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Impact of New Railway Technology on
Grain Transportation in Western Canada

C. Tyler Dick and Alan M. Clayton

Theimpacts on railway technical productivity, infrastructure, and costs
created by theintroduction of new railway technology to the movement
of grain in Western Canada are evaluated. By creating a geographic
information system model of therailway system and assigning grain traf-
fic to individual railway lines, operational and maintenance parameters
aredetermined for each railway segment under avariety of scenarios. The
scenarios consider the implementation of new high-hor sepower locomo-
tivesand heavier freight cars. Becausefour new trainscan dothework of
five current trains, new technology decreases the number of trainsand
amount of equipment required, decr easingthe cost of transport. Although
the new cars negatively affect the infrastructure through higher axle
loads, decreasesin the number of trains operated more than offset asso-
ciated roadway maintenance increases. The benéefits of the new technol-
ogy are more apparent on Canadian Pacific than on Canadian National
because of the steep grades and long trains associated with Canadian
Pacific operations. Over the service life of the new technology, appr oxi-
mately $260 million [in Canadian dollars(C$1 = US$0.65)] will be saved.
Additional benefitscan be obtained by performing additional upgradesto
therailway infrastructure.

Important advancesin railway technology have been devel oped and
implemented by the North American railway industry. Theseinclude
high-horsepower locomotives and new freight cars with increased
gross railcar weight standards. The simultaneous introduction of
these technol ogies has allowed railways to attain new levels of pro-
ductivity. The analysis presented here considers the interaction of
both new locomotives and freight cars and the geographic variation
of constraints placed on railway operations to present a complete
evaluation of theimpact of the new technology on the grain-related
operations of the Canadian Pacific Railway (CP) and the Canadian
National Railway (CN) in Western Canada.

The impact of the new railway technology on the movement of
grain is measured in terms of railway technical productivity, infra-
structure, and costs. A geographicinformation system model of the
railway systemin Western Canada, whichincludes grain traffic den-
sity on individual railway lines, allows changes in operations and
maintenance to be determined for each railway segment under a
variety of scenarios (1). In alater section of the paper, scenariosare
constructed by introducing new railway technology in amanner that
still conforms to the existing constraints of the railway infrastruc-
ture. The weight standards of rail lines are then varied to determine
the amount of additional productivity that can be gained by making
infrastructure improvements or through branchline abandonment.
Each scenario is evaluated by determining the total cost of the rail
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movement in Canadian dollars per tonne (C$1 = US$0.65) with a
model developed for Transport Canada (2).

Theresearch dealswith unit train movementsof grainon mainlines
from Western Canadato VVancouver, Prince Rupert, and Thunder Bay
in Canadaand to the United Statesvia Portal, Saskatchewan, and Fort
Frances, Ontario. The collection operation on feeder branchlines
is considered only when weight restrictions on the branchlines do
not allow the complete implementation of new technology on the
connecting main line.

RAILWAY NETWORK IN WESTERN CANADA

Western Canada is served by approximately 24 000 km of railway.
This network of railway lines can be divided into core, secondary,
and feeder lines. The core system includestherailway linesthat con-
nect major centersand that have the highest traffic densities. The sec-
ondary network includes lines that have limited abilities to handle
through traffic because of the speed of operation and the length and
frequency of passing sidings. Thelinesconsidered inthisanalysisare
shown in aNorth American context in Figure 1.

Thefeeder network consists of aweb of branchlines, regional rail-
ways, and short-line railways that cover most of Western Canada.
At present, branchlines comprise approximately 14 500 km of track
intheregion. Thisisasignificant decrease from 1968, when the net-
work of feeder lines totaled 24 000 km. Because of the size of the
feeder network, a detailed analysis of operations on each branch is
not considered.

Properties of Network and Constraints

Unit grain train operations in Western Canada are constrained by
weight restrictions, siding lengths, and ruling grades. These three
parameters affect the type of equipment that can be used and the
overall weights and lengths of unit trains.

Weight Restrictions

During the 1990s, CN and CP raised the standard four-axle railcar
weight on their respective main linesin Western Canadafrom 119400
to 129 850 kg (263,000 to 286,000 Ib). With two exceptions, all of
the CN and CP main lines in Western Canada allow maximum rail-
car weights of 129 850 kg. The exceptions are the CN line between
Jasper and Prince Rupert, which has been upgraded to handle only
125 300-kg (276,000-1b) railcars, and portions of the CN secondary
main line, which have not been upgraded and which are still subject
to the 119 400-kg limit.
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FIGURE 1 Canadian National and Canadian Pacific main lines in North America.

Through branchline rehabilitation and abandonment of linesin
poor condition, 97 percent of thefeeder network isnow subject torail-
car weight limits between 119 400 and 129 850 kg. In this analysis,
all branchlines are subject to 119 400-kg weight restrictions.

Siding Length

Siding length dictates the maximum practical length of train that can
be operated between two terminals. Examination of siding lengths
in Western Canada highlights a major difference in operations on
CPand CN (1). Most sidings on CP have enough capacity to hold a
120-car train. However, most sidingson CN can hold only a100-car
train. Thus, CP has a 20-car advantage over CN on unit graintrain
movements, and siding length is a constraint on CN when train size
isincreased. Asacompetitiveresponseto thefact that five CPtrains
can do thework of six CN trains, CN hasbegun to run 150-car trains
of empty carsin asingle direction on certain routes.

Ruling Grade

The ruling grade of a railway subdivision determines the tractive
effort required to move atrain at track speed. In unit train operations,
these factors can set limits on the maximum practical weight—and
therefore the payload—of atrain.

To compare the ruling grades of each railway, a standard train of
100 cars with atare weight of 28 tonnes and a payload of 91 tonnes
was analyzed on both CPand CN. Becauseit isthe only road freight
locomotive common to both CP and CN, the 2250-kW (3,000-hp)

SD40-2 locomotive was selected to measure the power require-
ments of the standard unit train. The most important conclusion
drawn from this analysisisthat CP requires, on average, one more
SD40-2 locomotive than CN in the eastbound direction. In the
westbound direction, CP requires one, two, or three more locomo-
tives. Thus, when train weight is increased, grades are more of a
constraint on CP than on CN.

Grain Traffic

In 1997, CP and CN moved approximately 27 million tonnesof grain
from the prairie provinces to Thunder Bay, Vancouver, and Prince
Rupert in Canada and to the United States. CP moved 56 percent of
this grain, whereas CN moved 44 percent (3). These figures have
been established from avariety of sourcesand reflect the 1996-1997
crop year. These were the latest data avail able at the commencement
of the research.

Grain traffic density in Western Canada is indicated on the map
in Figure 2. The traffic density map was created by obtaining indi-
vidual grain deliveries to prairie points from the Canadian Grain
Commission and integrating them into existing geographic informa-
tion system railway databases (4, 5). Expert knowledge was used
to assign direction and routes to the traffic.

From thetraffic density map, the amount of grain that each railway
can load at a particular weight level can be determined. On CP, one-
half of grain traffic can be loaded into railcars weighing 129 850 kg.
The remaining half is loaded on branchlines and is restricted to
119 400-kg cars. On CN, 15 percent of grain traffic can beloaded at
the 129 850-kg level and 8 percent can beloaded in 125 300-kg cars.
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FIGURE 2 Grain traffic density (tonnes per year).

The remaining 77 percent isloaded on branchlines and is restricted
to 119 400-kg cars.

NEW RAILWAY TECHNOLOGY
New Locomotive Technology

In the early 1990s, both CP and CN road locomotive fleets were
dominated by the SD40-2. This 2250-kW (3,000-hp) locomotiveis
capable of producing 378 kN of tractive effort at an average adhesion
factor of 25 percent.

Inthemid-1990s, avariety of new technol ogieswere successfully
incorporated into locomotive design. The result was locomotives
operating at 3300 kW (4,400 hp) and producing 534 kN of tractive
effort at 30 percent adhesion. In theory, the improved capability of
the new locomotives allows three new locomotives to replace five
older locomotives on asingle train. The new locomotives have the
additional advantage of being more fuel efficient and reliable than
the locomotives that they are gradually replacing.

Both CN and CP have acquired new locomotives in large num-
bers. CN has purchased 324 locomotives rated between 3000 and
3300 kW (4,000 and 4,400 hp, respectively) from General Electric
and General MotorsDiesel Division. Although al of CN’snew loco-
motivesfeature the conventional direct-current (DC) traction system,
CP's new high-horsepower locomotives use the alternating-current
(AC) traction system.

AC tractionisanew system of transferring the power generated by
thelocomotive sdiesel engine prime mover to thewheels. Themajor
problem with the present DC system isthe DC traction motors, which
arevery complex and sensitive to thermal overload and the effects of
the environment. AC traction eliminates the problems of the DC sys-

tem by replacing the DC traction motorswith electrical invertersand
AC traction motors. The AC motor does not have any of the brushes
and commutators found in DC motors. This reduces maintenance,
removesthe potential for short circuits, and decreases motor slippage.
In addition, AC motors have no thermal limit, allowing locomotives
to operate at maximum power and slow speeds for long periods of
time. Operation at dower speeds allows the generation of more trac-
tive effort. The combination of reduced motor slippage and higher
resistanceto thermal loadsallows AC traction locomotivesto develop
adhesion level s between 38 and 42 percent.

Currently, the CPfleet of AC4400CW |ocomotives manufactured
by General Electric totals 284 units. These six-axlelocomotives use
AC traction technology to produce 3300 kW (4,400 hp) and 645 kN
of tractive effort. CP hasalso purchased 65 SD90OM A C locomotives
from General Motors Diesel Division. When fitted with the new
General Motors prime mover, the SD90MA C can produce 4500 kW
(6,000 hp) and an estimated 756 kN of tractive effort. Thislevel of
performance alows one SD9OMAC locomotive to replace two
SD40-2 locomotives in main-line service.

CN has not invested in AC traction locomotives. Asdiscussedin a
later section, CN hasmild gradesonitstranscontinental mainline. CN
officialscited themild grades, in combination with short train lengths,
to explain the decision not to incur the extra expense of AC traction
locomotives. Train performance simulation demonstrates that AC
traction locomotives are most advantageous when operating heavy
trains on steep grades, as on the CP main linein Western Canada (1).

New Freight Car Technology

A fundamental fact of freight transportation systemsisthat thelevel
of resistance per unit of payload decreases as the overall payload
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Current New A New B New C
Capacity (m’) 127.4 1442 135.8 148.4
Load Limit (kg) 90830 101470 102150 102600
Tare Weight (kg) 27970 28380 27700 26970
Gross Railcar Weight (kg) 118800 129850 129850 129570
Length (m) 18 18 17 17

capacity of avehicleincreases. Thisdecreasein resistancetranslates
into adecrease in the energy and cost required to move each unit of
payload. Railways have applied this theory and increased four-axle
railcar grossweight levelsfrom 80 350 and 99 900 kg to 119 400 kg
during the 1970s and 1980s (6). The technology of freight carsin
Canada is changing once again with the introduction of four-axle
gross railcar weights of 129 850 kg.

New Covered Hopper Cars

Today, the mgjority of the covered hoppersin grain service arethe
cylindrical-style covered hoppers purchased by the Canadian fed-
eral government in the 1970s and 1980s. These cars operate at a
grossrailcar weight of 118 800 kg, carry 90.7 tonnes of payload, and
are 18 min length. The fleet of 90.7-tonne cylindrical covered hop-
persisnow being replaced by covered hoppersthat use advancesin
materials and construction techniques to reduce tare weight while
increasing gross railcar weight and increase cubic capacity while
decreasing overall length.

The new hopper carsoperate at agrossrailcar weight of 129 850 kg
and carry a payload of 102 tonnes. The specifications of both the
current 90.7-tonne hoppers and three types of the new 102-tonne
hoppers are outlined in Table 1 (7, 8). Two of the new designs
are shorter than the current covered hopper, even though they still
have an increased cubic capacity. This is accomplished by the use
of aninverted-teardrop shapein cross section, which uses space much
more efficiently than the current cylindrical shape.

Because of their shorter lengths and greater payload capacities, the
new covered hopper carsallow railwaysto operate unit trainsin more
efficient consists. Two possible consists of 129 850-kg, 17-m hoppers
areoutlinedin Table 2, along with two existing unit train consists. The
consists are conservative with respect to train length, as they reflect
the most tightly constrained routes. Asaresult of the new consists,
both CP and CN gain 20 percent increases in payload per unit train.
Thus, five of the new trains can do thework of six of thecurrent trains.

TABLE 2 Possible Unit Train Consists

New Freight Car Trucks

The introduction of railcars with increased gross weights prompted
the introduction of new freight car trucks capable of carrying the
increased loadings. The standard 30-tonne-per-axle truck is being
replaced by a 33-tonne-per-axle truck. The Association of Ameri-
can Railroads (AAR) Heavy Axle Load test program at the Trans-
portation Technology Center has conducted extensive research and
full-scal e testing to determine the impact of the switch to the heavier
trucks. Research in Phases 1 and 2 of the program compared the 30-
and 33-tonne-per-axle trucks and determined that track maintenance
costs are expected to increase by 20 to 40 percent (9).

Additional research into the effect of theincreased loading on the
fatigue life of the railway infrastructure has also been conducted.
Full conversion to the 129 850-kg loading, equivalent to 33 tonnes
per axle, will result in a 25 percent shorter life (10). If it is assumed
that the same total amount of maintenance activity is being per-
formed over the reduced life, a life reduction of 25 percent will
result in a33 percent increase in maintenance activity per year. The
corresponding 33 percent increase in maintenance costs agreeswith
the results of the AAR Heavy Axle Load operations.

METHOD OF ANALYSIS
Defining Scenarios

To determine the impact of new railway technology on main-line
unit grain train operations, various scenarios are created. Scenarios
are defined by changing the various parameters of thetransportation
and flow systems o reflect new railway technology. The transporta
tion system parameters describe the types of locomotives and grain
carsinuse. Theflow systemisderived from the grain traffic density
map. The main parameter in the flow system isthe grossrailcar load
at which grain can be loaded at any specific point. This value can
vary from 119 400 to 129 850 kg. From these parameters and infor-

Canadian Pacific Canadian National

Current New Current New
Number of Cars 113 120 100 106
Train Length® (m) 2034 2040 1800 1802
Train Weight (tonnes) 13420 15550 11880 13730
Train Tare (tonnes) 3160 3236 2797 2859
Payload (tonnes) 10260 12310 9083 10870
Increase in Payload (percent) - 20.00 - 19.67

¢ Excluding locomotives.
- Not applicable.
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mation on siding length and ruling grade, appropriate train consists
are developed. Given the capacity of each train consist and the traf-
fic density on aparticular railway subdivision, equipment and crew
requirements are calculated for each railway subdivision across
Western Canada. These values are then used as inputs to an engi-
neering unit cost model to determine the average cost per tonne of
unit train operation on main lines.

Specifically, for each main-line subdivision in Western Canada,
the required numbers of loaded trains, crews, locomotives, and cov-
ered hoppers are calculated. These values are used to determine the
number of car kilometers, locomotive kilometers, train kilometers,
and gross tonne kilometers accumulated on the subdivision.

To conduct this analysis, it is assumed that all grain traffic moves
inunit grain trains. Thus, the required number of loaded trains can be
ca culated by dividing thevolume of graintraffic by the payload capac-
ity of each train. Thisisavalid method, as the covered hopper cars
are sized to reach their weight limit before the cubic capacity of the
car isfilled with grain. Given that alocomotive can complete an
average round trip in 5 to 6 days, it is assumed that each locomo-
tive makes 60 round trips per year. The number of locomotivesis
increased by 15 percent to account for peak demand periods and
spare units for maintenance. Currently, the railways are moving
toward 9- to 10-day car cycles (8). Over the 43 weeks that the rail-
ways move grain traffic, carsin these cycles could make 31 loaded
trips. An alowance of 5 percent on the number of carsis made to
account for car maintenance and peak demand. Finally, it isassumed
that a two-person crew operates each train across a single railway
subdivision.

Development of Annual Long-Run Variable Costs

Railway cost estimates are devel oped through the use of arailway
cost model prepared for Transport Canada. The cost estimatesfocus
on a long-run movement and do not account for switching and
branchline operating costs. This cost structure can be used, as only
unit train operations are being considered. The final output of the
model isthe current average cost per tonnefor all main-linerailway
movements being considered during a 1-year period (2).

This analysis assumes that the equipment currently used in unit
grain train operations is at the end of its useful service life and
must be replaced by either a new locomotive or a new freight car
that isidentical to the one being replaced or by a new locomotive
or anew freight car that implements new technology. If new tech-
nology is not implemented, the model assumes that the railway
will incur the capital cost of replacing its current locomotive and
freight car fleets with new equipment that does not make use of
new technology.

The model takes an incremental approach to cost estimates and
examines costs in 10 areas: train crew, fuel, locomotive mainte-
nance, freight car maintenance, roadway maintenance, other trans-
portation expenses, locomotive capital, freight car capital, roadway
capital, and general expenses.

EVALUATION OF NEW TECHNOLOGY ON
EXISTING INFRASTRUCTURE

The scenarios presented in this section are designed to determinethe
impacts of new locomotive and freight car technol ogies on the exist-
ing infrastructure. Thus, the current main-lineweight restrictionsare
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held constant. New, heavier freight cars are loaded at the higher
weight levels only when they areloaded at points on linesthat have
already been upgraded.

Description of Scenarios

Four scenarios for each of the two railwaysinvolving the operation
of new technology on the existing infrastructure are considered in
this section. The scenarios follow the general pattern of abase case,
ascenario with anew locomotive, ascenario with new locomotives
and cars on main lines, and a scenario with new locomotives and
carson al lines. Details of each scenario follow.

Canadian Pacific

* CPlbase. The CP1base scenario modelsthe operations on CP
before the introduction of new railway technology. Grain ismoved
in 120-car trains of 90.7-tonne hoppersto Thunder Bay and 113-car
trains of 90.7-tonne hoppersto Vancouver. Each of the 90.7-tonne
hoppers has a gross railcar weight of 119 400 kg and can carry
90 800 kg of payload. The locomotives are the CP SD40-2 with a
tractive effort of 378 kN.

* CP2newlocos. The CP2newlocos scenario determinestheimpact
of the new AC traction locomotives without a change in freight
car technology. The 90.7-tonne hopper car train configurationsin
this case are the same as those used in the CP1base scenario. The
new CP AC4400CW locomotives are assigned atractive effort of
645 kN.

* CP3newlocos_cars. Both new locomotives and new freight
cars are implemented in the CP3newlocos_cars scenario, but some
of the old cars are retained for branchline service. Grain loaded at
the 119 400-kg weight level is moved in 113- or 120-car trains of
90.7-tonne hoppers. Grain loaded at the 129 850-kg level is moved
in 120- or 125-car trains of 102-tonne hoppers. The AC4400CW is
used to move al trains.

* CP4newlocos crs_all. The CP4newlocos crs all scenario
implements the new technology to the fullest extent possible without
upgrading theinfrastructure. All 90.7-tonne hoppersarereplaced with
102-tonne hoppers. If loaded at points not served at the 129 850-kg
weight level, the new carsarefilled with only 90.7 tonnes of payload.
Because the new cars are shorter, more of the cars can beincluded on
each train. Grain loaded at the 119 400-kg level is moved in 120- or
125-car trains of 102-tonne hoppers loaded with 90.7 tonnes of
payload. Grain loaded at the 129 850-kg weight level ismoved in
120- or 125-car trains of 102-tonne hoppersloaded to capacity. The
AC4400CW isused to move all of thetrains.

Canadian National

* CNlbase. The CN1lbase scenario evaluates operationson CN
before the implementation of new railway technology. All grain
is moved in 100-car trains of 90.7-tonne hoppers. Each of the
90.7-tonne hoppers has a gross railcar weight of 119 400 kg and
can carry 90 800 kg of payload. The scenario uses CN SD40-2
locomotives.

* CN2newlocos. The CN2newlocos scenario determines the
impact of the new high-horsepower DC traction locomotives without
achangein freight car technology. The 90.7-tonne hopper car train
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configurationsareidentical to thosein the CN1base scenario. The new
CN C44-9W locomotives are assigned atractive effort of 423 kN.

* CN3newlocos_cars. In the CN3newlocos_cars scenario, both
new locomotivetechnology and new freight car technology areimple-
mented, but some of the old cars are retained for branchline ser-
vice. Grainloaded at the 119 400-kg weight level ismovedin 100-car
trains of 90.7-tonne hoppers. Traffic moving to Prince Rupert at the
125 300-kg level is handled by 106-car trains of 102-tonne hoppers
loaded with 98 tonnes of payload. Grain loaded at the 129 850-kg
level ismoved in 106-car trains of 102-tonne hoppers. The C44-9W
isused to move al of thetrains.

* CNd4newlocos_cars all. The CN4newlocos_cars _all scenario
implements the new technology to the fullest extent possible under
thecurrent rail car weight restrictions. New 102-tonne hoppersreplace
the 90.7-tonne hoppers. When loaded at points not served at the
129 850-kg weight level, the new cars arefilled with only 90.7 or
98 tonnes of payload when required to moveonrailcarsat the 119 400-
or 125 300-kg weight level, respectively. Because the new cars are
shorter, more of the cars can beincluded on each train. Grain loaded
at the 119 400-kg level is moved in 106-car trains of 102-tonne
hoppers loaded with 90.7 tonnes of payload. Traffic destined for
linesrestricted to the 125 300-kg level ismoved in 106-car trains of
102-tonne hoppers | oaded with 98 tonnes of payload. Asinthe previ-
ous scenario, grain loaded at the 129 850-kg weight level ismoved in
106-car trains of 102-tonne hoppers|oaded to capacity. The C44-9W
isused to move all of thetrains.

Evaluation of CP Scenarios

The results of the analysis of new technology on the existing CP
infrastructure are summarized in Table 3. Table 3 illustrates the
total cost per tonne (in 1998 Canadian dollars) of the unit train
movements and the number of trains, locomotives, and freight cars
required for each of the four scenarios with new technologies (the
CP5all286 scenario is discussed in a later section) and the base
case. The operational costs of each scenario are summarized in
Figure 3.

New Locomotives

Introduction of the new A C traction locomotives, assimulated in the
CP2newlocos scenario, resultsin aC$0.85 decreasein thetotal cost
per tonne of unit train operationson CP. A total of 79 new 3300-kW
(4,400-hp) AC traction locomotives are required to perform the
work of 114 old 2250-kW (3,000-hp) SD40-2 locomotives. This
represents areplacement ratio of 7 new locomotivesfor every 10 old
locomatives. As shown in Figure 3, the cost savings occur in the

TABLE 3 Comparison of CP Cases
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areas of locomotive maintenance (35 percent decrease) and fuel
(10 percent decrease). Because the hopper carsused in the unit trains
remain unchanged, all other operational costs remain the same. In
terms of capital cost, the increased purchase price of the new loco-
motives is balanced by the fact that fewer of the locomotives are
required. Thus, the capital cost for the scenario involving new
locomotivesis the same as that for the base case.

Combination of New Locomotives and Hopper Cars

In the CP3newlocos_cars scenario, both the new locomotives
and the new freight cars are implemented, but grain loaded at the
119 400-kg level is till moved in the old 90.7-tonne hoppers. The
combined introduction of the new covered hoppersto grain being
moved at the 129 850-kg level and the new AC traction locomo-
tivesto all trainsresultsin atotal cost decrease of C$1.69 per tonne
compared with the cost for the base case. All costs except roadway
maintenance costs decrease. Roadway maintenance costs increase
by 4 percent.

Inthe CP4newlocos_cars_all scenario, the new hopper carsand
the new locomotives are implemented on all trains. Grain loaded
at the 119 400-kg level is moved in new 102-tonne covered hop-
persfilled with 90.7 tonnes of payload. Thesetrain configurations
further reduce the cost to C$16.93 per tonne. This cost reduction
istheresult of a15 percent decreasein the number of trainsrequired,
a 40 percent decrease in locomotive maintenance, a 22 percent
decreasein fuel consumption, and areduction in freight car main-
tenance by 7 percent. The impact of the new freight cars on the
infrastructureisminimal, as roadway maintenance expensesincrease
by only 3 percent. The areas that experience the greatest impacts
arethe secondary main line from Saskatoon to Winnipeg, the main
linefrom Portage to Winnipeg, and themain lineto the United States
between Moose Jaw and Portal.

Conclusions

Overall, the analysis of the CP scenarios indicates that the new
locomotive and freight car technology can be implemented on the
existing infrastructure and decrease the cost of main-line unit train
operation by C$2.00 per tonne or C$32 million annually.

Evaluation of CN Scenarios

The results of the analysis of scenarios implementing new tech-
nology on the existing CN infrastructure are summarized in Table 4.
Table 4 illustrates the total cost per tonne of the unit train move-
ments and the number of trains, locomotives, and freight cars

CPlbase CP2 CP3 CP4 CP5
$/tonne 18.91 18.06 17.22 16.93 16.49
Trains 1436 1436 1312 1253 1190
Locomotives 114 72 70 67
Covered Hopper Cars 5706 5706 5369 5319 5017

91998 Canadian Dollars.
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FIGURE 3 CP and CN operational cost comparison.

reguired for each of the four scenarios with new technologies (the
CNb5all286 scenario is discussed in a later section) and the base
case. The operational costs of each scenario are summarized in
Figure 3.

New Locomoaotives

Introduction of the new high-horsepower locomotives, assimulated
in the CN2newlocos scenario, resultsin only a C$0.07 decrease in
the total cost per tonne of unit train operations on CN. A total of
57 new 3300-kW (4,400-hp) DC traction locomotives are required
to replace 63 old 2250-kW (3,000-hp) locomotives. Thus, CN does
not achievethelocomotive replacement ratio required to obtain sub-
stantial operating and capital cost reductions. This is because two

TABLE 4 Comparison of CN Cases

2250-kW (3,000-hp) locomotives can handle the relatively short
trains and moderate grades on many CN lines. Because one 3300-kW
(4,400-hp) locomoative cannot replace two of the older locomotives,
two new locomotives must be assigned and no reduction in the
number of locomotivesis achieved.

Combination of New Locomoatives and Hopper Cars

In the CN3newlocos_cars scenario, both the new locomotives and
the new freight cars are analyzed. In this scenario, grain loaded
at the 119 400-kg level is <till moved in the old 90.7-tonne hoppers.
The combined introduction of the new covered hoppers to grain
being moved at the 125 300- and 129 850-kg levels and the new
high-horsepower locomotives to all trains decreases the cost of

CNlbase CN2 CN3 CN4 CN5
$/tonne * 19.76 19.69 19.55 19.10 18.85
Trains 1356 1356 1310 1240 1133
Locomotives 63 57 58 56 59
Covered Hopper Cars 4593 4593 4490 4452 4068

“ 1998 Canadian Dollars.
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transporting grain by C3$0.21 per tonne compared with the cost for
thebase case. All costs except roadway maintenance costs decrease.
Roadway maintenance costs were increased, as elevated railcar
weights increase maintenance costs by 2 percent.

The implementation of the new hopper cars and the new locomo-
tiveson dl trainsisanayzedin the CN4newlocos _cars all scenario.
The new train configurations reduce the cost of transporting grain on
main-line unit grain trainsto C$19.10 per tonne. This cost reduction
is the result of a 10 percent reduction in the numbers of trains and
crews required. Locomotive maintenance decreases by 10 percent,
fuel consumption decreases by 5 percent, and freight car mainte-
nance decreases by 4 percent. The impact of the new freight cars on
theinfrastructureis minimal, asroadway maintenance expensesonly
increase by 1 percent.

Conclusions

Overdll, the analysis of the CN scenarios indicates that the new loco-
motive and freight car technology can beimplemented on the existing
infrastructure and decrease the cost of main-line unit train operation
by C$0.66 cents per tonne or C$8 million annually. The benefits of
the new technology on the existing CN infrastructure are minimized
by ruling grades that do not allow locomotive unit reduction and
weight restrictionsthat allow only asmall portion of CN grain traffic
to move in new covered hoppers loaded to the 102-tonne limit.

NEW TECHNOLOGY WITH
IMPROVED INFRASTRUCTURE
OR ABANDONED BRANCHLINES

The previous section demonstrates that new railway technology can
decrease the cost of unit grain train operations on the existing infra-
structure without increasing railcar weight restrictions. This section
examines the impact of allowing al of the grain traffic to move at
the new higher railcar weight restrictions. Increasing the amount of
grain that can move at higher weight levels can be accomplished by
a combination of two methods. The first is to improve the infra-
structure and increase the weight restrictions on al lines, alowing
the new freight cars to be loaded to their maximum capacities at all
of the grain delivery points. The second method is to continue with
rationalization of the branchline and elevator system. The construc-
tion of new terminals, closure of smaller elevators, and abandon-
ment of branchlines attract more grain to main-line loading points.
Since these main-line points are on lines that have already been
upgraded, more grain can be moved at the higher weight level.
Because both of these factorswill act together to eventually con-
vert al of the traffic to the new 102-tonne cars, it is impossible to
assign acost to the conversion. If all of the branchlinesare upgraded,
asignificant capital investment would be required by the railways.
If all of the branchlines are abandoned and grain delivery is consol-
idated at terminals on previously upgraded mainlines, the cost to the
railways may be very small. However, the cost of conversion will
be shifted to other components of the grain transportation system
through the construction of new terminal elevators, longer truck
hauls, and increased highway maintenance. For this reason, the sce-
narios presented in this section are done so asto determine the addi-
tional benefit of moving more of the grain traffic at higher weight
levels. Since anincremental cost cannot be assigned to the upgrades
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or conversion, the absolute benefit and the actual cost of operation
of the new scenario cannot be determined.

Description of Scenarios

The CP scenario involving upgrading of the infrastructureis given
the code CP5all286. In this scenario, al CP grain traffic is trans-
ported at the 129 850-kg level. All of the traffic movesin 120- or
125-car trains of 102-tonne hoppers|oaded to capacity andis pulled
by new AC4400CW |ocomotives.

The CN scenario involving upgrading of various CN lines to
the 129 850-kg level iscoded CN5all286. In thiscase, all CN traf-
fic is allowed to move at the 129 850-kg level, with C44-9W
locomotives pulling 106-car trains of 102-tonne hoppers loaded
to capacity.

Evaluation of CP Scenarios

Conversion of dl traffic to 129 850-kg hopper carscarrying 102 tonnes
of payload decreases the cost of unit train grain transport on main
linesby C$2.42 to C$16.49 per tonne. When applied to all CPgrain
traffic, this represents a potential savings of C$37 million per year.
The amount of this savings that is actually realized depends on
the method of conversion, as described earlier. Full conversion to
129 850-kg hoppers results in a decrease in the number of trains by
20 percent compared with the number in the base case. This means
that instead of delivering fiveloaded unit grain trains each day dur-
ing the shipping season, CP will be required to deliver only four
trains each day with no changein total traffic or revenue. In addition
to a reduction in the number of trains, the number of locomotives
required decreases by 40 percent, whereas the number of hopper cars
decreases by 12 percent.

The only areain which costs are significantly increased isin road-
way maintenance, for which costs increase by 8 percent on all main
lines. At the same time, the fatigue life of the infrastructure is
decreased by 25 percent. Thisindicatesthat civil engineers can expect
more defects and will need to accel erate maintenance programswhen
all of thegrain trafficis converted to the new 102-tonne covered hop-
per cars.

Evaluation of CN Scenarios

Thefull conversion of al CN grain traffic to the 129 850-kg weight
level isanalyzed in the CN5all286 scenario. Full conversion of the
traffic will decrease the cost of main-line grain transport by C$0.91
to C$18.85 per tonne. This results in overall savings of C$11 mil-
lion per year. Costs are reduced by approximately 15 percent in the
aressof crew wages, |ocomotive maintenance, and hopper car main-
tenance. The decrease in hopper car maintenanceisthe result of a
10 percent decrease in the required number of covered hopper cars.

In terms of operations, the total number of unit trains required is
decreased by 17 percent. Instead of delivering 28 loaded unit grain
trains per week during the shipping season, CN will be required to
deliver only 23 unit trains per week, with no changein total traffic or
revenue. This will increase capacity on CN main lines and reduce
delaysto priority trains by decreasing the number of meets between
trains, Just aswith the CPfull conversion scenario, all of the CN lines
experience an 8 percent increase in maintenance costs.
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CONCLUSIONS

Theintroduction of new railway technology to unit grain train oper-
ations in Western Canada affects railway technical productivity,
infrastructure, and costs. Operations are positively affected, as the
new equipment facilitates a reduction in the numbers of unit trains
and crews required to transport grain. If the new technology isfully
implemented on al lines, CP will be required to operate only 28
instead of 35 unit grain trains per week, whereas CN will berequired
to operate only 23 instead of 28 unit trains per week. The 20 percent
decreasein the number of trainswill free capacity on main linesfor
other traffic and reduce delaysto priority trains by eliminating many
main-line train meets.

New covered hopper cars operating at higher gross railcar weight
levels do have a negative impact on the railway infrastructure. How-
ever, if the new technology isimplemented on the existing infra-
structure, a decrease in the total number of trains more than offsets
increasesin required maintenance. On CP, thisamountsto a3 percent
increase, whereas CN experiences a 1 percent increase. When fully
implemented and applied to al traffic on al lines, both CP and CN
experience 8 percent increases in maintenance costs. This indicates
that the railwayswill be required to monitor theinfrastructure closely
to ensurethat it is performing adequately.

The slight increases in maintenance costs created by the new
technology are not enough to offset the cost savings created by
decreases in the number of trains and the amount of equipment
required. Without improving infrastructure, the new technology
allows a cost reduction of C$32 million per year on CP and C$8
million per year on CN. Over a 30-year service life, this amounts
to savings of C$260 million. By improving the infrastructure or
abandoning branchlines with restricted loading—with the latter
being the chosen course—further cost reductions are obtained.
Overall, the implementation of new technology on grain-related
railway operations in Western Canada will result in a system that
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is more efficient for the railways and additional system capacity
by reducing the number of trains required.
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