S) tmin tmax 
Single-level DMU 2.37 ' 2.59 
DouMe-dedr DMU 2.95 3.19 
Singlelevel mach with cab 1.72 1.86 
Single-kvel coach 1.71 1.85 
%uMe-ded< coach with cab 2.30 2.46 
mbIed€damch 2.29 2.44 

Dslpergallon of fuel($): 0.9 

Purchase Cost 
Number of trainsets in revenue service: 3 
Number of spares: IPL of rdling stock with minimum 06 

Locomotives 1 

Locomotive 1.95 Singie-level DMU (92 seats) 3.00 
Bombardier bi-level coach .1.85 Double d& DMU (185 seats) 3.90 

(140 seats) Single-level cab coach (92 seats) 1.90 
Bombardier bi-level cab coach 1.95. Single-level coach (98 seats) 1.80 

(140 seats) DouMedeck cab coach (185 seats) 2.90 

Bombardier bi-level coaches 1 :,$es 1 
Cosf perpiece of roiling stock ($ millions) 

Double d& coach (185 seats) 2.80 

F-40 locomotive 
* Bombarder bi-level coach . 1.22 

Single-ievel DMU 
Singblevel DMU t 1 single-levd mach 
t Single-level DMU + 2 single-level coaches 
2 Single-level DMUs + 3 singie-ievd coaches 
Singielevel DMU + 1 doubledeck coach 
t 2 Singie-level DMUs + 3 doubledeck maches 
Doubled& DMU 
Double-deck DMU + 1 dooble-deck coach 
t 2 DouMe-d& DMUS + 3 doubleil& coaches 
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fewer. Single 
traditional rolling stock for s e a t d  passenger capacities of approximately 190 or fewer. Note that 
the estimated cost for locomotives PIUS coaches jumps up at about 1,000 seats because an 
additional locomotive must be added to pull the consist over the Altamont Pass. (For illustrative 
purposes, this analysis has presented a consist with a locomotive and 9 coaches. Under ACE's 
operating conditions, 8 coaches is the limit on train size.) 

Rolling stock purchase cost: Under ACE's operating conditions, the system costs to purchase 
double-deck DMUs and locomotive-hauled consists are quite close (within about $S million) for 
almost ail of the passenger capacities shown, and doubledeck DMUs are less expensive to 
purchase than locomotive-hauled consists for a capacity of 185. Mixed-level DMUs are 
somewhat close to locomotive-hauled consists (within about $10 million) for passenger 
capacities of 750 and fewer. Single-level DMUs with single-level coaches offer a purchase cost 
advantage for a capacity of 92. 

Result: For seated passenger capacities of 185 or fewer under ACE's operating conditions, 
doubledeck DMUs win hands down: they are estimated to be less costly to purchase and less 
costly to operate. For seated passenger capacities above 185 seats, the results depend on the 
agency's desire to trade operating cost savings generated by DMUs for higher purchase costs. 
Each agency will have a different threshold for whether the operating cosîs saved with DMUs 
are suîficient to payback the greater initial purchase cost. An example of this will be explored in 
the next section. (Data used for thc above calculations are available in Table 2, which is 
explained in the technical appendix.) 

vel DMUs PIUS single-level coaches are less expensive to operate than 

Example Consists of Similar Seating Capaciiy 

Figures 4 and 5 present example consists for Tri-Rail and ACE, respectively. These examples 
take trains of similar passenger capacities and show the differences in costs, broken down by 
fuel, maintenance and operating crew costs. 

Tri-Rail 
Figure 4 presents an example consist for the Tri-Rail operating environment. One locomotive 
with two bi-level coaches (300 seats) is compared to a single-level DMU with two single-level 
coaches (282 seats). Altogether, the DMU consist is-estimated to Save 20% on annual variable 
operating costs, with savings ofS0% on fuel and 2 I%'on maintenance. Note that while the 
savings on a percent basis is greater for fuel than maintenance (50% vs. 21%), the savings on 
maintenance make up nearly 50% of the total system savings. The DMU fleet has a greater 
purchase cost by 6%. This purchase cost difference of $3 million can be paid back with a M e  
over 2 years of operating cost savings (which are approximately I .4 million per year). (For exact 
explanations of the calculations in Figure 4, please refer to the technical appendix.) 

ACE 
Figure 5 presents a hypothetical consist iii the ACE operating environment. One locomotive 
with three bi-level coaches (420 seats) is cornpared to a double-deck DMU with one double-deck 
coach (37OSeaïsj) ATOgether, the D M U  coniisi-saves 17% on~annü-al~VaEable OpëTating CI%=, 

.. . . .  . .  . .  . . .  . 

~. ~ 
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Figure 4. Example Case: Tri-Rail 

(3 locomotives and 
3 coaches ) 

1 locomotive 

14,700.000 

54,900,WO 

wiih 2 bi-level coaches 
300 seated passengers 

Operating Cost (S) 
Fwl (L Eiectriciiy 

In seMce fvel 1,331,681 

Iding al full 85.050 
HVAC and 
lighiing 

Layover 38.273 

Total 1,455.004 

Mainienance 5.22 
cost per train 
mile 

Maintenance 

Total 3.189.293 

Operating Crew 
Tolal 2,282,650 

Total 6,926,947 

Purchase Cost ($) 
cost per 6.400.000 
kainset 

Total for6 38.400.000 
trainsets 
Spares 13,500,000 

Total 51,9W,WO 

= 2.42 gaümile 
X 61 1,424 miles 
X $0.9/gal 
= 7875hrs 
X 12 gaühr 
X f0.WgaI 

= 23.625 hrs 
X 1.8 g a l h  
x $0.9/gal 

= 1 loumiotive 
X 52.Wmile 
+ 2 coaches 
X f1.291mile 

= S5.22Rrain mile' 
X 611,424 mileçlyr 

(see appendix) 

= I l m o t i v e  
@ 2.400.000 
+la>ach 
@ 1.9oo.ooo 
+ 1 wachwfcab 
@2.1oo.m - 

1 single-level DMU 
wiih 2 single-level coaches 

282 sealed passengers 

637.209 

51,116 

36.855 

725.180 

4.20 

2,566.702 

2,282,650 

5,574.531 

= 1 16gallmile 
X 611,424 miles 
x $0 9gat 
= (7875 hrs genefatcf 

x 1 g m u  

x SO.9gai 

X 6.93 gavhr 
+ 2190 hrs prime movers 

X 1 DMU) 

= 23.625hrs 
X195OkW 
X SO.OBlkW-hr 

= lsingk4eveiDHU 
X $1.8o/mile 
+ 1 singWevei& 
X S1.19mk 
+ 1 sirqkkvelcabrnach 
X $1.2o/mile 
= W.ZO/lrain mile 
X 611.424 mdeslyr 

(see appendix) 

M U  Savings 
(t) 

694.472 

33.935 

1.417 

729.824 

1.02 

622.592 

O 

1,352,416 

1 
1 

Annual Operating Cost Savings: 20% 

6.700.000 

40.200.000 

= lsingIe4evelüMü 
@ 3 . m . m  
+ 1 single-tevel coadi 
@ 1.8oo.m 
.t 1 sm*-leVe1 cab coach 
@ 1.900.000 

(3 single-level DMUs 
and 3 single-level cab 
COXhf2S) 

-m.000 

-1,800,000 

-1.200.000 

-3,MX),WO 

DMU Purchase Cost Savings: -6% 

Years to Payback: 2.2 
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Figure 5. Example Case: ACE 

6,800.000 = 1 double-de& DMU 
@ 3.900,oOo 

@ 2.900.OOo 
+ 1 double-deck cab mach 

1 locomotive 
with 3 bi-levei coaches 
420 sealed passengers 

800,ooo 

Operating Cost ($) - 
Fuel 

In service fuel 

ldling al full 
HVAC and 
lighting 

Layover 

Total 

Maintenance 
wst per train 
mile 

Maintenance 

Total 

Operating Crew 

Total 

Tolal 

227,962 

16.200 

7,290 

251.452 

6.58 

865.193 

463,249 

1,579,895 

Purchase Cost ($) 
COSI per 7.600.000 
trainset 

Total foc 3 22,800,000 

Spare rolling 3,900.000 
trainsets 

stock 
Total 26,700.000 

= 1.93 gaUrnile 
X 131.580 miles 

= 1mhB 
X 10 gahr 

x ao.slgaI 

x $0.9/gal 

= 5400hrs 
X 1.5 gahr 
X $0.9/gal 

= llccornolive 
X f2.911mile. 
+3ooaches 
x $1 .mrnile 

= f6.58nrain mile 
X 131.580 mile+ 

(see appeodix) 

= 1 locomotive 

+ 2 coaches 

+ 1 coach wlcab 

63 1.95o.ooo 

63 1.85o.ooo 

@ 1.95o.ooo 

(1 locomotive 8 1 
cab coach) 

1 doubledeck DMU 
wiih 1 doubledeck cab coach 

370 seated passengers 

89.339 

10,464 

4,399 

104202 

5.65 

743.358 

463,249 

1,310,810 

= 0.75 gaUmile 
X 131.580miles 
X W9igal 
= (1W hrs generalor 
X 6 03 gaühr 
+ 765 hrs prime m e r s  
X 1 gaMK/DMU 
X 1 DMU) 

= 5400hrs 
X 0.91 gaihr 

x 50.9/gaI 

x $0.9/gai 

= 1 doubledeck DMU 
X S3.19imle 
+ 1 doubledeck cab a m d  
X S2.461rnk 

= S5.65nrain mile 
X 131.580miles/yr 

(see appendix) 

>MU Savings 
(5) 

138.623 

5,736 

2,891 

147.250 

0.93 

121.835 

O 

269,086 

Annual Operating Cost Savings: 17% 

20.400.000 

6.800.000 

27.2W.000 

(1 dwbledeck DMU 8 1 
doublede& cab coach) 

2.400.000 

-2.900.000 

-500,000 

DMU Purchase Cost Savings: -2% 

Vearsmayoaclc 1 3  
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with savings of 59% on fuel and 14% on maintenance. Note that while the savings on a percent 
basis is greater for fuel than maintenance (59% YS. 14%). the savings on maintenance make up 
approximately 45% of the total system savings. The DMU fleet has a greater purchase cost by 
2%. This purchase cost premium of $500,000 woüld be paid back by 2 years of operating cost 
savings (which are approximately $250,000 per year.) (For exact explanations of the 
calculations in Figure 5, please refer to the technical appendix.) 

POTENTIAL COST DIFFERENCES NOT QUANTIFIED IN THE STUDY 

Several potential cost differences have not been quantified in this study but could have an 
influence on the choice of rolling stock: single-person operation, îrack use payments to the 
railroad, and environmental costs. 

Single-person Operurian 

The Colorado Railcar DMU is designed to be operable by just an engineer. The engineer is able 
to see the entryways through several cameras positioned strategically. Due to regulations, Tri- 
Rail and ACE do not have the opportunity to take advantage of single-person operation with 
either locomotive-hauled trains or DMUs. Single-person operation could genemte annual 
savings on the order of $l,O00,000 or $250,000, respectively, as explained in the technical 
appendix. (Of course, transit agencies would have to address the regulatory and safety issues for 
single-person operation to become a reality.) 

Track Use Paymenrs f o  fhe Raiiraud 

Track use payments to the railroad are among the largest costs faced by an agency. (For 
example, per-train-mile fees cost ACE close to $800,000 annually.) Because the DMU is lighter 
than locomotives and may result in shorter trains (one DMU takes the place of a locomotive and 
a coach car), in instances with smaller passenger capacities, agencies may have smaller irack use 
payments if they can negotiate based on either gross-ton-miles or vehicle-miles. 

Environmenfui Cos& 

Commuter rail operations also face the environmental costs of noise and pollution. While these 
costs are not readily quantifiable in dollar terms, they can be very influential in purchasing 
decisions and in  garnering public support. As mentioned earlier, the DMU is a good neiglibor 
wiih significantly less noise than a locomotive and substantially lower emissions. 
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3 
3 
3 
3 
3 
3 CONCLUSION 

Colorado Railcar DMUs have been forecasted to have operating and purchase cost advantages 
over locomotives and coaches for a range of passenger capacities. For smaller passenger 
capacities, DMUs are estimated to have lower operating costs and lower purchase costs than 
locomotives and coaches, generally for 280 passengers or fewer. For larger passenger capacities, 
the decision as Io whether DMUs make financial sense depends on the purchaser's preference for 
trading operating cost savings generated by DMUs for a purchase cos1 premium. Two specific 
examples, one with approximately 300 seats for Tri-Rail and one with approximately 400 seats 
for ACE, showed variable operating cost savings of 17% to 20% and purchase cost premiums of 
2 to 6% which could be paid back with approximately 2 years of operating cost savings. These 
conclusions do not include any savings that DMUs might generate in track use payments to the 
railroad or environmental costs. The inclusion of those items could create greater savings with 
DMU equipment vs. traditional locomotive-hauled trains. 

# This analysis also underscores the fact that costs of operating any type of rolling stock depend on 
the operating characteristics of the system. The author is prepared to produce results based on 
specific operating characteristics of other transit agencies. 
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TECHNICAL APPENDIX 

This appendix provides ail the data used to reach the conclusions in the main body of the paper. 
The appendix presents the data used under both Tri-Rail and ACE conditions plus explanations 
of the calculation of maintenance C O S ~  per mile, operating crew costs, and rolling stock purchase 
costs. Note that al1 figures and data contained in this appendix are available in electronic form 
upon request to the author. 

Dala Used Under Tri-Rail Operaiing Condifions 

Table I presents the data used under Tri-Rail operating conditions. Below are explanations of 
the data. 

Operaling Conditions 
Hours Idlinr! Per Year: Herzog calculated that the average Tri-Rail locomotive spends 
approximately 3500 hours per year idling. At any given t h e ,  6 consisis will be made up and 
those consists are kept idling at almost al1 times. (While the locomotives may be plugged in to 
wayside power overnight, they are generally kept at a low idle to prevent having to redo brake 
tests. Also, some locomotives will be shut down over the weekend.) The author assumed that 
for 25% of annual idling hours the train would need full HVAC and light, and the remainder of 
the lime the train would operate in layover mode with reduced HVAC and Iight. The author 
assumed that layover mode would require i 5% of the power needed for full HVAC and light. 

Fuel and EIectriciiy 
In Service Fuel (gallondmilek Herzog estimated that Tri-Rail’s locomotives with gear-driven 
HEP consumed 3.14 gallons per mile and locomotives with Caterpillar HEP used 1.7 to 2 gallons 
per mile. The author has used the average of those figures, which is 2.5 gallons per mile, and 
assumed that each additional or fewer coach would use 0.025 gallons per mile. 

Colorado.Railcar.calculated in service fuel consumpti.on for a varieîy of DMU consists, based on 
Tri-Rail operating conditions; Fuel consumption .for consists larger ihan those presented in Table 
I may be approximated by summing the figures in Table I (so, for example, 2 double-deck 
DMUs plus 2 double-deck coaches may be appr2ximated as double the fuel consumption of 1 
double-deck DMU plus I double-deck coach): 

ldling al Full HVAC and LiEhtine: Tri-Rail’s prime movers use 4.1 gallons per hour at low idle, 
and its HEP has been estimated to use 22 gallons per hour. The author has assumed that ihe 
amount of HEP used will Vary directly with the number ofcoaches, and therefore, based on an 
average train length of 3.5 bi-level coaches, HEP will use approximately 6 gallons per hour per 
coach. 

Cost Per Gallon of Fuel: Tri-Rail paid $0.90 per gallon of fuel in the year ending March 30, 
2002. 
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Cost of Electricitv: The cost of electricity used by the DMU when plugged into waysidc power 
during layover is assurned by the author to be $0.08 per kW-hr. 

Mainienance Cost 
Maintenance costs for F-40s and Bombardier coaches, including overhaul, were provided by 
Herzog. The author has synthesized these numbers into a variable cost per train mile, as 
presentcd in Table 3. Note: Coach maintenance costs per mile depend on the ratio of coaches in 
rcgular revenue service to the number of spares, because al1 of the rolling stock must be 
maintained, and having more spares spreads more costs across the same number of miles. It was 
not possible, however, to adjust the coach maintenance costs, so for the cases where consists 
have less than 3 coaches, maintenance costs are iikeiy underestimated, and cases with consists 
greater than 6 coaches are probably slightly overestimated. This issue does not exist for 
locomotives because the same total number of  locomotives is required in al1 cases. 

Maintenance COS~S for DMUs and Colorado Railcar coaches were. projected by Colorado Railcar. 
The number of miles per year per DMU changes as the number of DMUs in a consist changes, 
which affects a DMU’s maintenance cost per mile. Therefore, a minimum and maximum 
maintenance cost is presented to correspond wirh higher and lower annual mileage. The number 
of miles per year on a DMU or Colorado Railcar coach ranged from 82,000 to 98,000 under Tri- 
Rail’s requirements for spare pieces of rolling stock. 

Operat& Crew Cosi 
The calculation of operating crew cost is presented in Table 4. Tri-Rail .employs an engineer and 
a conductor on each typical train (peak and off-peak). Fiorida DOT rules require that Tri-Rail 
have 2 crew members on each train. 

Purchase Cost 
Costs for locomotives and bi-level coaches were based on data for recent purchases of 
locomotives and coaches, presented in Table 5 .  Costs for Colorado Railcar rolling stock were 
bascd on a purchase of at least hvo pieces of rolling stock. 

Locomotive-hauled fleets have been assurned to havea 20% spare ratio; wittia minimum of 3 
spare locomotives and 3 spare coaches. DMU fleets have a 20% spare ratio, with a minimum of 
3 spare DMUs and 3 spare coaches (except for consisls made up only of DMUs, which did not 

. .  . .~ 

require spare coaches). ~. 

Dafa Used Under ACE îondiiions 

Table 2 presents the data used under ACE operating conditions. 

Operating Condiiions 
Hours ldlina Per Year: ACE’s trains have a long hyover during the day in San Jose (up to 9 
hours) and during the surnrner months the HEP must run to provide power to keep the passenger 
cars cool, as the San Jose layover facility used by ACE does not have wayside power available. 
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Table 3. Maintenance and Overhaul Costs 

Tri-Rail 

locomotives Bi-bels 
F40 Bombardier 

Number of pieces of rolling stock 9 26 
Annual miles per piece of rdling stock 68.889 77,000 34,900 43.688 

$1,100.000 

TOTAL annual maintenance budget' $3,763,602 

VARIABLE annual maintenance cost $3,063,602 
Less fixed overhead costs2 $700,000 

Inspection. Preventative MainIr----- 

annuai matntenar 
$1.72 $0.92 

$112,219 $76,986 

$1.63 $1 .O3 

vdiiduic: diiitua mainienance per pece or 

ice cost per 

ûverhaui cost per piece of roliing sto& $7700,000 $240,000 
every 10 yrs every 12 yrs 

$70.000 $20.000 
Overbaul cost per piece of rolling stock per 

$2.91 $1.22 

Total mainienance+overhaul cost per piece of 
rolkng stock per year $182,219 $98.986 

Total rnaintenance+overhauI cost per mile $2.65 $1.29 

Ndes: 
1 ACE annual maintenance budget is for 7/1/02 - 6/30/03; Tri-Rail annual maintenance budget is for 

4/30/01 - 4/30/02. 
2 Tri-Rail fixed overhead consists of Management cost: 5450,000; Shop faciïiies maintenance and 

tooling cost: $100.000; Uniforms. training, and shq, vehiicles: $75.000. 
3 Servicing refers Io dumping toilets and replenishing potable waier. The cos1 of refueling is induded 

in ACE's fuel cost per gallon, and the author has assumed the coçt of refueling Io be induded in Tri- 
Rail's cost per gallon as weii. 

4 Unscheduled repairs for Tri-Rail were not providgi wiui a breakout behveen locomotives and 

respective proportions of inspection and preventative maintenance costs. 
5 A portion of Tri-Rail cleaning cos1 is allocated Io each piece of rdling stock by dividing $650.000 by 

35 vehicles (= $18.571 per vehicle). 
6 Tri-Rail had a full overhaul performed on 4 locomotives in 99-2000 for $700,000 each. when 3 

vehicles were 8 years OH and one was 12 years old, which the author calculales wouid be about 
$70.000 per year of use, or $1.02 per mile. Tri-Rail also overhauled 5 1988 F40 PHL2s in 94-95 with 
a top deck-plus overhaul of $400.000. Tri-Rail's coach overhaul program has been costing about 
$240,000 per coach. ACE, which has not yet expeflenced overhaul on ils locomotives or coaches, 
provided estimates of the projected overhaul costs. 

Sources: Personal communication with Brian Schmidt. Director of Rail Services for Altamont Commuter 
-Eyrress.&ebniafy 19; 2803: Persmal communication w i t h ~ P a u ~ P a c e r . D i ~ ~ r a T F i n ~ ~ ~ p ë ~ l i o n s  
Support. Herzog Transit. February 26,2003. 

coaches. The author has alkxated cosls for repairs a&ng locomotives and coaches using their .. 
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Table 4. Operating Crew Costs 

TOTAL annual operating crew costs 
Less fixed overhead wsts 
VARIABLE operating mew cost 

1 locomotive 1 locomotive 
+ 6 coaches 

$516,594 $551,350 
5463.249 $2.282.650 

+ 3 to 6 coaches 
$979,843 52.834.000 

Annual hours of revenue service I 3.573 I 16.9ô4 
129.67 134.40 Cost per hour of revenue sewice 1 

~ . ... 

Potentiil savings per revenue hour with smgle p e m  
operatin $6483 

Potential savings per year with single person operation $231.625 $1,093,770 

I 1 I 1 
$28.14 $25.00 . . .  ~ . .  

Note: ACE also employs 8 fare enforcement dfcers at a cost of $45.000 per officer, induding a l  
benefits. These costs are not included above, because the decision to have fare enforcement offcers 
would not be afiected by the type of rolling stock used. 

Sources: 
Personal communication with Brian Schmidt. Diredor of Rail Services for Altamont Cornmuter 
Express, February 19.2003; Personal amimunicalion with Paul Facer, Director of 
FinancelOperations Support. Herzog Transit, February 26, 2003. 
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l l Table 5. Purchase Costs for Locomotives, Coaches and DMUs 
l 

v) 

y 
F 
2 
O ' 

~ Manufacturer Mode1 
lûoise Locomotive F40PH-3C 
Boise Locomotive F-40PH-3C 
Boise Locomotive F-4OP-2 
Boise Locomotive F40PHL-2 
Boise Locomotive F-40PHM-2C 
American Machine GP-40MC 
B.oise Locomotive F-40PH-2C 
EMD F-59PH-I 

v) 

Number Year 

. .. . . . -. . , <  

EMD F-59PH-I Oceanside (NCTD) 2 2001 $2,400,000 O Yes Available 
Bombardier Bi-level ACE 4 1997 $1,740,836 134 Yes Available 
Bombardier Bi-level ACE 7 2001 $1,761,429 140 Yes Available 
Bombardier Bi-level .AC€ 4 ' 2002 $1,909,558 140 Yes OnOrder 

Transit Agency Purchased Bullt CosVUnit # o f  Seats New? 
ACE 3 1897 $1,977,420 O Y es 

2 
O 

8 

ACE 2 2000 $1,900;000 O Yes 
Tri-Rail 2 1981 $1,100,000 O No 
Tri-Rail 5 1988 $987.000 0 No 
Tri-Rail 3 1992 $1,500,000 a Yes 
MBTA 25 1997 $1,579,515 O No 
Caltrain 3 1998 $2,266,667 O ,  Yes 
Seattle Sounder 6 1999 $2.666.667 O Yes 

Bombardier Bi-level Tri-Rail 12 1987 $975,000 155 Yes Available 
Bombardier Bi-level Tri-Rail . 3  1990 $1,300,000 157 Yes Availabie 
Bombardier Bi-level Seattle Sounder 2000 $1,800,000 136 Yes Available 
Bombardier Bi-level V rnodified ,Metrolink 27 2001 $1,681,079 '140 Yes On Order 
Bombardier Multi-level coach Caltrain 15 2002 $1.991.000 148 Yes On Order 

Available? 
Available 
Available 
Available 
Available 
Available 
Available 
Available 
Available 

5 < 

9 

Bombardier Bi-level cab ~ACE 5 2000 $2,020,000 140 Yes Available 
Bombardier Bi-level cab ,Tri-Rail 6 1987 $975,000 154 Yes Available 
Bombardier Bi-levelcab . , 'Tri-Rail 5 1996 $1,610,316 126 Yes Available 
Bombardier Multi-leveisab Caltrain 2 2002 $2,846,000 139 Yes OnOrder 

3 
2 

Colorado Railcar Doüble deck DMU $3,900,000 18s Yes In Design 
2003 Or $1,900,000 92: Yet Available 

$1,800,000 98 Yes Available 
Colorado Railcar Single-level cab coach 
Colorado Railcar Single-level coach 
Colorado Railcar Double deck cab coach $2,900,000 185 Yes Avaiiabie 
Colorado Railcar Double deck coach $2,800,000 185 Yes Available 

2 or more later NIA 
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ACE will also sometimes run its locomotives ovemight, either in the heat of the summer or the 
cold of the winter, because the overnight yard in Stockton only has wayside p w e r  for two train 
sets, not al1 three. This results in 1800 hours per year per locomotive. ACE's locomotives are 
equipped with HEP by Cummins KI 9s (3 locomotives) or Caterpillar 3406s (2 locomotives), 
which on average consume about 20 gallons per hour (including fuel used by the prime mover at 
low idle). Because ACE does not have wayside power in San Jose and only has wayside power 
for 2 trains in Stockton, the author has assumed îhat the DMU would not be able to be plugged 
into wayside power more often than the locomotive-hauled trains are, and therefore al1 electrical 
needs of the DMU are powered by the generator. 

The author assumed that for 25% of annual'idling hours the train would need full HVAC ana 
light, and the remainder of the tirne the trainwould operate in layover mode with reduced HVAC 
and light. The author assumed that layover mode would require 15% of the power needed for 
full HVAC and light. 

Fuei 
In Service Fuel: ACE estimated that its locomotives consumed approximately 2 to 2.4 gallons 
per mile. The author has assumed that a locomotive hauling 6 coaches would consume 2 gallons 
per mile, and each additional or  fewer coach would use 0.025 gallons per mile. 

Colorado Railcar calculated in service fuel consumption for a variety of DMU consists, based on 
ACE operating conditions. Fuel consumption for consists larger than those presented in Table I 
may be approximated by summing the figures in Table 1. Not al1 consists from the Tri-Rail 
cases are used for the ACE cases' these consists are marked with an "/A'. Colorado Railcar 
Manufacturing estimated that consists with ahigher proportion of DMUs to coaches would be 
most likely to meet ACE's operating requirements, and has therefore not included consists with a 
lower ratio of DMUs to coaches. A more detailed analysis would be required to determine how 
well the excluded consists would meet ACE's operating requirements. (nie fact that in service. 
fuel consumption for ACE is lower than that ofTri-Rail's occurs because Tri-Rail's route 
requires much more acceleration and deceleration between stops, whereas ACE has longer 
siretches between their stops.) 

Fuel Idlinn at Full HVAC and Lighting:. ACE estimated that its HEP consumed 20 galions per 
hour when idiing with 6 coaches at levels of HVAC and lighting needed for service. The author 
has assumed that the amount of HEP used will Vary directly with the number ofcoaches, and 
therefore HEP will use 3.33 gallons per hour per coach. 

Cost Per Gallon of Fuel: In fiscal year 2002/2003, which began July 1,2002, ACE'has so far 
paid anywhere from $0.63 to $1..16 per gallon of diesel fuel. Two years prior, ACE paid as much 
as $0.80 to $1.16 pergallon. (ACE's fuel wst includes the service cost of being fueled by 
truck.) For the purposes of this study, the cos1 of fuel per gallon will be assumed to be $0.90 for 
ACE (the average between $0.63 and $1.16). 

.. 

- 

Mainienance Cos( 
Maintenance costs for F4Os and Bombardier coaches were provided by ACE. The author has 
synthesized these numbers into a variable cost per mile, as presented in Table 3. ACE has not 

~~ ~~~ - 
~ 
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yet experienced overhaul on any ofits locomotives and has therefore estimated the costs for 
those overhauls, as explained in Table 3. 

Maintenance COSIS for DMUs and Colorado Railcar coaches were projected by Colorado Railcar. 
A minimum and maximum maintenance cost is presented because the number of miles per year 
per DMU changes as the number of spare DMUs changes, which affects a DMU’s maintenance 
cost. 

Operaiing Crew Cost 
The cakulation of operating crew cost is provided in Table 4. ACE has an engineer and-a 
conductor on each of its trains, as well as a fare enforcement officer. ACE’s engineers and 
conductors are cross-qualified’ they may serve as an engineer one day and then a conductor the 
next. According to the regulations that govern ACE operations, al1 trains mus1 have at least 2 
crew members. 

Purchase Cosi 
Costs for locomotives and bi-level coaches were based on discussions with ACE about the 
options they hold to purchase additional locomotives and coaches. Costs for Colorado Railcar 
rolling stock were based on a purchase of at least two pieces of rolling stock. 

Rolling stock purchase costs are for 3 trainsets plus spare pieces of rolling stock. Locomotive- 
hauled fleets have a 10% spare ratio, with a minimum of 1 spare locomotive and 1 spare cab 
coach. DMU fleets have a 10% spare ratio, with a minimum of 1 spare DMU and I spare cab 
coach (except for consists made up only of DMUs, which did not require spare coaches). 

Calculalion of DMU Mainlenance Cos1 per Mile 

Table 6 presents an example of Colorado Railcar’s calculation of maintenance cost per mile, 
including overhauls, on its single-level DMU for Tri-Rail operating conditions. The upper leR 
block on the table gives the operating life that is used for the DMU based on a 30 year life, 
including the number of days the DMU will operate, the number of hours the prime mover and 
generator will operate, and the number of miles the vehicle will drive. The block to the right 
with labor costs shows the cost assigned to an hour of labar based on Who performs the labor. 

shops. The main table lists each system in the DMU and the number of labor hours, cost for 
labor, cost for paris, and total cost to maintain the system over the life of the DMU, including 
Overhaui: At the bottom right ofthe table is the maintenance cost for the single-level DMU: 
$1.78 per mile. Maintenance costs for the double-deck DMU and Colorado Railcar coaches 
were calculated using similar methods. Table 7 presents the same example for ACE conditions. 
(A 30-year life has been used for calculation of maintenance COSI, however, Colorado Railcar 
expects DMUs IO have useful lives equal IO those of locomotives.) Table 8 provides the notes to 
Table 6 and Table 7. More detailed results are available from the author upon request. 

The agency labor rate of $31 per hour is the fully burdened rate for a mechanic in Tri-Rail’s .. 

filma02



4 
d Table 6. DMU Maintenance Cost: Tri-Rail Example 

DMU life for analysis (Single-level DMU) 
years 
days 
days operating 

hours prime mver  63.913 (2,130 hourdyear) Voiîh hours generator 

Labor cos1 ($/hoUr) 
31 
78 
52 
65 
75 

30 Agency 
10,950 (365 caiendar days per year) Detroct Diesel 

90.163 (3,005 hourdyear) HVAC Specialtsl 

7,300 (operaled 243 days per year) Stadw 

4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
1 
4 
1 
1 
4 
4 
4 
1 
4 

.. 4 
4 
1 
1 
c 
c 
4 
Q 
4 

. .  

1 

MAINTENANCE COST PER MILE (INCLUDING OVERHAUL): 
(Cakulated as $3,684,167 lifetime wst dMded by 2.066.670 lifetime miles) 

See Table 8 for notes to this table. 

~ $1.78 
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Table 7. DMU Maintenance Cost: ACE Example 

DMU life for analysa (Single-levd DMU) 
years 30 Agency 31 

days operating 5.738 (operaîed 191 days per Year) Stadm 52 
hous prime mover 32,532 (1.084 hourslyear) Voiih 65 

miles 1.047.OOO (34,900 mileslyear) 

Labor cost (Yhour) 

days 10,950 (365 calendar days per year) Detroii Diesel 7a 

hours generator 86,532 (2.884 hoursiyear) HVAC Specialist 75 

cornpoints 
Fire suppression SEE TOTAL COLUMN 2,500 CRM Estimate 
FRA inspedins" 5,074 1 157.295 1 O 157.295 CRM Estimale 
Cleaning 8, SeMcing SE€ TOTAL COLUMN 463,710 CRM Estimalef 

I ICRM c ~ s t - d  
TOTAL 1 25,717 1 838,347 1 999,750 1 2,575,584 1 
MAINTENANCE COST PER MILE (INCLUDING OVERHAUL): 
(Calculaled as $2,575,584 iifettme cost dtvided by 1,047,000 Iifetime miles) 

S €L Table 8 for notes Io this table 

$2.46 
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Table 8. Notes to DMU Maintenance Costs in Tables 6 and 7 

1 The total of the column "Labor COSI over DMU life ($)" and "Part cost over DMU life ($)" will not 
necessarily equal the column 'TOTAL labor + parts mst over DMU life ($)" because certain data 
was only available as an aggregate of labor and parts. The aggregate system total mst (the latter 
column) includes al1 costs of maintenance. whereas the labor and parts breakouts include only 
those costs which were able to be broken out. 

2 Costs for maintenance of off-the-sklf components. such as engines M generators. are specifc Io 
the comwents' appli it icn in the DMU. If used differently, these components would have different 
maintenance cosls. 

3 CRM refers Io Cdorado Railcar Manufaduiing. 

4 Voilh costs based on 65.000 annual miles. Costs may increase with fewer miles per year. 

5 Data hom Colorado Railcar Manufactunng (CRM) customers colleded from Princess Tours. Royal 
C a r i i a n  Cruise Une. Great Canadian Railtour Company, LTD. and Alaska Raitroad Corporation. 
Cdledively, these customers have run approxirnately 6.7 million miles on Cdorado Railcar coaches. 

6 CRM CUStomer data ranges from $0.02 per mile Io $0.18 per mile for doublede& coaches. 
7 CRM customer repoded $.O17 per mile for doublede& coaches. 

8 Data on Callrain truck overhaul costs prwided by Steve Coleman, Manager of Maintenance - Rail 
Equi@nenl on February 14,2003. 

9 lndudes coupler. unmupling lever, grab irons, brake hoses 8 gladhands, HEP recepti l .  
COMMiMU receptiils 

10 ûoubldeck coach customer msts s4ed down for single-level; Cuslomer cosis ranged from $0.03 
IO $0.19 per mile foc double& coaches. 

11 Some inspeciii mts are q u a n t i d  within their respective ownponents, such as with the engine or 
transmission. as opposed Io in the dedicaled inspection cost rws.  To avoid doublecounting. those 
inspedion costs will noi be included in-lhe inspections subtotal. (il those costs were included,.the 
subtotal would be approximately 60% higher than currently reported.) 
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Horaire actuel à la Gare Centrale

Trains Arrivées Temps d'attente Trains Départs
31E 05:50 0:55 31 06:45
53E 06:00 0:55 53 06:55
20E 06:05 0:55 20 07:00
801 06:30 0:10 890 06:40
803 07:37 8:53 802 16:30
805 07:50 9:00 804 16:50

15/17 08:00 0:40 15/17E 08:40
807 08:17 9:03 806 17:20
30 08:30 0:20 30E 08:50

57E 08:45 0:55 57 09:40
14/16E 08:55 9:50 14/16 18:45

21 08:59 0:20 21E>22 09:19
33E 09:05 0:55 33E 10:00

21>22E 09:34 2:56 22 12:30
32 10:54 0:20 32E>35 11:14

61E 10:55 0:55 61 11:50
23 11:15 0:20 23E>24 11:35

32>35E 11:29 3:36 35 15:05
52 11:45 0:20 52E>67 12:05

23>24E 11:50 4:10 24 16:00
52>67E 12:20 4:40 67 17:00

56 14:15 0:20 56E>39 14:35
65E 14:45 0:55 65 15:40

56>39E 14:50 3:10 39 18:00
25 15:40 0:20 25E>26 16:00

37E 15:50 0:55 37 16:45
25>26E 16:15 1:40 26 17:55

34 16:56 0:20 34E 17:16
60 16:56 0:20 60E>69 17:16

600/604 17:15 0:40 600/604E 17:55
60>69E 17:31 0:44 69 18:15

36 18:00 0:20 36E 18:20
891 18:05 0:40 810 18:45

695-69 18:30 0:40 695-69E 19:10
694-98E 19:25 14:25 694-98 09:50

38 19:44 0:20 38E 20:04
64 19:55 0:20 64E 20:15
27 20:43 0:20 27E 21:03
66 20:59 0:20 66E 21:19
68 23:08 0:20 68E 23:28

Annexe G.xls
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LISTE DES PERSONNES ET ORGANISMES RENCONTRÉES 

 

 

André Gravelle, 

Directeur de l’ingénierie de VIA 

 

Giovanni Labbiento 

Directeur du développement des affaires de VIA 

 

Louis Machado 

AMT 

 

Gary Fairbanks 

Ingénier senior en mécanique, FRA 

 

Paul Lepage 

Conseiller principal, équipement et exploitation 

Groupe de sécurite ferroviaire de TC 

 

Tom Peacock 

Directeur de l’APTA 
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