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ABSTRACT

CP Rail is currently confronted by a capacity problem on
its main 1line in Rogers Pass, at the summit of the Selkirk
Mountains. The single-track, steeply graded facility is
inadequate for the forecasted demand for traffic flows in the
westbound direction. The Company must decide whether to continue
to operate over the present line, incurring high operating costs
and escalating congestion costs, or whether to invest in an 8.9-
mile tunnel which, by reducing the gradient against westbound
traffic, will stem congestion and reduce the level of operating
costs in future years. CP Rail must make a trade-off between
construction costs and operating costs.

The Company has made such a trade-off in Rogers Pass on at
least two previous occasions. The first occasion was that prior
to completion of the initial transcontinental rail link, when
the decision was taken to breach the Selkirk Mountains by a
surface crossing through Rogers Pass. The second occasion was
that prior to the decision, taken in 1913, to abandon the
surface alignment through Rogers Pass in favour of a five-mile .
tunnel beneath the summit of the Selkirks. This thesis
identifies the factors which impelled the taking of trade-off
decisions in each situation, allocates an appropriate weighting
to the factors, and examines the criteria wupon which the
investment decisions were based.

Previous historians of the C.P.R.'s operations 1in Rogers
Pass emphasise the influence of avalanches upon the investment
decisions taken. Many of these historians interpret the C.P.R.'s

surface operations as an unremitting campaign to protect its
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traffic against snowslides, and they interpret the Company's
decision to construct the Connaught Tunnel as an acknowledgement
of defeat in the campaign.

This thesis emphasises the economic and commercial aspects
of the C.P.R.'s operations in Rogers Pass, and a Quantitative
approach towards the analysis is adopted. Part One of the thesis
is concerned with the initial decision to construct the
C.P.R. main 1line across the surface of the Selkirks through
Rogers Pass. Part Two is concerned with the decision to abandon
the surface alignment. |

Part One begins with an explanation of the engineering and
economic problems of locating railway lines through mountainous
terrain, and examines how these prdblems were handled by the
C.P.R. in the specific <circumstances of Rogers Pass. The
expectations of the railway builders for construction and
operation through the Pass are compared with the realities which
were encountered. Analysis reveals that the gap  between
expectations and realities was not wide, and that the surface
alignment adopted by the C.P.R. provided an adequate, economical
solution to the problem of breaching the Selkirk Mountains by
rail, at least until the turn of the 20th Century.

Part Two begins with an analysis of the.influenée of
avalanches in Rogers Pass upon the decision to relocate the main
line underground. The analysis strongly suggests that neither‘
the 1910 avalanche disaster 1in particular, nor the cost of
protecting traffic from snowslides in general, were sufficient
to justify investment in the Connaught Tunnel.

An examination of the operating conditions, traffic growth



iv

and traffic forecasts through the Selkirk Mountains in the early
years of the 20th Century reveals that the C.P.R. faced high
operating costs and escalating congestion costs on the surface
route by 1913. The Company had already invested 1in system
improvements elsewhere in.the mountains in order to reduce these
costs. Confronted by the inadequacy of its existing facility for
forecasted demand in Rogers Pass, the C.P.R. decided in 1913 to
drive a double-track tunnel beneath the summit of the Selkirks,
and to abandon the surface route. Analysis of the C.P.R.'s
evaluations of alternative proposed tunnels confirms that the
principal economic benefit of the project was the savings in
train-haulage costs, and not the savings in the cost of

avalanche defence.
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CHAPTER 1

INTRODUCTION

Rail accegs to the west coast of Canada 1is rendered
expensive by the topography of British Columbia, where four
major mountain ranges intrude between the western seaboard and
the eastern boundary of the province. In constructing railways
through B.C., the builders have always had to face the dilemma
of either investing large sums of capital per mile of 1line in
order to obtain an easy alignment over which traffic may flow
smoothly, or building to inferior standards and subsequently
incurring high operating costs in the movement of trains.
Clearly, these trade-offs between construction costs and
operating costs, and between immediate costs and delayed costs,
must be made in all railway construction, and 1indeed in the
provision of any trénsportation infrastructure. Nevertheless,
the trade-offs are particularly crucial, and the dilemﬁa is
particularly acute, in regions of rugged terrain, where
constructional and operating characteristics, and therefore
costs, often differ markedly between alternative routes.

CP Rail 1is presently confronted by such a dilemma as it
seeks a solution to its next major main-line capacity
problem. This problem 1is posed by the 8.16-mile ascent from
Rogers to Stoney Creek, on the eastern approach to Rogers Pass,
B.C., at the spmmif of the Selkirk Mountains. The ascent is over
singie track, and at a maximum gradient of 2.2 per cent. against

westbound traffic for most of the distance. The elevation gained



in the 8.16 miles is 899.9 feet. The heaviest westbound trains,
already powered by eight locomotives from Golden, require “the
assistance of an additional fiveé pusher locomotives between
Rogers and Stoney Creek. Each train must be brought to a
complete stand when the pushers are inserted, and again when the
pushers are switched out after the ascent. This necessity to
stop the trains twice within ten miles, together with the
necessity of returning the pusher locomotives light down the
single track against the prevailing flow of traffic, restricts
the capacity of the main 1line. Moreover, the single-track
configuration of the existing main line between Beavermouth,
east of the Selkirk summit, and Glacier, to the west,
contributes to delays in the meeting and passing of
trains, further restricting main-line capacity.

CP Rail 1is therefore contemplating the construction of a
second main track across the summit of thg Selkirks, between
Rogers and a point 3.1 miles west of Glacier. The max imum
gradient of this track would be one per cent. against westbound
traffic, and the maximum angle of curvature would be six
degrees. Such an alignment would dispense with the necessity for
pusher locomotives, and would resolve the conflict between
eastbound and westbound flows, since eastbound traffic would
continue to travel over the present line. However, in order to
maintain the stipulated gradient and curvature, construction of
this alternative route would require the driving of an 8.9-mile
tunnel beneath Rogers Pass, The cost of the realignment'project
is estimated at $300 million in 1980 dollars.! Moreover, the

financial wviability of the project is rendered questionable by



thé uncertainty of future traffic volumes and by the
unremunerative nature of the grain traffic, which constitutes
some fifteen per cent. of CP Rail's westbound flow by weight.

CP Rail, then, is confronted by a dilemma at the summit of
the Selkirk Mountains. It must decide whether to continue to
operate over the present line, incurring high operating costs
and escalating congestion costs, or whether to undertake a
massive, indivisible capital investment intended in future years
to stem congestion and to reduce permanently the level of
operating costs. This decision situation has two distinct
facets, and these may be framed in interrogative form. First,
what is the alignment which is appropriate to the traffic flows
through the mountains? Then, second, what 1s the appropriate
level of investment which should be undertaken in order to
secure this alignment? Only after these two fundamental
guestions have been answered can a decision be ‘reached
concerning the adoption of the project.

This is not the first occasion upon which Canadian Pacific
Railway management have sought answers to these
guestions. Indeed, they have been forced to address the
questions on at least two previous occasions. The first occasion
was that prior to completion of the initial transcontinental
rail link, when the decision was taken to breach the Selkirk
Mountains by .a surface crossing over the summit through Rogefs
Pass. The second occasion, some thirty years later, in 1913, was
that prior to the decision to abandon the surface alignment
through Rogers Pass in favour of a five-mile tunnel beneath the

Pass. This was the Connaught Tunnel, and it is by means of this



tunnel that all of CP's main-line traffic still crosses the

Selkirk Divide.

Objectives

Prompted by the resurgence of interest in these Qquestions
today, the first objective of this thesis is to undertake a
study of these previous comparable décision situations. Such a
study will identify the factors which impelled the taking of
decisions in each situation, the forces and influences which
made the taking of decisions necessary. From the sfudy of these
historical situations, the reader will be able to draw his own
comparisons with the present decision situation, and will be
free to infer his own "lessons to be learned" for the current
realignment proposal.

The second objective of this thesis, springing directly
from the first, is to allocate an appropriate weighting to £he
factors which influenced the decisions in each of the historical
situations. Historians of CP Rail's operations in Rogers Pass
have hitherto always emphasised the influence of avalanches upon
the decisions taken, and especially upon the decision taken in
1913 to abandon the Pass in favour of an underground route.? The
economics of CP Rail's operations in the Pass, and specifically
the economics of the decision to construct the Connaught Tunnel,
have been consistently neglected. This neglect 1is especially
serious because reference to the primary documentation which
surrounded the decision suggests that the occurrence .of
avalanches over the surface alignment in Rogers Pass is not

alone sufficient éxplanation for the decision to relocate the



main line underground. The economics of the rail operation, and
in particular the emergence of a major capacity problem in the
Pass, appear then, as now, to have been factors of considerable
significance in shaping the decision. This thesis will therefore
seek to remedy the neglect of those factors. Frésh evidence will
be analysed, and appropriate conclusions drawn. The results will
be of interest to anyone who has a <concern for historical
accuracy. |

The third and final objective of this thesis is to examine
critically the contemporary technigques of appraisal which the
Canadian Pacific Railway Company employed in their investment
decisions in Rogers Pass during the first thirty-five years of
the route's history, and the criteria upon which those decisions
were based. The emphasis in this examination will be placed
primarily upon the decision to invest in constfuction of the
Connaught Tunnel. Throughout the analysis, however, stress will
be placed upon the <central and recurring importance of the
trade-offs between construction costs and operating costs and
between immediate costs and delayed costs, as they applied to
rail operations in Rogers'Pass. Attention will also be drawn to
the manner in which these trade-offs were handled during the
course of the study period. The results of this examination of
the C.P.R.'s approach to previous investment decisions in Rogers
Pass will be of interest to the business historian, and of
relevance in a consideration of the evaluation procedures

employed by CP Rail today.



Scope Of The Thesis

Previous studies of the history of the C.P.R. in the
Selkirk Mountains may be grouped into two general categories,
biographical .and descriptive. The biographical studies have
concentrated upon the personalities involved in the decisions to
locate, construct and operate the railway through Rogers
Pass.® The descriptive studies have tended either to concentrate
upon the construction phase of the line,* or to treat the line,
once built, as an 1incidental factor in the discussion of
regional development.?®

The present study is essentially analytical in
character. It 1is an historical study of railway economics and
their 1investment implications for a pafticular operating
situation, that of the C.P.R. in Rogers Pass. Thefefore, it
differs from previous studies in both emphasis and focus.

The emphasis in this study 1is wupon the economic and
commercial aspects of railway operation in Rogers Pass, and a
quantitative approach is therefore adopted. Such an approach
permits ‘integration into the analysis of quantitative data, data
which has hitherto received little consideration from historians
and analysts, and yet which, as has been indicated above,
suggests an alternative interpretation of the C.P.R.'s
investment decisions in Rogers Pass to that which is common
currency. |

The focus of this study is intentionally narrow and highiy
localised. This 1is a detailed study of railway economics on a
forty-five mile stretch of the Canadian Pacific main line, a

line nearly three thousand miles long. The study opens in 1882,



the year in which Rogers Pass was selected as part of the route
for the transcontinental railway, and it closes in 1916, the
year in which the Connaught Tunnel was opened to traffic,
marking the abandonment of surface rail operations through the
Pass. Throughout that period, railﬁay investment decisions and
the economics of railway operations will be analysed and
evaluated. Wider historical developments contemporaneous with
the study period, such as the economic advance of British
Columbia, the opening up of.the prairies, and the construction
of additional tfanscontinental routes, by both rail and water,
will be considered only insofar as they 1impinged upon the

economics of C.P.R.'s operations in Rogers Pass.

Qutline

The thesis 1is divided into two parts. The first part
(Chaptérs 2 - 4) is primarily concerned with the 1inception and
realisation of a rail 1link across the Selkirk Mountains,
accomplished by means of a surface alignment over Rogers
Pass. This section embraces the construction of the original
line and the measures taken to consolidate the 1link as a
feasible route for trans-mountain traffic. The second part
(Chapters 5 - 9) analyses the forces of <change, economic and
non-economic, which led to questioning of the appropriateness of
the surface alignment, and ultimately to the identification of a
decision problem. The analysis proceeds to examine the
generation and evaluation of alternative solutions to the
problem, and concludes with an appraisal of the achievement of

the alternative which was implemented, that of relocating the



line underground through the Connaught Tunnel.

vPart One begins with a "layman's guide" to the engineering
problems of locating railway lines through mountainous terrain,
and to the implications of those problems for the economics of
railway operations. Pertinent engineering concepts are
elucidated. The nature of the «critical trade-off between
construction costs and operating costs 1is éxplained.

Chapter 3 describes the physical and climatic
characteristics of the Selkirk Mountains, and the implications
of these characteristics for railway location and opefation. The
reasons for the selection of Rogers Pass as the route by which
the C.P.R. would cross the Selkirk Mountains are explained. fhe
expectations of the railway builders for both construction and
operation through the Pass, expectations which 1led to the
adoption of the route, are made explicit.

In Chapter 4, the realities of construction and operation
over the surface alignment are described, and the gaps between
expectations and realities are highlighted. Measures intended to
close these gaps are reviewed, and their success evaluated.

Part Two commences, in Chapter 5, with an analysis of the
influence of avalanches 1in Rogers Pass upon the decision to
relocate the main 1line underground. The widely accepted
interpretations of the 1910 avalanche disaster in particular and
of the snowslide problem in general are presented. These
interpretations are then challenged, and as a result of this
challenge an alternative interpretation is offered of the
influence of avalanches upon the decision to abandon the surface

alignment.



Chapter 6 contains an analysis of traffic devélopments
through the mountains of B.C. The analysis includes
consideration of changes in traffic volume and composition,
competitive pressures, and the cumulative results of
improvements undertaken elsewhere on the C.P.R. system. The
analysis suggests the increasing inadequacy of the surface
alignment over Rogers Pass to cope with these developments: a
decision problem is identified and specified.

Chapter 7 reviews the alternative solutions which were
generated for this decision problem, and presents the results of
the screening of these alternatives.

In Chapter 8, a detailed evaluation of the preferred
alternative 1is carried out. This alternative was a realignment
which included the boring of the Connaught Tunnel. The project
was modified during implementation: the scheme as conceived and
the scheme as completed are both appraised.

In the final chapter, the conclusions of the thesis are

presented, and suggestions are offered for further research.

Data Sources And Limitations

This thesis 1is based upon three primary sources of
unpublished data. The first 1is the Letterbooks and inward
correspondence of the C.P.R. Presidents. The Letterbooks have
been microfilmed, but the inward correspondence is available
only at the Canadian Pacific Corporate Archives in Windsor
Station, Montreal. Although these Archives were only recently
established, and although the task of indexing the vaults of

corporate records is not far advanced, two complete files on
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"The Rogers Pass Tunnel" have been assembled. Whilst weak in
quantitative content, the files provide invaluable insight into
the objectives of the project ana the stages of its
implementation.

The second source is the collection of C.P.R. records and
correspondence which 1is held at  the Revelstoke City Museum,
B.C. This miscellaneous collection, withheld from the Canadian
Pacific Corporate Archives, Qas comprehensively . indexed 1in
1976. It includes complete monthly records of traffic volumes on
the First District of the British Columbia Subdivision, of which
Rogers Pass was a part, for the years 1910 and 1911, and
sporadic records of expenditures on snow sheds and snow
clearance fof certain months between 1912 and 1914.

The third source is the personal notebooks and diaries of
Thomas Kilpatrick, "The Snow King," who ended a thirty-year
career with the C.P.R. in the mountains of B.C. as
Superintendent of the Mountain and Shuswap Sections from 1901 to
1912, His papers are now héld by his son, Mr. Donald Kilpatrick,
as part of a private collection preserved in Vancouver, B.C. The
documents contain many fascinating details of railway
maintenance and operations in the mountains throughout the study
period. Of particular value in the preparation of this thesis
was a monthly record, maintained uninterrupted throughout the
years 1906 to 1908, of the number of main-line trains per day,
their weights and transit times.

In comparison with the inter-war period, the years prior to
the First World War are rich in documentary sources concerning

the management of the C.P.R. Nevertheless, it 1is a sad fact
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that much information has been destroyed. The 1loss 1is
particularly serious for a sharply focussed project such as the
present thesis which attempts to apply quantitative techniques
to the analysis of an investment decision which was undertaken
some seventy years ago. Detailed information on the costs of
operating trains over Rogers Pass may never have existed. If it
did, it has <certainly not survived, and neither has detail of
o

the anticipated costs and beriefits of the several realignment
schemes which were proposed in 1912, Similarly, very little
data éxists concerning traffic flows through the mountains
either by volume, commodity or direction of movement.

Assembly of the extant data was a piecemeal and painfui
prbcess, drawing from many diverse Sourcés. Many gaps
remain. Where possible, the gaps have been filled by inference
and assumption; where not, they have simply been identified and
recorded. It 1is to be hoped that this thesis will at least

prevent the gaps from widening any further.
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PART ONE

UP AND OVER

This part of the thesis is concerned exclusively with the
surface alignment of the C.P.R. main line through Rogers Pass. A
brief introduction is provided to the engineering and commercial
problems of locating and operating railways in mountains. Then,
the specific engineering and commercial problems of locating and
operating the C.P.R. main 1line over the summit of the Selkirk
Mountains are analysed. The analysis compares the expectations
and the realities of the C.P.R. for specific areas of concern
along the surface alignment, and evaluates measures undertaken
in order to promote correspondence between those expectations
and realities. Part One concludes with a consideration of the
extent to which such corfespondence was achieved.

The analysis in Part One spans the selection, construction
and operation of the Rogers Pass route until the turn of the
century, that is, prior to the occurrence of the 1910 avalanche
disaster. Consideration of this disaster initiates the analysis
in Part Two. A division of the thesis prior to the 1910 disaster
is maintained 1in deference to previous historians of the
C.P.R.'s operations in Rogers Pass. Most of these historians
identify the 1910 disaster as a turning point in
C.P.R. management's perception of the viability of the surface
alignment. The wvalidity of this 1identification is challenged
directly in Part Two. However, the foundation for this challenge
is provided by the results of the analysis in Part One.

There are three advantages of structuring the analysis in
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“this way. First, it  permits establishment in Part One of the
extent of the gaps between the expectations and realities of the
C.P.R.'s concerns with the»surface alignment, before proceeding
in Part Two to consider changes in operating conditions which
may have widened these gaps. Second, it permits both the
avalanche problems and the other operating problems of the 1line
to be considered each as a continuum, stretching from the
opening of the surface alignment to the opening of the Connaught
Tunnel. Both the avalanche and the operating problems are shown
to have changed in severity but not in nature throughout the
years of the summit route. Third, it permits the remedial
measures undertaken in response to the avalanche problems and
the other operating problems to be considered as continua also.
Thus, it highlights the extent of substantive changes in the
responses of the C.P.R. to the changes in operating conditions
over time.

It 1is therefore' possible, as a result of adopting this
structure, to determine whether or not the 1910 avalanche
disaster was indeed a turning point, and whether or not it is at
all even meaningful to talk of "turning points” in the cdntext
of the C.P.R.'s investments in improving the surface alignment

over Rogers Pass.
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CHAPTER 2

RAILWAYS AND MOUNTAINS

This chapter provides a theoretical underpinning to the
character of the investment decisions which are analysed in the
remainder of the thesis. The chapter begins with an explanation
of the two generic types of investment solution to the problem
of penetrating mountainous terrain with railway tracks. The
fundamental engineering principles 1involved 1in each type of
solution are described, and the implications of these principles
for the economics of railway construction and operation are
considered. The inverse relationship between construction costs
and operating costs is explained, énd criteria are suggested for

‘the trade-off decision between the two types of costs.?

2.1 The Two Solutions

The physical barrier which mountains pose to all forms of
human communication translates into an economic barrier, as the
cost of providing and maintaining communication across
mountainoué terrain. For rail, the essence of the physical
barrier 1is that the 1low level of friction between wheel and
rail, which affords economic advantage in traffic movement over
an even alignment, manifests itself as a low level of adhesion
on an adverse gradient, and 1is therefore turned to economic
disadvantage since the payload which can be hauled by a single
locomotive is reduced in proportion to the increase 1in the
adversity of the gradient. The following table, adapted from

A. M. Wellington's authoritative "The Economic Theory Of The
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Location Of Railways," demonstrates the reduction in payload

which is caused by increasingly adverse gradients. The payloads
are those which were capable of being hauled by a single
"Standard Heavy Consolidation" steam locomotive, as recorded in

1915%:

Gradient Payload
(per cent. ) (tons)
Level | - 2,920
0.2 1,920
0.4 , 1,420
0.6 1,120
0.8 920
1.0 777
1.2 670
1.4 587
1.6 520
1.8 465
2.0 420
2.2 382
4.5 165

Conceptually, there are two ways in which the physical
barrier of mountains may be overcome by railway operation. On
the one hand, the ratio of motive power to payload may be
adjusted, in order to ensure that traffic can be hauled over the
existing adverse gradient. Such an adjustment 1is effected,

either by increasing the number and power of the locomotives
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which haul the train, or by reducing the weight of the train, or
by a combination of these approaches.

On the other hand, the existing adverse gradient may be
eliminated, in order to ensure fhat no reduction in the level of
adhesion between wheel and rail occurs, and therefore, that no
adjustment in the ratio between motive power and payload is
necessary. An elimination of adverse gradient is effected,
either by reducing the absolute height over which the traffic
must be lifted (through tunnelling, cutting, or curvature around
the summit) or by reducing the rate at which that heigﬁt is
attained (through "development" of the 1line, that 1is, the
insertion of length, and usually of curvature, over the summit)
or, again, by a combination of these approaches. |

In order to explore the implications of these engineering
solutions for the economics of the railway operation, it is
appropriate to classify the solutions according to economic
concepts. The first solution, of adjusting the ratio bétween
motive power and payload, may be characterised as a "Low capital
cost, high operating cost" solution, and the second solution,
that of eliminating the adverse gradient, may be characterised

as a "High capital cost, low operating cost" solution.

2.1 (a) "Low Capital Cost, High Operating Cost" Solution.

The capital requirement for construction of a line of
railway may be decreased by locating the tracks over the natural
alignment of the terrain in a route which minimises the
necessity for man-made structures. In mountainous regions,

location in accordance with this principle may involve either
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-steep gradients or protracted curvature or both. Nevertheless,
once the 1location has been decided, the construction period,
over which capital disbursements are spread, will be short
relative to the period over which interest on the capital will
be repaid, or relative to the period over .which railway
operations will be carried out upon the line. The capital cost
of constructing the 1line may therefore be regarded as an
"immediate" cost: it is the cost which is "immediately" incurred
in providing the rail facility.-

When construction of the facility has been completed, and
railway operations have commenced, every train which traverses
the route 1is required to negotiate the steep gradients and
protracted curvature, and thereby incurs higher operating costs
than would have been~ incurred with lesser gradients and
curvature. Hence, the operating costs of the facility may be
regarded as being inversely related to 1its construction
costs. The higher operating costs will be spread over the entire
period during which rail operations are carried out over the
low-capital-cost alignment. These operating costs may be
regarded as "delayed," not only until construction is completed,
but until it is necessary to run a train over the 1line. In the
extreme case, 1f no trains are run over the line, the higher
operating costs are "delayed" for perpetuity.

It is important to note that although the operating costs
of the facility are inversely related to its construction costs,
the level of operating costs which is associated with a
particular 1level of investment in construction is not

necessarily wuniform. The level of operating costs 1is also
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related by a more complex function to the volume of traffic
which wuses the facility. It is helpful to portray the costs of
the facility as a U-shaped curve, the 1locus of which is
determined by variations in traffic volume.

For even the most cheaply built railway, the level of
operating costs may at first decline with increasing traffic, as
surplus line capacity is absorbed, equipment better utilised,
and the <costs of providing motive power and manpower and of
maintaining lineside structures are spread over a greater volume
of business. However, as traffic continues to increase, and as
the surplus capacity provided by the opening of the facility is
absorbed, operating costs may begin to rise with the expansion
of business, and the marginal rate of increase of the operating
costs may exceed the marginal rate of increase of the traffic
volume. This behaviour of the operating-cost curve may result
from three factors, which may obtrude singly or simultaneously.

First, existing resources 6f locomotives and traincrews may
not be sufficient to handle an increase in traffic. Therefore,
the marginal 1increase 1in traffic entails increases in motive
power and manpdwer which may be particularly severe on a low-
capital-cost, steeply graded alignment where the ratio of motive
power to payload is initially 1low.® Second, the increase in
traffic may cause congestion of the facility, particularly in
the case of a low-capital-cost,. single-track railway where
through speeds are low and where limited passing accommodation
is provided. This congestion will increase fuel consumption and
power requirements, and limit the absolute volume of traffic

handled by the facility. As congestion increases further, the
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operating-cost curve may bend back upon itself, with the cost of
operations continuing to escalate while the volume of business
conducted declines below ;hat which it would have been on an
uncongested facility. Third, the cost of maintaining lineside
structures such as trestle bridges and snowsheds may increase as
the structures are subjected to greater weights and frequencies
of trains. There may be many such structures on a low-capital-
cost, rapidly constructed alignment, and the wear upon them due
to pounding from locomotives may be particularly great where the
ratio of motive power to payload is low.*

Regardless of these fluctuations in the volume of traffic,
the relative level of operating costs which is associated with a
low-capital-cost alignment is generally higher than the level of
operating costs associated with a capital-intensive
alignment. There are two reasons for this, which are related to
the gradients'aﬁd the curvature of the alignment.

i) Gradients

In order to appreciate the impact of gradients upon the
costs of operation over a particular facility, the concept of
"gradient systems" must first be understood. Trains are
assembled, and motive power allécated, according to the lehgth
and steepness of particular gradients along the line. The line
is therefore divided 1into segments, or "divisions," which
embrace gradients of a particular length or steepness. In order
to ensure optimal utilisation of motive power over a particular
division, the divisional boundaries must be drawn in such a
manner as to concentrate all gradients of similar severity 1into

a single division. The assembly of trains and allocation of
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mqtive power takes place at the commencement and termination of
each division, that 1is, at "divisional points." The amount of
adjustment of train weight and motive power which is required at
each divisional point is determined by the relationship between
the severity ofAthe gradients on the divisions adjacent to the
divisional point. Minimum adjustment of train weight and motive
power 1s commensurate with minimum cost for the operation over
the contiguous divisions. Thus, "The grades of a division are
very definitely related to each other in their effect on
operation, and when considered in this connection may be termed

the grade system of the division."® The efficacy of the gradient

system on the entire line is clearly dependent upon the efficacy
of the gradient systems within the constituent divisions. The
present analysis distinguishes between three types of gradient,
the maximum gradient, the ruling gradient, and the pusher, or
helper, gradient.

The maximum gradient is simply the steepest gradient on the

line. Operations over the maximum gradient may be conducted
either by momentum, or by means of pusher locomotives, or by
balancing traffic in such a manner that the heavier flow always
descends the maximum gradient.®

The ruling gradient 1is that gradient which, "...by its

length or steepness, limits the weight of train that can be

hauled by one locomotive over the division on which it

occurs."’” It should be noted that,

The ruling gradient may or may not be the maximum
gradient on a division. In the event that helper engines
are used over the maximum grades, or momentum grades are
employed...the next steepest grade becomes the ruling
grade.®
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The importance of the ruling gradient in the economics of
railway operation is twofold. It determines not only the maximum
"train 1load which a single locomotive can haul over a particular
division, but also the amount of motive power which'is in effect
"wasted" on those sections of the division which are not ruling
gradients. Thus,

...it 1is not so much the direct cost of power that makes

heavy ruling grades so objectionable, but rather the
fact that this power which must be available wherever

the ruling grade occurs cannot be used to advantage over

other portions of the line.’

Therefore, it 1is the ruling gradient rather than the maximum
gradient which is the crucial determinant of operating expenses
over a particular division., For it is the ruling gradient, its
angle, length and frequency of incidence on the division, which
together determine the amount of motive power which is provided
over the entire division in excess of that reguired to move the
train between the portions of ruling gradient. Alternatively, it
is the ruling gradient which determines the amount of payload
which must be left off the train over the entire division 1in
order to ensure that a single locomotive can continue to haul
the train whenever the ruling gradient occurs.

The excess of motive power, or the loss of payload, may be
minimised by the <concentration of ruling gradients of similar
severity within a particular division. Such concentration
ensures that when a train 1is assembled to match the ruling
gradient of the division, the motive power provided 1is fully

utilised for as long as possible in crossing the division.

A pusher or helper gradient 1s any gradient where an

assisting locomotive is attached to the train in order to "help"
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the train ascend the gradient. Pusher locomotives are required
wherever the gradient of a section of the line exceeds the
ruling gradient of the division.?!°® The assisting lécomotives may
be inserted 1into the train at any point along its
length. However, the number of pushers which may be attached at
any single point is limited by the strength of the drawbar of
the car immediately before and the car immediately behind the
pusher units, since it is upon these two drawbars alone that the
full forces of buffing and pulling respectively - are
exerted. (The drawbar 1is that part of the locomotive or car
which couples the vehicle to adjacent vehicles.) Moreover, with
steam traction, as was operated over the Selkirk Mountains until
the 1950's, co-ordination of locomotives in multiple is more
difficult to achieve than with diesel and electric
traction. Also, with steam traction, each additional locomotive
requires its own train crew of at least two personnel, whilst
diesel and electric locomotives may be operated in multiple by a
single train crew. |

Pusher gradients, 1like ruling gradients, are expensive to
operate, not simply because of the direct cost of supplying the
additional power where it 1is needed, but because of the
opportuniﬁy cost of being wunable to utilise this additional
power on portions of the line where it is not needed.!! Like
ruling gradients, thereforé, pusher gradients - must be
concentrated as much as possible. The steepness of the pusher
gradient must also approximate as closely as possible the
steepness of the maximum gradient negotiable by the number of

locomotives in the train. In this manner, the maximum benefit is
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derived from the "push;f for if the pusher gradient 1is only
slightly steeper than the ruling gradient, then much of the work
of the pusher locomotives is not required in order to move the
train.*?, !® Finally, the pusher gradient must be sufficiently
long,** and the traffic sufficiently dense,!® to ensure full
utilisation of the pusher locomotive or the pusher fleet.
| ii) Curvature |

Curvature may be inserted into a line either in order to
avoid a summit completely, or in order to moderate the gradient
by which a sumﬁit is attained, or in order to avoid investment
in a tunnel or cutting through the summit. In each case, the
implications of the insertion of curvature for both construction
and operation are identical. This analysis identifies two
implications, those of resistance and distance, which are,
however, interrelated in their impact wupon constructional and

operating costs.

The resistance with which a train meets when travelling
over straight track is increased when a curve is encountered,
since the natural motion of the train is in a straight line. The
increase 1in resistance due to curvature is identical in effect
to the increase in resistance which results from an increase 1in
gradient. Therefore, if curvafure is 1inserted on the ruling
gradient of a division, without reducing the gradient, the
increase in resistance which this cufvature entails is identical
in effect to an increase in the ruling gradient: it necessitates
either the attachment of additional motive power to each train
which negotiates the curve, or the reduction of the payload of

each train.
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These expedients of additional motive power and payload
reduction can only be obviated if the curvature is
"compensated," that is, if the increase in resistance which the
curvature entails is compensated by a decrease in the gradient,
in order to ensure a constant level of resistance over both
tangent and curvature.?®* Thus, a gradient of "2.2 per
cent. compensated” is a gradient on which the resistance
encountered by a train is equivalent in amount to the resistance
which the train would have encountered in ascending a 2.2 per
cent. gradient on straight track. However, the actual angle of
ascent will be less than 2.2 per cent., because some of the
resistance encountered on the ascent will be due not to the
gradient, but to the incidence of curvature. The angle of ascent
is usually reduced, or ‘"compensated," by 0.04 per cent. per
degree of curvature.!’ Thus, when a ten-degree curve is located
on a gradient of 2.2 per cent., the actual angle of ascent over
the curve must not exceed 1.8 per cent., for if it does, the
train will stall, as the resistance due to‘ the ascent,
compounded by the resistance due to the curvature, will exceed
the resistance of the ruling gradient of the division. The
necessity to compensate gradients in order to avoid the stalling
of trains implies increased distance, for either the angle of
curvature must be reduced, or the angle of ascent must Dbe
decreased.

The increase 1in distance which the insertion of curvature
entails will increase either the immediate cost of construction
or the delayed cost of operation. Each of these cost increases

is particularly severe in  mountainous terrain, where
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construction costs per mile are initially high, and where very
little local traffic can be generated by the lengthening of the
line.*®

Since the insertion of curvature may entail either
increased distance at construction time or increased operating
costs afterwards, it is not clear that curvature can always be
regarded as a "Low capifal cost, high operating cost" solution
rather than a "High capital cost, low operating cost" solution
to the problem of breaching mountainous terrain with rail. Its
appropriate classification will always be determined by the
specific circumstances in which it 1is adopted. The inference
must be drawn that where curvature is adopted in practice, it
represents the least-total-cost solution in comparison with
either constructing a tunnel or operating over steep inclines.

This analysis of "Low capital cost, high operating cost"
solutions has demonstrated that the construction costs of
overcoming mountains by rail, that is, the immediate cost of
providing a railway facility through mountains, can only be
reduced at the expense of incurring relatively higher operating
costs once the facility has opened. These higher operating costs
are incurred only when traffic is required to be transported
over the facility. The costs are either direct costs consequent
upon the deployment of more motive power, or opportunity costs
consequent upon the foregoing of payload. It is appropriate to
contrast the results of this analysis with an analysis of the
obverse solution, that of "High capital cost, low operating

cost."
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2.1 (b) "High Capital Cost, Low Operating Cost" Solution.

In the period of construction of a railway 1line through
mountains, large sums of capital_may be invested in order to
eliminate an adverse gradient from the alignment by either
tunnelling or cutting. The outlay .is incurred "immediately,"
that is, before any Eraffic can flow through the facility.
However, once the facility has been completed, and the gradient
eliminated, the cost of operating traffic over the line is less
for every train than it would have been had the traffic been
obliged to negotiate the steeper gradient, since the need to
deploy more motive power or forego payload is averted.

The high capital cost of gradient reduction represents a
"lumpy" investment. Not only must the entire cost be borne
"immediately," during the period of construction, but the
investment.project must be entirely completed before any savings
in operating costs can be realised. Moreover, the rate of return
on the investment 1is determined strictly by the volume of
traffic which wuses the facility. In the extreme case, if no
trains are run over the line, the fact that traffic can be moved
at a low operating cost will be of no benefit in securing a
return on the investment. Thus, the investment of large sums of
capital per mile is not alone sufficient to ensure operating
savings: traffic must be available in order to take advantage of

the low operating costs.
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2.2 The Trade-off

The engineering and economic characteristics of alternative
solutions to the problem of locating and operating railways in
mountainous terrain require a trade-off between "construction
costs" and "operating costs," and between "immediate costs" and
"delayed costs." In order to determine the appropriate trade-
off, that is, in order to choose between alternative engineering
schemes, the two gquestions posed in the Introduction have to be
answered.!® First, what is the alignment which is appropriate to
the traffic flows through the mountains?

Where traffic flows are uncertain, or where there 1is an
expectation that flows will be light, an alignment which entails
high construction costs in order to obtain low operating costs
will not be appropriate, for the benefit of the low operating
cosﬁs will not accrue with sufficient freqguency to offset the
high interest charges on the capital invested in
construction. The early North American transcontinental
railways, built under uncertainty, or with the expectation of
initially 1light traffic, therefore adhered to the "Low capital
cost, high operating cost" solution: the first lines were built
quickly and cheaply, in order to minimise interest charges for
the future, and in order the sooner to generate revenues with
which to upgrade the line and reduce operating costs as traffic
developed. Immediate construction costs were diminished, and
higher operating costs accepted in the short run.?2°®

As long as the traffic volume remains low, the "Low capital
-cost, high operating cost" alignment continues to be

appropriate. However, as the traffic volume increases, and as
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operating costs escalate as a proportion of total costs, such an
alignment becomes less appropriate, and the trade-off decision
between capital costs and operating costs becomes less clear-
cut. Ultimately, when the traffic volume increases to such an
extent that the expected cost of operating trains over the
alignment in the future exceeds the cost of constructing an
alternative, less severe alignment, then it may be concluded
that the "Low capital cost, high operating cost" alignment has
become inappropriate for the volume of business which it is
required to support. Capital must be invested in order to obtain
a more appropriate alignment.

In answering the second question, that is, what is the
appropriate level of investment which should be wundertaken in
order to secure the appropriate alignment, it is instructive to
consider the principle advanced in 1906 by the C.P.R. engineer
who would later be charged with the task of locating a double
track for the C.P.R. main line from Calgary to the West Coast:

"The question of reducing grades over a certain
section should be considered advantageous or economical
when the saving effected in operating per annum over the
section, due to grade reduction, more than represents
the interest on the capital outlay necessary to make the
reduction. . . ,

"Figuring on the traffic being the same before and
after the revision, the most economical location to make
is the one which will require the least outlay for
construction, and which will reduce operating expenses

by an amount more than sufficient to pay interest on
this outlay."??

This principle, which may be regarded as indicative of the
C.P.R.'s own criteria for making the trade-off decision between
construction and operating costs, and between immediate and

delayed costs, is deceptively simple, especially when applied to

the problem of investing in railways through mountainous
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terrain, where the trade-off decision is rendered particularly
difficult in practice by three factors.

first, constructional and operating characteristics differ
markedly between alternative alignments through mountains. This
phenomenon in turn has two ramifications. First, the absolute
level of investment required in order to obtain gradient
reductions of any significance is likely to be high. Céncomitant
interest charges will also be high, therefore, and in order to
offset these high interest charges, the possibility must exist
of making 1large savings 1in operating costs. This possibility
will exist'only if the proposed gradient reduction project is
drastic, or if the volume of traffic forecast to benefit from
the reduction in operating costs 1is considerable. Second, the
range of alternative projects from which to choose is not likely
to be "continuous." Thus, if the railway company is just unable
to afford the investment in its "most preferred" alternative,
the "next most preferred” alternative may offer significantly
fewer benefits than the "most preferred" alternative in terms of
construction costs and operating savings.

The second factor which renders the trade-off decision
difficult to make in practice is the necessity for the accurate
estimation of construction costs, since the alignment should be
adopted only if the operating savings relative to alternative
investments will outweigh the cost . of the initial
investment. Clearly, the difficulty of'accurately forecasting
costs is a problem which pervades all project
evaluations. However, the difficulty 1is particularly acute in

the field of mountain railway location, where contingencies are
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often difficult to foresee, and cost overruns easy to incur.

The final factor which renders the trade-off decision
difficult to make in practice is the necessity for the accurate
estimation of operating savings. This in turn requires the
accurate forecasting of future traffic volumes over the proposed
alignment. Again, this is a difficulty common to all project
appraisal. Again, too, however, the difficulty is particularly
acute in the field of mountain railway location, where the scale
of investment costs which must be recovered 1is usually large,
and where flexibility to cope economically with extremes of
traffic levels is difficult to incorporate into the proposed
facility.

Thé role of these three factors in shaping the trade-off
decisions which were made by the C.P.R. through the Selkirk
Mountains will be described and discussed in the remainder of
this thesis. This analysis will discern and appraise the answers
which the C.P.R., as revealed by their investment decisions,
appear to have reached on the two questions posed above. The
issue of "appropriateness,"” as elicited 1in response to each
guestion, clearly involves more than simply engineering
principles and economic costs and benefits. It involves the
crucial matter of timing. When, and for how 1long, 1is an
alignment to be considered ‘"appropriate"? When should the
investment be undertaken which 1is intended to secure a "more
appropriate” alignment, and for how long 1is it intended that
this alignment should be "more appropriate”? In analysing the
nature and rationale of the trade-off decisions made in Rogers

Pass, this thesis must perforce examine the manner in which the



C.P.R. addressed this crucial issue of timing.
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FOOTNOTES

! This discussion has no pretensions to be a comprehensive
review of the engineering principles of mountain railway
construction and operation, nor is it intended as such. For a
thorough and contemporaneous treatment of the field of railway
engineering, see, for example, A. M. Wellington, The Economic
Theory Of The Location Of Railways , New York, John Wiley &
Sons, Inc., 6th edition, 1915; C. C. Williams, The Design Of
Railway Location, New York, John Wiley & Sons, Inc., lst ed.,
1917; W. L. Webb, Railroad Construction, Theory And Practice,
New York, John Wiley & Sons, inc., 8th edition, 1926.

2 Wellingfon, op. cit., Table 170, pp. 544-551.
3 See below, pPp. 21-23.

* "Considerably over half of the deterioration of track comes
from the passage of engines over it, and the remainder only from
the passage of cars, which may weigh ten or twenty times as
much." Wellington, op. cit., p. 701.

* Williams, op. cit., p. 219.
¢ Ibid., p. 265.

? I1bid., p. 219. My italics;
* Ibid. '

* Ibid., p. 220.

1 Unless the gradient is operated either by momentum or by
balancing traffic. See note (6) above.

'* "It is a truth of the first importance, that the objection to
high gradients is not the work which engines have to do on them,
but it is the work which they do NOT do when they are thundering
over the track with a light train behind them, from end to end
of a division, in order that the needed power may be at hand at
a few scattered points where alone it is needed." Wellington,
op. cit., pp. 589-590.

'?2 Williams, op. cit., pp. 266-7.

'3 "The rate of grade should be such as to require the full
power of the pusher engine in addition to that of the regular
engine to ‘handle the maximum load over the balance of the
section, as this will reduce the length of the pusher grade and
consequently the pusher engine mileage." F. F. Busteed, "The
Saving Effected By Grade Reductions," in, C.P.R. Co.,
"Proceedings Of ' The Meeting Of Western Lines Officials Held At
Field, B.C., February twelfth and thirteenth nineteen hundred
and six." Public Archives of British Columbia, Victoria, B.C.
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(henceforth "PABC,") NWp 971B C225pr. p. 62.

14 "The maximum efficiency 1in operating pusher engines 1is
obtained when the pusher engine is kept constantly at work, and
this is facilitated when the pusher grade 1is as 1long as
possible, that 1is, when the heavy grades and the great bulk of
the difference of elevation to be surmounted 1is at one
place. For example, a pusher grade of three miles followed by a
comparatively level stretch of three miles and then by another
pusher grade of two miles cannot all be operated as cheaply as a
continuous pusher grade of five miles." Webb, op. cit., pp. 580-
81.

ts  ",..the condition that the pushers must be kept busy and be
always on hand to have them economical must be remembered. The
larger the traffic of the road the more easily can this be
assured, and consequently the more frequently can pushers be
used.” Wellington, op. cit., p. 606.

1¢ Williams, op. cit., p. 296.
7 Webb, op. cit., p. 563.

*# It should be noted that compensation is also required in
railway tunnels which are 1located on gradients. Here, the
increase 1in resistance 1is due to damp rails and increased air
resistance within the tunnel.

** See above, p. 3.

¢ "Whereas European engineers inclined to a permanent type of
construction, American railroads were often best built when most
cheaply built, with 1light rails, sharp curves and steep
grades. Only such roads could expect to earn interest on their
investment, 1in view of the scant population of the country and
the pioneer character of many of the early enterprises."
S. Daggett, Principles Of 1Inland Transportation, New York,
Harper, 4th edition, 1928, pp. 63-64.

2! P, F, Busteed, op. cit., p. 62.
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CHAPTER 3

RAILWAYS AND ROGERS PASS

The purpose of this cﬁapter is to gelate the engineering
and economic éoncepts of the previous chapter to the specific
circumstances of railway construction and operation in Rogers
Pass, B.C. The chapter is divided into three sections. The first
section describes the physical and climatic characteristics of
the Selkirk Mountains, and considers the implications of these
characteristics for railway location and operation. The second
section explains why Rogers Pass was selected from the
alternative routes available for the location of the
transcontinental main line through the mountains of B.C. The
third section examines the specific expectations which the
C.P.R. harboured for the impact of these <characteristics upon

prospective constructional and operating conditions in the Pass.

3.1 Rogers Pass

The direct route west from the foot of the Kicking Horse
Pass crosses the northerly flowing Columbia River, and 1is then
faced by the great mass of the Selkirk Mountains (See
Map I). These mountains pose a number of problems for the
construction and operation of railways. These problems are
related to the location, the topography and the «c¢limatic

characteristics of the Selkirk Mountains.
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a) Location

The Selkirk Mountains form a chain lying to the west
of the Rocky Mountains. They are divided from them by
the Columbia Valley, running approximately north and
south, and through which the river of the same name
flows. This river sweeps round the northern extremity of
the Selkirk chain, forming what 1is called the 'Big
Bend,' .and then flows southerly into Oregon Territory,
scooping out a deep valley, which divides the Selkirks
from the Gold Range, 1lying further to the west. The
Selkirks are thus bounded on either side, and enclosed
at their northern end, by the Columbia Valley. Their
length is about 250 miles 1in Canadian Territory, and
width from 50 to 80 miles.?

Situated just inside, and parallel with, the eastern border
of B.C., the Selkirksl are the second of four great mountain
ranges, the Rockies, the Selkirks, the Gold Range and the Coast
Range, which stand astride southern Canadian routes from the

prairies to the west coast.

b) Topography

In general character (the Selkirks) are lofty,
rugged, and steep; intersected and diversified by narrow
passes, and precipitous, rocky canons [sic]. The height
of the highest peaks is ten or eleven thousand feet
above the sea; long parallel ridges of not much inferior
elevation may be frequently observed in close proximity,
forming between them a narrow V shaped valley, whose
sides extend upwards, at an even and very steep slope,
for five or six thousand feet, and along the bottom of
which there flows a turbulent mountain stream.?

A "low capital cost” railway location, intending to follow
the natural alignment of the terrain,?® would necessarily seek
these narrow passes as corridors through the mountains. However,
the valley floors in the Selkirks are poorly drained, marshy,
and densely overgrown.* Even today, the Trans - Canada Highway
is compelled to skirt these areas by taking to the valley sides.
Thus, even where level valley floors exist,_and.where they are

wide enough to accommodate even a single line of railway, no
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track can be laid without massive investment in ground clearance
and drainage. Instead, track must be thrown up the valley sides,
clear of the area prone to flooding.' |

Moreover, where the valley floors are drained; the streams
descend very steeply towards the major rivers, too steeply to be
followed by railway lines. In seeking less precipitous descents,
tracks neceésarily diverge from the river valleys and are thrown
high wup the wvalley sides.® They must then be "developed" in
order to reaéh the valley floors by practicable gradients,
thereby incurring increased distance and curvature.

The necessity of abandoning the valley floors and seeking
the mountain sides, whether induced by the narrowness of the
valley, poor drainage or steeply flowing rivers, has six
consequences adverse to railway construction and operation.
First, 1t entails steep gradients, in order to reach the refuge
of the valley sides and then return to the valley floor where
possible. Second, it involves construction through the densely
forested valley sides, which would be scarcely less expensive to
clear than the dense undergrowth of the marshy valley floors.
Third, it entails extensive cutting 1into the side of the
mountain above the valley floor, in order to carve out a "bench”
upon which to lay the rails. The extent of this cutting is
increased by "development" of the 1line. Fourth, it involves
‘increased expenditure upon the securing of a stable foundation
for the 1line over these "benches," since in the Selkirks, "the
rock being for the most part...clay and slate shales...crumbles
and degrades easily under the action of the weather, and large

masses of debris are thus constantly Qéthering in the wvalley
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bottoms, while the mountain sides are deeply scarred by gullies
and fissures."® Fifth, it involves bridging these gullies and
the many mountain streams, all of which are avoided in an
alignment along the valley floor.’ The bridges may beishort, but
the crossings will be high above the gullies and streams, and
the bridging will therefore be expensive and complex. Moreover,
allowance must be made} in both the length and thé strength of
the bridges, for the violent flooding of these many streams.
This flooding, the result of warm weather melting "the snow-
fields and ice masses..., may occur at any period of the summer
months, and may last for days, or perhaps weeks."® Finally,
location along the - mountain  side leads the tracks
perpendicularly across the paths of avalanches descending from
the peaks above to the valley floor beneath. This problem of
avalanches will be examined further in the consideration of

climatic characteristics below.

c) Climate

The Selkirk chain forms, as it were, a lofty wall
running north and south. Being very much higher than the
mountains to the west, it is the first and chief barrier
that the moisture laden currents of air from the Pacific
Ocean encounter on their eastward passage. This warm air
is intercepted and the moisture condensed by contact
with the cold Selkirks, entailing heavy rain in summer
and deep snow in winter...’

The average annual snowfall ranges from thirty to fifty
feet,*® falling mostly between October and April,!! and falling
much more heavily upon the western slope than upon the eastern
slope.*? " The heavy snowfall, coupled with high winds and the
steep, fissured profile of the mountains, creates 'a severe

avalanche danger. The severity of the danger 1lies in the
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velocity of the avalanches, the volume of snow which slides, and
the weight of that snow. Hard-packed and frozen, the snow alone
may weigh from 25 to 38 lbs. per cubic foqt,‘and the force of
the slides may tear down whole trees or rocks and carry them
into the valleys with the avalanche.!?

The time of year when slides are largest and most
frequent is from the middle of January to the latter
part of February. These are 'winter slides,' formed of
large masses of quite dry snow. In March and April there
are numerous 'sun slides,' caused by the melting of the
snow and ice, but these are not of any importance as
compared with the others.®*

The incidence of these slides poses a considerabl€e seasonal
hazard to both the construction and the operation  of
transportation corridors through the Selkirks, and greatly
increases the expense of keeping open those corridors. It has
already been noted that ‘in being compelled to abandon valley
floors, railway lines would be forced direétly across the paths
of avalanches on the mountain sides. However, even the valley
floors do not necessarily provide a refuge from the avalanches.
Many of the valleys are too narrow to permit the slides to "run
off" harmlessly, and the larger avalanches acquire sufficien£
momentum to cross the valley floors and travel considerable
distance up the sides of the mountains opposite. .

Structures intendea to defend railway lines from the slides
must be strong eﬁough to withstand not merely the weight of the
cumulative snowfall, nor even the strength of the avalanches
themselves, but also the weight of the falling rocks and trees
- which accompany the slides. Clearance of the snow slides alone

would be arduous and expensive enough: many of them would cover

several hundred feet of 1line, sometimes to a depth of over
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thirty feet.'® The presence of rocks and trees 1in the debris
exacerbates the <clearance problem, particularly if mechanical

ploughs are used in the clearing operation.

This introduction to the geography of the Selkirk Mountains
has highlighted the physical constraints upon railway location
and operation in those mountains. The constraints are imposed by
the topography and the climate of the Selkirks. It should be
noted that these constraints are to a consideréble extent
peculiar to the Selkirk Mountains. In the Rockies, the valley
floors are generally wider, better drained and less overgrown,
and are thus eminently suitable to accommodate transportation
corridors. Moreover, being situated further east than the
Selkirks, they receive a far lesser snowfall, mitigating the
problems of avalanches and snow clearance. Even in the Sierra
Nevada, which experiences considerable snowfall and avalanches,
the problems are far less severe than in the Selkirks, £for the
snow itself 1is much 1lighter, and the snow slides do not
generally displace rocks and trees.!'®

Moreover, the constraints are to a considerable extent
peculiar to the location and operation of railways. Due to the
superior adhesion, acceleration and cornering capabilities of
road vehicles, highways may follow the severe gradients of the
mountain streams, or may alternatively choose both severe
gradients and curvature as means of avoiding avalanche paths,
gullies or flooded valleys. These alternatives are available to
rail in only limited measure.

Thié analysis of the implications of the physical and

climatic characteristics of the Selkirk Mountains for railway
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constfuction and operation‘has revealed that the nature of the
terrain would pose a formidable challenge to the location of a
rail corridor from the prairies to the west coast. One may
legitimately wonder why and how a transcontinental rail 1link
could be expected to penetrate this awesome natural barrier
against communication. The next two sections of this chapter

will endeavour to answer these questions.

3.2 The Selection Of Rogers Pass For The First Transcontinental
Rail Llnk

The purpose of this section is to explain why Rogers Pass
was selected as one segment of the route by which the
C.P.R. would cross the mountains which stood between the
prairies and the west coast. As a result of this decision, the
C.P.R. would be for ever implicated in the struggle with the
adverse physical and climatic characteristics outlined above. It
should be noted that the selection of Rogers Pass for the
transcontinental 1link was the consequence of two separate but
interrelated decisions. The f;rst decision addressed the
question of the general alignment which should be adopted in
crossing the western Canadian mountains. The second decision -
addressed the gquestion of the specific location which should be
adopted in‘crossing the Selkirk Mountains of B.C. This analysis
will concentrate upon the second of these questions, partly
because the first gquestion has been discussed thoroughly
elsewhere, !’ and partly because the second question reveals more
than the first question about the manner in which the trade-offs
elaborated in Chapter 2 were handled in the particular

environment of the Selkirk Mountains.
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The need to cross the Selkirk Mountains could have been
avoided entirely had the C.P.R. adhered to their original
contract and constructed the main line through the Yelloﬁhead
Pass via Jasper House. Such a  route 'would have had maximum
gradients of one per cent., and would have been free from snow
slides.!® However, shortly after the C.P.R. had been awarded the
contract to build the transcontinental main line, in 1881, a
search was initiated for a more southerly route across the
prairies and through the mountains. By 1883, the Yellowhead Pass
alternative had been abandoned.

It is not proposed to reopen the controversy which
surrounds the rationale for this abandonment decision. The
objective of the C.P.R. in seeking a more soufherly route was
ostensibly to obtain a shorter line.'® This saving in distance
was equated by the C.P.R. with a reduction in future operating
costs,?°® and with an improvement in their capability to compete
with American rivals for transcontinental traffic.?® In order to
secure these savings, it appears that the C.P.R. was prepared to
~sanction higher construction costs on a shorter line through the
mountains.*? However, the decision to abandon the Yellowhead
Pass may also have been motivated by political considerations,
since a route further south would more readily forestall the
economic encroachment of the United States 1into both the
Canadian prairies and southern B.C.??

Certainly, the decision to reject an extreme southern
crossing of the mountains appears to have been dominated by
political considerations. Sir Thomas Shaughnessy, third

President of the C.P.R., would later assert that the Company
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"would have preferred to build via the Crow's Nest, but the
Government of the day did not approve this, as the line would be
too close to the International Boundary. As a consequence the
present route was adopted."?*

That "present route" would penetrate the Rockies through
the Kicking Horse Pass and the Selkirks through Rogers Pass. It
was the decision to follow the Kicking Horse Pass which made
necessary a decision concerning the appropriate crossing of the
Selkirk Mountains., Two alternatives were available. An alignment
could be followed around the Big Bend of the Columbia Valley,
skirting the northern extremity of the range, or, alternatively,
a direct crossing could be sought through the Selkirks.

The C.P.R.'é evaluation of these alternatives will now be
assessed. From this assessment, it will be possible to analyse
the manner in which the C.P.R. handled the trade-offs explained
in Chapter 2. The analysis will be instructive for the appraisal
of later trade-off decisions made by the C.P.R., because the
trade-offs made in the Selkirks appear not to have been coloured
by political considerations, but to have been based purely upon
principles of transportation economics.

The length of the Big Bend route was estimated at 140
miles, and it seemed "quite certain that gradients of 80 or 90
feet per mile would have to be wused 1in places."2?® Since the
fuling gradient . elsewhere on the C.P.R. system was to be 52.8
feet per mile,?¢ these sections of the Big Bend route would have
to be operated as pusher gradients. Moreover, since the
gradients would be short and dispersed, the pusher operation

would be difficult to conduct economically. Finally, the
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adoption of the lengthy alignment around the Big Bend would not
necessarily preclude the need for tunnelling, although no
estimate has survived of the actual length of tunnelling which
might have been required.?’

When the C.P.R. applied for statutory authority to abandon
the Yellowhead Pass, the Big Bend represented a "fail-safe"
alternative on the southern route: it could be adopted as a last
resort 1if no direct crossing of the Selkirks could be found.?®
However, if the C.P.R. had been driven to adopt the Big Bend,
the potential saving 1in distance on the southern route, which
had induced them to abandon the Yellowhead Pass, would have been
eroded to between thirty-five and forty-five miles.?*® It is
doubtful that the savings in the cost of operating this
distance, particularly over the potentially uneconomical pusher
gradients, would have offset the increased construction costs
which were anticipated in the Kicking Horse Pass.?®° If adoption
of the southern route were to be justified on economic grounds,
therefore, the C.P.R. had to be prepared to invest even more
heavily at construction time 1in order to ensure that the
distance and cost of operating afound the Big Bend would be
saved. As the C.P.R.'s General Manager, Van Horne, freely
admitted, "'to save this distance work will be undertaken that
would ofdinarily be considered impracticable on account of
expense,'"?®? |

It was therefore understood and expected that a direct
crossing of the Selkirks would necessitate a heavy "immediate"
investment. The exact amount which the C.P.R. was prepared to

invest in order to secure the saving in distance is not known,
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but an interesting revealed-preference function may be deduced,
which offers at least a general indication of the extent of that
preparedness.

The engineer Walter Moberly, 'having discovered Eagle Pass
through the Gold Range in the 1860's, sought to link it with a
pass through the Selkirks, but in 1871 he had abandoned his
surveys with the conclusion that such a pass "would be
impracticable for a railway unless a long tunnel, probably 14 to
15 miles 1in 1length, should be-excavated through the Selkirk
range."*? The report of the necessity for this length of
tunnelling probably expedited the Federal Government's decision
in favour of the Yellowhead Pass, announced while Moberly was in
Victoria, having returned. from his 1871 explorations.??

Ten years later, when the C.P.R. requested permission to
adopt a southern route, the expectation was still that "some
lbng tunnels" would be required'ih order to secure a direct
crossing of the Selkifks.“‘ Although, as has been noted above,
the C.P.R. was prepared to undertake "work...which would
ordinarily be considered impracticable on account of expense,"”
it is not clear that they regarded this amount of tunnelling as
acceptable, for they continued to reserve the option of building
around the Big Bend.®®

The amount of tunnelling which the C.P.R. was prepared to
accept appears to have been a maximum of 2 1/2 miles, for it was
only at the end of the 1882 surveying season, after Major A. B.
Rogers had established that no more tunnelling than this would
be required if a route through Rogers Pass were to be adopted,

that the C.P.R. applied specifically for permission to locate
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the line directly across the Selkirks.®¢ When even this amount
of tunnelling proved not to be neceésary in order to secure
racceptable gradients, the direct crossing via Rogers Pass became
clearly preferable to the «circuitous passage around the Big
Bend, saving some seventy-seven or eighty-seven miles of
mountain railway construction.?’

The sketching of this preference function has offered some
insight into the extent to which the C.P.R. was prepared to
undertake "immediate" investment in order to secure future
operating savings. It is necessary now to establish the extent
of the operating savings which the C.P.R. would require in
~return for its willingness to accept higher construction costs.
Again, no guantitative data is available. Again, too, however,
it 1is possible to obtain some insight into the trade-off from
the evidence of preferences, both revealed and explicit.

Evidence of revealed preference 1is available in the
C.P,R.'s preparedness to accept gradients steeper than initially
projected on the Rogers Pass route. Rogers, when surveying the
Selkirks in 1881, had initially reported "a grade not to exceed
sixty-six feet to the mile between Kamloops and the North Fork
of the Illi-cille-want [sic], and from thence to the summit of
the Selkirks not to exceed eighty feet to the mile."?*® After the
following year's surveys, he was compelled to revise these
estimates upwards, locating "a line ascending westerly for a
distance of twenty miles to the summit of the Selkirks at the
rate of 105 6/10 feet per mile, and descending the western slope
at the same rate for‘the same distance..."®® Nevertheless, the

C.P.R. was élearly aware of this gradient system when they
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applied for permission to exploit Rogers Pass, and was clearly
prepared to accept it.*°

When Rogers later recommended that the gradients again be
revised upwards, to 116 feet per mile,*® it was still not
expected that the revision would negate the advantages of Rogers
Pass over the Big Bend; "(I)nasmuch as assistant engines would
be required on a grade of ninety feet as well as on one of 116
feet per mile...,"*? Dbetter utilisation could be anticipated
from pushers over the Selkirk summit than from pushers on
scattered gradients around the Big Bend. Therefore, the savings
in distance would not be offset by the costs of having to
operate over the steeper gradients.

Evidence of explicit preference 1is available from Van
Horne's own retrospective explanation of the trade-off decision.
In his evaluation, Van Horne assumed that no pusher gradients at
all would be required on the Big Bend. Therefore, the savings in
distance over Rogers Pass would be offset by the £full cost of
the pusher operation which would be required on the summit
route. Even under this assumption, however, the Rogers Pass
alternative was still preferred. Explicitly, the anticipated
savings in distance would offset the cost of operating over
steeper gradients.*® Implicitly, from the above evidence of:
revealed preference concerning construction costs, it may be
inferred that the savings 1in distance were also expected to
offset the potentially higher cost of construction through
Rogers Pass.

From the evidence of both revealed and explicit preference,

it is clear that the prime factor in influencing the decision to
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adopt Rogers Pass was the anticipated saving in operating costs,
and in particular, in the operating cost of distance. Insofar as
this saving in the operating cost of distance was equated with
an improved capability to compete for through traffic, the
manner in which the trade-off decision was handled in the
Selkirk Mountains was consistent with the stated objectives
which had prompted the search for a more southerly location.**
This analysis explains why the main 1line of the first
Canadian transcontinental railway was located through Rogers
Pass. The decision to dismiss the Yellowhead Pass and Crow's
Nest Pass alternatives was based at least partly upon political
grounds. Nevertheless, it 1is by no means clear that this
decision was inconsistent with a decision which would have been
based purely upon principles of railway economics. With the
selection of Rogers Pass, it appeared that the objectives which
the more southerly location was intended to achieve had been
fulfilled, and that the trade-off which the C.P.R. had been
prepared to make, that of incurring higher construction costs
immediatelylin order to save operating costs later, had been
made. Indeed, when Rogers Pass was selected from the
alternatives, it was not at all clear that construction costs
would be higher 1in building through the Pass than they would
have been in building around the Big Bend, for although the
C.P.R. had been prepared to accept 2 1/2 miles of tunnelling if
it had had to, in practice there were virtually "no tunnels
necessary."*® Moreover, although the C.P.R. had been prepared to
accept that the cost of the pﬁsher operation over Rogers Pass

would offset some of the saving in distance, in practice it 1is



likely that the cost of the pusher operation over Rogers Pass
was actually less than the cost would have been of the pusher
operation which would certainly have been required around the
Big Bend.

The selection of Rogers Pass, therefore, was not merely a
necessary expedient. It was not an alternative forced upon the
C.P.R. by the Combany's blind decision to enter the Rockies via
the Kicking Horse Pass with no sure knowledge of its means of
exit.*® Rather, it was a positive choice. It represented a sound
solution to the problem of crossing the Selkirk Mountains by
rail. The C.P.R. was well pleased,*’ and expectations were high.
It is appropriate now to consider the nature of these

expectations, and the foundations for optimism.

3.3 The Expectations Of The Builders

The purpose of this section 1is to examine further the
expectations which the C.P.R. harboured for construction and
operating conditions over Rogers Pass, prior to the actual
construction and inception of the transcontinental link. The
examination highlights the gap between the C.P.R.'s expectations
of the route, and the realities which will be ‘examined in the
following chapter. The analysis of the C.P;R.'s specific
expectations in Rogers Pass will examine five distinct areas of
constructional and operational concern. These areés are the
character of construction work, the cost of construction, the
time required for  construction, the methods of operation,
including forecasts of traffic volumes, and the necessity for

' protection of the facility from snow slides.
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a) The Character Of Construction Work

On first traversing the Pass in 1882, Rogers himself had
felt "entirely safe in reporting a practicable line through this
range," although he expected that the work would be "very heavy
and éxpensive."‘“ The following year, after further surveys,
Rogers again reported optimistically: "Through the Selkirks the
‘'work 1is more uﬁiformly distributed than through the Rockies and
presents no special engineering difficulties and for mountain
work may be considered moderate, the percentage of rock being
unusually small."*® Tunnelling was expected not to exceed 1,200
lineal feet on the entire distance across the Selkirks, in
comparison with 1,800 feet on the Upper Kicking Horse, 1,400
feet on the Lower Kicking Horse and 2,200 feet in the Columbia
Canyon.®*° In a "Memorandum of the General Character of the
Work," ©prepared 1in February 1884, the C.P.R.'s Chief Engineer
observed that,

From the east foot of Selkirks to mouth of Eagle Pass:-
The work may be considered moderate for mountain
work, being largely composed of gravel,"®!
Again this contrasted with conditions in the Rockies, where, on
the west slope, 1in the Chief Engineer's estimation, "The work
may be classed as generally heavy, with some short distances
very heavy."®? In September 1884, mere months before
construction through the Selkirks commenced,®® S. B. Reed, tﬁe
engineer who had 1located the mountain section of the Union
Pacific Railroad, reported that,
The line over the Selkirk Mountains, a distance of
sixty-three miles, 1is remarkably easy to construct,
there being comparatively little rock excavation, and

but one short tunnel. The great bulk of the work will be
in earth and loose rock.s*
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b) The Cost Of Construction

Few épecific forecasts of construction costs in the
Selkirks survive.®® In February 1884, the House of Commons of
Canada had been 1informed that the C.P.R.'s estimate for the
entire distance from the summit of the Rockies to Kamloops was
$12 million,®*¢ an average of $44,776 for each of the 268 miles.
When Reed travelled the route in August 1884, he calculated
that, "between the summit of the Gold Range and the summit of
the Rocky Mountains...this section of the road can be
constructed at an average cost not exceeding thirty three
thousand dollars ($33,000) per mile."®?” Reed's glowing
conclusion was that,

In view of the rugged mountain country, through
which the line passes, from Savonna [sic] Ferry to the
summit on the main range of Rocky Mountains, a distance
of two hundred and ninety miles...you have an
exceedingly cheap 1line to build, costing far less per
mile than the mountain work of the Union and Central
Pacific roads."®®

The more conservative estimates which the C.P.R. formulated
for submission to the Federal Government the next month forecast
an average cost for this same section of some $37,000 per mile,
and the forecast cost of construction across the Selkirks was
actually slightly below this average.®® Even if it is assumed
that the Big Bend could have been operated as cheaply as the
direct crossing, construction costs around the Columbia River
would haQe had to have been less than $20,000 per mile for the
Big Bend route to have represented a cheaper overall solution

than the Rogers Pass route to the problem of crossing the

Selkirk Mountains by rail.®®
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c) Time Required For Construction

In their original contract with the Federal Government, the
C.P.R. had been committed to complete the entire
transcontinental facility within ten years, that 1is, by May
1891. Rapid progress across the prairies was doubtless a major
factor in enabling this deadline to be brought forwards, but the
location of a direct route through the Selkirks, and the
optimistic projections of its engineering feasibility, must also
have contributedv to the revision of the target. When the
C.P.R.'s President, Sir George Stephen, reported the discovery
of Rogers Pass to the Marquis of Lorne in September 1882, he
volunteered:A"Expect to have the whole 1line from Montreal to
Pacific Ocean open by January first, 1887,"¢* over four years
sooner than the contracted deadline. By December 1882, even this
expectation had been revised. Stephen stated that the
C.P.R. expected "to complete their own work across the
mountains" during 1885.°¢? Up to this time, the Lake Suyperior
section was expected to be the last completed, being scheduled,
to open during 1886.°¢° These expectations were unchanged a year'
later, when the C.P.R. concluded a contract for financial
assistance from the North American Railway Contracting Company
which stipulated completion of the mountain section by December
31, 1885, and completion of the Lake Superior section by
December 31, 1886.°¢* When this contract lapsed, and the Federal
Government again intervened with loans to the C.P.R., the
expectations were revised. The C.P.R. undertook completion of
the entire project by May 1886, thus buying time in the

mountains at the expense of time on Lake Superior.®® In May
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1884, Van Horne confided to Major Rogers, "(W)e hope that the
men on construction from the East will reach the second crossing
6f the Columbia and possibly Eagle pass by fhe end of this
year..."¢¢ Slow progress down the western slope of the Rockies®’
only slightly tempered this confidence. In September 1884, Van
Horne assured the Directors, "I think there will be no
difficulty in completing the mountain section within a year from

this date..."®®

d) Operating Methods And Traffic Forecasts

As the above analysis demonstrated;" the C.P.R. was aware
when Rogers Pass was discovered that whether the main line
followed the Big Bend or traversed the Pass, a pusher operation
would be required for either alternative. Several arguments were
advanced in favour of the pusher operation over Rogers Pass. The
pusher gradients would be concentrated within twenty miles on
either side of the Selkirk summit,’°® permitting intensive
utilisation of the pusher fleet. The summit itself was
"represented as being admirably adapted for the 1location of a
depot for marshalling trains, being practically level for a
distance of about three quarters of a mile."’* Moreover,
"considering the fact that the heavy grades in the Selkirk Range
are embraced within a comparatively short distance, their
disadvantage is very little as compared with the great savings
in through distance."’? Less pusher capacity would be wasted
over Rogers Pass than on the lighter pusher gradients around the
Big Bend.’® Finally, since the only other pusher gradient was

expected to be for twenty miles on the west slope of the
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Rockies,’* the pusher gradients in thé Selkirks complemented the
gradient system of the entire transcontinental railway, a system
which compared favourably with those of the Central and Union
Pacific Railways, the standards of which had prbvided the model
for the C.P.R.’®

It is likely that these arguments alone would have sufficed
to persuade both the C.P.R. Directors and the Federal Government
that the pusher operation over Rogers Pass would not be
detrimental to the movement of traffic through the mountains of
B.C., but rather, in conjunction with_the saving 1in distance,
would be a strength of the southern route. Two further arguments
in favour of the pusher operation were preserited by the C.P.R.

The first was that traffic requiring transit through the
mountains would be light "for a number of years to come."’¢
Therefore, a small fleet of pusher locomotives would suffice to
handle the business. In the Rockies, Van Horne forecast that
"three, or at most four, trains each way per day will carry all
the business to be done...,"’’ and expressed the belief "that in
the case of passenger trains double locomotive service will
seldom be required; ordinarily the substitution of a heavy for a
light locomotive will answer the purpose."’® The forecasts of
traffic volume appear internally inconsistent with the boasts of
timber and mineral resources vaunted by both Stephen’® and Van
Horne.®°® Nevertheless, Van Horne was confident that such traffic
as was carried through the mountains would be carried
profitably.®? |

The second argument was "that the preponderance of through

traffic across the continent (would be) largely west bound, and
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that the two heavy gradients rising eastward might therefore be
"still heavier without material disadvantage."®? This forecast
flatly contradicted these generated by members of the B.C. Board .
of Trade, which emphasised eastbound flows from B.C.®> However,
the argument does highlight the "system” implications of the
pusher gradients over  the Selkirks. Oon the entire
C.P.R. transcontinental "system," a westbound preponderance of
traffic was preferable, since this was revenue traffic, and the
trains conveying revenue traffic would have to be tailored to
only one restrictive ruling gradient, while 1longer trains of
empties, generating zero direct revenue, could be hauled against
the two adverse eastbound ruling gradients.®* Thus, the traffic
imbalance would actually reduce the total joint cost of the
operation. Within the Selkirk Mountains themselves, however,
since the pusher gradients were expected to be of approximately
equal length, a perfect balance ef flows would be optimal, in
order to ensure even utilisation of motive power on either side
of the summit. An imbalance in favour of either direction would
be equally costly, but the actual direction of the imbalance

would be irrelevant to the economics of the pusher operation.

e) Snowslide Protection

The C.P.R. had 1long been aware of potential avalanche
problems in crossing the Selkirks directly.®® They had accepted
Rogers' recommendation that gradients through Rogers Pass be
increased from 105.6 feet per mile to 116 feet per mile, "in
order to avoid some points where dangerous snow slides are to be

‘feared."®*¢ This recommendation had been relatively‘"cheap" to
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implement,®’ but further gradient increases in order to avoid
slides were impracticable, since they would entail a éostly
increase in the ruling gradient of the system, and breach of
their original contract, which had stipulated maximum gradients
of 2.2 per cent. compensated. Tunnelling in order to .avoid
avalanches does not appear to have been considered at
construction time.®® Instead, where avalanche paths_could not be
avoided, the C.P.R. intended to protect the main line with snow
sheds. When Rogers had first traversed the Pass, he had felt
"assured that the distance in which difficulties may be expected
in crossing the Selkirk Range will be reduced to ten or twelve
miles."*® As late as August 1884, Reed, making the same
crossing, would report thét "evidences of snow slides were seen
at and near Roger's [sic] Pass, in the Selkirk Range, also near
the summit of the main range of the Rocky Mountains, but the
aggregate distance on which these occur does not exceed fifteen
miles."?° He admitted that, "A number of snowsheds will probably
be required for the protection of the track," but pointed out
that "nearly fifty miles of these are in successful use on the
Central Pacific road."’! Thirty-two miles of these sheds had
cost $1,731,000 in the 1860's.°? 1In March 1885, the C.P.R.

estihated that $450,000 would be required for the construction
of snowsheds 1in the mountains®?®: if they were expecting to be
able to cbnstruct their sheds for the same cost as the Central
Pacific had incurred, they could expect to completely cover with
snowsheds at least eight miles of those fifteen troublesome

miles identified in the mountains.

This detailed investigation of the specific expectations
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which the C.P.R. harboured for construction and operating
conditions over Rogers Pass prior to the actual commencement of
work in the Selkirks reveals the particular grounds upon which
rested the Company's satisfaction in securing a location through
Rogers Pass and their confidence in contemplating future
operations over the Selkirks. Construction was expected to be
relatively easy and significantly less costly than alternative
routes. Adoption of the Rogers Pass route would enable early
completion of the entire transcontinental facility, and the
rapid generation of revenues from through traffic with which to
support subsequent improvements to the line. The pusher
operation over the Selkirk summit would complement the gradient
system of the entire transcontinental facility, and it was
expected that the avalanche problem, which did not appear unduly
burdensome when set ‘against conditions experienced by rival

railways, would be effectively eliminated by a modest capital
outlay at construction time.

The results of this investigation reinforce the conclusion
reached in the second section of this chapter, that the Rogers
Pass route appeared to offer a positivély sound rather than a
merely expedient solution to the problem of breaching the
Selkirk Mountains by rail. The C.P.R. had been prepared to
undertake heavy ."immediate" investment in order to obtain
operating savings in the future. Yet not only did the operatiﬁg
costs over Rogers Pass appear likely to be far 1less than
operating costs around the Big Bend, but it seemed that a heavj
"immediate" investment of capital would not be necessary in

order to -obtain the savings in operating costs. Thus, although
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the C.P.R. had been prepared to make a trade-off between
construction costs and operating costs, it seemed that they
would not in practice have to make such a trade-off,_ for the
Rogers Pass route represented the least-capital-cost and least-
operating-cost solution.

Moreover, the decision to adopt Rogers Pass in preference
to the Big Bend was much less controversial than the decision to
adopt the Kicking Horse Pass in favour of the Howse Pass through
the Rockies. The engineers Fleming, Hogg, Rogers and James RoOSS
were each independently dispatched through the Howse Pass 1in
various attempts to establish the feasibility of that
‘alternative. It was not until November 1883, after the railhead
had already advanced far to the west of Calgary, and after even
more surveys through Howse Pass had been undertaken, that Ross,
the manager of <construction in the mountains, would admit to
feeling "quite satisfied that we have sebﬁred beyond doubt the
best 1line through the Mountains.”"®* The wrangling with the
Ministry of Railways and Canals which accompanied the submission
of the C.P.R.'s location plans for ~the western slope of the
Rockies?®’® and the Kamloops Lake sections’¢ was completely absent
from the submission of the profiles of the alignment over Rogers
Pass. These latter plans were approved and returned quietly,
quickly and without question during the autumn of 1884,°7 in
ample time for the commencement of construction through the

Selkirks the following spring.
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CHAPTER 4

REALITIES

The C.P.R. Management: :
"This is the climax of mountain scenery."?

The C.P.R. Customer:
"It is not too much to say that the Canadian Pacific
passage through the mountains 1is the greatest sermon
ever presented to man on the Divine Majesty. The artist

is inspired, the lover of nature satiated."?

The C.P.R. Employee:

"In the winter it was snow and frost. In the spring it
was snowslides, washouts and every other sort of trouble
known to railroading, and in the summer it was fires.
Just one continual round of pleasure -- if one liked
that sort."?®

The detailed expectations of the C.P.R. for the Rogers Pass
route having been analysed in the previous chapter, the purpose
of this chapter 1is to examine the realities which were
encountered in Rogers Pass, that is, the actual conditions of
both construction and operation which prevailed along the route.
Such an examination is necessary to ascertain the existence of
gaps between expectations and realities. Once the existence of
any gaps has been established, the specific objectives of
remedial measures undertaken by the C.P.R. to close these gaps
may be more «clearly understood, and the success of those
measures may be more readily evaluated.

Several compelling narrative accounts have been written of
the realities of construction through the Selkirks.* Evidence of
the methods by which railway operations were conducted through
Rogers Pass is, however, more fragmented. In order to preserve

the analytical character of the present study, and to facilitate

the 1identification of gaps between expectations and realities,
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the investigation of realities in this chapter will be similar
in structure to the investigation of expectations which was
undertaken in the final section-of the previous chapter. The
same five areas of constructional and 6perational concern will
be explored.

In the consideration of operating realities, the analysis
‘will be extended to include examination of remedial measures
adopted by the C.P.R., for it is recognized that, by their very
nature, ."operating realities"” are not static but dynamic in
character. They may change with each traffic movement, each
technological or managerial innovation, and it is management's
unremitting task to seek to narrow those gaps between operating
expectations and operating realities as far as they are able. It
is therefore appropriate that Part I of this thesis should
conclude in this chapter with some consideration of the extent
to which those gaps were narrowed by C.P.R. management in Rogers

Pass.

a) The Character Of Construction Work

Construction work in the Selkirks was dominated by three
constraints, those imposed by snowslides, financial pressure and
time pressure. The nature of these <constraints will be more
closely examined below.® This section will concentrate on the
impact which these constraints had upon the alignment which was
actually followed.

In order to secure cheap and rapid completion of a route
over the summit which could be made safe later, as traffic

developed, the Construction Manager, James Ross, had intended to
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undertake "temporary work in the way of building a line that can
be thrown further into the hillsides afterwards.”"¢ On the east
slope of the Selkirks, this approach could be implemented
successfully.’ However, Ross was quickly forced to concede that
the avalanche problem had been seriously underestimated,® and
that relocation would be required on the west slope in the
interests of safety.®

The alignment initially proposed by Rogers had descended
the west slope on the north bank of the Illecillewaet River,
that is, directly across the south-facing bluffs of Mount
Cheops. (See map 1II.) From observations conducted during the
winter of 1884-85, it was discovered that these bluffs, exposed
to the sun, "were literally ah almést continuous avalanche
path."!® The plan to undertake "temporary work (which) could be
used to work into the permanent line" proved untenable.®! Ross
estimated that "it will take 8,350 feet of shedding and about
1400 feet of tunnelling to operate the line with any safety over
these...slides."?? The previous vyear, 1in order to avoid the
capital cost and delay of building a 1,400-foot tunnel on the
west slope of the Rockies, the C.P.R. had obtained the
permission of the Federal Government to construct a temporary
line with éradients of double the maximum permitted in its
contract.'® A year later, confronted with an even more drastic
shortage of capital and an even more pressing need to generate
revenue from through traffic,'* they lacked resources of both
time and money to invest in a 1,400-foot tunnel and 8,350 feet

of shedding beneath snowslides.
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An alternative location was sought on the south bank of the
Illecillewaet. However, in order to reach the valley floor and
avoid crossing the highly active Ross Peak slide path, a
gradient much steeper than the contractual maximum of .2.2 per
cent. compensated would have been réquired.15 Even 1if the
C.P.R. had been prepared to increase its ruling gradient, it is
doubtful whether the federal Government, after having so
recently acceded to the controversial request for a temporary
line in the Rockies, would have granted permission for a second
deviation from the contract in the mountains.'¢® Instead, Ross
developed the line up the valley of Five-Mile Creek, a tributary
of the 'Illecillewaet, .and by inserting an elongated loop into
the alignment, contrived to reach the valley floor within the
~ contractual maximum gradient.?!’

The south bank of the 1Illecillewaet was less prone to
avalanches than the north bank.!® Moreover, the ‘5Loop" itself
carried the line into the centre of the Illecillewaét Valley by
means of five trestles, which had an aggregate length of 4,108
feet.*® Not only was the new alignment thus clear of slides from
both sides of the wvalley, but construction of the trestles
represented a far more rapid and less capital-intensive
alternative than tunnelling and snowshedding. Ross estimated
that his location would cost "some four to five hundred thousand
dollars less to make it a safer 1line,"?° and that it had
"several hundred degrees less curvature upon it" than upon the
original.??

However, the sharpest of these curves was 10° 30' at its

central angle,?? which was in excess of the contractual maximum
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of 10°, and the remainder of the Loop was built at that maximum.
The Federal Government had urged that curvature be reduced to
eight degrees whe;ever gradients exceeded sixty feet per mile.??
Whilst Van Horne had complied on the Kamloops Lake section,?®*
Ross warned that in the Selkirks the cost of compliance would be
"very heavy."?® Construction work on the new alignment was "very
heavy" too,?¢ contrary to the expectation of generally‘ moderate
work through the Selkirks. Finally, development of the line had
added over three miles to the length . of 2.2 per
cent. gradient,?’ and all of the additional distance opposed
eastbound traffic. Thus, the pusher gradient system within the
Selkirks was disequilibrated. Henceforth, the pusher gradient on
the west slope would be 24.5 miles long, against 21.5 miles on
the east slope.?® The disequilibrium favoured westbound traffic,
the direction forecast by the C.P.R. to preponderate. The extent
of the imbalance would not seriously increase the operating cost
of eastbound movements relative to westbound movements.
Nevertheless, the existence of the imbalance between the pusher
gradients meant that, if the relative balance of traffic flows
did accord with C.P.R. forecasts, the preponderance of the
eastbound flow might eventually pose a capacity problem which
would be more acute than it would have been had the pusher
gradients themselves been balanced.

The influence of capital and time constraints, which had
dictated the relocation west of the summit, was also manifest in
the character of the bridge- and tunnel-work undertaken through
the Selkirks. Bridging, with "good but uncreosoted timber,"?°®

represented a rapid, low-capifal—cost alternative to filling or
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diverting streams, although it imposed high subsequent
maintenance costs.®® In the 46.1 miles between Beavermouth on
the east slope and Albert Canyon on the west, there were no less
than 207 bridges, with an aggregate length of 19,349 feet.?®?
Five of these were each over one thousand feet long.?®? However,
perhaps more indicative of the margin at which the C.P.R. were
prepared to trade off immediate construction costs against
delayed operating costs is the fact that eleven of these bridges
were only six feet long, and 118 were sixteen feet 1long or
less.??

The unforeseen necessity for tunnelling on the north bank
of the Illecillewaet having been avoided by the location of the
Loop, tunnelling requirements were largely as expected. No
tunnels were necessary on the east slope of the Selkirks.®* On
the west slope, where a maximum of 1,200 feet had been
projected,®® two tunnels, the Laurie Tunnels,“‘ aggregating
1,251 feet in length, were eventually constructed between Rogérs
Pass and Albert Canyon.?®?’ Due to the time and capital
constraints, the side-drift method of construction was adoptéd
in order to secure more rapid completion of the first of
these, *® and the second may not have been completed until at
least a year after the main line opened.?°

Although, as will be demonstrated below, construction work
proved both more capital-intensive and more time-consuming than
anticipated, 1in practice neither the work which was undertaken
nor the alignment which was adopted appear to have differed
greatly from expectations. The single exception was the

unforeseen. necessity to relocate the 1line over the Loop
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immediately west of the summit. Ross, at least, would have
preferred not to have been obliged to make the trade-off between
construction costs and operating costs - 1in this way.*°
Nevertheless, the Loop alignment was less capital-intensive than
the ‘original location, and did, therefore, represent a solution
to the trade-off decision which was consistent with  the
construction policy dictated to the C.P.R. by financial
circumstances.*! Moreover, ﬁhe Loop, unlike the "Big Hill" on
the west slope of the Rockies, was never perceived as being
merely a "temporary" alignment, intended to be improved as soon
as the flow of revenue traffic permitted. Rather, it was seen as
a satisfactory solution in itself to the trade-off decision, and
as permanent a solution as the remainder of the alignment across
the Selkirks. Thus, the C.P.R. would claim that, "the general
alignment, outside the loop was much improved,"*? and that, "the
line as now located is as favourable as any that can be obtained
crossing the Selkirks."*® The latter statement can only be
accepted in the context of the predominant capital and time
constraints which will be examined below. For taken at face
value, the statement implies that the trade-offs between
construction costs and operating costs would have been handled
in exactly the same manner had no such capital and time

constraints prevailed.

b) The Cost Of Construction

The C.P.R.'s entire mountain section, from the Rockies’
westward, was constructed under conditions of severe capital

rationing. These conditions were already in effect when the
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railhead reached the Rockies,** but they were at thei; most
severe during the period of construction across the Selkirks. It
was not primarily the capital cost of the actual construction
across the Selkirks which was responsible for intensifying these
conditions. Three other factors were responsible. These were the
capital cost of construction across the Rockies, the inopportune
timing of federal loans to assist tﬁe C.P.R., and the deliberate
reallocation of capifal by the C.P.R. from the mountain section
to the Lake Superior section in order to accelerate completion
of the latter. |

In March 1884, with the railhead 'at the summit of the
Rockies, a $22.5 million federal loan had been granted to the
C.P.R.*® By November 1884, however, with .the railhead at
Beavermouth, the base of the east slope of the Selkirks, the
C.P.R. were again "lamentably hard up for money."*®¢ In March
1885, the Company was briefly wunable to meet its wage
obligations,*’ and relief, 1in the form of a further federal
loan, was not secured until July 20th,*® by which time the
railhead had almost crossed the Selkirk summit.*® Meanwhile,
completion of the Lake Superior section was accorded priority as
a means of obtaining further financial assistance.®*° Capital
savings of séme four million dollars were effected on
coﬁstruction work in B.C.,%* and diverted from the mountain
section to be "rapidly absorbed on the Lake Superior Section."®?
Only afteé completion. of the latter, in May 1885, could the
entire capital resources of the C.P.R. be concentrated upon
construction of the remaining sections in the Selkirks and the

Gold Range.
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The intensification of capital rationing across the
Selkirks fostered the propensity to trade off construction costs
against operating costs 1in a manner which would minimise the
immediate requirement for capital. Cuttings were reduced to
widths 1less than those on the sections built directly by the
Federal Government,®® against the standards of which Van Horne
would rail 1in later years. Ballasting was omitted, and bridges
were built entirely of timber, without masonry or iron
support.?’*

Despite the <conditions of capital rationing, however, and
despite the deliberate management policy of minimising immediate
construction costs, the estimate of capital requirements for
construction across the Selkirks was exceeded. The excess was
incurred chiefly upon the west slope. Between the Beaver River
and the summit on the east slope, the actual cost corresponded
closely with the estimate of November 1884. From the summit to
the firsf crossing of the Illecillewaet on the west slope,
however, the November 1884 estimate of $550,000 was exceeded by
some $200,000, or over one third. This increase was incurred not
so much because of an increase in the capital cost of the work
per mile, but rather because three additional route miles had to
be inserted into the section at the Loop. Thus, the per-mile
cost of $41,666.66 exceeded the per-mile estimate of $36,666.66
by only fourteen per cent. A similar margin of error prevailed
on the section between the first crossing of the Illecillewaet
and the second crossing of the Columbia, where the 1length of
railway constructed corresponded with the length estimated.

Thus, the expected cost, one million dollars for the twenty-
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eight miles, was exceeded by $130,000, or thirteen per cent. The
total cost of construction from the Beaver River to the Columbia
River, as assessed af;er completion of the entire
transcontinental main line, was $2,560,000. This was $330,000,
or fifteen per cént., more than the last estimate submitted
before construction across the Selkirks began.®*®

Certainly, as James Ross admitted, "It has cost more than
it should."*¢ Certainly too, Ross had had "to strain every point
to so change the location as to save every dollar."*®’
Nevertheless, it appeared that this was successfully
accomplished. For example, had the 1location of the Loop not
obviated the expenditure of a further $500,000, the actual cost
would have exceeded the expectation by some $830,000, or over
thirty-seven per cent. C.P.R. management's policy in railway
construction across the Selkirks had been overtly to "build the
road, in all respects, with the least immediate outlay necessary
to insure safety in operation, leaving as much as possible to be
done in the future."®®* This policy had been dictated by
financial expediency. Yet it was the construction policy which
was ﬁost appropriate for the C.P.R..as it sought to open up a
link between east and west across the mountains of B.C.; and the

policy was successfully implemented.

c) Time Required For Construction

Van Horne's hope to reach the second crossing of the
Columbia by the end of 1884°°® was frustrated by the nature of
the construction work which was encountered on the west slope of

the Rockies. The railhead did not reach Beavermouth, ten miles
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west of the first <crossing of the Columbia, wuntil November
1884.¢° Nevertheless, Van Horne's forecasted date for
completion, September 1885, ¢* was actually brought forwards by a
month in October 1884,¢? perhaps in anticipation of easier work
in the Selkirks, or perhaps in an attempt to spﬁr Ross to even
greater efforts.

Considerable pressure was exerted upon Ross‘ in order to
accelerate completion.®® However, work was delayed early in 1885
by avalanches, the first to be experienced directly by Ross and
the C.P.R., and as a result of the experience, the Construction
Manager counselled Van Horne to "anticipate a delay 1in
construction."¢* In June 1885, the forecasted date for
completion was set back again by two months, to the end of
September. ¢® Heavy summer rainfall further delayed the work, and
by late September the railhead had progressed only as far as
Albérf Canyon, twenty-four miles west of the Selkirk summit,
having advanced scarcely fifty miles in six months.®¢ The "Last
Spike" was not driven until November 7th, in Eagle Pass.

Even then, however, the 1line was not opened to through
traffic for another eight months. No snowsheds had been provided
in either the Selkirks or the Gold Range at the time of
construction, and no rail operations were attempted until
further research had been undertaken into the incidence of
avalanches in the mountains. Only when the slide season was
over, and after the damage to the permanent way had been
repaired, was the line opened for revenue traffic, in June 1886.
This delay in opening the line had been fully anticipated by the

C.P.R., and both shareholders and the Federal Government had
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been forewarned.®’

Although the erection of snowsheds to protect the permanent
way would continue until 1890, the through 1line itself had
indeed been .completed only two months behind the schedule
anticipated when the railhead reached the Selkirks., The
circumstances causing delay, the snowslides and inclement
weather, might possibly have been foreseen. Nevertheless,  the
delay was trivial 1in comparison with the saving achieved over
the deadline initially contracted. Moreover, the date of actual
completion was safely within the limits of the revised contract
of 1884. No specific value for "construction-time saved" was
adduced 1in the west.°®® However, the time savings were clearly
accorded an implicit value, for certain construction decisions,
notably the location of the Loop and the building of bridges
using timber only, were motivated by the desire to secure time
savings as well as by the desire to secure capital savings. Both
types of savings had to be tréded off against the increase in
subsequent operating costs, and it appears that in the Selkirks,
trade-offs intended to secure time savings were successful. 1In
order to save one year of construcion time in the chkies, the
C.P.R. were compelled to locate thirteen miles of explicitly
"temporary" track, and to operate over its 4.4 per
cent. gradients until a permanent line was built.*¢® In contrast,
no part of the route across the summit of the Selkirks was ever
regarded as "temporary"” at construction time: when the
C.P.R. secured time and capital savings in the Selkirks, they
did so without incurring any tacit obligation to undertake

subsequent relocation.
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d) Operating Methods And Traffic Flows

Gradients across the Selkirk summit nowhere exceeded the
ll16-feet-per-mile maximum which had been anticipated by the
C.P.R. The 2.2 per cent. compensated ruling gradient cohmenced
on the east slope at Beavermouth, 21.5 miles from the summit,
and on the west slope at Albert Canyon, 24.5 miles from the
summit. Trains were hauled by a single road locomotive westbound
from Field to Beavermouth and eastbound from Revelstoke to
_Albert Canyon.’°® When these trains were too heavy to be hauled
over the 2.2 per cent. ruling gradients by the single road
locomotive, pusher locomotives were attached in order to avoid
the expense of cutting and remarshalling the trains. One pusher
locomotive was attached to each ascending train, and provided
assistance as far as the yard at Rogers Pass on the summit of
the Selkirks.’! Here, while the road locomotive conducted the
train on the descent of the opposite slope, the pusher
locomotive was detached, turned in the Rogers Pass roundhouse
and returned light down the gradient, to be turned again on a
"Y" at Beavermouth or Albert Canyon and held to await the next
ascending train,

The level of the variable cost of hauling traffic over the
pusher gradients was determined by the number of pusher
locomotives required in the mountain locomotive fleet, and by
the number of trips obtained from each pusher locomotive. These
latter variables were in turn functions of the volume of traffic
requiring transit over the pusher gradients, and the volume of
traffic which the locomotives could haul per unit of time, as

conditioned 'by their tonnage ratings and speeds, and by the
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spacing of meeting and passing sidings along the route.

The C.P.R. had expected light traffic for several years
after the opening of the transcontinenéal line, and it appears
that they were able to provide sufficient pusher capacity to
move the available traffic wuntil at least the turn of the
century. Scheduled passenger service was provided by a single
passenger train daily in each direction untilV1902.72 Passenger
trains comprised five or six cars,’® and by 1891,A observation
cars were being attached through the mountains.’* However, the
heaviest ofv all passenger vehicles, dining cars, were not
attached until 1909.7°* The speed of passenger trains through the
Selkirks was not determined by the tonnage rating of the road
locomotive, but was regulated to coincide with a mealbreak at
the Glacier Hotel, two miles west of Rogers Pass.’¢ Pusher
locomotives were therefore rarely required on passenger duty.

Data limitations inhibit accurate estimation of the volume
and direction of freight movements over the Selkirks. However,
an impression of low traffic volume and surplus rail capacity
may be gleaned. Throughout the summer of 1888, when seasonal
freight activity might have been expected to have been at its
highest for the year, there were no westbound freight trains
scheduled out of Donald at all, and only two per day
eastbound.?’”’ Admittedly, most freight trains were run as
specials, without scheduling. Yet in 1889, the Superintendent of
the Pacific Division observed that "there will be some days
without any trains whatsoever‘over the road, and others, after
the arrival of a steamship [i.e. in Vancouver], there will be a

constant quick - succession of trains for several days -
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together."’® During one such local peak, in a single week of

July 1888, the Donald Truth boasted of "seventy car-loads of

tea" destined eastbound through the mountains.?’® Even this,
however, would amount to scarcely one train per day.®° Movements
of the other principal traffic from the Orient, silk, may not
have been of suffiéient volume to generate a demand for more
trains: adequate surplus capacity existed on the passenger
trains to permit attachment of cars of silk to their rear.®:
When avalanches 1in the Rockies disrupted transcontinental
service for three days 1in December 1888, only one special
freight and two tea trains were delayed.®? As late as June 1896,
total train movements between Donald and Kamloops, including
sﬁmmer passenger and freight specials as wéll as mixed trains,
amounted to 268, an average of four and a half trains per day in
each direction.?®?

The maximum length of trains over the Selkirks appears to
have been at least thirteen cars when the line first opened.®*
By 1898, the maximum length of a train with a single pusher
locomotive was certainly eighteen cars,®® and this maximum
continued wuntil at 1least 1900.°¢ Eighteen 1loaded cars were
equivalent to 846 tons, the haulage capacity of a single
"Consolidation" locoﬁotive on a 1l.6% compensated gradient.®’
Over the Selkirks, therefore, where the gradients were 2.2%
compensated, pusher locoﬁotives may have been required for any
train of greater weight than approximately 420 tons, or about
nine loaded <cars. It 1is not known how frequently in practice
trains were_assisted to the summit. However, evidence suggests

that by the 1890's, the operating cost of the pusher service was
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decreasing, and that this trend continued until the turn of the
century. By 1893, the average length of freight and mixed trains
on the entire Pacific Division chad risen beyond nine cars, the
approximate payload for which pusher service was required, to
10.95 cars. One year later, this had increased to 11.31 cars,?®®
and in September 1894 it reached 12.13 cars.®® Although these
data are for average conditions only, they 1indicate that
payloads per train were continuing to increase beyond the point
at which pusher service became necessary, and therefore that the
cost of the pusher service on each train was being spread over
more revenue traffic.®’° Moreover, the C.P.R. does not appear to
have experienced any difficulty 1in providing the requisite
pusher capacity. When the line had opened for traffic in 1886,
two locomotives had been appointed for pusher duty on either
slope of the Selkirks.®! By August 1898, it had still not been
found necessary to increase the size of this pusher fleet.®?
Train speeds over the Selkirks were 1low. The first
scheduled passenger trains averaged less than twelve miles per
hour for the seventy-nine-mile journey betweén ' Revelstoke -and
Donald.’?® By 1902, the eastbound "Imperial Limited," the f&stest
C.P.R. train through the mountains, still required almost four
and a half hours for the crossihg, averaging less than eighteen
miles per hour.’* The scheduledi Third Class "Fast Freight"
services averaged just over eleven miles per hour for fhe
journey in 1902.°° It is unfortunate that little is known of the
speeds at which the "extra" freight trains negotiated the
Selkirk gradients, for it was these services which conveyed the

majority of traffic through the mountains. The evidence of
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passenger-train timetables is unrepresentative of typical train
speeds over the Selkirks. These services were rigorously
scheduled, and received priority over all other traffic. Their
meets were carefully synchronised, and their speeds through the
entire mountain region were governed to ensure timely arrival
for breakfast, lunch and dinner at the C.P.R. hotels in North
Bend, Glacier and Field. This regulation of their speed, and the
fact that several minutes could generally be found for a stop to
admire the Illecillewaet River at Albert Canyon,’®*® suggest that
there was 1little difficulty in pathing the "extra" freight
trains among the scheduled services between Beavermouth and
Albert Canyon.

Van Horne had forecast that in the early years, the flow of
traffic would be predominantly westbound. Although at first more
trains were scheduled to run eastbound than westbound, and
although the tea and silk flows which have been so highly
visible to subsequent commentators®’ were also always eastbound
through the mountains, it appears that Van Horne's forecast waé
accurate for at least several years after the transcontiﬁental

facility opened. In July 1888, the Donald Truth lamented that

the C.P.R. could not be made to "see that it would be better for
it to haul 1loaded cars east to Winnipeg, rather than empty
ones."®’® The Vancouver Board of Trade recorded that 1in v1889,
38,895 tons of freight arrived in Vancouvér by rail from the
East, and 21,441 tons were shipped by rail to the East. In 1890,
the respective volumes were 50,773 tons and 13,973.5 tons.’® It
is wunlikely that this westbound predominance was reversed until

the "take-off" of the lumber trade between B.C. and the prairies
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after the turn pf the century.!°°®

With the volume of traffic, the length and speed of trains
and the frequency of train movements detailed above, it appears
that siding capacity on the main 1line over the Selkirks was
guite adequate for the extent of operations which the C.P.R. was
required to undertake. By August 1889, there were certainly
crossing points for trains at Bear Creek and Glacier, five miles
respectively on the east and west slopes from the yard at Rogers
Pass.!'°* Table 1, taken from the earliest available
comprehensive 1list of sidings on the Pacific Division, compiled
in 1896, indicates that, despite the nature of the terrain, the
C.P.R. contrived to locate passing sidings at regular intervals
on the main line, and that each of the sidings could eésily
accommodate the longest trains operated through the mountains.
The frequency of sidings and the ratio of siding 1length to
length of running line on the C.P.R. in 1896 compared favourably
with those on the Canadian Northern main line when the latter

opened through the Yellowhead Pass in 1915,'°?
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TABLE 1

SIDING ACCOMMODATION IN THE SELKIRK MOUNTAINS, C. 1896

Length Length Car-lengths
Section Main Line Side Track Of Storage
(Miles) (Feet) (36" Per Car*)
Revelstoke East
5 1/2 800 22
Twin Butte West :
. 5 S - -
Twin Butte East .
. 5 - -
Albert Canyon West
5 1/2 2,645 73
Albert Canyon East
5 2,785 77
Illecillewaet West :
5 -— -
Ross Peak West
5 1,150 31
Ross Peak East
5 12,016** 333
Glacier »
5 3,850 106
Rogers Pass
5 2,000 55
.Bear Creek
: 5 1/2 1,000 27
Six-Mile Creek
5 1,000 27
Beaver West
6 7,171 199
Beaver East
6 17,012 472

Donald

* Standard 1length of C.P.R. box-car. See, "Hunting-Merritt
Lumber Company versus Canadian Pacific and British Columbia
Electric Ry. Companies, 20, Canadian Railway Cases, 181 at 184

** ITncludes 9,500 feet of summer track

Source:- Abbott to Shaughnessy, September 15, 1896, PIC, CPCA
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The @.P.R.‘s expectations for operating conditions and
traffic flows through the Selkirks proved accurate once the line
opened. The volume of ¢traffic was low, and a small fleet of
pusher locomotives was sufficient to provide assistance over the
summit. Despite slow speeds and the necessity for returning
pushers 1light against ascending trains, traffic levels were
sufficiently low, and siding accommodation sufficiently spaced,
to permit the pathing of trains through the Rogers Pass corridor
with 1little apparent difficulty. Although it is not known how
intensively the available pusher capacity was utilised, it seems
that paths for additional trains could have been found had
increasing traffic made them necessary and had the pusher fleet
been enlarged accordingly. It is therefore concluded that there
was surplus 1line capacity on the C.P.R. route over the Selkirk
Mountains. It appears from this analysis that that surplus

capacity endured until at least the turn of the century.

e) Snowslide Protection

In adopting the location through Rogers Pass, the
C.P.R. had expected to encounter snowslides for some ten to
twelvé miles, and had expected to solve the problem by building
-snowsheds. During construction of the transcontinental line,
however, in the C.P.R.'s first winter in the Selkirks, Ross
admitted candidly that he had underestimated the danger from the
slides,*°*® although he reassured Van Horne that conditions in
the Selkirks that winter were exceptional.'®* The C.P.R.'s
realisation of the magnitude of the threat may have been further

postponed due to the fact that in the following winter, that of
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1885-86, when they sent observers into the Selkirks to monitor
slide paths, the slides were "certainly less in bulk" than they
had been the previous winter.!°® 1In the winter of 1886-87,
conditions were far worse than they had been in either of the
previous two years,!°¢ and even these conditions may have been
surpassed in adversity by those of 1887-88.:°7
While Ross acknowledged the gap between‘the expectations of
snowslides and the realities, he was confident that the gap
could be <closed with modest immediate cost,*°® and that, "With
some additional expense over estimate every point can be made
perfectly secure for operation."®°®’ He proposed to minimise the
investment in snowshedding, the immediate cost, by maintaining
an increased section force who would dig out the slideé "as you
would an ordinary drift."**°
However, not only was the gap between expectations and
realities underestimated, but so was the cost of closing that
gap. Even after the experience of the first winter's
observations, Van Horne informed the Ministry of Railways and
Canals that, "A comparatively small expenditure will be required
to make the line entirely safe."!*®' When, as a result of these
observations, the General Superintendent of the Pacific Division
submitted estimates for the cost of snowshedding, Van Horne was
forced to admit that, "Your estimate of cost...is far beyond any
previous estimate and far beyond our expectations, and for
financial reasons it 1is somewhat appalling."!!2? The General
Manager, consistent with his expectation that the line would be
lightly used for several years, intended to reduce the immediate

cost of closing the gap; and to postpone further investment in
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snowslide protection, until traffic volumes had increased. He
was prepared to countenance risk in order to make the trade-off
in this way. He informed his General Superintendent that,

We can't afford to cover every place where a slide
may occur. If we provide now for such as have occurred
within record years we will probably be justified 1in
taking some chance of interruption by the others.!!?

The fact that this was the C.P.R.'s trade-off policy in
providing protection from snowslides makes even more remarkable
the magnitude of the sums of capital which were invested in the
construction of snowsheds during the years immediately following
the completion of the through line. After Ross's reports during
the winter of track-laying, the C.P.R. had estimated that
$450,000 would suffice for snowsheds in the mountains.!!* During
1886, the first summer after observation of the avalanches, the
C.P.R. spen£ $1,477,510 on snowsheds in the Pacific Division.,?*?*®
The following year, having estimated that a further $504,565
woﬁld be required,!**® the C.P.R. was in fact forced to invest
$691,062,*” and in 1888 the Company disbursed another
$136,401.''® Perhaps because of the magnitude of the <costs, or
perhaps because the C.P.R. might have argued that investment in
snowsheds was a social welfare measure, it seems that by April
1888, the Company had applied for, or was at least hopeful of, a
Federal Government grant for snowshedding work.''® However,
there is no record of such a grant having been approved.

Two factors may explain why the C.P.R. was unable to
contain investment in snowshed construction within target
levels, and why its trade-off policy broke down in the provision
of avalanche protection. The first factor was the extent of

snowshed construction. After the first winter's observations,
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thirty-five sheds were constructed.??° In 1887, a further 15,388
feet of shedding were proposed, 8,568 feet of which were to be
located in the Selkirks.!?! By June 1888, a total of 31,764 feet
of sheds had been built on the entire Pacific Division, of which
30,403 feet, or 5 3/4 miles, were situated between Beavermouth
and Albert Canyon in some forty-three separate sheds.'??

The second factor was the quality of construction which was
required if the sheds were to function satisfactorily. In order
to withstand the force of avalanche material weighing from 25 -
45 1bs. per cubic foot,*??® the protective structures, sheds and
glance-cribs, had to be far more heavily built than those on the
American transcontinental railways. Snowsheds on the Central
Pacific had cost an average of $10.25 per 1lineal foot 1in the
1860's.*2* In 1918, the renewal cost of sheds on the Southern
Pacific would be between twelve and fourteen dollars per lineal
foot.**® The average cost of the C.P.R. sheds and cribs by 1888
was around seventy dollars per lineal foot.

The need to upkeep this quantity of shedding imposed severe
maintenance costs upon the C.P.R., which will be considered 1in
more detail vin the following chapter. This extent of shedding
also created operating problems of its own, however. Each shed
had to be patrolled constantly by section men, in winter on
account of avalanche damage, and in summer on account of fire
damage, to which the sheds were beculiarly susceptible.!?¢ The
longer sheds were equipped with hydrants every four hundred
feet.*'?>” Due to the steep main-line gradients, handcars could
rarely be used in fire-fighting,!?® and eventually a fleet of

locomotives had to be adapted for this purpose.*??® During
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routine operations, the accumulation of smoke rendered the
brakesmen's duties hazardous,!®*°® and in winter the rails were
prone to icing and the permanent way deteriorated.???

As the C.P.R. acquired experience of the slide paths, they
undertook  bridge improvements and piecemeal diversions as
alternative means of preventing the avalanches from obstructing
the main line through the mountains. The trestle bridge at Snow
Bank was swept away in February 1886,!°? and again in January
1887.*°? New bridges were installed here and at Cut.Bank,
enabling avalanches to pass beneath the railway tracks.!®** When
the bridges were again removed by slides, Cut Bank in 1900 and
Snow Bank in 1904,!%° the respective ravines were filled, and
the main 1line diverted in each case. Diversion at Williamson's
Creek, some two hundred yards east of-Cut Bank, as part of ‘the
Cut Bank project, cost $1,242.57 in 1900.'*¢ Two years
previously, a aiversion.at Illecillewaet had cost §9,429.91,.*”
These cost data suggest that diversion was adopted where it
clearly represented a less costly means of avalanche defence
than the snowsheds. However, these investments in bridge
improvements and diversions must not be accounted entirely as
costs of snowslide protection. Rather, they may have been the
result of a greater availability of capital once
transcontinental operations had commenced, and they may have
formed part of the policy, clearly envisaged at the time of
construction, of investing 1in the upgrading of the line once
traffic had begun to flow.!**® These investments in improvements,
which had the effect of mitigating the avalanche problem, were

therefore entirely consistent with the manner 1in which the
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C.P.R. had sought to handle the trade-off between construction
costs and operating costs from the very outéet of work in the
Selkirks.

Where diversions were too costly, and where the snowsheds
failed, the 1line was cleared by snowploughs and the efforts of
the section gangs. The first winter of operations pfoved that
the conventional wing ploughs werev"entirely insufficient and
almost wunworkable" in the Selkirks,**® and the C.P.R. was
compelled to invest in the more expensive rotary snowploughs.
The first was delivered to the Selkirks and tested 1in November
1888.'%° It was, however, required to perform duty not only in
the Selkirks, but in Eagle Pass too.!*! The single plough
appears to have been inadequate for the burden of these
snowclearing duties. Nevertheless, C.P.R. management clearly
accorded greater priority to the clearing of the Lake Superior

section, and refused requests for a second rotary plough for the

-

mountains "until it is known what difficulties are likely to be
encountered this winter on the North Shore."!*? It was not until
February 1890 that a rotary was transferred from the Lake
Superior section to the Mountain Division, by which time, "Want
of a second rotary ha(d) seriously delayed operations in
clearing snow slides."!'*® The rotaries alleviated the difficulty
of finding convenient dumping grounds for the cleared snow,*'**
but the early models were nevertheless useless for clearing
avalanches containing timber and rocks, and these had still to
be cleared manually. Assembling an adequate labour force in the
mountains could be a task in itself,*'*®

Certainly, the C.P.R. underestimated both the demand for
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snowslide protection 1in the Selkirks and the cost of meetiné
that demand. *Nevertheléss, within five years they had
implemented a comprehensive avalanche defence system intended
for the protection of their main 1line. This' system had
preventitive components, diversion of the line, snowsheds and
patrols, and curative components, snowploughs and section gangs.
Moreover, the system was successful. The C.P.R. itself claimed
that the sheds "answered their purpose admirably,” and that
during the winter of 1889-90, the first in which the defensive
system was fully operational, the C.P.R. "was the only one of
the transcontinental . lines that enjoyed immunity from
blockades."***¢ Available evidence reinforces these claims.

Daily records of the arrival time of the C.P.R. passenger
service in Vancouver reveal that from November 1888 to January
1890, only two trains were cancelled "on account of obstructions
in the mountains."**’ Two others were more than twelve hours
late in reaching their destination.!*® From January to December
1891, three trains were more than twelve hours late, all in late
April, and 1in December one train was cancelled, although it is
not known whether this cancellation was due specifically to
avalanche problems in the Selkirks.!*® The Minister of Railways
and Canals assured the House of Commons in May 1888 that,

...the means adopted by the (C.P.R.) Company for dealing

with the avalanches of snow in the Rocky Mountains [sic]
were found to be absolutely perfect, the snow-shedding,
which is upon a scale that would astonish hon. gentlemen
if they were to see in the solidity of construction,
allowing these avalanches to come down from the Rocky
Mountains and the Selkirks and elsewhere to pass over
them without the slightest difficulty or without the

slightest disturbance."*!*®°

Even Walter Moberly, who spent a lifetime deploring the adoption
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of the Kicking Horse Pass and Rogers Pass in preference to the
Howse Pass and the Big Bend, was forced to concede that,

The most direct line is unquestionably the one taken by

the C.P.R. along the Illecillewaet river. Its

disadvantages are the heavy grades and liability to snow

and land slides. Substantial snowsheds are overcoming

one of these difficulties.s?®, 52

Moreover, it should be remembered that slide problems at
least equal 1in severity to those in the Selkirks were
encountered elsewhere through the mountains. In January 1887,
Abbott reported that, "the difficulties with the snow have
occurred where we least expected them, viz. at Eagle Pass,"!®?
and after the 1887 slide season, he accompanied his estimate for
snowshed requirements with a recommendation that,

If the Company decide upon building a portion only

of these sheds, I would suggest that those in Eagle Pass

should be first provided, so as to confine the trouble

to the line between Revelstoke and Donald, and that the

worst of the slides in the Selkirks should then be

provided for, according 'to the amount that may be

appropriated for this purpose.®**
A list of delays: to passenger trains submitted in March 1889
indicates that rock slides between Vancouver and Kamloops were
responsible for most of the lost time, whilst in the Selkirks,
"the glance cribs, fences, sheds &c. have all stood the test and
are doing the work, for which they were intended, admirably."®®
In November 1892, Abbott would report forty-eight mudslides in a
single day on the Thompson and Cascade sections,!®¢ and when, in
1894, the year of the C.P.R.'s darkest fortunes, their main line
through B.C. was closed for forty-one days, it was not

avalanches 1in the Selkirks which were responsible, but flooding

in the Fraser,!%’
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The preceding analysis of the areas of constructional and
operational concern to the C.P.R. reveals a close correspondence
between expectations and realities. The gap bétween expectation
and reality in the nature of construction work ‘west of Rogers
Pass did not translate into a significant gap in terms of either
cost or time. Operations were conducted, and traffic conveyed,
much as expected. The only serious gaps between expectations and
realities emerged over the incidence of avalanches and the cost
of measures to protect against them. The analysis reveals that
in undertakiné these remedial measures, the C.P.R. endeavoured
to handle the trade-off decision 1in providing snowslide
protection exactly as they had handled it in construction of the
line as a'whole: that 1is, they sought to miniﬁise 'capital
investment at the outset, and to undertake measures of
improvement as operations over the 1line developed. To this
extent, the extremely high capital cost of snowslide protection
should be regarded as an indication, not that the route over the
Selkirks was fundamentally unsafe, but simply that the C.P.R.'s
trade-off policy was, 1in the specific context of avalanche
defences, inappropriate. The policy broke down. There was no
effective solution to the snowslide problem which was not
capital intensive. Thus, |

It was deemed best to carry out these works in the most

durable and substantial manner, - in order that the safety

of the line might be placed beyond doubt.®®

Even though the C.P.R. had been forced to abandon their
intended trade-off policy, they had made, as it were, the
minimum concession. Having once .grasped the magnitude of the

snowslide problem, and the cost of solving it, the Company was
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faced with four alternatives. They could abandon the Rogers Pass
route entirely, and build around the Big Bend; they could follow
the Rogers Pass alignment, but undertake tunnelling beneath the
snowslides, presumably to the extent of the 2 1/2 miles which
they had been prepared to sanction in order to secure a direct
crossing; they could persist with the alignment as built, but
abandon operations during the winter months;!®*® or they could
persist with the alignment as built, and invest substantially in
snowsheds for its protection.

To have either abandoned the Rogers Pass route entirely or
to have wundertaken tunnelling would have imposed demands upon
the capital resources of the Company, and indeed upon the
capital resources of the country, which quite simply could not
have been met in 1885, nor in the years immediately afterwards.
*There 1is no evidence that the Company ever considered these
alternatives. There is no evidence that the Federal Government
ever -asked them to consider the alternatives. The Federal
Government, indeed, would not even contribute to the cost of the
snowsheds.

To have <closed the 1line in winter would have meant
foregoing the revenue from all traffic which might have
traversed the line during the months of closure. It would also
have entailed investment in the spring in.order to repair the
damage inflicted by the avalanches of the winter. After the
closure of 1885-86, the damage to the unprotected line had not
been repaired until the following August.'*®° Not only might the
investment 1in repairs be high, therefore, but interruption to

traffic as a result of leaving the line unprotected might not
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have been confined to the winter months alone. The fact that the
C.P.R. rejected this alternative suggests that they believed
that the direct cost of repairing the 1line after «closure,
combined with the opportunity cost of interrupting the flow of
traffic, together outweighed the <cost of constructing and
maintaining avalanche defences in order to keep the line open
throughout the winter months.

Therefore, the Company proceeded to invest heavily 1in
snowsheds. A gap between expectations and realities had existed.
Remedial measures were taken. These measures were successful.
The gap was narrowed. Indeed, insofar as the 1line was never
disrupted fbr more than a month once the avalanche defence
system was implemented, the gap must be regarded as having been
almost entirely closed, and the trade-off decision must be
regarded as having been largely successful.

There is one final implication of the result of the
C.P.R.'s selection from among the four alternatives outlined
above. The decision to attempt to keep open the 1line over the
summit of the Selkirks on a perennial basis implicated the
C.P.R. in a high fixed investment in snowsheds. The investment
was particularly high, and particularly fixed, in comparison
with other investments undertaken by the C.P.R. in construction
through the Selkirks. Even discounted back to 1885, at four per
cent.,*¢* the amount invested in snowsheds by 1888 still
represented $2,180,869, almost as much again as the investment
in the main line itself between the Beaver and Columbia rivers,
and as much as the C.P.R. had expected to pay for construction

through the Selkirks. This fixed investment had been undertaken, ’
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and annual maintenance charges would accrue, regardless of the
volume of traffic which actually took advantage of the line's
being open during those winter months on behalf of which the
costs were incurred. |

The implication must be that, 1in the years immediately
following completion of the transcontinental link, the
C.P.R. was in a decreasing-cost situation in the Selkirk
Mountains. Specifically, the more traffic that could be carried
through the Selkirks, the wider the fixed cost of snowshed
maintenance could be spread, and the lower the total cost of
each individual traffic movement would be. Moreover, given the
low initial wvolume of traffic travelling over the line,
additional traffic could be handled without incurring congestion
costs. Therefore, the reduétion of total costs effected by
spreading the snowshed costs over an increased volume of traffic
would not be offset by the addition. of more trains. Thus,
although the C.P.R. had handled trade-off decisions in a manner
intended to ensure low capital costs, it commenced operations in
a situation where it could absorb additional traffic without

incurring increased operating costs.
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PART TWO

THE BIG BORE

The C.P.R. had made 1its decision. It had evaluated
alternative routes through the mountains, and had opted for a
short, direct crossing. In the Selkirks, this entailed
construction and_operatioﬁ over Rogers Pass, with its steep
gradients and exposure to snowslides. The decision to secure a
direct route had been taken in 1881 and fully implemented by
1885. It would commit the é.P.R. to surface operations in Rogers
Pass for the next thirty years.

What were the - consequences for the C.P.R. of being
committed to this alignment? One of the‘ principal consequences
was that the C.P.R. became engaged in a protracted and costly
battle to protect its traffic against avalanches. This
consequence has attracted the most scrutiny from previous
historians of the C.P.R.'s operations in Rogers éass. Many of
these historians assert that the C.P.R. lost the battle. The
1910 avalanche disaster, in which 62 C.P.R. employees were
buried alive, is regarded as a turning point in
C.P.R. management's perception of the viability of the surface
route through Rogers Pass. The C.P.R.'s decision, taken in 1913,
to abandon the surface route and construct the Connaught Tunnel
beneath the summit of the Selkirks, is regarded as an
acknowledgement of defeat, a strategic withdrawal in reaction to
the intractability of the avalanche hazard.

How tenable is an explanation of the decision to construct

the Connaught Tunnel which addresses only the snowslide
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problems? For another principal consequence of the C.P.R.'s
commitment to a surface route through} Rogers Pass was the
necessity to haul all trains over 46 miles Qf 2.2% gradients and
severe curvature. The variable cost of routine operations was
therefore high. Moreover, the steep gradients, the single-track
configuration of the main line, and the scarcity of locations
suitable for sidings, all imposed constraints upon the capacity
of the facility to absorb increases in traffic.

The Connaught Tunnel was double-tracked, and secured a
large increment in main-line capacity. It was accompanied by
gradient revisions which reduced the variable cost of operations
and enhanced the increment 1in line capacity provided by the
tunnel. Analysis reveals that traffic forecasts generated by the
C.P.R. in 1913 identified an urgent requirement for increased
capacity through Rogers Pass, and that investment in the
Connaught Tunnel was undertaken with a view towards expected
future operating reguirements, and not just in response to past
avalanche experiences.

The second part of this thesis examines the question of why
the surface route through Rogers Pass was abandoned in favour of
the Connaught Tunnel. The answer is sought by an analysis of
operating conditions at the summit of the Selkirks throughout
the thirty yéars of surface railroading. This section begins
with a re-examination of the nature of the avalanche hazard
which has been accorded so much attention by previous railway
historians. An attempt is made to establish the actual extent
and cost of snowslide problems on the surface route. Then,

traffic developments through the B.C. mountains are ekamined,
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with particular emphasis upon brevious investments undertaken by
the C.P.R. to impfove operating conditions in Rogers Pass, and
upon the 1implications of traffic growth and traffic forecasts
for the future adequacy of the surface route. When the
C.P.R. deemed that its surface alignment was no longer
appropriate for 1its operating requirements, it considered
several alternative alignments, and ultimately decided to
construct the Connaught Tunnel. The C.P.R.'s evaluation of these
alternative alignments is described, and the reasons for the
selection of the preferred alternative are discussed. Finally,

the conclusions of the thesis are presented.
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CHAPTER 5

AVALANCHE PROBLEMS

The purpose of this chapter is to analyse the role played
by avalanche problems in the decision of the C.P.R. to abandon
the surface alignment through Rogers Pass. Previous historians
of C.P.R. operations 1in the Selkirks have maintained that ‘the
role played by snow problems was crucial, and they have made
little attempt to look beyond this aspect of operating
conditions for an explanation of the decision to construct the
Connaught Tunnel. This chapter will attempt to determine whether
or not the snow problem in Rogers Pass was indeed sufficiently
severe to justify abandonment of the original route over the
Selkirks, and whether or not it was indeed the desire to avoid
“the danger and expense of avalanches which spurred the C.P.R. to
invest in an alignmeﬁt underground.

The analysis is divided into two parts. The first part
concentrates exclusively upon the role of the 1910 avalanche
disaster in motivating the decision to relocate the main line.
This concentration 1is Jjustified because certain authorities
attribute the decision entirely to the influence of that
particular disaster.? In the second part of the analysis, the
focus is widened to include <consideration of the snowslide
problem 1in general, .the extent of the problem and the impact
which it had upon the 1investment decisions taken by the

C.P.R. in Rogers Pass.
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5.1 The 1910 Disaster

On the evening of March 4, 1910, a C.P.R. snow-clearing
crew was working at the south end of Shed 17, one mile west of
Rogers Pass station at the summit of the Selkirks. The crew was
removing a slide which had descended during the afternoon from.
Mount Cheops, to the west of the main line. Half an hour before
midnight, the crew was struck by a much larger avalanche
descending from Mount Avalanche, east of the main line. Sixty-
two C.P.R. employees were killed,? of whom thirty-two were "Japs
and Hindoos."?® |

There were several alarming aspects of the disaster,
besides the enormity of the death-toll. The snow-clearing crew
had ‘been working on a two-mile portion of the main 1line which
had been relocated less than three years before. The relocation,
motivated by the( desire to increase yard accommodation rather
than by any necessity for avoiding snowslides over the original
location,* had been undertaken in the belief that the new route
was quite safe from snowslides. Indeed, the C.P.R. had
undertaken additional investment in widening the cuttings on the
diversion,® in order to secure greater protection.® The incident
might have been regarded as an indication that no surface
alignment through the Pass could escape the avalanche danger, or
that no expansion of capacity could be secured without
increasing the wvulnerability of the operation to disruption by
avalanches. Moreover, whilst no members of the public had
suffered 1injury in the incident, the westbound passenger train
No. 97 had been 1less than ten miles away when the fatal

avalanche had struck,’ and had fortunately been running slightly
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late, having been delayed by a smaller snowslide east of the
Selkirk summit.® The train would be imprisoned in the mountains
for two and a haif days until the major avalanche could be
cleared.’ Less than a weekbbefore, over eighty passengers on the
Great Northern's Spokane Express had been killed at Wellington,
Washington, when an avalanche had swept the train into a 150-
foot gorge.!®

If the 1910 disaster is to be 1linked directly with the
decision, taken more than three years later, to abandon Rogers
Pass, then proponents of the direct linkage must believe that
the 1incident ©precipitated a change 1in C.P.R. management's
perception of the viability of the route through the Selkirk
Mountains. For' whehvthe disaster occurred, the C.P.R. had been
operating over the surface alignment for some