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ABSTRACT 

CP R a i l i s currently confronted by a capacity problem on 

i t s main l i n e in Rogers Pass, at the summit of the Selkirk 

Mountains. The single-track, steeply graded f a c i l i t y i s 

inadequate for the forecasted demand for t r a f f i c flows in the 

westbound d i r e c t i o n . The Company must decide whether to continue 

to operate over the present l i n e , 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 

t r a f f i c , w i l l stem congestion and reduce the l e v e l of operating 

costs in future years. CP R a i l 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 f i r s t occasion was that prior 

to completion of the i n i t i a l transcontinental r a i l l i n k , 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 Se l k i r k s . This thesis 

i d e n t i f i e s the factors which impelled the taking of trade-off 

decisions in each s i t u a t i o n , allocates an appropriate weighting 

to the factors, and examines the c r i t e r i a upon which the 

investment decisions were based. 

Previous historians of the C.P.R.'s operations in 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 i t s 



t r a f f i c 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 th°e 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 i n i t i a l decision to construct the 

C.P.R. main l i n e across the surface of the Selkirks through 

Rogers Pass. Part Two i s 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 

t e r r a i n , and examines how these problems were handled by the 

C.P.R. in the s p e c i f i c circumstances of Rogers Pass. The 

expectations of the railway builders for construction and 

operation through the Pass are compared with the r e a l i t i e s which 

were encountered. Analysis reveals that the gap between 

expectations and r e a l i t i e s 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 

r a i l , at least u n t i l the turn of the 20th Century. 

Part Two begins with an analysis of the influence of 

avalanches in Rogers Pass upon the decision to relocate the main 

l i n e underground. The analysis strongly suggests that neither 

the 1910 avalanche disaster in p a r t i c u l a r , nor the cost of 

protecting t r a f f i c from snowslides in general, were s u f f i c i e n t 

to j u s t i f y investment in the Connaught Tunnel. 

An examination of the operating conditions, t r a f f i c growth 
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and t r a f f i c 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 in system 

improvements elsewhere in the mountains in order to reduce these 

costs. Confronted by the inadequacy of i t s existing f a c i l i t y 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 

p r i n c i p a l 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 access to the west coast of Canada i s rendered 

expensive by the topography of B r i t i s h 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 c a p i t a l per mile of l i n e in 

order to obtain an easy alignment over which t r a f f i c may flow 

smoothly, or building to i n f e r i o r standards and subsequently 

incurring high operating costs in the movement of t r a i n s . 

Clearly, these trade-offs between construction costs and 

operating costs, and between immediate costs and delayed costs, 

must be made in a l l railway construction, and indeed in the 

provision of any transportation infrastructure. Nevertheless, 

the trade-offs are p a r t i c u l a r l y c r u c i a l , and the dilemma i s 

p a r t i c u l a r l y acute, in regions of rugged t e r r a i n , where 

constructional and operating c h a r a c t e r i s t i c s , and therefore 

costs, often d i f f e r markedly between alternative routes. 

CP R a i l i s presently confronted by such a dilemma as i t 

seeks a solution to i t s next major main-line capacity 

problem. This problem i s posed by the 8.16-mile ascent from 

Rogers to Stoney Creek, on the eastern approach to Rogers Pass, 

B.C., at the summit of the Selkirk Mountains. The ascent i s over 

single track, and at a maximum gradient of 2.2 per cent, against 

westbound t r a f f i c for most of the distance. The elevation gained 
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i n the 8.16 m i l e s i s 899.9 f e e t . The h e a v i e s t westbound t r a i n s , 

a l r e a d y powered by e i g h t locomotives from Golden, r e q u i r e the 

a s s i s t a n c e of an a d d i t i o n a l f i v e pusher locomotives between 

Rogers and Stoney Creek. Each t r a i n must be brought to a 

complete stand when the pushers are i n s e r t e d , and again when the 

pushers are switched out a f t e r the ascent. T h i s n e c e s s i t y to 

stop the t r a i n s twice w i t h i n ten m i l e s , together with the 

n e c e s s i t y of r e t u r n i n g the pusher locomotives l i g h t down the 

s i n g l e t r a c k a g a i n s t the p r e v a i l i n g flow of t r a f f i c , r e s t r i c t s 

the c a p a c i t y of the main l i n e . Moreover, the s i n g l e - t r a c k 

c o n f i g u r a t i o n of the e x i s t i n g main l i n e between Beavermouth, 

east of the S e l k i r k summit, and G l a c i e r , to the west, 

c o n t r i b u t e s to delays i n the meeting and passin g of 

t r a i n s , f u r t h e r r e s t r i c t i n g m a i n - l i n e c a p a c i t y . 

CP R a i l i s t h e r e f o r e contemplating the c o n s t r u c t i o n of a 

second main t r a c k across the summit of the S e l k i r k s , between 

Rogers and a point 3.1 mi l e s west of G l a c i e r . The maximum 

gr a d i e n t of t h i s t r a c k would be one per cent, a g a i n s t westbound 

t r a f f i c , and the maximum angle of cu r v a t u r e would be s i x 

degrees. Such an alignment would dispense with the n e c e s s i t y f o r 

pusher locomotives, and would r e s o l v e the c o n f l i c t between 

eastbound and westbound flows, s i n c e eastbound t r a f f i c would 

continue to t r a v e l over the present l i n e . However, i n order to 

maintain the s t i p u l a t e d g r a d i e n t and c u r v a t u r e , c o n s t r u c t i o n of 

t h i s a l t e r n a t i v e route would r e q u i r e the d r i v i n g of an 8.9-mile 

tunnel beneath Rogers Pass. The co s t of the realignment p r o j e c t 

i s estimated at $300 m i l l i o n i n 1980 d o l l a r s . 1 Moreover, the 

f i n a n c i a l v i a b i l i t y of the p r o j e c t i s rendered q u e s t i o n a b l e by 
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the uncertainty of future t r a f f i c volumes and by the 

unremunerative nature of the grain t r a f f i c , which constitutes 

some f i f t e e n per cent, of CP Rail's westbound flow by weight. 

CP R a i l , then, i s confronted by a dilemma at the summit of 

the Selkirk Mountains. It must decide whether to continue to 

operate over the present l i n e , incurring high operating costs 

and escalating congestion costs, or whether to undertake a 

massive, i n d i v i s i b l e c a p i t a l investment intended in future years 

to stem congestion and to reduce permanently the l e v e l of 

operating costs. This decision situation has two d i s t i n c t 

facets, and these may be framed in interrogative form. F i r s t , 

what i s the alignment which is appropriate to the t r a f f i c flows 

through the mountains? Then, second, what is the appropriate 

le v e l of investment which should be undertaken in order to 

secure t h i s alignment? Only aft e r these two fundamental 

questions have been answered can a decision be reached 

concerning the adoption of the project. 

This i s not the f i r s t occasion upon which Canadian P a c i f i c 

Railway management have sought answers to these 

questions. Indeed, they have been forced to address the 

questions on at least two previous occasions. The f i r s t occasion 

was that p r i o r to completion of the i n i t i a l transcontinental 

r a i l l i n k , when the decision was taken to breach the Selkirk 

Mountains by a surface crossing over the summit through Rogers 

Pass. The second occasion, some t h i r t y years l a t e r , 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 i t i s by means of thi s 
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tunnel that a l l of CP's main-line t r a f f i c s t i l l crosses the 

Selkirk Divide. 

Objectives 

Prompted by the resurgence of interest in these questions 

today, the f i r s t objective of t h i s thesis is to undertake a 

study of these previous comparable decision s i t u a t i o n s . Such a 

study w i l l i d e n t i f y the factors which impelled the taking of 

decisions in each si t u a t i o n , the forces and influences which 

made the taking of decisions necessary. From the study of these 

h i s t o r i c a l situations, the reader w i l l be able to draw his own 

comparisons with the present decision s i t u a t i o n , and w i l l be 

free to infer his own "lessons to be learned" for the current 

realignment proposal. 

The second objective of t h i s thesis, springing d i r e c t l y 

from the f i r s t , i s to allocate an appropriate weighting to the 

factors which influenced the decisions in each of the h i s t o r i c a l 

s ituations. Historians of CP R a i l ' s operations in Rogers Pass 

have hitherto always emphasised the influence of avalanches upon 

the decisions taken, and e s p e c i a l l y upon the decision taken in 

1913 to abandon the Pass in favour of an underground route. 2 The 

economics of CP Rail's operations in the Pass, and s p e c i f i c a l l y 

the economics of the decision to construct the Connaught Tunnel, 

have been consistently neglected. This neglect i s 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 s u f f i c i e n t explanation for the decision to relocate the 



main l i n e underground. The economics of the r a i l operation, and 

in p a r t i c u l a r 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 w i l l therefore 

seek to remedy the neglect of those factors. Fresh evidence w i l l 

be analysed, and appropriate conclusions drawn. The results w i l l 

be of interest to anyone who has a concern for h i s t o r i c a l 

accuracy. 

The t h i r d and f i n a l objective of t h i s thesis is to examine 

c r i t i c a l l y the contemporary techniques of appraisal which the 

Canadian P a c i f i c Railway Company employed in their investment 

decisions in Rogers Pass during the f i r s t t h i r t y - f i v e years of 

the route's history, and the c r i t e r i a upon which those decisions 

were based. The emphasis in t h i s examination w i l l be placed 

primarily upon the decision to invest in construction of the 

Connaught Tunnel. Throughout the analysis, however, stress w i l l 

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 

r a i l operations in Rogers Pass. Attention w i l l also be drawn to 

the manner in which these trade-offs were handled during the 

course of the study period. The results of t h i s examination of 

the C.P.R.'s approach to previous investment decisions in Rogers 

Pass w i l l be of interest to the business h i s t o r i a n , and of 

relevance in a consideration of the evaluation procedures 

employed by CP R a i l today. 
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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 descri p t i v e . The biographical studies have 

concentrated upon the personalities involved in the decisions to 

locate, construct and operate the railway through Rogers 

Pass. 3 The descriptive studies have tended either to concentrate 

upon the construction phase of the l i n e , 4 or to treat the l i n e , 

once b u i l t , as an incidental factor in the discussion of 

regional development. 5 

The present study i s e s s e n t i a l l y a n a l y t i c a l in 

character. It i s an h i s t o r i c a l study of railway economics and 

their investment implications for a pa r t i c u l a r operating 

si t u a t i o n , that of the C.P.R. in Rogers Pass. Therefore, i t 

d i f f e r s from previous studies in both emphasis and focus. 

The emphasis in thi s study i s upon 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 l i t t l e 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 i s common 

currency. 

The focus of thi s study is int e n t i o n a l l y narrow and highly 

l o c a l i s e d . This is a detailed study of railway economics on a 

fo r t y - f i v e mile stretch of the Canadian P a c i f i c main l i n e , a 

li n e nearly three thousand miles long. The study opens in 1882, 
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the year in which Rogers Pass was selected as part of the route 

for the transcontinental railway, and i t closes in 1916, the 

year in which the Connaught Tunnel was opened to t r a f f i c , 

marking the abandonment of surface r a i l operations through the 

Pass. Throughout that period, railway investment decisions and 

the economics of railway operations w i l l be analysed and 

evaluated. Wider h i s t o r i c a l developments contemporaneous with 

the study period, such as the economic advance of B r i t i s h 

Columbia, the opening up of the p r a i r i e s , and the construction 

of additional transcontinental routes, by both r a i l and water, 

w i l l be considered only insofar as they impinged upon the 

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

Outline 

The thesis i s divided into two parts. The f i r s t part 

(Chapters 2 - 4 ) i s primarily concerned with the inception and 

re a l i s a t i o n of a r a i l l i n k across the Selkirk Mountains, 

accomplished by means of a surface alignment over Rogers 

Pass. This section embraces the construction of the o r i g i n a l 

l i n e and the measures taken to consolidate the link as a 

feasible route for trans-mountain t r a f f i c . 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 i d e n t i f i c a t i o n 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 
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li n e underground through the Connaught Tunnel. 

Part One begins with a "layman's guide" to the engineering 

problems of locating railway lines through mountainous t e r r a i n , 

and to the implications of those problems for the economics of 

railway operations. Pertinent engineering concepts are 

elucidated. The nature of the c r i t i c a l trade-off between 

construction costs and operating costs i s explained. 

Chapter 3 describes the physical and climatic 

c h a r a c t e r i s t i c s of the Selkirk Mountains, and the implications 

of these c h a r a c t e r i s t i c s for railway location and operation. The 

reasons for the selection of Rogers Pass as the route by which 

the C.P.R. would cross the Selkirk Mountains are explained. The 

expectations of the railway builders for both construction and 

operation through the Pass, expectations which led to the 

adoption of the route, are made e x p l i c i t . 

In Chapter 4, the r e a l i t i e s of construction and operation 

over the surface alignment are described, and the gaps between 

expectations and r e a l i t i e s 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 in Rogers Pass upon the decision to 

relocate the main l i n e underground. The widely accepted 

interpretations of the 1910 avalanche disaster in pa r t i c u l a r and 

of the snowslide problem in general are presented. These 

interpretations are then challenged, and as a result of thi s 

challenge an alternative interpretation i s offered of the 

influence of avalanches upon the decision to abandon the surface 

alignment. 
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Chapter 6 contains an analysis of t r a f f i c developments 

through the mountains of B.C. The analysis includes 

consideration of changes in t r a f f i c 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 i s i d e n t i f i e d and sp e c i f i e d . 

Chapter 7 reviews the alternative solutions which were 

generated for thi s decision problem, and presents the results of 

the screening of these al t e r n a t i v e s . 

In Chapter 8, a detailed evaluation of the preferred 

alternative i s 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 f i n a l chapter, the conclusions of the thesis are 

presented, and suggestions are offered for further research. 

Data Sources And Limitations 

This thesis is based upon three primary sources of 

unpublished data. The f i r s t i s the Letterbooks and inward 

correspondence of the C.P.R. Presidents. The Letterbooks have 

been microfilmed, but the inward correspondence i s available 

only at the Canadian P a c i f i c 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 f i l e s on 
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"The Rogers Pass Tunnel" have been assembled. Whilst weak in 

quantitative content, the f i l e s provide invaluable insight into 

the objectives of the project and the stages of i t s 

implementat ion. 

The second source i s the c o l l e c t i o n of C.P.R. records and 

correspondence which i s held at the Revelstoke City Museum, 

B.C. This miscellaneous c o l l e c t i o n , withheld from the Canadian 

P a c i f i c Corporate Archives, was comprehensively indexed in 

1976. It includes complete monthly records of t r a f f i c volumes on 

the F i r s t D i s t r i c t of the B r i t i s h 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 for certain months between 1912 and 1914. 

The t h i r d source i s the personal notebooks and d i a r i e s of 

Thomas K i l p a t r i c k , "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 held by his son, Mr. Donald K i l p a t r i c k , 

as part of a private c o l l e c t i o n preserved in Vancouver, B.C. The 

documents contain many fascinating d e t a i l s of railway 

maintenance and operations in the mountains throughout the study 

period. Of pa r t i c u l a r 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 tr a n s i t times. 

In comparison with the inter-war period, the years prior to 

the F i r s t World War are r i c h in documentary sources concerning 

the management of the C.P.R. Nevertheless, i t i s a sad fact 
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that much information has been destroyed. The loss i s 

p a r t i c u l a r l y 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 i t 

did, i t has ce r t a i n l y not survived, and neither has d e t a i l of 

the anticipated costs and benefits of the several realignment 

schemes which were proposed in 1912. Si m i l a r l y , very l i t t l e 

data exists concerning t r a f f i c flows through the mountains 

either by volume, commodity or di r e c t i o n of movement. 

Assembly of the extant data was a piecemeal and painful 

process, drawing from many diverse sources. Many gaps 

remain. Where possible, the gaps have been f i l l e d by inference 

and assumption; where not, they have simply been i d e n t i f i e d and 

recorded. It i s to be hoped that t h i s thesis w i l l at least 

prevent the gaps from widening any further. 
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PART ONE 

UP AND OVER 

This part of the thesis i s concerned exclusively with the 

surface alignment of the C.P.R. main l i n e through Rogers Pass. A 

brief introduction i s provided to the engineering and commercial 

problems of locating and operating railways in mountains. Then, 

the s p e c i f i c engineering and commercial problems of locating and 

operating the C.P.R. main l i n e over the summit of the Selkirk 

Mountains are analysed. The analysis compares the expectations 

and the r e a l i t i e s of the C.P.R. for s p e c i f i c areas of concern 

along the surface alignment, and evaluates measures undertaken 

in order to promote correspondence between those expectations 

and r e a l i t i e s . Part One concludes with a consideration of the 

extent to which such correspondence was achieved. 

The analysis in Part One spans the selection, construction 

and operation of the Rogers Pass route u n t i l the turn of the 

century, that i s , prior to the occurrence of the 1910 avalanche 

disa s t e r . Consideration of thi s disaster i n i t i a t e s the analysis 

in Part Two. A d i v i s i o n of the thesis prior to the 1910 disaster 

is maintained in deference to previous historians of the 

C.P.R.'s operations in Rogers Pass. Most of these historians 

i d e n t i f y the 1910 disaster as a turning point in 

C.P.R. management's perception of the v i a b i l i t y of the surface 

alignment. The v a l i d i t y of t h i s i d e n t i f i c a t i o n i s challenged 

d i r e c t l y in Part Two. However, the foundation for t h i s 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. F i r s t , i t permits establishment in Part One of the 

extent of the gaps between the expectations and r e a l i t i e s 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, i t permits both the 

avalanche problems and the other operating problems of the l i n e 

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, i t permits the remedial 

measures undertaken in response to the avalanche problems and 

the other operating problems to be considered as continua also. 

Thus, i t highlights the extent of substantive changes in the 

responses of the C.P.R. to the changes in operating conditions 

over time. 

It i s therefore possible, as a result of adopting t h i s 

structure, to determine whether or not the 1910 avalanche 

disaster was indeed a turning point, and whether or not i t i s at 

a l l even meaningful to talk of "turning points" in the context 

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 t h e o r e t i c a l 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 ter r a i n with railway tracks. The 

fundamental engineering p r i n c i p l e s involved in each type of 

solution are described, and the implications of these p r i n c i p l e s 

for the economics of railway construction and operation are 

considered. The inverse relationship between construction costs 

and operating costs is explained, and c r i t e r i a are suggested for 

the trade-off decision between the two types of cos t s . 1 

2.1 The Two Solutions 

The physical barrier which mountains pose to a l l forms of 

human communication translates into an economic b a r r i e r , as the 

cost of providing and maintaining communication across 

mountainous t e r r a i n . For r a i l , the essence of the physical 

barrier i s that the low le v e l of f r i c t i o n between wheel and 

r a i l , which affords economic advantage in t r a f f i c movement over 

an even alignment, manifests i t s e l f as a low l e v e l of adhesion 

on an adverse gradient, and is therefore turned to economic 

disadvantage since the payload which can be hauled by a single 

locomotive i s reduced in proportion to the increase in 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 i s 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 2: 

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 r a t i o of motive power to payload may be 

adjusted, in order to ensure that t r a f f i c can be hauled over the 

ex i s t i n g adverse gradient. Such an adjustment i s effected, 

either by increasing the number and power of the locomotives 
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which haul the t r a i n , or by reducing the weight of the t r a i n , or 

by a combination of these approaches. 

On the other hand, the existing adverse gradient may be 

eliminated, in order to ensure that no reduction in the l e v e l of 

adhesion between wheel and r a i l occurs, and therefore, that no 

adjustment in the ratio between motive power and payload i s 

necessary. An elimination of adverse gradient is effected, 

either by reducing the absolute height over which the t r a f f i c 

must be l i f t e d (through tunnelling, cutting, or curvature around 

the summit) or by reducing the rate at which that height is 

attained (through "development" of the l i n e , that i s , 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, i t i s 

appropriate to c l a s s i f y the solutions according to economic 

concepts. The f i r s t solution, of adjusting the r a t i o between 

motive power and payload, may be characterised as a "Low c a p i t a l 

cost, high operating cost" solution, and the second solution, 

that of eliminating the adverse gradient, may be characterised 

as a "High c a p i t a l cost, low operating cost" solution. 

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

The c a p i t a l requirement for construction of a l i n e 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 t h i s p r i n c i p l e may involve either 



18 

steep gradients or protracted curvature or both. Nevertheless, 

once the location has been decided, the construction period, 

over which c a p i t a l disbursements are spread, w i l l be short 

r e l a t i v e to the period over which interest on the c a p i t a l w i l l 

be repaid, or r e l a t i v e to the period over which railway 

operations w i l l be c a r r i e d out upon the l i n e . The c a p i t a l cost 

of constructing the l i n e may therefore be regarded as an 

"immediate" cost: i t i s the cost which i s "immediately" incurred 

in providing the r a i l f a c i l i t y . 

When construction of the f a c i l i t y has been completed, and 

railway operations have commenced, every t r a i n which traverses 

the route i s 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 f a c i l i t y may be 

regarded as being inversely related to i t s construction 

costs. The higher operating costs w i l l be spread over the entire 

period during which r a i l operations are ca r r i e d out over the 

low-capital-cost alignment. These operating costs may be 

regarded as "delayed," not only u n t i l construction i s completed, 

but u n t i l i t i s necessary to run a t r a i n over the l i n e . In the 

extreme case, i f no trains are run over the l i n e , the higher 

operating costs are "delayed" for perpetuity. 

It is important to note that although the operating costs 

of the f a c i l i t y are inversely related to i t s construction costs, 

the l e v e l of operating costs which is associated with a 

p a r t i c u l a r l e v e l of investment in construction i s not 

necessarily uniform. The l e v e l of operating costs i s also 
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related by a more complex function to the volume of t r a f f i c 

which uses the f a c i l i t y . It i s helpful to portray the costs of 

the f a c i l i t y as a U-shaped curve, the locus of which is 

determined by variations in t r a f f i c volume. 

For even the most cheaply b u i l t railway, the l e v e l of 

operating costs may at f i r s t decline with increasing t r a f f i c , as 

surplus l i n e capacity i s absorbed, equipment better u t i l i s e d , 

and the costs of providing motive power and manpower and of 

maintaining l i n e s i d e structures are spread over a greater volume 

of business. However, as t r a f f i c continues to increase, and as 

the surplus capacity provided by the opening of the f a c i l i t y is 

absorbed, operating costs may begin to r i s e with the expansion 

of business, and the marginal rate of increase of the operating 

costs may exceed the marginal rate of increase of the t r a f f i c 

volume. This behaviour of the operating-cost curve may result 

from three factors, which may obtrude singly or simultaneously. 

F i r s t , existing resources of locomotives and traincrews may 

not be s u f f i c i e n t to handle an increase in t r a f f i c . Therefore, 

the marginal increase in t r a f f i c e n t a i l s increases in motive 

power and manpower which may be p a r t i c u l a r l y severe on a low-

c a p i t a l - c o s t , steeply graded alignment where the r a t i o of motive 

power to payload is i n i t i a l l y low. 3 Second, the increase in 

t r a f f i c may cause congestion of the f a c i l i t y , p a r t i c u l a r l y in 

the case of a low-capital-cost, single-track railway where 

through speeds are low and where limited passing accommodation 

i s provided. This congestion w i l l increase fuel consumption and 

power requirements, and l i m i t the absolute volume of t r a f f i c 

handled by the f a c i l i t y . As congestion increases further, the 
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operating-cost curve may bend back upon i t s e l f , with the cost of 

operations continuing to escalate while the volume of business 

conducted declines below that which i t would have been on an 

uncongested f a c i l i t y . Third, the cost of maintaining l i n e s i d e 

structures such as t r e s t l e bridges and snowsheds may increase as 

the structures are subjected to greater weights and frequencies 

of t r a i n s . 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 p a r t i c u l a r l y great where the 

ra t i o of motive power to payload i s low. 4 

Regardless of these fluctuations in the volume of t r a f f i c , 

the r e l a t i v e l e v e l of operating costs which i s associated with a 

low-capital-cost alignment i s generally higher than the l e v e l of 

operating costs associated with a c a p i t a l - i n t e n s i v e 

alignment. There are two reasons for t h i s , which are related to 

the gradients and the curvature of the alignment, 

i) Gradients 

In order to appreciate the impact of gradients upon the 

costs of operation over a p a r t i c u l a r f a c i l i t y , the concept of 

"gradient systems" must f i r s t be understood. Trains are 

assembled, and motive power allocated, according to the length 

and steepness of p a r t i c u l a r gradients along the l i n e . The l i n e 

i s therefore divided into segments, or " d i v i s i o n s , " which 

embrace gradients of a p a r t i c u l a r length or steepness. In order 

to ensure optimal u t i l i s a t i o n of motive power over a p a r t i c u l a r 

d i v i s i o n , the d i v i s i o n a l boundaries must be drawn in such a 

manner as to concentrate a l l gradients of similar severity into 

a single d i v i s i o n . The assembly of trains and a l l o c a t i o n of 
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motive power takes place at the commencement and termination of 

each d i v i s i o n , that i s , at " d i v i s i o n a l points." The amount of 

adjustment of t r a i n weight and motive power which i s required at 

each d i v i s i o n a l point i s determined by the relationship between 

the severity of the gradients on the d i v i s i o n s adjacent to the 

d i v i s i o n a l point. Minimum adjustment of t r a i n weight and motive 

power is commensurate with minimum cost for the operation over 

the contiguous d i v i s i o n s . Thus, "The grades of a d i v i s i o n are 

very d e f i n i t e l y related to each other in their effect on 

operation, and when considered in t h i s connection may be termed 

the grade system of the d i v i s i o n . " 5 The e f f i c a c y of the gradient 

system on the entire l i n e i s c l e a r l y dependent upon the e f f i c a c y 

of the gradient systems within the constituent d i v i s i o n s . The 

present analysis distinguishes between three types of gradient, 

the maximum gradient, the ruling gradient, and the pusher, or 

helper, gradient. 

The maximum gradient i s simply the steepest gradient on the 

l i n e . Operations over the maximum gradient may be conducted 

either by momentum, or by means of pusher locomotives, or by 

balancing t r a f f i c in such a manner that the heavier flow always 

descends the maximum gradient. 6 

The rul i n g gradient i s that gradient which, "...by i t s 

length or steepness, l i m i t s the weight of t r a i n that can be 

hauled by_ one locomotive over the d i v i s i o n on which i t 

occurs." 7 It should be noted that, 

The r u l i n g gradient may or may not be the maximum 
gradient on a d i v i s i o n . 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. 8 
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The importance of the ruling gradient in the economics of 

railway operation i s twofold. It determines not only the maximum 

tr a i n load which a single locomotive can haul over a par t i c u l a r 

d i v i s i o n , but also the amount of motive power which i s in effect 

"wasted" on those sections of the d i v i s i o n which are not ruling 

gradients. Thus, 

. . . i t i s not so much the dire c t cost of power that makes 
heavy ruling grades so objectionable, but rather the 
fact that t h i s power which must be available wherever 
the ruling grade occurs cannot be used to advantage over 
other portions of the l i n e . ' 

Therefore, i t i s the ruli n g gradient rather than the maximum 

gradient which is the c r u c i a l determinant of operating expenses 

over a par t i c u l a r d i v i s i o n . For i t is the ruling gradient, i t s 

angle, length and frequency of incidence on the d i v i s i o n , which 

together determine the amount of motive power which i s provided 

over the entire d i v i s i o n in excess of that required to move the 

t r a i n between the portions of ru l i n g gradient. A l t e r n a t i v e l y , i t 

is the ru l i n g gradient which determines the amount of payload 

which must be l e f t off the t r a i n over the entire d i v i s i o n in 

order to ensure that a single locomotive can continue to haul 

the t r a i n whenever the ruli n g gradient occurs. 

The excess of motive power, or the loss of payload, may be 

minimised by the concentration of ru l i n g gradients of similar 

severity within a pa r t i c u l a r d i v i s i o n . Such concentration 

ensures that when a t r a i n is assembled to match the ruling 

gradient of the d i v i s i o n , the motive power provided i s f u l l y 

u t i l i s e d for as long as possible in crossing the d i v i s i o n . 

A pusher or helper gradient i s any gradient where an 

a s s i s t i n g locomotive i s attached to the t r a i n in order to "help" 
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the t r a i n ascend the gradient. Pusher locomotives are required 

wherever the gradient of a section of the l i n e exceeds the 

ru l i n g gradient of the d i v i s i o n . 1 0 The a s s i s t i n g locomotives may 

be inserted into the t r a i n at any point along i t s 

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 i t i s upon these two drawbars alone that the 

f u l l forces of buffing and p u l l i n g respectively are 

exerted. (The drawbar i s that part of the locomotive or car 

which couples the vehicle to adjacent vehicles.) Moreover, with 

steam t r a c t i o n , as was operated over the Selkirk Mountains u n t i l 

the 1950's, co-ordination of locomotives in multiple i s more 

d i f f i c u l t to achieve than with die s e l and e l e c t r i c 

t r a c t i o n . Also, with steam t r a c t i o n , each additional locomotive 

requires i t s own t r a i n crew of at least two personnel, whilst 

d i e s e l and e l e c t r i c locomotives may be operated in multiple by a 

single t r a i n crew. 

Pusher gradients, l i k e r u l i n g gradients, are expensive to 

operate, not simply because of the d i r e c t cost of supplying the 

additional power where i t i s needed, but because of the 

opportunity cost of being unable to u t i l i s e t h i s additional 

power on portions of the l i n e where i t i s not needed. 1 1 Like 

r u l i n g gradients, therefore, pusher gradients must be 

concentrated as much as possible. The steepness of the pusher 

gradient must also approximate as clo s e l y as possible the 

steepness of the maximum gradient negotiable by the number of 

locomotives in the t r a i n . In t h i s manner, the maximum benefit i s 
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derived from the "push," for i f the pusher gradient i s only 

s l i g h t l y steeper than the rulin g gradient, then much of the work 

of the pusher locomotives i s not required in order to move the 

t r a i n . 1 2 , 1 3 F i n a l l y , the pusher gradient must be s u f f i c i e n t l y 

l o n g , 1 4 and the t r a f f i c s u f f i c i e n t l y dense, 1 5 to ensure f u l l 

u t i l i s a t i o n of the pusher locomotive or the pusher f l e e t , 

i i) Curvature 

Curvature may be inserted into a l i n e either in order to 

avoid a summit completely, or in order to moderate the gradient 

by which a summit 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 i d e n t i c a l . This analysis i d e n t i f i e s two 

implications, those of resistance and distance, which are, 

however, inte r r e l a t e d in their impact upon constructional and 

operating costs. 

The resistance with which a t r a i n meets when t r a v e l l i n g 

over straight track i s increased when a curve is encountered, 

since the natural motion of the t r a i n i s in a straight l i n e . The 

increase in resistance due to curvature is i d e n t i c a l in effect 

to the increase in resistance which results from an increase in 

gradient. Therefore, i f curvature is inserted on the rulin g 

gradient of a d i v i s i o n , without reducing the gradient, the 

increase in resistance which th i s curvature e n t a i l s i s i d e n t i c a l 

in e f f e c t to an increase in the rulin g gradient: i t necessitates 

either the attachment of additional motive power to each t r a i n 

which negotiates the curve, or the reduction of the payload of 

each t r a i n . 
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These expedients of additional motive power and payload 

reduction can only be obviated i f the curvature i s 

"compensated," that i s , i f the increase in resistance which the 

curvature e n t a i l s is compensated by a decrease in the gradient, 

in order to ensure a constant l e v e l of resistance over both 

tangent and curvature. 1' Thus, a gradient of "2.2 per 

cent, compensated" i s a gradient on which the resistance 

encountered by a t r a i n i s equivalent in amount to the resistance 

which the t r a i n would have encountered in ascending a 2.2 per 

cent, gradient on straight track. However, the actual angle of 

ascent w i l l be less than 2.2 per cent., because some of the 

resistance encountered on the ascent w i l l 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. 1 7 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 i f i t does, the 

tr a i n w i l l s t a l l , as the resistance due to the ascent, 

compounded by the resistance due to the curvature, w i l l exceed 

the resistance of the rulin g gradient of the d i v i s i o n . The 

necessity to compensate gradients in order to avoid the s t a l l i n g 

of trains implies increased distance, for either the angle of 

curvature must be reduced, or the angle of ascent must be 

decreased. 

The increase in distance which the insertion of curvature 

e n t a i l s w i l l increase either the immediate cost of construction 

or the delayed cost of operation. Each of these cost increases 

is p a r t i c u l a r l y severe in mountainous t e r r a i n , where 
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construction costs per mile are i n i t i a l l y high, and where very 

l i t t l e l o c a l t r a f f i c can be generated by the lengthening of the 

l i n e . 1 8 

Since the insertion of curvature may e n t a i l either 

increased distance at construction time or increased operating 

costs afterwards, i t i s not clear that curvature can always be 

regarded as a "Low c a p i t a l cost, high operating cost" solution 

rather than a "High c a p i t a l cost, low operating cost" solution 

to the problem of breaching mountainous ter r a i n with r a i l . Its 

appropriate c l a s s i f i c a t i o n w i l l always be determined by the 

s p e c i f i c circumstances in which i t i s adopted. The inference 

must be drawn that where curvature i s adopted in practice, i t 

represents the l e a s t - t o t a l - c o s t solution in comparison with 

either constructing a tunnel or operating over steep i n c l i n e s . 

This analysis of "Low c a p i t a l cost, high operating cost" 

solutions has demonstrated that the construction costs of 

overcoming mountains by r a i l , that i s , the immediate cost of 

providing a railway f a c i l i t y through mountains, can only be 

reduced at the expense of incurring r e l a t i v e l y higher operating 

costs once the f a c i l i t y has opened. These higher operating costs 

are incurred only when t r a f f i c i s required to be transported 

over the f a c i l i t y . The costs are either dir e c t 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 c a p i t a l cost, low operating 

cost." 
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I 

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

In the period of construction of a railway l i n e through 

mountains, large sums of c a p i t a l may be invested in order to 

eliminate an adverse gradient from the alignment by either 

tunnelling or cutting. The outlay is incurred "immediately," 

i that i s , before any t r a f f i c can flow through the f a c i l i t y . 

! However, once the f a c i l i t y has been completed, and the gradient 

eliminated, the cost of operating t r a f f i c over the l i n e i s less 

for every t r a i n than i t would have been had the t r a f f i c been 

obliged to negotiate the steeper gradient, since the need to 

deploy more motive power or forego payload i s averted. 

The high c a p i t a l 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 e n t i r e l y completed before any savings 

in operating costs can be r e a l i s e d . Moreover, the rate of return 

on the investment i s determined s t r i c t l y by the volume of 

t r a f f i c which uses the f a c i l i t y . In the extreme case, i f no 
I 

trains are run over the l i n e , the fact that t r a f f i c can be moved 

at a low operating cost w i l l be of no benefit in securing a 

return on the investment. Thus, the investment of large sums of 

c a p i t a l per mile is not alone s u f f i c i e n t to ensure operating 

savings: t r a f f i c 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 c h a r a c t e r i s t i c s of alternative 

solutions to the problem of locating and operating railways in 

mountainous t e r r a i n 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 i s , in order to choose between alternative engineering 

schemes, the two questions posed in the Introduction have to be 

answered. 1 9 F i r s t , what i s the alignment which i s appropriate to 

the t r a f f i c flows through the mountains? 

Where t r a f f i c flows are uncertain, or where there is an 

expectation that flows w i l l be l i g h t , an alignment which ent a i l s 

high construction costs in order to obtain low operating costs 

w i l l not be appropriate, for the benefit of the low operating 

costs w i l l not accrue with s u f f i c i e n t frequency to offset the 

high interest charges on the c a p i t a l invested in 

construction. The early North American transcontinental 

railways, b u i l t under uncertainty, or with the expectation of 

i n i t i a l l y l i g h t t r a f f i c , therefore adhered to the "Low c a p i t a l 

cost, high operating cost" solution: the f i r s t l i n e s were b u i l t 

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 l i n e and reduce operating costs as t r a f f i c 

developed. Immediate construction costs were diminished, and 

higher operating costs accepted in the short r u n . 2 0 

As long as the t r a f f i c volume remains low, the "Low c a p i t a l 

cost, high operating cost" alignment continues to be 

appropriate. However, as the t r a f f i c volume increases, and as 
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operating costs escalate as a proportion of t o t a l costs, such an 

alignment becomes less appropriate, and the trade-off decision 

between c a p i t a l costs and operating costs becomes less c l e a r -

cut. Ultimately, when the t r a f f i c 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 

a l t e r n a t i v e , less severe alignment, then i t may be concluded 

that the "Low c a p i t a l cost, high operating cost" alignment has 

become inappropriate for the volume of business which i t i s 

required to support. Capital must be invested in order to obtain 

a more appropriate alignment. 

In answering the second question, that i s , what i s the 

appropriate l e v e l of investment which should be undertaken in 

order to secure the appropriate alignment, i t i s i n s t r u c t i v e to 

consider the p r i n c i p l e advanced in 1906 by the C.P.R. engineer 

who would l a t e r be charged with the task of locating a double 

track for the C.P.R. main l i n e 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 c a p i t a l outlay necessary to make the 
reduction. . . 

"Figuring on the t r a f f i c being the same before and 
after the r e v i s i o n , the most economical location to make 
is the one which w i l l require the least outlay for 
construction, and which w i l l reduce operating expenses 
by an amount more than s u f f i c i e n t to pay interest on 
t h i s o u t l a y . " 2 1 

This p r i n c i p l e , which may be regarded as indicative of the 

C.P.R.'s own c r i t e r i a for making the trade-off decision between 

construction and operating costs, and between immediate and 

delayed costs, i s deceptively simple, especially when applied to 

the problem of investing in railways through mountainous 
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t e r r a i n , where the trade-off decision i s rendered p a r t i c u l a r l y 

d i f f i c u l t in practice by three factors. 

F i r s t , constructional and operating c h a r a c t e r i s t i c s d i f f e r 

markedly between alternative alignments through mountains. This 

phenomenon in turn has two ramifications. F i r s t , the absolute 

l e v e l of investment required in order to obtain gradient 

reductions of any significance i s l i k e l y to be high. Concomitant 

interest charges w i l l also be high, therefore, and in order to 

o f f s e t these high interest charges, the p o s s i b i l i t y must exist 

of making large savings in operating costs. This p o s s i b i l i t y 

w i l l exist only i f the proposed gradient reduction project is 

d r a s t i c , or i f the volume of t r a f f i c , forecast to benefit from 

the reduction in operating costs i s considerable. Second, the 

range of alternative projects from which to choose i s not l i k e l y 

to be "continuous." Thus, i f the railway company i s just unable 

to afford the investment in i t s "most preferred" a l t e r n a t i v e , 

the "next most preferred" alternative may offer s i g n i f i c a n t l y 

fewer benefits than the "most preferred" alternative in terms of 

construction costs and operating savings. 

The second factor which renders the trade-off decision 

d i f f i c u l t to make in practice is the necessity for the accurate 

estimation of construction costs, since the alignment should be 

adopted only i f the operating savings r e l a t i v e to alternative 

investments w i l l outweigh the cost of the i n i t i a l 

investment. Clearly, the d i f f i c u l t y of accurately forecasting 

costs is a problem which pervades a l l project 

evaluations. However, the d i f f i c u l t y i s p a r t i c u l a r l y acute in 

the f i e l d of mountain railway location, where contingencies are 
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often d i f f i c u l t to foresee, and cost overruns easy to incur. 

The f i n a l factor which renders the trade-off decision 

d i f f i c u l t to make in practice i s the necessity for the accurate 

estimation of operating savings. This in turn requires the 

accurate forecasting of future t r a f f i c volumes over the proposed 

alignment. Again, this i s a d i f f i c u l t y common to a l l project 

appraisal. Again, too, however, the d i f f i c u l t y i s p a r t i c u l a r l y 

acute in the f i e l d of mountain railway location, where the scale 

of investment costs which must be recovered is usually large, 

and where f l e x i b i l i t y to cope economically with extremes of 

t r a f f i c l e v e l s i s d i f f i c u l t to incorporate into the proposed 

f a c i l i t y . 

The role of these three factors in shaping the trade-off 

decisions which were made by the C.P.R. through the Selkirk 

Mountains w i l l be described and discussed in the remainder of 

this thesis. This analysis w i l l 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 e l i c i t e d in response to each 

question, c l e a r l y involves more than simply engineering 

p r i n c i p l e s and economic costs and benefits. It involves the 

c r u c i a l matter of timing. When, and for how long, i s an 

alignment to be considered "appropriate"? When should the 

investment be undertaken which i s intended to secure a "more 

appropriate" alignment, and for how long is i t intended that 

t h i s alignment should be "more appropriate"? In analysing the 

nature and rationale of the trade-off decisions made in Rogers 

Pass, th i s thesis must perforce examine the manner in which the 
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C.P.R. addressed this c r u c i a l issue of timing. 
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FOOTNOTES 

1 This discussion has no pretensions to be a comprehensive 
review of the engineering p r i n c i p l e s of mountain railway 
construction and operation, nor i s i t intended as such. For a 
thorough and contemporaneous treatment of the f i e l d 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., 1st ed., 
1917; W. L. Webb, Railroad Construction, Theory And Practice, 
New York, John Wiley & Sons, inc., 8th edition, 1926. 
2 Wellington, op. c i t . , Table 170, pp. 544-551. 
3 See below, pp. 21-23. 
4 "Considerably over half of the deterioration of track comes 
from the passage of engines over i t , and the remainder only from 
the passage of cars, which may weigh ten or twenty times as 
much." Wellington, op. c i t . , p. 701. 
5 Williams, op. c i t . , p. 219. 
6 Ibid., p. 265. 
7 Ibid., p. 219. My i t a l i c s . 
8 Ibid. 

' Ibid., p. 220. 
1 0 Unless the gradient is operated either by momentum or by 
balancing t r a f f i c . See note (6) above. 
1 1 "It i s a truth of the f i r s t importance, that the objection to 
high gradients i s not the work which engines have to do on them, 
but i t i s the work which they do NOT do when they are thundering 
over the track with a l i g h t t r a i n behind them, from end to end 
of a d i v i s i o n , in order that the needed power may be at hand at 
a few scattered points where alone i t i s needed." Wellington, 
op. c i t . , pp. 589-590. 
1 2 Williams, op. c i t . , pp. 266-7. 
1 3 "The rate of grade should be such as to require the f u l l 
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 t h i s w i l l 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 O f f i c i a l s Held At 
F i e l d , B.C., February twelfth and thirteenth nineteen hundred 
and s i x . " Public Archives of B r i t i s h Columbia, V i c t o r i a , B.C. 
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(henceforth "PABC,") NWp 971B C225pr. p. 62. 
1 4 "The maximum e f f i c i e n c y in operating pusher engines i s 
obtained when the pusher engine i s kept constantly at work, and 
this i s f a c i l i t a t e d when the pusher grade i s as long as 
possible, that i s , when the heavy grades and the great bulk of 
the difference of elevation to be surmounted i s at one 
place. For example, a pusher grade of three miles followed by a 
comparatively l e v e l stretch of three miles and then by another 
pusher grade of two miles cannot a l l be operated as cheaply as a 
continuous pusher grade of fi v e miles." Webb, op. c i t . , pp. 580-
81. 
1 5 "...the condition that the pushers must be kept busy and be 
always on hand to have them economical must be remembered. The 
larger the t r a f f i c of the road the more e a s i l y can t h i s be 
assured, and consequently the more frequently can pushers be 
used." Wellington, op. c i t . , p. 606. 
1 6 Williams, op. c i t . , p. 296. 
1 7 Webb, op. c i t . , p. 563. 
1 8 It should be noted that compensation i s also required in 
railway tunnels which are located on gradients. Here, the 
increase in resistance i s due to damp r a i l s and increased a i r 
resistance within the tunnel. 
1 9 See above, p. 3. 
2 0 "Whereas European engineers i n c l i n e d to a permanent type of 
construction, American railroads were often best b u i l t when most 
cheaply b u i l t , with l i g h t r a i l s , sharp curves and steep 
grades. Only such roads could expect to earn interest on their 
investment, in view of the scant population of the country and 
the pioneer character of many of the early enterprises." 
S. Daggett, P r i n c i p l e s Of Inland Transportation, New York, 
Harper, 4th edi t i o n , 1928, pp. 63-64. 
2 1 F. F. Busteed, op. c i t . , p. 62. 
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CHAPTER 3 

RAILWAYS AND ROGERS PASS 

The purpose of thi s chapter i s to relate the engineering 

and economic concepts of the previous chapter to the s p e c i f i c 

circumstances of railway construction and operation in Rogers 

Pass, B.C. The chapter is divided into three sections. The f i r s t 

section describes the physical and climatic c h a r a c t e r i s t i c s of 

the Selkirk Mountains, and considers the implications of these 

c h a r a c t e r i s t i c s 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 l i n e through the mountains of B.C. The 

t h i r d section examines the s p e c i f i c expectations which the 

C.P.R. harboured for the impact of these c h a r a c t e r i s t i c s upon 

prospective constructional and operating conditions in the Pass. 

3.1 Rogers Pass 

The dir e c t route west from the foot of the Kicking Horse 

Pass crosses the northerly flowing Columbia River, and i s 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 clim a t i c 

c h a r a c t e r i s t i c s 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 rive r of the same name 
flows. This rive r sweeps round the northern extremity of 
the Selkirk chain, forming what i s c a l l e d the 'Big 
Bend,' and then flows southerly into Oregon T e r r i t o r y , 
scooping out a deep valley, which divides the Selkirks 
from the Gold Range, lying further to the west. The 
Selkirks are thus bounded on either side, and enclosed 
at their northern end, by the Columbia Valley. Their 
length i s about 250 miles in Canadian T e r r i t o r y , and 
width from 50 to 80 miles. 1 

Situated just inside, and p a r a l l e l with, the eastern border 

of B.C., the Selkirks 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 

p r a i r i e s to the west coast. 

b) Topography 

In general character (the Selkirks) are l o f t y , 
rugged, and steep; intersected and d i v e r s i f i e d by narrow 
passes, and precipitous, rocky canons [ s i c ] . The height 
of the highest peaks is ten or eleven thousand feet 
above the sea; long p a r a l l e l ridges of not much i n f e r i o r 
elevation may be frequently observed in close proximity, 
forming between them a narrow V shaped v a l l e y , whose 
sides extend upwards, at an even and very steep slope, 
for f i v e or six thousand feet, and along the bottom of 
which there flows a turbulent mountain stream. 2 

A "low c a p i t a l cost" railway location, intending to follow 

the natural alignment of the t e r r a i n , 3 would necessarily seek 

these narrow passes as corridors through the mountains. However, 

the valley f l o o r s in the Selkirks are poorly drained, marshy, 

and densely overgrown.* Even today, the Trans - Canada Highway 

is compelled to s k i r t these areas by taking to the valley sides. 

Thus, even where le v e l valley f l o o r s e x i s t , and where they are 

wide enough to accommodate even a single l i n e of railway, no 
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track can be l a i d 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 f l o o r s are drained, the streams 

descend very steeply towards the major r i v e r s , too steeply to be 

followed by railway l i n e s . In seeking less precipitous descents, 

tracks necessarily diverge from the rive r valleys and are thrown 

high up the valley s i d e s . 5 They must then be "developed" in 

order to reach the valley floors by practicable gradients, 

thereby incurring increased distance and curvature. 

The necessity of abandoning the valley f l o o r s and seeking 

the mountain sides, whether induced by the narrowness of the 

va l l e y , poor drainage or steeply flowing r i v e r s , has six 

consequences adverse to railway construction and operation. 

F i r s t , i t e n t a i l s steep gradients, in order to reach the refuge 

of the valley sides and then return to the valley floor where 

possible. Second, i t involves construction through the densely 

forested valley sides, which would be scarcely less expensive to 

clear than the dense undergrowth of the marshy valley f l o o r s . 

Third, i t e n t a i l s extensive cutting into the side of the 

mountain above the valley f l o o r , in order to carve out a "bench" 

upon which to lay the r a i l s . The extent of t h i s cutting i s 

increased by "development" of the l i n e . Fourth, i t involves 

increased expenditure upon the securing of a stable foundation 

for the l i n e over these "benches," since in the Selkirks, "the 

rock being for the most part...clay and slate shales...crumbles 

and degrades e a s i l y under the action of the weather, and large 

masses of debris are thus constantly gathering in the valley 
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bottoms, while the mountain sides are deeply scarred by g u l l i e s 

and f i s s u r e s . " 6 F i f t h , i t involves bridging these g u l l i e s and 

the many mountain streams, a l l of which are avoided in an 

alignment along the valley f l o o r . 7 The bridges may be short, but 

the crossings w i l l be high above the g u l l i e s and streams, and 

the bridging w i l l therefore be expensive and complex. Moreover, 

allowance must be made, in both the length and the strength of 

the bridges, for the violent flooding of these many streams. 

This flooding, the result of warm weather melting "the snow-

f i e l d s and ice masses..., may occur at any period of the summer 

months, and may last for days, or perhaps weeks."8 F i n a l l y , 

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 w i l l be examined further in the consideration of 

climatic c h a r a c t e r i s t i c s below. 

c) Climate 

The Selkirk chain forms, as i t were, a l o f t y wall 
running north and south. Being very much higher than the 
mountains to the west, i t i s the f i r s t and chief barrier 
that the moisture laden currents of a i r from the P a c i f i c 
Ocean encounter on their eastward passage. This warm a i r 
is intercepted and the moisture condensed by contact 
with the cold Selkirks, e n t a i l i n g heavy rain in summer 
and deep snow in winter...' 

The average annual snowfall ranges from t h i r t y to f i f t y 

f e e t , 1 0 f a l l i n g mostly between October and A p r i l , 1 1 and f a l l i n g 

much more heavily upon the western slope than upon the eastern 

s l o p e . 1 2 The heavy snowfall, coupled with high winds and the 

steep, fissured p r o f i l e of the mountains, creates a severe 

avalanche danger. The severity of the danger l i e s in the 
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ve l o c i t y of the avalanches, the volume of snow which s l i d e s , and 

the weight of that snow. Hard-packed and frozen, the snow alone 

may weigh from 25 to 38 lbs. per cubic foot, and the force of 

the slides may tear down whole trees or rocks and carry them 

into the valleys with the avalanche. 1 3 

The time of year when s l i d e s are largest and most 
frequent i s from the middle of January to the l a t t e r 
part of February. These are 'winter s l i d e s , ' formed of 
large masses of quite dry snow. In March and A p r i l there 
are numerous 'sun s l i d e s , ' caused by the melting of the 
snow and ice, but these are not of any importance as 
compared with the o t h e r s . 1 4 

The incidence of these slides poses a considerable 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 

f l o o r s , railway l i n e s would be forced d i r e c t l y across the paths 

of avalanches on the mountain sides. However, even the valley 

f l o o r s do not necessarily provide a refuge from the avalanches. 

Many of the valleys are too narrow to permit the s l i d e s to "run 

o f f " harmlessly, and the larger avalanches acquire s u f f i c i e n t 

momentum to cross the valley f l o o r s and travel considerable 

distance up the sides of the mountains opposite. 

Structures intended to defend railway l i n e s from the s l i d e s 

must be strong enough to withstand not merely the weight of the 

cumulative snowfall, nor even the strength of the avalanches 

themselves, but also the weight of the f a l l i n g rocks and trees 

which accompany the s l i d e s . Clearance of the snow sl i d e s alone 

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

several hundred feet of l i n e , sometimes to a depth of over 
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t h i r t y f e e t . 1 5 The presence of rocks and trees in the debris 

exacerbates the clearance problem, p a r t i c u l a r l y i f 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 considerable extent 

peculiar to the Selkirk Mountains. In the Rockies, the valley 

f l o o r s are generally wider, better drained and less overgrown, 

and are thus eminently suitable to accommodate transportation 

corr i d o r s . 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 i t s e l f i s much l i g h t e r , and the snow s l i d e s do not 

generally displace rocks and t r e e s . 1 6 

Moreover, the constraints are to a considerable extent 

peculiar to the location and operation of railways. Due to the 

superior adhesion, acceleration and cornering c a p a b i l i t i e s of 

road vehicles, highways may follow the severe gradients of the 

mountain streams, or may a l t e r n a t i v e l y choose both severe 

gradients and curvature as means of avoiding avalanche paths, 

g u l l i e s or flooded v a l l e y s . These alternatives are available to 

r a i l in only limited measure. 

This analysis of the implications of the physical and 

clima t i c c h a r a c t e r i s t i c s of the Selkirk Mountains for railway 
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construction and operation has revealed that the nature of the 

terr a i n would pose a formidable challenge to the location of a 

r a i l corridor from the p r a i r i e s to the west coast. One may 

legitimately wonder why and how a transcontinental r a i l l i n k 

could be expected to penetrate this awesome natural barrier 

against communication. The next two sections of this chapter 

w i l l endeavour to answer these questions. 

3.2 The Select ion Of Rogers Pass For The F i r s t Transcontinental  
R a i l Link 

The purpose of thi s section i s 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 

p r a i r i e s 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 clim a t i c c h a r a c t e r i s t i c s outlined above. It 

should be noted that the selection of Rogers Pass for the 

transcontinental link was the consequence of two separate but 

int e r r e l a t e d decisions. The f i r s t decision addressed the 

question of the general alignment which should be adopted in 

crossing the western Canadian mountains. The second decision 

addressed the question of the s p e c i f i c location which should be 

adopted in crossing the Selkirk Mountains of B.C. This analysis 

w i l l concentrate upon the second of these questions, partly 

because the f i r s t question has been discussed thoroughly 

elsewhere, 1 1 and partly because the second question reveals more 

than the f i r s t question about the manner in which the trade-offs 

elaborated in Chapter 2 were handled in the p a r t i c u l a r 

environment of the Selkirk Mountains. 
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The need to cross the Selkirk Mountains could have been 

avoided e n t i r e l y had the C.P.R. adhered to their o r i g i n a l 

contract and constructed the main l i n e through the Yellowhead 

Pass via Jasper House. Such a route would have had maximum 

gradients of one per cent., and would have been free from snow 

s l i d e s . 1 8 However, shortly after the C.P.R. had been awarded the 

contract to build the transcontinental main l i n e , in 1881, a 

search was i n i t i a t e d for a more southerly route across the 

p r a i r i e s and through the mountains. By 1883, the Yellowhead Pass 

alternative had been abandoned. 

It i s not proposed to reopen the controversy which 

surrounds the rationale for t h i s abandonment decision. The 

objective of the C.P.R. in seeking a more southerly route was 

ostensibly to obtain a shorter l i n e . 1 5 This saving in distance 

was equated by the C.P.R. with a reduction in future operating 

c o s t s , 2 0 and with an improvement in their c a p a b i l i t y to compete 

with American r i v a l s for transcontinental t r a f f i c . 2 1 In order to 

secure these savings, i t appears that the C.P.R. was prepared to 

sanction higher construction costs on a shorter l i n e through the 

mountains. 2 2 However, the decision to abandon the Yellowhead 

Pass may also have been motivated by p o l i t i c a l considerations, 

since a route further south would more readily f o r e s t a l l the 

economic encroachment of the United States into both the 

Canadian p r a i r i e s and southern B.C. 2 3 

Certainly, the decision to reject an extreme southern 

crossing of the mountains appears to have been dominated by 

p o l i t i c a l considerations. S i r Thomas Shaughnessy, t h i r d 

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 t h i s , as the l i n e would be 

too close to the International Boundary. As a consequence the 

present route was adopted." 2 4 

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 ava i l a b l e . An alignment 

could be followed around the Big Bend of the Columbia Valley, 

s k i r t i n g the northern extremity of the range, or, a l t e r n a t i v e l y , 

a direct crossing could be sought through the Selk i r k s . 

The C.P.R.'s evaluation of these alternatives w i l l now be 

assessed. From th i s assessment, i t w i l l be possible to analyse 

the manner in which the C.P.R. handled the trade-offs explained 

in Chapter 2. The analysis w i l l 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 p o l i t i c a l considerations, but to have been based purely upon 

p r i n c i p l e s of transportation economics. 

The length of the Big Bend route was estimated at 140 

miles, and i t seemed "quite certain that gradients of 80 or 90 

feet per mile would have to be used in p l a c e s . " 2 5 Since the 

rul i n g gradient elsewhere on the C.P.R. system was to be 52.8 

feet per m i l e , 2 6 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 d i f f i c u l t to conduct economically. F i n a l l y , 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 r e q u i r e d . 2 7 

When the C.P.R. applied for statutory authority to abandon 

the Yellowhead Pass, the Big Bend represented a " f a i l - s a f e " 

a l ternative on the southern route: i t could be adopted as a last 

resort i f no di r e c t crossing of the Selkirks could be found. 2 8 

However, i f the C.P.R. had been driven to adopt the Big Bend, 

the potential saving in distance on the southern route, which 

had induced them to abandon the Yellowhead Pass, would have been 

eroded to between t h i r t y - f i v e and f o r t y - f i v e m i l e s . 2 5 It is 

doubtful that the savings in the cost of operating this 

distance, p a r t i c u l a r l y over the p o t e n t i a l l y uneconomical pusher 

gradients, would have offset the increased construction costs 

which were anticipated in the Kicking Horse Pass. 3 0 If adoption 

of the southern route were to be j u s t i f i e d on economic grounds, 

therefore, the C.P.R. had to be prepared to invest even more 

heavily at construction time in order to ensure that the 

distance and cost of operating around the Big Bend would be 

saved. As the C.P.R.'s General Manager, Van Home, freely 

admitted, "'to save th i s distance work w i l l be undertaken that 

would o r d i n a r i l y be considered impracticable on account of 

expense.'" 3 1 

It was therefore understood and expected that a dire c t 

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 i s 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 i t 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 in length, should be excavated through the Selkirk 

range." 3 2 The report of the necessity for thi s length of 

tunnelling probably expedited the Federal Government's decision 

in favour of the Yellowhead Pass, announced while Moberly was in 

V i c t o r i a , having returned from his 1871 e x p l o r a t i o n s . 3 3 

Ten years l a t e r , when the C.P.R. requested permission to 

adopt a southern route, the expectation was s t i l l that "some 

long tunnels" would be required in order to secure a direc t 

crossing of the S e l k i r k s . 3 4 Although, as has been noted above, 

the C.P.R. was prepared to undertake "work... which would 

o r d i n a r i l y be considered impracticable on account of expense," 

i t i s not clear that they regarded t h i s amount of tunnelling as 

acceptable, for they continued to reserve the option of building 

around the Big Bend. 3 5 

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 i t 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 i f a route through Rogers Pass were to be adopted, 

that the C.P.R. applied s p e c i f i c a l l y for permission to locate 
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the l i n e d i r e c t l y across the S e l k i r k s . 3 6 When even th i s amount 

of tunnelling proved not to be necessary in order to secure 

acceptable gradients, the di r e c t crossing via Rogers Pass became 

c l e a r l y preferable to the ci r c u i t o u s passage around the Big 

Bend, saving some seventy-seven or eighty-seven miles of 

mountain railway c o n s t r u c t i o n . 3 7 

The sketching of t h i s 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 esta b l i s h the extent 

of the operating savings which the C.P.R. would require in 

return for i t s willingness to accept higher construction costs. 

Again, no quantitative data i s avai l a b l e . Again, too, however, 

i t i s possible to obtain some insight into the trade-off from 

the evidence of preferences, both revealed and e x p l i c i t . 

Evidence of revealed preference is available in the 

C.P,R.'s preparedness to accept gradients steeper than i n i t i a l l y 

projected on the Rogers Pass route. Rogers, when surveying the 

Selkirks in 1881, had i n i t i a l l y reported "a grade not to exceed 

s i x t y - s i x feet to the mile between Kamloops and the North Fork 

of the I l l i - c i l l e - w a n t [ s i c ] , and from thence to the summit of 

the Selkirks not to exceed eighty feet to the m i l e . " 3 8 After the 

following year's surveys, he was compelled to revise these 

estimates upwards, locating "a l i n e 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..." 3' Nevertheless, the 

C.P.R. was c l e a r l y aware of t h i s gradient system when they 
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applied for permission to exploit Rogers Pass, and was c l e a r l y 

prepared to accept i t . 4 0 

When Rogers later recommended that the gradients again be 

revised upwards, to 116 feet per m i l e , 4 1 i t was s t i l l 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 m i l e . . . , " 4 2 better u t i l i s a t i o n 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 e x p l i c i t preference i s available from Van 

Home's own retrospective explanation of the trade-off decision. 

In his evaluation, Van Home assumed that no pusher gradients at 

a l l would be required on the Big Bend. Therefore, the savings in 

distance over Rogers Pass would be offset by the f u l l cost of 

the pusher operation which would be required on the summit 

route. Even under this assumption, however, the Rogers Pass 

alternative was s t i l l preferred. E x p l i c i t l y , the anticipated 

savings in distance would offset the cost of operating over 

steeper g r a d i e n t s . 4 3 I m p l i c i t l y , from the above evidence of 

revealed preference concerning construction costs, i t may be 

inferred that the savings in distance were also expected to 

offset the po t e n t i a l l y higher cost of construction through 

Rogers Pass. 

From the evidence of both revealed and e x p l i c i t preference, 

i t i s 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 p a r t i c u l a r , in the operating cost of distance. Insofar as 

t h i s saving in the operating cost of distance was equated with 

an improved c a p a b i l i t y to compete for through t r a f f i c , 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 l o c a t i o n . 4 4 

This analysis explains why the main l i n e of the f i r s t 

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 p o l i t i c a l 

grounds. Nevertheless, i t is by no means clear that t h i s 

decision was inconsistent with a decision which would have been 

based purely upon p r i n c i p l e s of railway economics. With the 

selection of Rogers Pass, i t appeared that the objectives which 

the more southerly location was intended to achieve had been 

f u l f i l l e d , and that the trade-off which the C.P.R. had been 

prepared to make, that of incurring higher construction costs 

immediately in order to save operating costs l a t e r , had been 

made. Indeed, when Rogers Pass was selected from the 

al t e r n a t i v e s , i t was not at a l l clear that construction costs 

would be higher in 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 i f 

i t had had to, in practice there were v i r t u a l l y "no tunnels 

necessary." 4 5 Moreover, although the C.P.R. had been prepared to 

accept that the cost of the pusher operation over Rogers Pass 

would o f f s e t some of the saving in distance, in practice i t i s 
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l i k e l y 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 c e r t a i n l y 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 Company's blind decision to enter the Rockies via 

the Kicking Horse Pass with no sure knowledge of i t s means of 

e x i t . * ' Rather, i t was a positive choice. It represented a sound 

solution to the problem of crossing the Selkirk Mountains by 

r a i l . The C.P.R. was well p l e a s e d , 4 7 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 i s 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 l i n k . The 

examination highlights the gap between the C.P.R.'s expectations 

of the route, and the r e a l i t i e s which w i l l be examined in the 

following chapter. The analysis of the C.P.R.'s s p e c i f i c 

expectations in Rogers Pass w i l l examine five d i s t i n c t areas of 

constructional and operational concern. These areas are the 

character of construction work, the cost of construction, the 

time required f o r ' construction, the methods of operation, 

including forecasts of t r a f f i c volumes, and the necessity for 

protection of the f a c i l i t y from snow s l i d e s . 
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a) The Character Of Construction Work 

On f i r s t traversing the Pass in 1882, Rogers himself had 

f e l t " e n t i r e l y safe in reporting a practicable l i n e through t h i s 

range," although he expected that the work would be "very heavy 

and expensive." 4 8 The following year, after further surveys, 

Rogers again reported o p t i m i s t i c a l l y : "Through the Selkirks the 

work i s more uniformly d i s t r i b u t e d than through the Rockies and 

presents no special engineering d i f f i c u l t i e s and for mountain 

work may be considered moderate, the percentage of rock being 

unusually s m a l l . " 4 5 Tunnelling was expected not to exceed 1,200 

l i n e a l 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. 5 0 In a "Memorandum of the General Character of the 

Work," prepared in 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 g r a v e l . " 5 1 

Again this contrasted with conditions in the Rockies, where, on 

the west slope, in the Chief Engineer's estimation, "The work 

may be classed as generally heavy, with some short distances 

very heavy." 5 2 In September 1884, mere months before 

construction through the Selkirks commenced,53 S. B. Reed, the 

engineer who had located the mountain section of the Union 

P a c i f i c Railroad, reported that, 

The l i n e over the Selkirk Mountains, a distance of 
sixty-three miles, i s remarkably easy to construct, 
there being comparatively l i t t l e rock excavation, and 
but one short tunnel. The great bulk of the work w i l l be 
in earth and loose r o c k . 5 4 
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b) The Cost Of Construction 

Few s p e c i f i c forecasts of construction costs in the 

Selkirks s u r v i v e . 5 5 In February 1 8 8 4 , the House of Commons of 

Canada had been informed that the C.P.R.'s estimate for the 

entire distance from the summit of the Rockies to Kamloops was 

$ 1 2 m i l l i o n , 5 6 an average of $ 4 4 , 7 7 6 for each of the 2 6 8 miles. 

When Reed t r a v e l l e d the route in August 1 8 8 4 , he calculated 

that, "between the summit of the Gold Range and the summit of 

the Rocky Mountains... th i s section of the road can be 

constructed at an average cost not exceeding t h i r t y three 

thousand d o l l a r s ( $ 3 3 , 0 0 0 ) per m i l e . " 5 7 Reed's glowing 

conclusion was that, 

In view of the rugged mountain country, through 
which the l i n e 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 l i n e to b u i l d , costing far less per 
mile than the mountain work of the Union and Central 
P a c i f i c roads." 5" 

The more conservative estimates which the C.P.R. formulated 

for submission to the Federal Government the next month forecast 

an average cost for t h i s same section of some $ 3 7 , 0 0 0 per mile, 

and the forecast cost of construction across the Selkirks was 

a c t u a l l y s l i g h t l y below this average. 5 9 Even i f i t i s assumed 

that the Big Bend could have been operated as cheaply as the 

d i r e c t crossing, construction costs around the Columbia River 

would have had to have been less than $ 2 0 , 0 0 0 per mile for the 

Big Bend route to have represented a cheaper o v e r a l l solution 

than the Rogers Pass route to the problem of crossing the 

Selkirk Mountains by r a i l . 6 0 
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c) Time Required For Construction 

In t h e i r o r i g i n a l contract with the Federal Government, the 

C.P.R. had been committed to complete the entire 

transcontinental f a c i l i t y within ten years, that i s , by May 

1891. Rapid progress across the p r a i r i e s was doubtless a major 

factor in enabling t h i s deadline to be brought forwards, but the 

location of a direct route through the Selkirk s , and the 

optimistic projections of i t s engineering f e a s i b i l i t y , must also 

have contributed 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 Lome in September 1882, he 

volunteered: "Expect to have the whole l i n e from Montreal to 

Pa c i f i c Ocean open by January f i r s t , 1887," 6 1 over four years 

sooner than the contracted deadline. By December 1882, even th i s 

expectation had been revised. Stephen stated that the 

C.P.R. expected "to complete their own work across the 

mountains" during 1885. 6 2 Up to t h i s time, the Lake Superior 

section was expected to be the last completed,, being scheduled 

to open during 1886. 6 3 These expectations were unchanged a year 

l a t e r , when the C.P.R. concluded a contract for f i n a n c i a l 

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. 6 4 When t h i s 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 S u p e r i o r . 4 5 In May 
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1884, Van Home confided to Major Rogers, "(W)e hope that the 

men on construction from the East w i l l reach the second crossing 

of the Columbia and possibly Eagle pass by the end of th i s 

year..." 6' Slow progress down the western slope of the Rockies 6 7 

only s l i g h t l y tempered this confidence. In September 1884, Van 

Home assured the Directors, "I think there w i l l be no 

d i f f i c u l t y in completing the mountain section within a year from 

this date.. 

d) Operating Methods And T r a f f i c Forecasts 

As the above analysis demonstrated, 6 9 the C.P.R. was aware 

when Rogers Pass was discovered that whether the main l i n e 

followed the Big Bend or traversed the Pass, a pusher operation 

would be required for either a l t e r n a t i v e . 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, 7 0 permitting intensive 

u t i l i s a t i o n of the pusher f l e e t . The summit i t s e l f was 

"represented as being admirably adapted for the location of a 

depot for marshalling t r a i n s , being p r a c t i c a l l y l e v e l for a 

distance of about three quarters of a m i l e . " 7 1 Moreover, 

"considering the fact that the heavy grades in the Selkirk Range 

are embraced within a comparatively short distance, their 

disadvantage i s very l i t t l e as compared with the great savings 

in through d i s t a n c e . " 7 2 Less pusher capacity would be wasted 

over Rogers Pass than on the l i g h t e r pusher gradients around the 

Big Bend. 7 3 F i n a l l y , since the only other pusher gradient was 

expected to be for twenty miles on the west slope of the 
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Rockies, 7 4 the pusher gradients in the Selkirks complemented the 

gradient system of the entire transcontinental railway, a system 

which compared favourably with those of the Central and Union 

P a c i f i c Railways, the standards of which had provided the model 

for the C.P.R.7 5 

It i s l i k e l y that these arguments alone would have suf f i c e d 

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 t r a f f i c through the mountains of 

B.C., but rather, in conjunction with the saving in distance, 

would be a strength of the southern route. Two further arguments 

in favour of the pusher operation were presented by the C.P.R. 

The f i r s t was that t r a f f i c requiring t r a n s i t through the 

mountains would be l i g h t "for a number of years to come."76 

Therefore, a small f l e e t of pusher locomotives would s u f f i c e to 

handle the business. In the Rockies, Van Home forecast that 

"three, or at most four, trains each way per day w i l l carry a l l 

the business to be done...," 7 7 and expressed the be l i e f "that in 

the case of passenger trains double locomotive service w i l l 

seldom be required; o r d i n a r i l y the substitution of a heavy for a 

li g h t locomotive w i l l answer the purpose." 7 8 The forecasts of 

t r a f f i c volume appear i n t e r n a l l y inconsistent with the boasts of 

timber and mineral resources vaunted by both Stephen 7 9 and Van 

Home. 8 0 Nevertheless, Van Home was confident that such t r a f f i c 

as was carried through the mountains would be ca r r i e d 

p r o f i t a b l y . 8 1 

The second argument was "that the preponderance of through 

t r a f f i c across the continent (would be) largely west bound, and 
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that the two heavy gradients r i s i n g eastward might therefore be 

s t i l l heavier without material disadvantage." 8 2 This forecast 

f l a t l y contradicted those generated by members of the B.C. Board 

of Trade, which emphasised eastbound flows from B.C. 8 3 However, 

the argument does highlight the "system" implications of the 

pusher gradients over the Sel k i r k s . On the entire 

C.P.R. transcontinental "system," a westbound preponderance of 

t r a f f i c was preferable, since t h i s was revenue t r a f f i c , and the 

trains conveying revenue t r a f f i c would have to be t a i l o r e d to 

only one r e s t r i c t i v e ruling gradient, while longer t r a i n s of 

empties, generating zero direct revenue, could be hauled against 

the two adverse eastbound ruli n g g r a d i e n t s . 8 4 Thus, t h e . t r a f f i c 

imbalance would actually reduce the t o t a l 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 of flows would be optimal, in 

order to ensure even u t i l i s a t i o n of motive power on either side 

of the summit. An imbalance in favour of either d i r e c t i o n would 

be equally costly, but the actual d i r e c t i o n of the imbalance 

would be irrelevant to the economics of the pusher operation. 

e) Snowslide Protection 

The C.P.R. had long been aware of potential avalanche 

problems in crossing the Selkirks d i r e c t l y . 8 5 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 s l i d e s are to be 

feared." 8' This recommendation had been r e l a t i v e l y "cheap" to 
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implement, 8 7 but further gradient increases in order to avoid 

s l i d e s were impracticable, since they would e n t a i l a costly 

increase in the ruling gradient of the system, and breach of 

their o r i g i n a l 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. 8 8 Instead, where avalanche paths could not be 

avoided, the C.P.R. intended to protect the main l i n e with snow 

sheds. When Rogers had f i r s t traversed the Pass, he had f e l t 

"assured that the distance in which d i f f i c u l t i e s may be expected 

in crossing the Selkirk Range w i l l be reduced to ten or twelve 

m i l e s . " 8 5 As late as August 1884, Reed, making the same 

crossing, would report that "evidences of snow s l i d e s were seen 

at and near Roger's [ s i c ] 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 f i f t e e n 

m i l e s . " 5 0 He admitted that, "A number of snowsheds w i l l probably 

be required for the protection of the track," but pointed out 

that "nearly f i f t y miles of these are in successful use on the 

Central P a c i f i c road." 5 1 Thirty-two miles of these sheds had 

cost $1,731,000 in the 1860's. 5 2 In March 1885, the C.P.R. 

estimated that $450,000 would be required for the construction 

of snowsheds in the mountains 5 3: i f they were expecting to be 

able to construct their sheds for the same cost as the Central 

P a c i f i c had incurred, they could expect to completely cover with 

snowsheds at least eight miles of those f i f t e e n troublesome 

miles i d e n t i f i e d in the mountains. 

This detailed investigation of the s p e c i f i c 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 p a r t i c u l a r grounds upon which 

rested the Company's s a t i s f a c t i o n in securing a location through 

Rogers Pass and their confidence in contemplating future 

operations over the Selkirks. Construction was expected to be 

r e l a t i v e l y easy and s i g n i f i c a n t l y less costly than alternative 

routes. Adoption of the Rogers Pass route would enable early 

completion of the entire transcontinental f a c i l i t y , and the 

rapid generation of revenues from through t r a f f i c with which to 

support subsequent improvements to the l i n e . The pusher 

operation over the Selkirk summit would complement the gradient 

system of the entire transcontinental f a c i l i t y , and i t was 

expected that the avalanche problem, which did not appear unduly 

burdensome when set against conditions experienced by r i v a l 

railways, would be e f f e c t i v e l y eliminated by a modest c a p i t a l 

outlay at construction time. 

The results of this investigation reinforce the conclusion 

reached in the second section of th i s chapter, that the Rogers 

Pass route appeared to offer a p o s i t i v e l y sound rather than a 

merely expedient solution to the problem of breaching the 

Selkirk Mountains by r a i l . 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 operating 

costs over Rogers Pass appear l i k e l y to be far less than 

operating costs around the Big Bend, but i t seemed that a heavy 

"immediate" investment of c a p i t a l 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, i t seemed that they 

would not in practice have to make such a trade-off, for the 

Rogers Pass route represented the l e a s t - c a p i t a l - c o s t and l e a s t -

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 Ross 

were each independently dispatched through the Howse Pass in 

various attempts to est a b l i s h the f e a s i b i l i t y of that 

a l t e r n a t i v e . It was not u n t i l 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 

fee l i n g "quite s a t i s f i e d that we have secured beyond doubt the 

best l i n e through the Mountains."' 4 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' 5 and the Kamloops Lake sections' 6 was completely absent 

from the submission of the p r o f i l e s of the alignment over Rogers 

Pass. These l a t t e r plans were approved and returned qu i e t l y , 

quickly and without question during the autumn of 1884, 5 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 i s the climax of mountain scenery." 1 

The C.P.R. Customer: 
"It i s not too much to say that the Canadian P a c i f i c 
passage through the mountains is the greatest sermon 
ever presented to man on the Divine Majesty. The a r t i s t 
i s inspired, the lover of nature s a t i a t e d . " 2 

The C.P.R. Employee: 
"In the winter i t was snow and f r o s t . In the spring i t 
was snowslides, washouts and every other sort of trouble 
known to railroading, and in the summer i t was f i r e s . 
Just one continual round of pleasure — i f one li k e d 
that s o r t . " 3 

The detailed expectations of the C.P.R. for the Rogers Pass 

route having been analysed in the previous chapter, the purpose 

of t h i s chapter i s to examine the r e a l i t i e s which were 

encountered in Rogers Pass, that i s , the actual conditions of 

both construction and operation which prevailed along the route. 

Such an examination i s necessary to ascertain the existence of 

gaps between expectations and r e a l i t i e s . Once the existence of 

any gaps has been established, the s p e c i f i c objectives of 

remedial measures undertaken by the C.P.R. to close these gaps 

may be more c l e a r l y understood, and the success of those 

measures may be more readily evaluated. 

Several compelling narrative accounts have been written of 

the r e a l i t i e s of construction through the S e l k i r k s . 4 Evidence of 

the methods by which railway operations were conducted through 

Rogers Pass i s , however, more fragmented. In order to preserve 

the a n a l y t i c a l character of the present study, and to f a c i l i t a t e 

the i d e n t i f i c a t i o n of gaps between expectations and r e a l i t i e s , 
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the investigation of r e a l i t i e s in t h i s chapter w i l l be similar 

in structure to the investigation of expectations which was 

undertaken in the f i n a l section of the previous chapter. The 

same five areas of constructional and operational concern w i l l 

be explored. 

In the consideration of operating r e a l i t i e s , the analysis 

w i l l be extended to include examination of remedial measures 

adopted by the C.P.R., for i t i s recognized that, by their very 

nature, "operating r e a l i t i e s " are not s t a t i c but dynamic in 

character. They may change with each t r a f f i c movement, each 

technological or managerial innovation, and i t i s management's 

unremitting task to seek to narrow those gaps between operating 

expectations and operating r e a l i t i e s as far as they are able. It 

is therefore appropriate that Part I of t h i s thesis should 

conclude in t h i s 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, f i n a n c i a l pressure and 

time pressure. The nature of these constraints w i l l be more 

close l y examined below. 5 This section w i l l 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 l a t e r , as t r a f f i c 

developed, the Construction Manager, James Ross, had intended to 
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undertake "temporary work in the way of building a l i n e that can 

be thrown further into the h i l l s i d e s afterwards." 6 On the east 

slope of the Selkirks, t h i s approach could be implemented 

s u c c e s s f u l l y . 7 However, Ross was quickly forced to concede that 

the avalanche problem had been seriously underestimated, 8 and 

that relocation would be required on the west slope in the 

interests of safety.' 

The alignment i n i t i a l l y proposed by Rogers had descended 

the west slope on the north bank of the I l l e c i l l e w a e t River, 

that i s , d i r e c t l y across the south-facing b l u f f s of Mount 

Cheops. (See map II.) From observations conducted during the 

winter of 1884-85, i t was discovered that these bluff's, exposed 

to the sun, "were l i t e r a l l y an almost continuous avalanche 

path." 1 0 The plan to undertake "temporary work (which) could be 

used to work into the permanent l i n e " proved untenable. 1 1 Ross 

estimated that " i t w i l l take 8,350 feet of shedding and about 

1400 feet of tunnelling to operate the l i n e with any safety over 

these... s l i d e s . " 1 2 The previous year, in order to avoid the 

c a p i t a l 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 

li n e with gradients of double the maximum permitted in i t s 

c o n t r a c t . 1 3 A year l a t e r , confronted with an even more drastic 

shortage of c a p i t a l and an even more pressing need to generate 

revenue from through t r a f f i c , 1 4 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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• MAP I I : L O C A T I O N OF A L T E R N A T I V E ALIGNMENTS PROPOSED AT 
CONSTRUCTION T I M E ON T H E C . P . R . MAIN L I N E 

IN ROGERS P A S S . 
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An alternative location was sought on the south bank of the 

I l l e c i l l e w a e t . However, in order to reach the valley floor and 

avoid crossing the highly active Ross Peak s l i d e path, a 

gradient much steeper than the contractual maximum of 2.2 per 

cent, compensated would have been r e q u i r e d . 1 5 Even i f the 

C.P.R. had been prepared to increase i t s r u l i n g gradient, i t i s 

doubtful whether the Federal Government, after having so 

recently acceded to the controversial request for a temporary 

l i n e in the Rockies, would have granted permission for a second 

deviation from the contract in the mountains. 1 6 Instead, Ross 

developed the l i n e up the val l e y of Five-Mile Creek, a tributary 

of the I l l e c i l l e w a e t , .and by inserting an elongated loop into 

the alignment, contrived to reach the valley floor within the 

contractual maximum g r a d i e n t . 1 7 

The south bank of the I l l e c i l l e w a e t was less prone to 

avalanches than the north bank. 1 8 Moreover, the "Loop" i t s e l f 

c a r r i e d the l i n e into the centre of the I l l e c i l l e w a e t Valley by 

means of fi v e t r e s t l e s , which had an aggregate length of 4,108 

f e e t . 1 9 Not only was the new alignment thus clear of sl i d e s from 

both sides of the val l e y , but construction of the t r e s t l e s 

represented a far more rapid and less c a p i t a l - i n t e n s i v e 

alternative than tunnelling and snowshedding. Ross estimated 

that his location would cost "some four to fi v e hundred thousand 

d o l l a r s less to make i t a safer l i n e , " 2 0 and that i t had 

"several hundred degrees less curvature upon i t " than upon the 

o r i g i n a l . 2 1 

However, the sharpest of these curves was 10° 30' at i t s 

central a n g l e , 2 2 which was in excess of the contractual maximum 
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of 10°, and the remainder of the Loop was b u i l t at that maximum. 

The Federal Government had urged that curvature be reduced to 

eight degrees wherever gradients exceeded sixty feet per m i l e . 2 3 

Whilst Van Home had complied on the Kamloops Lake s e c t i o n , 2 4 

Ross warned that in the Selkirks the cost of compliance would be 

"very heavy." 2 5 Construction work on the new alignment was "very 

heavy" t o o , 2 6 contrary to the expectation of generally moderate 

work through the Selkirks. F i n a l l y , development of the l i n e had 

added over three miles to the length of 2.2 per 

cent, g r a d i e n t , 2 7 and a l l of the additional distance opposed 

eastbound t r a f f i c . Thus, the pusher gradient system within the 

Selkirks was d i s e g u i l i b r a t e d . Henceforth, the pusher gradient on 

the west slope would be 24.5 miles long, against 21.5 miles on 

the east s l o p e . 2 8 The disequilibrium favoured westbound t r a f f i c , 

the d i r e c t i o n forecast by the C.P.R. to preponderate. The extent 

of the imbalance would not seriously increase the operating cost 

of eastbound movements r e l a t i v e to westbound movements. 

Nevertheless, the existence of the imbalance between the pusher 

gradients meant that, i f the r e l a t i v e balance of t r a f f i c 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 i t would have been had the pusher 

gradients themselves been balanced. 

The influence of c a p i t a l 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," 2 5 

represented, a rapid, low-capital-cost alternative to f i l l i n g or 
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diverting streams, although i t imposed high subsequent 

maintenance c o s t s . 3 0 In the 46.1 miles between Beavermouth on 

the east slope and Albert Canyon oh the west, there were no less 

than 207 bridges, with an aggregate length of 19,349 f e e t . 3 1 

Five of these were each over one thousand feet l o n g . 3 2 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 i s the fact that eleven of these bridges 

were only six feet long, and 118 were sixteen feet long or 

l e s s . 3 3 

The unforeseen necessity for tunnelling on the north bank 

of the I l l e c i l l e w a e t 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 S e l k i r k s . 3 4 On 

the west slope, where a maximum of 1,200 feet had been 

p r o j e c t e d , 3 5 two tunnels, the Laurie Tunnels, 3 6 aggregating 

1,251 feet in length, were eventually constructed between Rogers 

Pass and Albert Canyon. 3 1 Due to the time and c a p i t a l 

constraints, the s i d e - d r i f t method of construction was adopted 

in order to secure more rapid completion of the f i r s t of 

these, 3 8 and the second may not have been completed u n t i l at 

least a year after the main l i n e opened. 3' 

Although, as w i l l be demonstrated below, construction work 

proved both more cap i t a l - i n t e n s i v e and more time-consuming than 

anticipated, in practice neither the work which was undertaken 

nor the alignment which was adopted appear to have d i f f e r e d 

greatly from expectations. The single exception was the 

unforeseen necessity to relocate the li n e 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 - in thi s way. 4 0 

Nevertheless, the Loop alignment was less c a p i t a l - i n t e n s i v e than 

the o r i g i n a l 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 f i n a n c i a l 

circumstances. 4 1 Moreover, the Loop, unlike the "Big H i l l " 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 t r a f f i c permitted. Rather, i t was seen as 

a s a t i s f a c t o r y solution in i t s e l f to the trade-off decision, and 

as permanent a solution as the remainder of the alignment across 

the S e l k i r k s . Thus, the C.P.R. would claim that, "the general 

alignment, outside the loop was much improved," 4 2 and that, "the 

l i n e as now located is as favourable as any that can be obtained 

crossing the S e l k i r k s . " 4 3 The l a t t e r statement can only be 

accepted in the context of the predominant c a p i t a l and time 

constraints which w i l l 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 c a p i t a l 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 c a p i t a l 

rationing. These conditions were already in e f f e c t when the 
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railhead reached the Rockies, 4 4 but they were at their most 

severe during the period of construction across the Selkirks. It 

was not primarily the c a p i t a l cost of the actual construction 

across the Selkirks which was responsible for i n t e n s i f y i n g these 

conditions. Three other factors were responsible. These were the 

c a p i t a l cost of construction across the Rockies, the inopportune 

timing of federal loans to a s s i s t the C.P.R., and the deliberate 

reallocation of c a p i t a l by the C.P.R. from the mountain section 

to the Lake Superior section in order to accelerate completion 

of the l a t t e r . 

In March 1884, with the railhead • at the summit of the 

Rockies, a $22.5 m i l l i o n federal loan had been granted to the 

C.P.R.4 s 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."46 In March 

1885, the Company was b r i e f l y unable to meet i t s wage 

o b l i g a t i o n s , 4 7 and r e l i e f , in the form of a further federal 

loan, was not secured u n t i l July 20th, 4 8 by which time the 

railhead had almost crossed the Selkirk summit. 4 5 Meanwhile, 

completion of the Lake Superior section was accorded p r i o r i t y as 

a means of obtaining further f i n a n c i a l a s s i s t a n c e . 5 0 Capital 

savings of some four m i l l i o n d o l l a r s were effected on 

construction work in B.C., 5 1 and diverted from the mountain 

section to be "rapidly absorbed on the Lake Superior S e c t i o n . " 5 2 

Only after completion of the l a t t e r , in May 1885, could the 

entire c a p i t a l resources of the C.P.R. be concentrated upon 

construction of the remaining sections in the Selkirks and the 

Gold Range. 



77 

The i n t e n s i f i c a t i o n of c a p i t a l rationing across the 

Selkirks fostered the propensity to trade off construction costs 

against operating costs in a manner which would minimise the 

immediate requirement for c a p i t a l . Cuttings were reduced to 

widths less than those on the sections b u i l t d i r e c t l y by the 

Federal Government, 5 3 against the standards of which Van Home 

would r a i l in later years. B a l l a s t i n g was omitted, and bridges 

were b u i l t e n t i r e l y of timber, without masonry or iron 

support. 5 4 

Despite the conditions of c a p i t a l rationing, however, and 

despite the deliberate management policy of minimising immediate 

construction costs, the estimate of c a p i t a l requirements for 

construction across the Selkirks was exceeded. The excess was 

incurred c h i e f l y upon the west slope. Between the Beaver River 

and the summit on the east slope, the actual cost corresponded 

clos e l y with the estimate of November 1884. From the summit to 

the f i r s t crossing of the I l l e c i l l e w a e t on the west slope, 

however, the November 1884 estimate of $550,000 was exceeded by 

some $200,000, or over one t h i r d . This increase was incurred not 

so much because of an increase in the c a p i t a l 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 f i r s t crossing of the I l l e c i l l e w a e t 

and the second crossing of the Columbia, where the length of 

railway constructed corresponded with the length estimated. 

Thus, the expected cost, one m i l l i o n d o l l a r s for the twenty-



78 

e i g h t m i l e s , was exceeded by $130,000, or t h i r t e e n per cent. The 

t o t a l c o s t of c o n s t r u c t i o n from the Beaver R i v e r to the Columbia 

R i v e r , as assessed a f t e r completion of the e n t i r e 

t r a n s c o n t i n e n t a l main l i n e , was $2,560,000. T h i s was $330,000, 

or f i f t e e n per cent., more than the l a s t estimate submitted 

before c o n s t r u c t i o n across the S e l k i r k s b e g a n . 5 5 

C e r t a i n l y , as James Ross admitted, " I t has cost more than 

i t s h o u l d . " 5 6 C e r t a i n l y too, Ross had had "to s t r a i n every p o i n t 

to so change the l o c a t i o n as to save every d o l l a r . " 5 7 

N e v e r t h e l e s s , i t appeared that t h i s was s u c c e s s f u l l y 

accomplished. For example, had the l o c a t i o n of the Loop not 

ob v i a t e d the expenditure of a f u r t h e r $500,000, the a c t u a l cost 

would have exceeded the e x p e c t a t i o n by some $830,000, or over 

t h i r t y - s e v e n per cent. C.P.R. management's p o l i c y i n rai l w a y 

c o n s t r u c t i o n a c r o s s the S e l k i r k s had been o v e r t l y to " b u i l d the 

road, i n a l l r e s p e c t s , with the l e a s t immediate o u t l a y necessary 

to i n s u r e s a f e t y i n o p e r a t i o n , l e a v i n g as much as p o s s i b l e to be 

done i n the f u t u r e . " 5 8 T h i s p o l i c y had been d i c t a t e d by 

f i n a n c i a l expediency. Yet i t was the c o n s t r u c t i o n p o l i c y which 

was most a p p r o p r i a t e f o r the C.P.R. as i t sought to open up a 

l i n k between east and west acr o s s the mountains of B.C.; and the 

p o l i c y was s u c c e s s f u l l y implemented. 

c) Time Required For C o n s t r u c t i o n 

Van Home's hope to reach the second c r o s s i n g of the 

Columbia by the end of 1884 s' was f r u s t r a t e d by the nature of 

the c o n s t r u c t i o n work which was encountered on the west slope of 

the Rockies. The r a i l h e a d d i d not reach Beavermouth, ten mi l e s 
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west of the f i r s t c r o s s i n g of the Columbia, u n t i l November 

1884 . 6 0 N e v e r t h e l e s s , Van Home's f o r e c a s t e d date f o r 

completion, September 1885, 6 1 was a c t u a l l y brought forwards by a 

month in October 1884, 6 2 perhaps i n a n t i c i p a t i o n of e a s i e r work 

in the S e l k i r k s , or perhaps in an attempt to spur Ross to even 

g r e a t e r e f f o r t s . 

C o n s i d e r a b l e pressure was e x e r t e d upon Ross i n order to 

a c c e l e r a t e c o m p l e t i o n . 6 3 However, work was delayed e a r l y i n 1885 

by avalanches, the f i r s t to be experienced d i r e c t l y by Ross and 

the C.P.R., and as a r e s u l t of the experience, the C o n s t r u c t i o n 

Manager c o u n s e l l e d Van Home to " a n t i c i p a t e a delay i n 

c o n s t r u c t i o n . " 6 4 In June 1885, the f o r e c a s t e d date f o r 

completion was set back again by two months, to the end of 

September. 6 5 Heavy summer r a i n f a l l f u r t h e r delayed the work, and 

by l a t e September the r a i l h e a d had progressed only as f a r as 

A l b e r t Canyon, twenty-four m i l e s west of the S e l k i r k summit, 

having advanced s c a r c e l y f i f t y m i l e s i n s i x months. 6 6 The "Last 

Spike" was not d r i v e n u n t i l November 7th, i n Eagle Pass. 

Even then, however, the l i n e was not opened to through 

t r a f f i c f o r another e i g h t months. No snowsheds had been p r o v i d e d 

i n e i t h e r the S e l k i r k s or the Gold Range at the time of 

c o n s t r u c t i o n , and no r a i l o p e r a t i o n s were attempted u n t i l 

f u r t h e r r e s e a r c h had been undertaken i n t o the i n c i d e n c e of 

avalanches i n the mountains. Only when the s l i d e season was 

over, and a f t e r the damage to the permanent way had been 

r e p a i r e d , was the l i n e opened f o r revenue t r a f f i c , i n June 1886. 

T h i s delay i n opening the l i n e had been f u l l y a n t i c i p a t e d by the 

C.P.R., and both shareholders and the F e d e r a l Government had 
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been forewarned. 6 7 

Although the erection of snowsheds to protect the permanent 

way would continue u n t i l 1890, the through l i n e i t s e l f 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 t r i v i a l in comparison with the saving achieved over 

the deadline i n i t i a l l y contracted. Moreover, the date of actual 

completion was safely within the l i m i t s of the revised contract 

of 1884. No s p e c i f i c value for "construction-time saved" was 

adduced in the west. 6 8 However, the time savings were c l e a r l y 

accorded an i m p l i c i t 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 d e s i r e o t o secure c a p i t a l savings. Both 

types of savings had to be traded off against the increase in 

subsequent operating costs, and i t appears that in the Selkirks, 

trade-offs intended to secure time savings were successful. In 

order to save one year of construcion time in the Rockies, the 

C.P.R. were compelled to locate thirteen miles of e x p l i c i t l y 

"temporary" track, and to operate over i t s 4.4 per 

cent, gradients u n t i l a permanent l i n e was b u i l t . 6 ' 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 c a p i t a l savings in the Selkirks, they 

did so without incurring any t a c i t obligation to undertake 

subsequent relocation. 
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d) Operating Methods And T r a f f i c Flows 

Gradients across the Selkirk summit nowhere exceeded the 

116-feet-per-mile maximum which had been anticipated by the 

C.P.R. The 2.2 per cent, compensated ruling gradient commenced 

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 F i e l d to Beavermouth and eastbound from Revelstoke to 

Albert Canyon. 7 0 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 t r a i n s . One pusher 

locomotive was attached to each ascending t r a i n , and provided 

assistance as far as the yard at Rogers Pass on the summit of 

the S e l k i r k s . 7 1 Here, while the road locomotive conducted the 

t r a i n on the descent of the opposite slope, the pusher 

locomotive was detached, turned in the Rogers Pass roundhouse 

and returned l i g h t down the gradient, to be turned again on a 

"Y" at Beavermouth or Albert Canyon and held to await the next 

ascending t r a i n . 

The l e v e l of the variable cost of hauling t r a f f i c over the 

pusher gradients was determined by the number of pusher 

locomotives required in the mountain locomotive f l e e t , and by 

the number of t r i p s obtained from each pusher locomotive. These 

l a t t e r variables were in turn functions of the volume of t r a f f i c 

requiring t r a n s i t over the pusher gradients, and the volume of 

t r a f f i c which the locomotives could haul per unit of time, as 

conditioned by their tonnage ratings and speeds, and by the 



82 

spacing of meeting and p a s s i n g s i d i n g s along the r o u t e . 

The C.P.R. had expected l i g h t t r a f f i c f o r s e v e r a l years 

a f t e r the opening of the t r a n s c o n t i n e n t a l l i n e , and i t appears 

that they were able to provide s u f f i c i e n t pusher c a p a c i t y to 

move the a v a i l a b l e t r a f f i c u n t i l at l e a s t the t u r n of the 

century. Scheduled passenger s e r v i c e was provided by a s i n g l e 

passenger t r a i n d a i l y i n each d i r e c t i o n u n t i l 1902. 7 2 Passenger 

t r a i n s comprised f i v e or s i x c a r s , 7 3 and by 1891, o b s e r v a t i o n 

c a r s were being a t t a c h e d through the m o u n t a i n s . 7 4 However, the 

h e a v i e s t of a l l passenger v e h i c l e s , d i n i n g c a r s , were not 

attached u n t i l 1909. 7 5 The speed of passenger t r a i n s through the 

S e l k i r k s was not determined by the tonnage r a t i n g of the road 

locomotive, but was r e g u l a t e d to c o i n c i d e with a mealbreak at 

the G l a c i e r H o t e l , two m i l e s west of Rogers P a s s . 7 6 Pusher 

locomotives were t h e r e f o r e r a r e l y r e q u i r e d on passenger duty. 

Data l i m i t a t i o n s i n h i b i t a c c urate e s t i m a t i o n of the volume 

and d i r e c t i o n of f r e i g h t movements over the S e l k i r k s . However, 

an impression of low t r a f f i c volume and s u r p l u s r a i l c a p a c i t y 

may be gleaned. Throughout the summer of 1888, when seasonal 

f r e i g h t a c t i v i t y might have been expected to have been at i t s 

h i g h e s t f o r the year, there were no westbound f r e i g h t t r a i n s 

scheduled out of Donald at a l l , and only two per day 

e a s t b o u n d . 7 7 Admittedly, most f r e i g h t t r a i n s were run as 

s p e c i a l s , without s c h e d u l i n g . Yet i n 1889, the Superintendent of 

the P a c i f i c D i v i s i o n observed that "there w i l l be some days 

without any t r a i n s whatsoever over the road, and o t h e r s , a f t e r 

the a r r i v a l of a steamship [ i . e . i n Vancouver], there w i l l be a 

constant quick s u c c e s s i o n of t r a i n s f o r s e v e r a l days 
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together." 7 8 During one such l o c a l peak, in a single week of 

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

tea" destined eastbound through the mountains. 7 5 Even t h i s , 

however, would amount to scarcely one t r a i n per day. 8 0 Movements 

of the other p r i n c i p a l t r a f f i c from the Orient, s i l k , may not 

have been of s u f f i c i e n t volume to generate a demand for more 

tr a i n s : adequate surplus capacity existed on the passenger 

trains to permit attachment of cars of s i l k to their r e a r . 8 1 

When avalanches in the Rockies disrupted transcontinental 

service for three days in December 1888, only one special 

freight and two tea trains were delayed. 8 2 As late as June 1896, 

t o t a l t r a i n movements between Donald and Kamloops, including 

summer passenger and freight specials as well as mixed t r a i n s , 

amounted to 268, an average of four and a half t r a i n s per day in 

each d i r e c t i o n . 8 3 

The maximum length of trains over the Selkirks appears to 

have been at least thirteen cars when the l i n e f i r s t opened. 8* 

By 1898, the maximum length of a t r a i n with a single pusher 

locomotive was c e r t a i n l y eighteen c a r s , 8 5 and t h i s maximum 

continued u n t i l at least 1900. 8 6 Eighteen loaded cars were 

equivalent to 846 tons, the haulage capacity of a single 

"Consolidation" locomotive on a 1.6% compensated g r a d i e n t . 8 7 

Over the Selkirks, therefore, where the gradients were 2.2% 

compensated, pusher locomotives may have been required for any 

t r a i n of greater weight than approximately 420 tons, or about 

nine loaded cars. It i s 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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d e c r e a s i n g , and that t h i s t r e n d continued u n t i l the turn of the 

cent u r y . By 1893, the average l e n g t h of f r e i g h t and mixed t r a i n s 

on the e n t i r e P a c i f i c D i v i s i o n chad r i s e n beyond nine c a r s , the 

approximate payload f o r which pusher s e r v i c e was r e q u i r e d , to 

10.95 c a r s . One year l a t e r , t h i s had in c r e a s e d to 11.31 c a r s , 8 6 

and i n September 1894 i t reached 12.13 c a r s . 8 ' Although these 

data are f o r average c o n d i t i o n s only, they i n d i c a t e that 

payloads per t r a i n were c o n t i n u i n g to inc r e a s e beyond the po i n t 

at which pusher s e r v i c e became necessary, and t h e r e f o r e that the 

cost of the pusher s e r v i c e on each t r a i n was being spread over 

more revenue t r a f f i c . 9 0 Moreover, the C.P.R. does not appear to 

have experienced any d i f f i c u l t y i n p r o v i d i n g the r e q u i s i t e 

pusher c a p a c i t y . When the l i n e had opened f o r t r a f f i c i n 1886, 

two locomotives had been appointed f o r pusher duty on e i t h e r 

slope of the S e l k i r k s . ' 1 By August 1898, i t had s t i l l not been 

found necessary to in c r e a s e the s i z e of t h i s pusher f l e e t . 9 2 

T r a i n speeds over the S e l k i r k s were low. The f i r s t 

scheduled passenger t r a i n s averaged l e s s than twelve m i l e s per 

hour f o r the seventy-nine-mile journey between Revelstoke and 

D o n a l d . 9 3 By 1902, the eastbound "Imperial L i m i t e d , " the f a s t e s t 

C.P.R. t r a i n through the mountains, s t i l l r e q u i r e d almost four 

and a h a l f hours f o r the c r o s s i n g , averaging l e s s than eighteen 

m i l e s per h o u r . 9 4 The scheduled T h i r d C l a s s "Fast F r e i g h t " 

s e r v i c e s averaged j u s t over eleven miles per hour f o r the 

journey i n 1902. 9 5 I t i s unfortunate that l i t t l e i s known of the 

speeds at which the " e x t r a " f r e i g h t t r a i n s n e g o t i a t e d the 

S e l k i r k g r a d i e n t s , f o r i t was these s e r v i c e s which conveyed the 

m a j o r i t y of t r a f f i c through the mountains. The evidence of 
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p a s s e n g e r - t r a i n t i m e t a b l e s i s u n r e p r e s e n t a t i v e of t y p i c a l t r a i n 

speeds over the S e l k i r k s . These s e r v i c e s were r i g o r o u s l y 

scheduled, and r e c e i v e d p r i o r i t y over a l l other t r a f f i c . T h e i r 

meets were c a r e f u l l y synchronised, and t h e i r speeds through the 

e n t i r e mountain region were governed to ensure t i m e l y a r r i v a l 

f o r b r e a k f a s t , lunch and dinner at the C.P.R. h o t e l s i n North 

Bend, G l a c i e r and F i e l d . T h i s r e g u l a t i o n of t h e i r speed, and the 

f a c t . t h a t s e v e r a l minutes c o u l d g e n e r a l l y be found f o r a stop to 

admire the I l l e c i l l e w a e t R i v e r at A l b e r t Canyon,'' suggest that 

there was l i t t l e d i f f i c u l t y i n pa t h i n g the " e x t r a " f r e i g h t 

t r a i n s among the scheduled s e r v i c e s between Beavermouth and 

A l b e r t Canyon. 

Van Home had f o r e c a s t that i n the e a r l y years, the flow of 

t r a f f i c would be predominantly westbound. Although at f i r s t more 

t r a i n s were scheduled to run eastbound than westbound, and 

although the tea and s i l k flows which have been so h i g h l y 

v i s i b l e to subsequent commentators' 7 were a l s o always eastbound 

through the mountains, i t appears that Van Home's f o r e c a s t was 

acc u r a t e f o r at l e a s t s e v e r a l years a f t e r the t r a n s c o n t i n e n t a l 

f a c i l i t y opened. In J u l y 1888, the Donald Truth lamented that 

the C.P.R. c o u l d not be made to "see that i t would be b e t t e r f o r 

i t to haul loaded c a r s east to Winnipeg, r a t h e r than empty 

ones."' 8 The Vancouver Board of Trade recorded that i n 1889, 

38,895 tons of f r e i g h t a r r i v e d i n Vancouver by r a i l from the 

Eas t , and 21,441 tons were shipped by r a i l to the Ea s t . In 1890, 

the r e s p e c t i v e volumes were 50,773 tons and 13,973.5 t o n s . 5 ' I t 

i s u n l i k e l y that t h i s westbound predominance was rev e r s e d u n t i l 

the " t a k e - o f f " of the lumber trade between B.C. and the p r a i r i e s 
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after the turn of the c e n t u r y . 1 0 0 

With the volume of t r a f f i c , the length and speed of trains 

and the frequency of t r a i n movements detailed above, i t appears 

that siding capacity on the main l i n e over the Selkirks was 

quite adequate for the extent of operations which the C.P.R. was 

required to undertake. By August 1889, there were ce r t a i n l y 

crossing points for trains at Bear Creek and Glacier, five miles 

respectively on the east and west slopes from the yard at Rogers 

P a s s . 1 0 1 Table 1, taken from the e a r l i e s t available 

comprehensive l i s t of sidings on the P a c i f i c D i v i s i o n , compiled 

in 1896, indicates that, despite the nature of the t e r r a i n , the 

C.P.R. contrived to locate passing sidings at regular intervals 

on the main l i n e , and that each of the sidings could e a s i l y 

accommodate the longest trains operated through the mountains. 

The frequency of sidings and the r a t i o of siding length to 

length of running l i n e on the C.P.R. in 1896 compared favourably 

with those on the Canadian Northern main l i n e when the l a t t e r 

opened through the Yellowhead Pass in 1915. 1 0 2 
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TABLE 1 

SIDING ACCOMMODATION IN THE SELKIRK MOUNTAINS, C. 1896 

Section 
Length  

Main Line 
^ M i l e s ! -

Length  
Side Track 

(Feetl 

Car-lengths  
Of Storage 

(36' Per Car*) 

Revelstoke East 

Twin Butte West 

Twin Butte East 

Albert Canyon West 

Albert Canyon East 

I l l e c i l l e w a e t West 

Ross Peak West 

Ross Peak East 

Glac ier 

Rogers Pass 

Bear Creek 

Six-Mile Creek 

Beaver West 

Beaver East 

Donald 

5 1/2 

5 

5 

5 1/2 

5 

5 

5 

5 

5 

5 

5 1/2 

5 

6 

6 

800 22 

2,645 

2,785 

1,150 

12,016** 

3,850 

2,000 

1,000 

1,000 

7,171 

17,012 

73 

77 

31 

333 

106 

55 

27 

27 

199 

472 

* Standard length of C.P.R. box-car. See, "Hunting-Merritt 
Lumber Company versus Canadian P a c i f i c and B r i t i s h Columbia 
E l e c t r i c Ry. Companies, 20, Canadian Railway Cases, 181 at 184 

** Includes 9,500 feet of summer track 

Source:- Abbott to Shaughnessy, September 15, 1896, PIC, CPCA 
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The^C-P'R«'s expectations for operating conditions and 

t r a f f i c flows through the Selkirks proved accurate once the l i n e 

opened. The volume of t r a f f i c was low, and a small f l e e t of 

pusher locomotives was s u f f i c i e n t to provide assistance over the 

summit. Despite slow speeds and the necessity for returning 

pushers l i g h t against ascending t r a i n s , t r a f f i c l e v e l s were 

s u f f i c i e n t l y low, and siding accommodation s u f f i c i e n t l y spaced, 

to permit the pathing of trains through the Rogers Pass corridor 

with l i t t l e apparent d i f f i c u l t y . Although i t i s not known how 

intensively the available pusher capacity was u t i l i s e d , i t seems 

that paths for additional trains could have been found had 

increasing t r a f f i c made them necessary and had the pusher f l e e t 

been enlarged accordingly. It is therefore concluded that there 

was surplus l i n e capacity on the C.P.R. route over the Selkirk 

Mountains. It appears from this analysis that that surplus 

capacity endured u n t i l 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 

twelve miles, and had expected to solve the problem by building 

snowsheds. During construction of the transcontinental l i n e , 

however, in the C.P.R.'s f i r s t winter in the Selkirks, Ross 

admitted candidly that he had underestimated the danger from the 

s l i d e s , 1 0 3 although he reassured Van Home that conditions in 

the Selkirks that winter were e x c e p t i o n a l . 1 0 4 The C.P.R.'s 

r e a l i s a t i o n 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 i n t o the S e l k i r k s to monitor 

s l i d e paths, the s l i d e s were " c e r t a i n l y l e s s i n bulk" than they 

had been the pre v i o u s w i n t e r . 1 0 5 In the winter of 1886-87, 

c o n d i t i o n s were f a r worse than they had been i n e i t h e r of the 

pre v i o u s two y e a r s , 1 0 ' and even these c o n d i t i o n s may have been 

surpassed i n a d v e r s i t y by those of 1887-88. 1 0 7 

While Ross acknowledged the gap between the e x p e c t a t i o n s of 

snowslides and the r e a l i t i e s , he was c o n f i d e n t that the gap 

co u l d be c l o s e d with modest immediate c o s t , 1 0 8 and t h a t , "With 

some a d d i t i o n a l expense over estimate every p o i n t can be made 

p e r f e c t l y secure f o r o p e r a t i o n . " 1 0 9 He proposed to minimise the 

investment i n snowshedding, the immediate c o s t , by m a i n t a i n i n g 

an i n c r e a s e d s e c t i o n f o r c e who would d i g out the s l i d e s "as you 

would an o r d i n a r y d r i f t . " 1 1 0 

However, not only was the gap between e x p e c t a t i o n s and 

r e a l i t i e s underestimated, but so was the cost of c l o s i n g t h at 

gap. Even a f t e r the experience of the f i r s t w inter's 

o b s e r v a t i o n s , Van Home informed the M i n i s t r y of Railways and 

Canals t h a t , "A comparatively small expenditure w i l l be r e q u i r e d 

to make the l i n e e n t i r e l y s a f e . " 1 1 1 When, as a r e s u l t of these 

o b s e r v a t i o n s , the General Superintendent of the P a c i f i c D i v i s i o n 

submitted estimates f o r the co s t of snowshedding, Van Home was 

f o r c e d to admit t h a t , "Your estimate of c o s t . . . i s f a r beyond any 

pre v i o u s estimate and f a r beyond our e x p e c t a t i o n s , and f o r 

f i n a n c i a l reasons i t i s somewhat a p p a l l i n g . " 1 1 2 The General 

Manager, c o n s i s t e n t with h i s e x p e c t a t i o n that the l i n e would be 

l i g h t l y used f o r s e v e r a l years, intended to reduce the immediate 

cost of c l o s i n g the gap, and to postpone f u r t h e r investment i n 
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snowslide protection, u n t i l t r a f f i c 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 s l i d e 
may occur. If we provide now for such as have occurred 
within record years we w i l l probably be j u s t i f i e d in 
taking some chance of interruption by the o t h e r s . 1 1 3 

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 c a p i t a l which were invested in the 

construction of snowsheds during the years immediately following 

the completion of the through l i n e . After Ross's reports during 

the winter of track-laying, the C.P.R. had estimated that 

$450,000 would s u f f i c e for snowsheds in the mountains. 1 1 4 During 

1886, the f i r s t summer after observation of the avalanches, the 

C.P.R. spent $1,477,510 on snowsheds in the P a c i f i c D i v i s i o n . 1 1 5 

The following year, having estimated that a further $504,565 

would be r e q u i r e d , 1 1 6 the C.P.R. was in fact forced to invest 

$691,062, 1 1 7 and in 1888 the Company disbursed another 

$136,401. 1 1 6 Perhaps because of the magnitude of the costs, or 

perhaps because the C.P.R. might have argued that investment in 

snowsheds was a s o c i a l welfare measure, i t seems that by A p r i l 

1888, the Company had applied for, or was at least hopeful of, a 

Federal Government grant for snowshedding work. 1 1' However, 

there i s 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 

l e v e l s , and why i t s trade-off policy broke down in the provision 

of avalanche protection. The f i r s t factor was the extent of 

snowshed construction. After the f i r s t winter's observations, 
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t h i r t y - f i v e sheds were c o n s t r u c t e d . 1 2 0 In 1887, a further 15,388 

feet of shedding were proposed, 8,568 feet of which were to be 

located in the S e l k i r k s . 1 2 1 By June 1888, a t o t a l of 31,764 feet 

of sheds had been b u i l t on the entire P a c i f i c D i v i s i o n , of which 

30,403 feet, or 5 3/4 miles, were situated between Beavermouth 

and Albert Canyon in some forty-three separate s h e d s . 1 2 2 

The second factor was the q u a l i t y of construction which was 

required i f the sheds were to function s a t i s f a c t o r i l y . In order 

to withstand the force of avalanche material weighing from 25 -

45 lbs. per cubic f o o t , 1 2 3 the protective structures, sheds and 

glance-cribs, had to be far more heavily b u i l t than those on the 

American transcontinental railways. Snowsheds on the Central 

P a c i f i c had cost an average of $10.25 per l i n e a l foot in the 

1860's. 1 2 4 In 1918, the renewal cost of sheds on the Southern 

P a c i f i c would be between twelve and fourteen d o l l a r s per l i n e a l 

f o o t . 1 2 5 The average cost of the C.P.R. sheds and cribs by 1888 

was around seventy d o l l a r s per l i n e a l foot. 

The need to upkeep this quantity of shedding imposed severe 

maintenance costs upon the C.P.R., which w i l l be considered in 

more d e t a i l in the following chapter. This extent of shedding 

also created operating problems of i t s own, however. Each shed 

had to be p a t r o l l e d constantly by section men, in winter on 

account of avalanche damage, and in summer on account of f i r e 

damage, to which the sheds were p e c u l i a r l y s u s c e p t i b l e . 1 2 ' The 

longer sheds were equipped with hydrants every four hundred 

f e e t . 1 2 7 Due to the steep main-line gradients, handcars could 

rarely be used in f i r e - f i g h t i n g , 1 2 8 and eventually a f l e e t of 

locomotives had to be adapted for t h i s purpose. 1 2 5 During 
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routine operations, the accumulation of smoke rendered the 

brakesmen's duties hazardous, 1 3 0 and in winter the r a i l s were 

prone to icing and the permanent way d e t e r i o r a t e d . 1 3 1 

As the C.P.R. acquired experience of the s l i d e paths, they 

undertook bridge improvements and piecemeal diversions as 

alternative means of preventing the avalanches from obstructing 

the main l i n e through the mountains. The t r e s t l e bridge at Snow 

Bank was swept away in February 1886 , 1 3 2 and again in January 

1887. 1 3 3 New bridges were i n s t a l l e d here and at Cut Bank, 

enabling avalanches to pass beneath the railway t r a c k s . 1 3 4 When 

the bridges were again removed by s l i d e s , Cut Bank in 1900 and 

Snow Bank in 1904, 1 3 5 the respective ravines were f i l l e d , and 

the main l i n e 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. 1 3 6 Two years 

previously, a diversion at I l l e c i llewaet had cost $9 , 429'. 91. 1 3 7 

These cost data suggest that diversion was adopted where i t 

c l e a r l y represented a less costly means of avalanche defence 

than the snowsheds. However, these investments in bridge 

improvements and diversions must not be accounted e n t i r e l y as 

costs of snowslide protection. Rather, they may have been the 

result of a greater a v a i l a b i l i t y of c a p i t a l once 

transcontinental operations had commenced, and they may have 

formed part of the policy, c l e a r l y envisaged at the time of 

construction, of investing in the upgrading of the l i n e once 

t r a f f i c had begun to f l o w . 1 3 8 These investments in improvements, 

which had the effect of mitigating the avalanche problem, were 

therefore e n t i r e l y consistent with the manner in which the 
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C.P.R. had sought to handle the t r a d e - o f f between c o n s t r u c t i o n 

c o s t s and o p e r a t i n g c o s t s from the very outset of work i n the 

S e l k i r k s . 

Where d i v e r s i o n s were too c o s t l y , and where the snowsheds 

f a i l e d , the l i n e was c l e a r e d by snowploughs and the e f f o r t s of 

the s e c t i o n gangs. The f i r s t winter of o p e r a t i o n s proved that 

the c o n v e n t i o n a l wing ploughs were " e n t i r e l y i n s u f f i c i e n t and 

almost unworkable" i n the S e l k i r k s , 1 3 ' and the C.P.R. was 

compelled to i n v e s t i n the more expensive r o t a r y snowploughs. 

The f i r s t was d e l i v e r e d to the S e l k i r k s and t e s t e d i n November 

1 8 8 8 . 1 4 0 I t was, however, r e q u i r e d to perform duty not only i n 

the S e l k i r k s , but i n Eagle Pass t o o . 1 4 1 The s i n g l e plough 

appears to have been inadequate for the burden of these 

snowclearing d u t i e s . N e v e r t h e l e s s , C.P.R. management c l e a r l y 

accorded g r e a t e r p r i o r i t y to the c l e a r i n g of the Lake Superior 

s e c t i o n , and r e f u s e d requests fo r a second r o t a r y plough f o r the 

mountains " u n t i l i t i s known what d i f f i c u l t i e s are l i k e l y to be 

encountered t h i s winter on the North S h o r e . " 1 4 2 I t was not u n t i l 

February 1890 that a r o t a r y was t r a n s f e r r e d from the Lake 

Superior s e c t i o n to the Mountain D i v i s i o n , by which time, "Want 

of a second r o t a r y ha(d) s e r i o u s l y delayed o p e r a t i o n s i n 

c l e a r i n g snow s l i d e s . " 1 4 3 The r o t a r i e s a l l e v i a t e d the d i f f i c u l t y 

of f i n d i n g convenient dumping grounds f o r the c l e a r e d snow, 1 4 4 

but the e a r l y models were n e v e r t h e l e s s u s e l e s s f o r c l e a r i n g 

avalanches c o n t a i n i n g timber and rocks, and these had s t i l l to 

be c l e a r e d manually. Assembling an adequate labour f o r c e i n the 

mountains c o u l d be a task i n i t s e l f . 1 4 5 

C e r t a i n l y , the C.P.R. underestimated both the demand f o r 
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snowslide protection in the Selkirks and the cost of meeting 

that demand. Nevertheless, within f i v e years they had 

implemented a comprehensive avalanche defence system intended 

for the protection of their main l i n e . This - system had 

preventitive components, diversion of the l i n e , snowsheds and 

patrols, and curative components, snowploughs and section gangs. 

Moreover, the system was successful. The C.P.R. i t s e l f claimed 

that the sheds "answered their purpose admirably," and that 

during the winter of 1889-90, the f i r s t in which the defensive 

system was f u l l y operational, the C.P.R. "was the only one of 

the transcontinental l i n e s that enjoyed immunity from 

blockades." 1 4 6 Available evidence reinforces these claims. 

Daily records of the a r r i v a l 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." 1 4 7 Two others were more than twelve hours 

late in reaching their d e s t i n a t i o n . 1 4 8 From January to December 

1891, three trains were more than twelve hours l a t e , a l l in late 

A p r i l , and in December one t r a i n was cancelled, although i t i s 

not known whether this cancellation was due s p e c i f i c a l l y to 

avalanche problems in the S e l k i r k s . 1 4 5 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 [ s i c ] 
were found to be absolutely perfect, the snow-shedding, 
which i s upon a scale that would astonish hon. gentlemen 
i f they were to see in the s o l i d i t y of construction, 
allowing these avalanches to come down from the Rocky 
Mountains and the Selkirks and elsewhere to pass over 
them without the s l i g h t e s t d i f f i c u l t y or without the 
sl i g h t e s t d i s t u r b a n c e . " 1 5 0 

Even Walter Moberly, who spent a l i f e t i m e 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 dire c t l i n e i s unquestionably the one taken by 
the C.P.R. along the I l l e c i l l e w a e t r i v e r . Its 
disadvantages are the heavy grades and l i a b i l i t y to snow 
and land s l i d e s . Substantial snowsheds are overcoming 
one of these d i f f i c u l t i e s . 1 5 1 , 1 5 2 

Moreover, i t should be remembered that s l i d e problems at 

least equal in severity to those in the Selkirks were 

encountered elsewhere through the mountains. In January 1887, 

Abbott reported that, "the d i f f i c u l t i e s with the snow have 

occurred where we least expected them, v i z . at Eagle P a s s , " 1 5 3 

and after the 1887 s l i d e 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 f i r s t provided, so as to confine the trouble 
to the l i n e between Revelstoke and Donald, and that the 
worst of the s l i d e s in the Selkirks should then be 
provided for, according to the amount that may be 
appropriated for t h i s purpose. 1 5 4 

A l i s t of delays to passenger t r a i n s submitted in March 1889 

indicates that rock s l i d e s between Vancouver and Kamloops were 

responsible for most of the lost time, whilst in the Selkirks, 

"the glance c r i b s , fences, sheds &c. have a l l stood the test and 

are doing the work, for which they were intended, admirably." 1 5 5 

In November 1892, Abbott would report forty-eight mudslides in a 

single day on the Thompson and Cascade s e c t i o n s , 1 5 ' and when, in 

1894, the year of the C.P.R.'s darkest fortunes, their main l i n e 

through B.C. was closed for forty-one days, i t was not 

avalanches in the Selkirks which were responsible, but flooding 

in the F r a s e r . 1 5 7 
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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 r e a l i t i e s . The gap between expectation 

and r e a l i t y in the nature of construction work west of Rogers 

Pass did not translate into a s i g n i f i c a n t gap in terms of either 

cost or time. Operations were conducted, and t r a f f i c conveyed, 

much as expected. The only serious gaps between expectations and 

r e a l i t i e s emerged over the incidence of avalanches and the cost 

of measures to protect against them. The analysis reveals that 

in undertaking these remedial measures, the C.P.R. endeavoured 

to handle the trade-off decision in providing snowslide 

protection exactly as they had handled i t in construction of the 

l i n e as a whole: that i s , they sought to minimise c a p i t a l 

investment at the outset, and to undertake measures of 

improvement as operations over the l i n e developed. To t h i s 

extent, the extremely high c a p i t a l 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, in the s p e c i f i c context of avalanche 

defences, inappropriate. The policy broke down. There was no 

e f f e c t i v e solution to the snowslide problem which was not 

c a p i t a l 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 l i n e might be placed beyond doubt. 1 5 8 

Even though the C.P.R. had been forced to abandon their 

intended trade-off p o l i c y , they had made, as i t were, the 

minimum concession. Having once grasped the magnitude of the 

snowslide problem, and the cost of solving i t , the Company was 
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faced with four a l t e r n a t i v e s . They could abandon the Rogers Pass 

route e n t i r e l y , 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 dire c t 

crossing; they could p e r s i s t with the alignment as b u i l t , but 

abandon operations during the winter months; 1 5' or they could 

pers i s t with the alignment as b u i l t , and invest substantially in 

snowsheds for i t s protection. 

To have either abandoned the Rogers Pass route e n t i r e l y or 

to have undertaken tunnelling would have imposed demands upon 

the c a p i t a l resources of the Company, and indeed upon the 

c a p i t a l resources of the country, which quite simply could not 

have been met in 1885, nor in the years immediately afterwards. 

There i s no evidence that the Company ever considered these 

a l t e r n a t i v e s . There i s no evidence that the Federal Government 

ever asked them to consider the alt e r n a t i v e s . The Federal 

Government, indeed, would not even contribute to the cost of the 

snowsheds. 

To have closed the l i n e in winter would have meant 

foregoing the revenue from a l l t r a f f i c which might have 

traversed the l i n e during the months of closure. It would also 

have entailed investment in the spring in order to repair the 

damage i n f l i c t e d by the avalanches of the winter. After the 

closure of 1885-86, the damage to the unprotected l i n e had not 

been repaired u n t i l the following August. 1 6 0 Not only might the 

investment in repairs be high, therefore, but interruption to 

t r a f f i c as a result of leaving the l i n e 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 d i r e c t cost of repairing the l i n e after closure, 

combined with the opportunity cost of interrupting the flow of 

t r a f f i c , together outweighed the cost of constructing and 

maintaining avalanche defences in order to keep the l i n e open 

throughout the winter months. 

Therefore, the Company proceeded to invest heavily in 

snowsheds. A gap between expectations and r e a l i t i e s had existed. 

Remedial measures were taken. These measures were successful. 

The gap was narrowed. Indeed, insofar as the l i n e was never 

disrupted for more than a month once the avalanche defence 

system was implemented, the gap must be regarded as having been 

almost e n t i r e l y closed, and the trade-off decision must be 

regarded as having been largely successful. 

There i s one f i n a l 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 l i n e 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 p a r t i c u l a r l y high, and p a r t i c u l a r l y 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 

c e n t . , 1 ' 1 the amount invested in snowsheds by 1888 s t i l l 

represented $2,180,869, almost as much again as the investment 

in the main l i n e i t s e l f between the Beaver and Columbia r i v e r s , 

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 t r a f f i c which a c t u a l l y took advantage of the l i n e ' s 

being open during those winter months on behalf of which the 

costs were incurred. 

The implication must be that, in the years immediately 

following completion of the transcontinental l i n k , the 

C.P.R. was in a decreasing-cost situation in the Selkirk 

Mountains. S p e c i f i c a l l y , the more t r a f f i c that could be carried 

through the Selkirk s , the wider the fixed cost of snowshed 

maintenance could be spread, and the lower the t o t a l cost of 

each individual t r a f f i c movement would be. Moreover, given the 

low i n i t i a l volume of t r a f f i c t r a v e l l i n g over the l i n e , 

additional t r a f f i c could be handled without incurring congestion 

costs. Therefore, the reduction of t o t a l costs effected by 

spreading the snowshed costs over an increased volume of t r a f f i c 

would not be offset by the addition of more t r a i n s . Thus, 

although the C.P.R. had handled trade-off decisions in a manner 

intended to ensure low c a p i t a l costs, i t commenced operations in 

a situation where i t could absorb additional t r a f f i c without 

incurring increased operating costs. 
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PART TWO  

THE BIG BORE 

The C.P.R. had made i t s decision. It had evaluated 

alternative routes through the mountains, and had opted for a 

short, di r e c t crossing. In the Selkirks, t h i s entailed 

construction and operation over Rogers Pass, with i t s steep 

gradients and exposure to snowslides. The decision to secure a 

direct route had been taken in 1881 and f u l l y implemented by 

1885. It would commit the C.P.R. to surface operations in Rogers 

Pass for the next t h i r t y years. 

What were the consequences for the C.P.R. of being 

committed to thi s alignment? One of the p r i n c i p a l consequences 

was that the C.P.R. became engaged in a protracted and costly 

battle to protect i t s t r a f f i c against avalanches. This 

consequence has attracted the most scrutiny from previous 

historians of the C.P.R.'s operations in Rogers Pass. Many of 

these historians assert that the C.P.R. lo s t the ba t t l e . The 

1910 avalanche disaster, in which 62 C.P.R. employees were 

buried a l i v e , i s regarded as a turning point in 

C.P.R. management's perception of the v i a b i l i t y 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, i s regarded as an 

acknowledgement of defeat, a strategic withdrawal in reaction to 

the i n t r a c t a b i l i t y of the avalanche hazard. 

How tenable i s an explanation of the decision to construct 

the Connaught Tunnel which addresses only the snowslide 



112 

problems? For another p r i n c i p a l consequence of the C.P.R.'s 

commitment to a surface route through Rogers Pass was the 

necessity to haul a l l trains over 46 miles of 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 l i n e , and the scarcity of locations 

suitable for sidings, a l l imposed constraints upon the capacity 

of the f a c i l i t y to absorb increases in t r a f f i c . 

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 in l i n e capacity provided by the 

tunnel. Analysis reveals that t r a f f i c forecasts generated by the 

C.P.R. in 1913 i d e n t i f i e d 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 requirements, and not just in.response to past 

avalanche experiences. 

The second part of thi s thesis examines the question of why 

the surface route through Rogers Pass was abandoned in favour of 

the Connaught Tunnel. The answer i s sought by an analysis of 

operating conditions at the summit of the Selkirks throughout 

the t h i r t y years of surface r a i l r o a d i n g . This section begins 

with a re-examination of the nature of the avalanche hazard 

which has been accorded so much attention by previous railway 

hi s t o r i a n s . An attempt i s made to establish the actual extent 

and cost of snowslide problems on the surface route. Then, 

t r a f f i c developments through the B.C. mountains are examined, 



113 

with p a r t i c u l a r emphasis upon previous investments undertaken by 

the C.P.R. to improve operating conditions in Rogers Pass, and 

upon the implications of t r a f f i c growth and t r a f f i c forecasts 

for the future adequacy of the surface route. When the 

C.P.R. deemed that i t s surface alignment was no longer 

appropriate for i t s operating requirements, i t considered 

several a l t e r n a t i v e 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 a l t e r n a t i v e are discussed. F i n a l l y , 

the conclusions of the thesis are presented. 
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CHAPTER 5 

AVALANCHE PROBLEMS 

The purpose of thi s chapter i s 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 in the Selkirks have maintained that the 

role played by snow problems was c r u c i a l , and they have made 

l i t t l e attempt to look beyond th i s aspect of operating 

conditions for an explanation of the decision to construct the 

Connaught Tunnel. This chapter w i l l attempt to determine whether 

or not the snow problem in Rogers Pass was indeed s u f f i c i e n t l y 

severe to j u s t i f y abandonment of the o r i g i n a l route over the 

Selkirks, and whether or not i t was indeed the desire to avoid 

the danger and expense of avalanches which spurred the C.P.R. to 

invest in an alignment underground. 

The analysis i s divided into two parts. The f i r s t part 

concentrates exclusively upon the role of the 1910 avalanche 

disaster in motivating the decision to relocate the main l i n e . 

This concentration i s j u s t i f i e d because cert a i n authorities 

a t t r i b u t e the decision e n t i r e l y to the influence of that 

p a r t i c u l a r d i s a s t e r . 1 In the second part of the analysis, the 

focus i s widened to include consideration of the snowslide 

problem in general, the extent of the problem and the impact 

which i t had upon the investment decisions taken by the 

C.P.R. in Rogers Pass. 



115 

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 s l i d e which had descended during the afternoon from 

Mount Cheops, to the west of the main l i n e . Half an hour before 

midnight, the crew was struck by a much larger avalanche 

descending from Mount Avalanche, east of the main l i n e . Sixty-

two C.P.R. employees were k i l l e d , 2 of whom thirty-two were "Japs 

and Hindoos." 3 

There were several alarming aspects of the disaster, 

besides the enormity of the de a t h - t o l l . The snow-clearing crew 

had -been working on a two-mile portion of the main l i n e 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 o r i g i n a l 

l o c a t i o n , 4 had been undertaken in the beli e f that the new route 

was quite safe from snowslides. Indeed, the C.P.R. had 

undertaken additional investment in widening the cuttings on the 

di v e r s i o n , 5 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 v u l n e r a b i l i t y of the operation to disruption by 

avalanches. Moreover, whilst no members of the public had 

suffered injury in the incident, the westbound passenger t r a i n 

No. 97 had been less than ten miles away when the f a t a l 

avalanche had struck, 7 and had fortunately been running s l i g h t l y 
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la t e , having been delayed by a smaller snowslide east of the 

Selkirk summit.8 The tra i n would be imprisoned in the mountains 

for two and a half days u n t i l the major avalanche could be 

cleared.' Less than a week before, over eighty passengers on the 

Great Northern's Spokane Express had been k i l l e d at Wellington, 

Washington, when an avalanche had swept the t r a i n into a 150-

foot gorge. 1 0 

If the 1910 disaster i s to be linked d i r e c t l y with the 

decision, taken more than three years l a t e r , to abandon Rogers 

Pass, then proponents of the direc t linkage must believe that 

the incident precipitated a change in G.P.R. management's 

perception of the v i a b i l i t y of the route through the Selkirk 

Mountains. For when the disaster occurred, the C.P.R. had been 

operating over the surface alignment for some twenty-four years, 

during which time they had made no serious attempt to seek an 

alternative route to that through Rogers Pass. In order to 

establish the extent of any linkage, t h i s analysis w i l l begin by 

considering the nature of the 1910 disaster i t s e l f . Then, the 

p o s s i b i l i t y w i l l be investigated that the disaster provoked 

pressure upon the C.P.R. to undertake investments in improving 

the safety of i t s surface alignment. F i n a l l y , the actual 

response of the C.P.R. to the disaster w i l l be examined, for 

evidence that the incident had indeed prompted a reappraisal of 

the v i a b i l i t y of the surface route. 

The 1910 avalanche disaster was in every sense a "freak." 

The s l i d e followed a path down which there had been no previous 

record of avalanches. 1 1.At an inquest into the deaths, i t was 

stated that, "There was timber in the path of this s l i d e which 
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in some places was f i f t y y e a r s • o l d . " 1 2 The s l i d e was also of 

exceptional magnitude. An employee of twenty years' seniority 

t e s t i f i e d that, 

The old track for considerable distance several 
hundred feet west of 17 Shed was covered by the s l i d e , 
as well as the new track. In my experience t h i s has not 
occurred b e f o r e . 1 3 

F i n a l l y , the weather in the days preceding the s l i d e was 

exceptional, even for the Selkirks. "There had been a snowfall 

of 88 inches in nine days previous to the s l i d e . " 1 4 

There is no evidence to suggest that the disaster provoked 

any pressure upon the C.P.R. either to undertake improvements to 

the e x i s t i n g route, or to abandon the route e n t i r e l y and invest 

in an a l t e r n a t i v e . Certainly, the f i r s t coroner's jury which was 

empanelled to investigate the disaster was dismissed on March 12 

after f a i l i n g to reach a v e r d i c t . 1 5 However, the controversy 

appears to have centred upon the questions of whether or not the 

C.P.R. act u a l l y compelled i t s snow-clearing crews to work at 

nights, and whether or not the f a i l u r e to post look-outs at the 

s i t e of snow-clearing operations constituted an act of 

negligence on the part of the Company. At a second inquest, 

convened on March 14, i t was reaffirmed that, "It i s not 

compulsory for men to work at n i g h t s . " 1 ' Those who did were paid 

time-and-a-half. 1 7 It was moreover agreed that look-outs would 

be "not much use at nights" in any event. 1 8 

The findings of the inquests placed no pressure upon 

C.P.R. management to make a major policy decision. The jury at 

the second inquest returned a verdict of "Accidental Death." It 

expressed no condemnation of the C.P.R. Neither did i t recommend 

drastic changes in methods of operating through the Pass, nor 
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expensive investments in improving t r a f f i c conditions. Rather, 

i t recommended simply that, "... the Canadian P a c i f i c Railway 

withdraw th e i r workmen from service, at a l l sl i d e s in future 

during stormy n i g h t s . " 1 ' There was nothing new in t h i s : the 

General Superintendent of the P a c i f i c Division himself had 

issued instructions to this effect as early as 1888 after a 

C.P.R. work-train had been struck by an avalanche in the 

S e l k i r k s . 2 0 

Neither was any pressure from other i n s t i t u t i o n s exerted 

upon the C.P.R. to undertake investments in improving i t s 

surface alignment. The Federal and Provincial Governments made 

no a l l u s i o n to the i n c i d e n t , 2 1 and the Ministry of Railways and 

Canals merely noted, without comment, that the deaths were 

responsible for i n f l a t i n g the annual accident figure for 1910 to 

an unusually high l e v e l . 2 2 The Labour Gazette reported the 

incident matter-of-factly in i t s account of "Industrial 

A c c i d e n t s . " 2 3 Whilst a motion to investigate i n d u s t r i a l safety 

was car r i e d in the House of Commons within a year of the 1910 

disaster, and whilst the frequent incidence of i n j u r i e s to 

railwaymen did spark the debate, neither the 1910 disaster in 

par t i c u l a r nor the character of the C.P.R.'s operations through 

Rogers Pass in general aroused comment from the p r o t a g o n i s t s . 2 4 

Neither was the press c r i t i c a l of the C.P.R. Indeed, the Company 

emerged with c r e d i t , the Revelstoke Mail-Herald carrying a 

glowing account of the conduct of the C.P.R. o f f i c i a l s during 

the i n c i d e n t , 2 5 and the Calgary Daily Herald affirming that the 

C.P.R.'s snow-clearing organization "has been equal to the 

occasion." 2' Nor did the press recommend investment in the 
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pursuit of greater safety. Only the Revelstoke Mail-Herald 

suggested that the C.P.R. seek an alternative route and 

accelerate completion of the Arrowhead and Kootenay l i n e . 2 7 

The C.P.R.'s own reaction to the disaster sets the incident 

in i t s appropriate context as part of the ongoing battle with 

the snow. The inquests established that there was no question of 

the C.P.R.'s having omitted to make investments which would have 

reduced the risk to l i f e and t r a f f i c . It had made such 

investments in the past, and would continue to do so after 1910, 

without the necessity for major diversions or tunnels: 

The Company have b u i l t sheds wherever they thought i t 
necessary, and have b u i l t several sheds over which a 
sl i d e has never passed... 

If a shed were thought necessary, expense would not 
stand in the way. 2 8 

The C.P.R., of course, refused to acknowledge any r e s p o n s i b i l i t y 

for the incident, although granting compensation to the 

re l a t i v e s of the v i c t i m s . 2 5 Nevertheless, i t appears that the 

Company was not d i s s a t i s f i e d with i t s handling of the snow 

problem. President Shaughnessy wrote p r i v a t e l y in the aftermath 

of the disaster, 

While i t would appear that the danger i s not passed by 
any means, and there i s s t i l l occasion for much 
apprehension and anxiety, the record up to the present 
time i s most excellent, marred only by the sad 
catastrophe, that no human agency could prevent or 
control, in which so many poor workmen lost their 
l i v e s . 3 0 

The C.P.R.'s investment response to the disaster confirms 

the view that the incident did not provoke a change in 

investment policy on the Selkirk route. The Company had not 

b u i l t a snowshed over the new alignment because i t had not 

considered i t necessary: no sl i d e had ever passed over Shed 17, 
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and i t was believed that there was s u f f i c i e n t f l a t land to the 

east of Shed 17 "to stop any ordinary s l i d e , " even considering 

that, "A s l i d e had never been known on the [east] side for many 

yea r s . " 3 1 It does not appear that the realignment had in any way 

entailed increased v u l n e r a b i l i t y to avalanches as the price of 

increased capacity. The Resident Engineer at Revelstoke affirmed 

that, 

A new track 300 or 400 feet to the north would have 
been reached by t h i s s l i d e . 

A shed over th i s portion of new track would not have 
withstood t h i s s l i d e . 3 2 

Management's investment response to the 1910 s l i d e was the 

same as i t had been to previous s l i d e s . "The f i r s t thing we w i l l 

have to do i s to build a snow shed at Rogers Pass on the new 

l i n e , " the Vice-President of Western Lines, S i r George Bury, had 

written to the Chief Engineer on March 15, 1910. 3 3 The shed was 

erected during 1910, at a cost of $48,275.97, 3 4 and the next 

year some $700 was invested in a shed over the Rogers Pass 

t u r n t a b l e . 3 5 Two new rotary snowploughs were ordered, and the 

existing f l e e t modified. 3 6 A piecemeal diversion was undertaken 

at Bear Creek. 3 7 The old alignment through Rogers Pass which the 

C.P.R. had intended to abandon in 1907, and which i t had re

connected to the main l i n e two days after the 1910 disaster in 

order to pass the beleaguered t r a i n No. 97, 3 8 was retained "as 

emergency track in cases of blockades on the Diversion by 

snow." 39 However, there was never any question that the disaster 

would induce the Company to abandon i t s new alignment through 

the Pass. 4 0 

The 1910 disaster may have provoked discussion of the 

p o s s i b i l i t y of driving a tunnel beneath Rogers Pass, for in 
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A p r i l 1910, the Revelstoke Mail-Herald reported that, 

. . . i t i s stated a tunnel would soon save i t s cost in the 
maintenance and construction of snowsheds, besides 
avoiding the danger of sl i d e s in the pass. A factor in 
the problem i s that the time i s at hand when a l l 
snowsheds and the extensive cribwork connected with some 
of them would have to be wholly renewed in any c a s e . 4 1 

However, there i s no evidence to suggest that the 

C.P.R. regarded such a project as an appropriate alternative to 

i t s longstanding policy of avalanche defence. Moreover, analysis 

of the economics of such a project reveals that in fact the 

savings in snowshed construction and maintenance would not alone 

be s u f f i c i e n t to j u s t i f y investment in a tunnel on the scale 

which would be required in order to preclude the necessity for 

shedding through Rogers Pass. 4 2 

It i s undeniable that the C.P.R. did examine the 

f e a s i b i l i t y of an alternative route through the Selkirks during 

the summer of 1910, undertaking a thorough survey of the Big 

Bend. Walter Moberly thought that the time for his favoured 

route was at hand, and believed that, "The Rogers Pass accident 

may make [the C.P.R.] change their minds." 4 3 However, the 

surveys through the Big Bend may have had far grander motives 

than simply the desire to avoid a repetition of the 1910 

disaster. The V i c t o r i a Daily Times reported in July 1910, 
That the Canadian P a c i f i c Railway i s in earnest in i t s 
scheme to open up the Big Bend by railway transportation 
and b u i l d a connecting l i n e between Revelstoke and the 
Grand Trunk P a c i f i c at Tete Jaune Cache i s evident from 
the fact that a party of locating engineers numbering 
sixteen have arrived from the e a s t . 4 4 

Moreover, i t was c h i e f l y for developmental reasons, and not 

because the alternatives offered a safer passage through the 

mountains, that the Revelstoke Mail-Herald welcomed the prospect 



122 

of r a i l s through the Big Bend, 4 5 just as i t had welcomed a 

report of the C.P.R.'s intention to complete the Arrowhead and 

Kootenay l i n e . 4 6 It does not appear, therefore, that t h i s survey 

of an alternative route through the Selkirks was d i r e c t l y linked 

with the 1910 disaster in Rogers Pass. 

Regardless of the normative issue, of whether or not the 

1910 avalanche disaster should have precipitated a change in the 

C.P.R.'s perception of the v i a b i l i t y of the surface alignment 

through Rogers Pass, the positive conclusion of t h i s analysis i s 

that the incident in fact heralded no turning point. It was a 

serious incident in terms of the number of casualties involved, 

b.ut the s l i d e i t s e l f blocked the main l i n e for only two and a 

half days, a brief i n t e r v a l when compared with the disruptions 

of previous years, and when compared with the disruption which 

would follow later in the spring of 1910. The incident brought 

no condemnation of the C.P.R., and no pressure upon them to 

undertake investment in improving safety, either upon i t s 

e x i s t i n g alignment or by means of an alternative route. It is 

unlikely that a single incident of this magnitude would 

stimulate a change in investment policy as drastic as that which 

would be involved in abandonment of the surface alignment after 

a quarter-century of r a i l operations; and in fact no such change 

occurred. After the 1910 disaster, as before, the C.P.R.'s 

investment policy towards the avalanche problem continued to be 

e s s e n t i a l l y reactive in character. Snowsheds were repaired and 

extended, piecemeal diversions undertaken, and snowploughs 

engaged to clear the l i n e between. 
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5.2 The Snow Problem In General 

Having de c i s i v e l y rejected the hypothesis that i t was the 

1910 avalanche disaster which induced the C.P.R. to abandon the 

surface alignment through Rogers Pass, i t i s necessary s t i l l to 

determine the extent to which the snow problem in general 

prompted the abandonment decision. Several authorities maintain 

that i t was the apparent worsening of avalanche d i f f i c u l t i e s 

during the early years of the 20th Century which persuaded the 

C.P.R. to undertake investment in a tunnel beneath the summit of 

the S e l k i r k s . 4 7 In assessing the accuracy of this 

interpretation, i t is useful to distinguish between two separate 

aspects of the snow problem before attempting to determine 

whether or not the avalanche d i f f i c u l t i e s were in fact 

worsening. These two aspects are the direct cost of maintaining 

the avalanche defence system, and the indire c t cost of 

disruptions to t r a f f i c consequent upon sl i d e s blocking the main 

l i n e . 

a) The Direct Costs Of Maintaining The Avalanche Defence System 

Authorities have tended to concentrate upon the direct 

costs of maintaining the avalanche defence system as the major 

stimulus to investment in a tunnel. However, quantitative data 

appertaining to these dir e c t costs do not support t h i s view. 

Detailed cost data are available for the later years of the 

surface operation, the c r u c i a l years, according to certain 

a u t h o r i t i e s , during which the C.P.R. was persuaded "that the 

savings in snowshed maintenance alone would t i p the scales in 

favour of a five-mile, double-tracked t u n n e l . " 4 8 
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It appears that as the C.P.R. acquired experience of the 

avalanche problems, and as the Company undertook piecemeal 

relocations of the l i n e in order to reduce i t s exposure to 

snowslides, i t was able to reduce the length of snowshedding 

which had to be provided and maintained. When f i r s t constructed 

across the Selkirks, the l i n e had been equipped with some 30,403 

feet of snowsheds,*' and by August 1898 the length of shedding 

between Beavermouth and Albert Canyon, Sheds 1 to 43A incl u s i v e , 

had been increased to 31,558 f e e t . 5 0 It was envisaged in 1898, 

however, that only some 30,866 feet of this shedding would be 

renewed, in a programme extending u n t i l 1904. 5 1 By October 1904, 

the last year for which complete data are a v a i l a b l e , the length 

of shedding in the Selkirks had been reduced to 29,639 f e e t , 5 2 a 

saving of 1,919 feet since 1898. This reduction in the length of 

snowshedding may have represented a cost-saving of between 

$6,865 and $8,077 per y e a r . 5 3 

Further reductions in the amount of snowshedding on the 

surface alignment may not have been possible. When the 

C.P.R. undertook diversion of the main l i n e through Rogers Pass 

in 1907, i t saved another 2,224 feet of sheds, 5 4 which may have 

afforded annual cost-savings of between $7,956 and $9,360. 5 5 

However, afte r the 1910 disaster, the Company was forced to 

rebuild Shed 17. With the rebuilding of t h i s single shed, some 

three thousand feet long, the entire reduction in shedding 

obtained in 1907 was o f f s e t , and the new alignment actually 

required more avalanche protection than the old. 

The cost of maintaining and renewing the snowsheds may have 

escalated rapidly in the l a s t years before the surface route was 
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abandoned. In 1910, the t o t a l cost of maintenance and renewals 

to snowsheds through the Selkirks was $68,481.94.s6 In 1911, the 

t o t a l cost leaped by 75%, or $50,932.05, to $119,413.99.57 Much 

of th i s leap may be explained by the rebuilding of Shed 17, 

which cost $48,275.97. In turn, however, the reconstruction of 

Shed 17 might have ensured that maintenance costs would have 

remained at a high l e v e l had the surface route continued in 

operation: for nine months of 1912 the t o t a l maintenance cost 

was $114,878.66. 5 8 

Even i f t h i s escalation in maintenance costs was e n t i r e l y 

due to the rebuilding of Shed 17, which was in turn a 

consequence of the 1910 disaster, and even i f maintenance costs 

were expected to remain at these high levels for perpetuity, the 

magnitude of the annual maintenance costs would s t i l l not alone 

have j u s t i f i e d investment in a tunnel. In 1912, when the 

C.P.R. evaluated various tunnelling projects which were intended 

to supersede the surface alignment, i t estimated that 23,760 

feet of snowshedding would be rendered obsolete by a tunnel. 5' 

Savings in the maintenance and renewal costs of th i s shedding 

were estimated at between $85,000 and $100,000. 6 0 In order to 

obtain these savings, the C.P.R. would not have been j u s t i f i e d 

in investing more than between $2,125,000 and $2,500,000.61 The 

lowest estimate for the cost of a tunnel was $5,495,000. 6 2 

Even when i t became clear that the main l i n e through the 

Selkirks would have to be doubled, 6 3 the magnitude of the 

savings which could be derived from avoiding the cost of 

doubling the existing sheds and maintaining these enlarged sheds 

would s t i l l not alone have j u s t i f i e d investment in a tunnel. The 
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C.P.R. estimated that the cost of doubling 23,760 feet of wooden 

sheds would be $475,200, 6 4 and that the maintenance cost of the 

enlarged sheds would be $125,000 per year. This increase in the 

maintenance cost of a doubled shed, from between $85,000 and 

$100,000 to $125,000, suggests that the C.P.R. believed in the 

existence of economies of scale in the provision of snowsheds. 

In order to avoid the c a p i t a l and maintenance costs of doubling 

the sheds, the Company would s t i l l only have been j u s t i f i e d in 

investing some $3,600,200 . ' 5 

Had the C.P.R. merely desired to avoid the costs of 

maintaining the snowsheds, i t could have r e b u i l t the sheds in 

reinforced concrete. When this alternative was considered in 

1912, however, the estimated cost of double-track sheds in 

reinforced concrete was $3,801,600.*' The expense of maintaining 

the wooden sheds was not s u f f i c i e n t l y great to warrant t h i s 

investment: the potential net benefit of such a project, 

$3,600,200, did not outweigh the cost. 

The cost of maintaining and renewing snowsheds was the 

largest single component of the t o t a l direct cost of maintaining 

the avalanche defence system. There were other components, for 

which quantitative data are not available. The cost of certain 

of these components, for example the cost of snowshed patrols 

and the cost of section-gangs clearing l i n e blockages, may have 

been subsumed within the maintenance and renewal costs discussed 

above. There i s l i t t l e evidence to suggest that these costs were 

either s i g n i f i c a n t or escalating. The system of patrols does not 

appear to have been fundamentally modified throughout the entire 

t h i r t y years of surface operations. In 1912, patrols were s t i l l 
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detailed to Sheds 1-6, 7-11, 12-14, 16-20, 21-27, 28-31 and 35-

37, 6 7 much as they had been when the patrol system had been 

i n s t i t u t e d by Van Home." The hours of patrol duty were longer 

during the summer months than during the winter months, perhaps 

r e f l e c t i n g the fact that f i r e was perceived to be a greater 

enemy of the sheds than avalanches. 6 9 At i t s most expensive, 

manning of these patrols could cost up to $620 per month. 7 0 

However, even i f th i s rate represented the average for the year, 

the d i r e c t cost of providing the patrol would s t i l l only have 

been $7,440. If th i s cost were not subsumed within the cost of 

snowshed maintenance and renewal, i t would s t i l l amount to less 

than ten per cent, of the t o t a l cost of maintenance and renewal. 

The cost of other components, for example the acqu i s i t i o n 

of snowploughs and the diversion of the main l i n e , should not be 

allocated e n t i r e l y to the dir e c t cost of avalanche protection. 

The snowplough f l e e t , comprising two wingploughs and two 

rotaries at Revelstoke and one of each at Rogers Pass in 

February 1904, 7 1 had been augmented by two more rotaries at the 

end of 1910. 7 2 The new rotaries boasted s i g n i f i c a n t 

technological advances over their predecessors. They were, 

therefore, more than simply reinforcements for the f l e e t : they 

represented an investment in modernisation too. Their duties 

were not confined to the Selkirks, but extended to the Eagle 

range and the Rockies also. Moreover, they performed not only 

avalanche clearance but routine snow removal in t h i s region of 

high winter p r e c i p i t a t i o n . They were acquired, not because the 

snowslides themselves were increasing in magnitude or frequency, 

but because, "The increasing t r a f f i c makes i t most necessary 
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that interruptions be at least cut down to the minimum..."73 The 

investments were thus motivated, at least in part, by an 

increase in the volume of t r a f f i c over the l i n e . A similar 

motivation also dictated certain relocations of the main l i n e 

and bridge improvements which, as has been noted, 1 4 often 

afforded other operating advantages besides merely the avoidance 

of snowslides. The role of t r a f f i c increases in motivating 

investments in the mountains w i l l be investigated more 

thoroughly in the next chapter. 

This analysis of the dir e c t costs of maintaining the 

avalanche defence system indicates that the anticipated savings 

in d i r e c t costs were not a major stimulus to the investment in 

the Connaught Tunnel. The quantifiable costs of maintaining the 

system c e r t a i n l y appear to have risen in the years immediately 

preceding the decision to abandon the surface alignment. 

However, there is no evidence to suggest that the 

C.P.R. expected these costs to continue to r i s e , and in 1912, 

the l e v e l of maintenance costs was s t i l l not s u f f i c i e n t l y high 

to warrant investment in a tunnel. If the decision to abandon 

Rogers Pass was motivated by the escalation of the dir e c t costs 

of maintaining the avalanche defence system aft e r 1910, . then 

construction of the Connaught Tunnel represented a very 

expensive solution to the problem. 

The conclusion that construction of the Connaught Tunnel 

was motivated by the desire to avoid the dir e c t cost of 

avalanche protection would only be j u s t i f i e d i f the sum of the 

expected savings in the quantified and non-quantified costs 

outweighed the expected cost of a tunnel beneath Rogers Pass. 
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The maximum q u a n t i f i e d saving was $3,600,200. In order to t i p 

the balance i n favour of a t u n n e l , the n o n - q u a n t i f i e d savings, 

i n both d i r e c t c o s t s of avalanche defence and i n d i r e c t c o s t s of 

t r a f f i c d i s r u p t i o n , would have had to have exceeded $1,894,800, 

or over h a l f as much a g a i n . 7 5 Given that r o t a r y snowploughs 

would s t i l l have been r e q u i r e d i n order to remove the r o u t i n e 

s n o w f a l l , and given the f a c t that improvements to the permanent 

way a f f o r d e d other o p e r a t i n g advantages which became 

i n c r e a s i n g l y v a l u a b l e as t r a f f i c volumes i n c r e a s e d through the 

S e l k i r k s , i t i s u n l i k e l y that the n o n - q u a n t i f i e d savings i n 

d i r e c t c o s t s alone d i d exceed t h i s l e v e l . The c o n c l u s i o n of t h i s 

a n a l y s i s , t h e r e f o r e , i s that investment i n the Connaught Tunnel 

was not motivated by the d i r e c t c o s t of m a i n t a i n i n g the 

avalanche defence system. I t remains to be proven i n the next 

s e c t i o n that the n o n - q u a n t i f i e d savings i n i n d i r e c t c o s t s of 

t r a f f i c d i s r u p t i o n would not t i p the balance i n favour of a 

tunnel e i t h e r . 

b) The I n d i r e c t Cost Of D i s r u p t i o n s To T r a f f i c 

P revious h i s t o r i a n s of. the C.P.R.'s op e r a t i o n s i n Rogers 

Pass have r a r e l y accorded e x p l i c i t credence to the view that 

investment i n a tunnel beneath Rogers Pass was motivated by the 

d e s i r e to save the i n d i r e c t c o s t of i n t e r r u p t i o n s to t r a f f i c 

flows consequent upon snowslides b l o c k i n g the main l i n e . 

N e v e r t h e l e s s , the argument has i n t u i t i v e appeal. T h i s s e c t i o n 

i n v e s t i g a t e s the p o s s i b i l i t y that the c o s t s of d i s r u p t i o n to 

t r a f f i c provoked c o n s t r u c t i o n of the Connaught Tunnel. The 

nature of the d i s r u p t i o n c o s t s i s e x p l a i n e d , and the i n c i d e n c e 
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of disruption i s examined. The e f f i c a c y of diversionary 

arrangements i s assessed, and an attempt i s made to determine 

whether the extent of disruption to t r a f f i c was increasing in 

the f i n a l years of surface operations through Rogers Pass, as 

t r a f f i c volumes increased. The section ends with an analysis of 

the importance of disruption costs in the f i n a n c i a l evaluation 

of the Connaught Tunnel. 

(i) The Nature Of Disruption Costs 

If t r a f f i c flows through Rogers Pass were increasing in the 

early years of the 20th Century — and, as the following chapter 

demonstrates, they most c e r t a i n l y were, and at a dramatic rate 

-- then the indi r e c t cost of l i n e blockages must also have 

increased. This indirect cost may have had several components. 

It would c e r t a i n l y have included the cost of diverting t r a f f i c 

via a l ternative routes, and i t would c e r t a i n l y have included the 

opportunity cost of actually having to forego t r a f f i c because of 

the l i n e blockage. Moreover, i f t r a f f i c l e v e l s were s u f f i c i e n t l y 

high, the i n d i r e c t cost may also have included a congestion 

cost, as backlogs of t r a f f i c which accumulated during the period 

of the f a c i l i t y ' s closure would have been moved under congested 

conditions once the l i n e could be reopened. Each of these 

indirect costs would increase as t r a f f i c volumes increased. 

If i t i s to be argued that the indi r e c t cost of avalanches 

motivated abandonment of Rogers Pass, i t must be proven that the 

savings to be derived from the avoidance of these indirect 

costs, either in i s o l a t i o n or in conjunction with savings in the 

dir e c t cost of maintaining the avalanche defence system, 
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outweighed the anticipated cost of investing in a tunnel. 

Quantification of these indirect costs would be a d i f f i c u l t 

accounting problem under any circumstances., but i t i s rendered 

p a r t i c u l a r l y exacting in this instance by severe data 

constraints. There i s a paucity of evidence surrounding even the 

general nature and extent of t r a f f i c disruptions consequent upon 

avalanches, and cost data are v i r t u a l l y non-existent. This 

analysis, therefore, does not e x p l i c i t l y quantify the indirect 

cost of disruptions to t r a f f i c resulting from snowslides. 

However, i t i s at least possible to specify the relationship 

between disruption costs and investment in avalanche defence. 

The optimal l e v e l of investment in avalanche defence i s 

determined by two variables: the l e v e l of avalanche a c t i v i t y 

disrupting the l i n e , and the l e v e l of t r a f f i c requiring t r a n s i t 

over the l i n e . An increase in avalanche a c t i v i t y in Rogers Pass, 

or an increase in t r a f f i c during the avalanche season, would 

both increase the pr o b a b i l i t y of delays to t r a f f i c , and could 

both be expected, therefore, to c a l l forth increased investment 

in avalanche defence, u n t i l a new equilibrium between disruption 

costs and protection costs was reached. Once the optimal l e v e l 

of investment was attained, however, the marginal cost of 

securing an additional "degree" of protection would be greater 

than the economic benefits which could be anticipated from the 

incremental investment. As has been recounted above, the 

C.P.R. i n i t i a l l y provided some 30,000 feet of snowsheds on the 

main l i n e across the p r i n c i p a l avalanche paths. This length of 

snowshedding was not s i g n i f i c a n t l y extended throughout the 

t h i r t y years of surface operations, presumably because the 
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marginal cost of extension was not j u s t i f i e d by the marginal 

benefit of the additional degree of protection. 

Moreover, there was a marked discontinuity in the 

avalanche-defence investment-function, at the point where 

further investment in snowsheds was abjured in favour of the 

Connaught Tunnel. The analysis in section (a) of t h i s chapter 

determined that, at least in the very l a s t years before the 

decision was taken to abandon the surface operation, the 

C.P.R. did increase i t s investment in avalanche defence. It may 

therefore be assumed that the costs of t r a f f i c disruption also 

increased during t h i s period. The increase in disruption costs 

may have been s u f f i c i e n t to warrant the increased investment in 

snowsheds. However, the analysis in the remainder of t h i s thesis 

reveals that the increase in disruption costs was unlikely to 

have been s u f f i c i e n t to warrant investment in the Connaught 

Tunnel. 

Indeed., i t seems l i k e l y that avalanche defence exhibited 

decreasing-cost c h a r a c t e r i s t i c s throughout the t h i r t y years of 

surface operations in Rogers Pass. The decreasing-cost nature of 

avalanche defence is readily explained. If there are only two 

trains per day over a route, a snowslide may block the l i n e and 

be cleared again before either of the trains i s disrupted. In 

this case, the provision of a snowshed at the s i t e of the s l i d e 

averts no disruption, whilst the entire cost of providing the 

snowshed must be recouped from the revenues of those two trains 

alone. I f , however, there are twenty trains per day over the 

route, i t i s unlikely that a snowslide can be cleared before 

some disruption to t r a f f i c occurs. Investment in a snowshed 
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which can withstand the force of an avalanche therefore e n t i r e l y 

averts this disruption, whilst the cost of providing the 

snowshed i s spread over a l l of the twenty trains which travel 

the route, thus decreasing the t o t a l cost of each t r a f f i c 

movement. 

At the commencement of surface operations through Rogers 

Pass, the C.P.R. provided some 30,000 feet of snowsheds. Yet in 

the winter of 1888, only four trains per day were scheduled to 

cross the S e l k i r k s . 7 6 In the winter of 1912-13, the C.P.R. was 

s t i l l providing some 30,000 feet of snowsheds, yet there may 

have been as many as fourteen trains d a i l y over the l i n e 

throughout the avalanche season. 7 7 A greater volume of t r a f f i c 

was thus benefitting d i r e c t l y from avalanche defence, whilst 

contributing greater revenue towards o f f s e t t i n g the costs of the 

defence system. Between 1910 and 1912, t o t a l annual t r a f f i c 

through Rogers Pass v i r t u a l l y doubled. 7 8 Even i f expenditure on 

avalanche defence doubled in the same period — and i t i s known 

only that a discrete increase of 75% occurred between 1910 and 

1911, 7 9 corresponding clo s e l y to the c a p i t a l cost of rebuilding 

Shed 17 — then the effect of the increased expenditure upon 

t o t a l costs must have been considerably cushioned by the 

spreading of the expense over the greater volume of revenue 

t r a f f ic . 

( i i ) The Incidence Of Disruption 

Available evidence permits a non-quantitative analysis of 

both the actual extent of t r a f f i c disruptions due to avalanches, 

and of the manner in which t r a f f i c disruptions were perceived by. 
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the C.P.R. and by the public. The importance of the manner in 

which the disruption was perceived should not be underestimated. 

When C.P.R. management undertook an investment solution to a 

problem, i t was of course reacting to i t s perception of the 

problem. As the analysis in section (a) above revealed, the 

C.P.R. does not appear to have been d i s s a t i s f i e d with the 

perceived return which i t obtained from i t s investment solutions 

to the avalanche problem. 

Neither does the press, insofar as i t refle c t e d , through 

i t s e d i t o r i a l and correspondence columns, the public's 

perception of t r a f f i c disruptions due to avalanches, appear to 

have been d i s s a t i s f i e d with the effectiveness of the C.P.R.'s 

avalanche-defence investments in reducing the experience of 

disruption in the Selkirks. In the wake of the 1910 disaster, 

the Vancouver Province reported that, 

It had almost become a byword that although 
occasional s l i d e s occurred the existence of snowsheds 
and a perfect system of p a t r o l l i n g the tracks near 
unprotected spots had hitherto, with rare exceptions, 
prevented any serious accident. No passenger or freight 
trains were ever swept away and no passenger ever lost 
his l i f e . 8 0 

Although the 1910 disaster was followed by a succession of 

slid e s which interrupted t r a f f i c for almost two weeks, 8 1 not a l l 

of these s l i d e s were in the S e l k i r k s . 8 2 Moreover, the C.P.R.'s 

handling of the disruption drew favourable press comment, for 

example from the Calgary Daily Herald: 

Now that the heaviest engagements of the trouble have 
been passed, the mountain st a f f are able to fin d in 
their achievement nothing but that which r e f l e c t s 
creditably upon themselves... 8 3 

With passenger t r a f f i c forming a high proportion of t o t a l t r a i n 

movements through Rogers Pass, 8 4 the C.P.R. must have been 
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acutely sensitive to the manner in which the public perceived 

the extent of t r a f f i c disruption due to avalanches. Yet i t does 

not appear that the public was s u f f i c i e n t l y alarmed for the 

C.P.R. to have been pressured by public opinion. 

The actual extent of t r a f f i c disruption may be established 

s l i g h t l y more concretely than the perceived extent of 

disruption. The following analysis w i l l f i r s t assess the extent 

of direct disruption to both passenger and freight t r a f f i c which 

was consequent upon avalanches, as r e f l e c t e d in data concerning 

t r a i n movements through the mountains. The analysis w i l l then 

consider the ef f i c a c y of diversionary arrangements which were 

intended to p a l l i a t e the disruption caused by snowslides. 

F i n a l l y , the analysis w i l l attempt to determine whether the 

avalanche problem was increasing in severity in the years prior 

to the decision to abandon the surface alignment. 

In assessing the actual extent of disruption to passenger 

services, i t must be conceded that there are at least four 

recorded incidents of passenger t r a i n s having been struck by 

avalanches in Rogers Pass prior to construction of the Connaught 

Tunnel. Two of these incidents occurred in the mid-1890's, 8 5 one 

in January 1912, 8 6 and one in A p r i l 1913, 8 7 after the decision 

to abandon the surface alignment had been taken. No casualties 

were reported in any of the incidents. There were tales of 

miraculous escapes, 8 8 and as soon as the 1911 sl i d e season 

began, with the memory of the previous year's disaster 

presumably s t i l l fresh in the public's mind, the C.P.R. had to 

move rapidly to quash rumour of "a heavy snowslide at Rogers 

Pass." 8' 
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Nevertheless, disruption to passenger services was 

generally in the form of delay rather than of physical damage or 

diversion: the standard operating procedure was to "hold" trains 

u n t i l i t could be ascertained that the l i n e was c l e a r . Incidence 

of delays may have been quite frequent, but i t cannot be proven 

that those delays were any more serious than delays caused by 

other operating problems encountered in providing the 

transcontinental service. The only complete record of passenger 

t r a i n performance through the Selkirks which i s extant is that 

for 1908, and t h i s i s presented in table 2. The table records on 

a monthly basis the aggregate time gained and lost upon schedule 

of the d a i l y transcontinental service whilst crossing the 

Mountain Subdivision of the C.P.R. main l i n e . Train No. 96 was 

the eastbound service, or "Atlantic Express," which had a 

morning path across the Selkirks, departing from Revelstoke at 

0830 and a r r i v i n g in Donald at 1433. Train No. 97 was the 

westbound service, or " P a c i f i c Express," which had an afternoon 

path, departing from Donald at 1405 and a r r i v i n g in Revelstoke 

at 1925.'0 



TABLE 2 

PASSENGER TRAIN RECORD,' MOUNTAIN SUBDIVISION, 1908. 

Time Gained Time Lost 
Per Train Per Month Per Train Per Month 

(Hrs.-MinsTl (Hrs.-MinsTl 

Month Train No. 
96 97 96 97 

Jan. 1 -39 27- 16 -40 -55 
Feb. 7 -36 31- 30 4 -10 -45 
March 7 -32 30-28 5 -05 6 -04 
A p r i l 7 -07 17- 13 59 -07 54 -15 
May 7 -25 11- 09 n i l 3 -13 
June 7 -29 28-32 4 -15 -38 
July 7 -45 26-26 4 -55 2 -32 
Aug. 4 -37 33- 29 5 -48 4 -58 
Sept. 7 -35 37- 46 1 -50 4 -58 
Oct. 8 -35 11- 40 11 -40 4 -20 
Nov. 12 -51 1-20 13 -55 2 -30 
Dec. 4 -49 17- 12 2 -54 8 -51 

Total 85 -00 280-01 124 -19 93 -54 
Per Train 

Total Time Gained Per Year, A l l Trains: 365 hrs. 01 

Total Time Lost Per Year, A l l Trains: 217 hrs. 13 mins. 

Source:- "Notebook," K i l p a t r i c k MSS, Vancouver, n.p., n.d. 
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The t a b l e demonstrates t h a t , i n 1908 at l e a s t , there was as 

much p o t e n t i a l f o r the s e r v i c e to recover time while c r o s s i n g 

the S e l k i r k s as there was f o r i t to l o s e time. Losses i n c u r r e d 

on the Mountain S u b d i v i s i o n averaged much l e s s than an hour per 

day throughout the year, except i n A p r i l , which appears to have 

been the peak month f o r s l i d e a c t i v i t y i n 1908. Even i n A p r i l , 

however, l o s s e s s t i l l averaged l e s s than two hours per day 

throughout the month. Except i n A p r i l , the d i s t r i b u t i o n of 

l o s s e s was not markedly skewed towards the winter months, but 

was g e n e r a l l y uniform throughout the year. The f a c t that net 

gains outweighed net l o s s e s by some f o r t y per cent, suggests 

that passenger t r a i n s were o f t e n a l r e a d y l a t e when r e c e i v e d onto 

the d i v i s i o n . 

Performance data are a v a i l a b l e f o r a l l t r a f f i c on a monthly 

b a s i s d u r i n g the years 1906-08. The data f o r the average number 

of t r a i n s per day on both the Mountain and Shuswap s e c t i o n s , 

eastbound and westbound, are reproduced as t a b l e 3. From t h i s 

t a b l e , i t can be seen t h a t , except i n 1907, more t r a i n s per day 

were put through the Mountain S e c t i o n than through the Shuswap 

S e c t i o n d u r i n g each p e r i o d of the year. The number of t r a i n s per 

day shows no sharp change from month to month, although i f 

snowslides had indeed imposed a c o n s t r a i n t upon t r a f f i c 

movements through Rogers Pass d u r i n g c e r t a i n months of the year, 

then some d i s c o n t i n u i t y between the monthly t o t a l s might be 

expected. I t may be i n f e r r e d that the number of t r a i n s operated 

over the Mountain S e c t i o n was determined by the a v a i l a b i l i t y of 

t r a f f i c r a t h e r than by the a v a i l a b i l i t y of paths between 

avalanches. When the demand f o r t r a i n movements was comparable 
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between the Mountain and Shuswap Sections, the Mountain Section 

could meet the demand at least as adequately as the Shuswap 

Section. The stochastic p r o b a b i l i t y of any p a r t i c u l a r t r a i n 

being delayed on the Mountain Section was not s u f f i c i e n t to 

induce the C.P.R.. to run trains with less frequency over the 

Mountain Section than over the Shuswap Section. 
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TABLE 3 

AVERAGE NUMBER OF TRAINS PER DAY, 
MOUNTAIN AND SHUSWAP SECTIONS, 1906-1908. 

Mountain Section 

Westbound Eastbound Total 
1906 1907 1908 1906 1907 1908 1906 1907 1908 

J 2.66 1.93 1.8 2.78 2.07 1.6 5.44 4 3.5 
F 3.21 2.15 2.7 3.14 2.18 2.2 6.35 4.33 4.9 
M 4.03 3.77 2.29 4.29 3.77 2.29 8.32 7.54 4.58 
A 4.63 3.27 2.26 4.73 3.5 2.1 9.36 6.77 4.36 
M 4 4.5 2.4 4.5 4.6 2.6 8.5 9.1 5 
J 5.6 3.8 2.3 5.6 4.4 2.4 11.2 8.2 4.7 
J 5 3.9 2.8 5 4 3.5 10 7.9 6.3 
A 5 3.9 3.3 5.2 4 3.5 10.2 7.9 6.8 
S 4.1 3.4 3.15 4.7 3.79 3.36 8.8 7.19 6.51 
0 4.3 3.2 3.16 4.4 3.5 3.3 8.7 6.7 6.46 
N 3.8 3.3 2.8 4 3.1 2.7 7.8 6.4 5.5 
D 2.89 2.58 2.8 3.06 2.6 2.7 5.95 5.18 5.5 

Average number of trains d a i l y , . a l l year: 
4.1 3.3 2.7 4.3 3.5 2.7 8.4 6.8 5.4 

% +/- in all - y e a r average number of trains d a i l y , 
over previous year: 

-19.5 -18.2 -19.2 -22.0 -19.3 -20.1 

Average number of trains d a i l y , January-April: 
3.6 2.8 2.3 3.7 2.9 2.1 7.4 5.7 4.3 

% +/- in slide-season average number of trains d a i l y , 
over previous year's s l i d e season: 

-22.2 -17.9 -21.6 -27.6 -23.0 -24.6 
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TABLE 3 (Cont.) 

Shuswap Section 

Westbound Eastbound Total 
1906 1907 1908 1906 1907 1908 1906 1907 1908 

J 2.43 2.19 1.5 2.43 2.13 1.5 4.86 4.32 3 
F 3.03 2.71 1.8 3.03 2.03 1.9 6.06 4.74 3.7 
M 3.7 4.03 1.87 4 4 2 7.7 8.03 3.87 
A 3.9 3.8 1.9 4.3 4.16 2 8.2 7.96 3.9 
M 3.4 4.8 1.9 3.6 4.5 2 7 9.3 3.9 
J 4.7 4 1.96 4.7 4.4 2.2 9.4 8.4 4.16 
J 4.2 3.6 2.2 4.2 4.4 2.5 8.4 8 4.7 
A 4.8 3.9 2.5 4.8 3.6 2.4 9.6 7.5 4.9 
S 3.79 3.79 2.3 4.2 • 3.6 2.6 7.99 7.39 4.9 
0 4 3.48 2.5 4.5 3.7 2.7 8.5 7.18 5.2 
N 3.8 3.2 2.6 4 3 2.4 7.8 6.2 5 
D 3.06 2.5 2.2 3.2 2.6 2.2 6.26 5.1 4.4 

Average number of trains d a i l y , a l l year • • 
3.7 3.5 2.1 3.9 3.5 2.2 7.6 7.0 4.3 

% +/- ir i a l l - y e a r average number of trains d a i l y , 
over previous year: 

-5.4 -40.0 -10.2 -37.3 -7.9 -38.7 

Average number of trains d a i l y , January- Apr i 1 : 
3.3 3.2 1.8 3.4 3.1 1.9 6.7 6.3 3.6 

% +/- in slide :-season average number of trains d a i l y , 
over previous year's s l i d e season: 

-3.0 -•43.8 -8.8 -38.7 -6.0 -42.9 

Source:- "Notebook," K i l p a t r i c k MSS, Vancouver, n.p., n.d. 
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Table 4 contains data for the average equivalent gross 

tonnage handled per t r i p on both the Mountain and Shuswap 

Sections, eastbound and westbound. Two features of th i s table 

should be noted. F i r s t , there i s no sharp change from month to 

month in average t r a i n weights on the Mountain Section, although 

d i s c o n t i n u i t i e s might again be expected i f snowslides were a 

constraint. Second, t r a i n weights on the Mountain Section were 

consistently less than t r a i n weights on the Shuswap Section, at 

a l l times of each year, except during the winter months of 1907. 

This suggests that the seasonal avalanche hazard did not 

exercise influence over the average weight of t r a i n s : the 

consistent difference between t r a i n weights on the two sections 

may be explained by the fact that the gradient system on the 

Mountain Section was more severe than that on the Shuswap 

Section. 
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TABLE 4 

AVERAGE WEIGHT OF TRAINS, 
MOUNTAIN AND SHUSWAP SECTIONS, 1906-1908. 

(Equivalent Gross Tons Per Trip) 

Mountain Section 

Westbound "Eastbound 
1906 1907 %+/- 1908 %+/- 1906 1907 %+/- 1908 %+/-

J 618 509 -18 802 + 58 571 658 +15 739 + 12 
F 565 677 + 20 749 + 11 610 592 -3 723 + 22 
M 539 635 + 18 785 + 24 658 727 + 10 787 +8 
A 554 677 + 22 820 + 21 665 688 + 3 798 +16 
M 500 657 + 31 684 + 4 658 720 +10 830 +15 
J 481 657 + 37 777 + 18 671 732 + 10 837 +14 
J 495 621 + 25 775 + 25 671 755 + 13 828 +10 
A 497 677 + 36 607 -10 685 741 + 8 734 -1 
S 538 683 + 27 667 -2 704 735 +4 797 + 8 
0 557 668 + 20 699 + 5 712 748 + 5 806 + 8 
N 582 790 + 36 809 + 2 710 734 + 3 802 + 9 
D 530 765 + 44 746 -2 695 716 + 3 764 + 7 

Average Train-•weight Per Tri p : 
539 668 + 24 743 + 11 668 712 + 7 787 +11 



TABLE 4 

Shuswap 

Westbound 
1906 1907 %+/- 1908 %+/-

J 631 498 -21 835 + 68 
F 541 563 + 4 907 + 61 
M 559 603 + 8 882 +46 
A 626 638 + 2 911 +43 
M 530 687 + 30 844 + 23 
J 509 634 + 25 938 + 48 
J 527 669 + 27 916 + 37 
A 491 681 + 39 760 + 12 
S 515 675 + 31 753 + 12 
0 546 619 + 13 800 + 29 
N 575 765 + 33 897 + 17 
D 513 714 + 39 958 + 34 

Average Train-weight Per T r i p : 
547 647 +18 867 +34 
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(Cont. ) 

Section 

Eastbound 
1906 1907 %+/- 1908 %+/-

659 630 -4 732 +16 
700 633 -10 760 + 20 
712 730 + 3 833 + 14 
731 709 -3 918 + 29 
721 741 + 3 1030 + 39 
720 728 + 1 977 + 34 
735 736 - 1005 + 37 
718 757 + 5 966 + 28 
719 768 + 7 984 + 28 
726 751 + 3 979 + 30 
721 750 + 4 982 + 31 
688 773 + 12 957 + 24 

712 725 + 2 927 + 28 

Source:- "Notebook," K i l p a t r i c k MSS, Vancouver, n.p., n.d. 
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Table 5 records the t o t a l e q u i v a l e n t gross tonnage per 

month which was t r a n s p o r t e d i n e i t h e r - d i r e c t i o n over the 

Mountain and Shuswap S e c t i o n s d u r i n g the years 1906-08. Again, 

there are no systematic d i s c o n t i n u i t i e s between the monthly 

t o t a l s on the Mountain S e c t i o n , as there might have been i f 

snowslides had been a c o n s t r a i n t . I t may be i n f e r r e d that the 

monthly v a r i a t i o n i n tonnages on the Mountain S e c t i o n , and the 

monthly d i f f e r e n c e s between the tonnages on the Mountain S e c t i o n 

and those on the Shuswap S e c t i o n , were due to the v a r y i n g 

a v a i l a b i l i t y of t r a f f i c , that i s , to v a r y i n g demand, r a t h e r than 

to the v a r y i n g a v a i l a b i l i t y of t r a i n paths dur i n g the avalanche 

season. 



TABLE 5 

TOTAL EQUIVALENT GROSS TONNAGE PER MONTH, 
MOUNTAIN AND SHUSWAP SECTIONS, 1906-1908. 

Mountain Sect ion 

Westbound 

1906 1907 %+/- 1908 %+/-
in in 

Total Total 
Jan. 50,960 30,453 44,752 
Feb. 50,782 40,755 58,647 
March 67,337 74,212 55,727 
A p r i l 76,951 66,414 55,596 
May 62,000 91,652 50,890 
June 80,808 74,898 53,613 
July 76,725 75,079 67,270 
Aug. 77,035 81,849 62,096 
Sept. 66,174 69,666 63,032 
Oct. 74,248 66,266 68,474 
Nov. 66,348 78,210 67,956 
Dec. 47,483 61,185 64,753 

Total 796,851 810,639 + 2 712,806 

Eastbound 

Jan-. 49,209 42,224 36,654 
Feb. 53,631 36,136 46,127 
March 87,507 84,964 55,869 
A p r i l 94,365 72,240 50,274 
May 91,791 102,672 66,898 
June 112,728 96,624 60,264 
July 104,005 93,620 89,838 
Aug. 110,422 91,884 79,639 
Sept. 99,264 61,520 80,338 
Oct. 97,117 81,158 82,454 
Nov. 85,200 68,262 64,962 
Dec . 65,928 57,710 63,947 

Total 1,051,166 889,014 -15 777,264 

Year Total Tonnage %+/- Over Previous Year 

1906 1,848,017 
1907 1,699,653 -8 
1908 1,490,070 -12 



147 

TABLE 5 (Cont.) 

Shuswap Section 

Westbound 

1906 1907 %+/- 1908 %+/-
in in 

Total Total 

Jan. 47,533 33,809 38,828 
Feb. 45,898 42,720 47,345 
March 64,117 75,333 51,130 
A p r i l 73,242 72,732 51,927 
May 55,862 102,226 49,712 
June 71,769 76,080 55,154 
July 68,615 74,660 62,471 
Aug. 73,061 82,333 58,900 
Sept. 58,556 76,748 51,957 
Oct. 67,704 66,778 62,000 
Nov. 65,550 73,440 69,966 
Dec. 48,663 55,335 65,336 

Total 740,570 832,194 +12 664,726 

Eastbound 

Jan. 49,642 41,599 34,038 
Feb. 59,388 35,980 41,876 
March 88,288 90,520 51,646 
A p r i l 94,299 88,483 55,080 
May 80,464 103,370 63,860 
June 101,520 96,096 64,482 
July 95,697 100,390 77,888 
Aug. 106,838 84,481 71,870 
Sept. 90,594 82,944 76,752 
Oct. 101,277 86,140 81,942 
Nov. 86,520 67,500 70,704 
Dec. 68,250 62,304 65,267 

Total 1,022,777 939,807 -8 755,405 

Year Total Tonnage %+/- Over Previous Year 

1906 1,763,347 
1907 1,772,001 +0.5 
1908 1,420,131 -20 

Source:- Tables 3 and 4. Average no. of trains per day x days 
per month x equivalent gross tonnage per t r i p . (1908 leap year). 
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In table 6, tonnages moved during the s l i d e seasons 

(January to A p r i l ) are compared with tonnages moved on an annual 

basis over the Mountain and Shuswap Sections. From th i s table, 

i t appears that in the f i r s t t h i r d of each of the years 1906-08, 

s l i g h t l y less than one t h i r d of the annual t o t a l tonnage of 

t r a f f i c was conducted over the Mountain Section. A similar 

proportion of t o t a l annual business was conducted over the 

Shuswap Section during the f i r s t four months of the year. In 

absolute terms, greater tonnages were conveyed over the Mountain 

Section than over the Shuswap Section during the s l i d e seasons 

of two of the three sample years. Moreover, although t r a f f i c 

volumes over both sections were generally declining throughout 

the three-year period, column (vi) of table 6 suggests that the 

rate of decline on the Shuswap Section was faster during the 

s l i d e season than on an annual basis. The difference between 

slide-season and annual rates of decline was not as great on the 

Mountain Section, and in 1908, indeed, the rate of decline was 

less during the s l i d e season than the average annual rate of 

decline. 



TABLE 6 

COMPARISON OF TRAFFIC ON MOUNTAIN AND SHUSWAP SECTIONS, 
SLIDE SEASONS (JANUARY-APRIL), 1906-1908. 

Mountain Section 

(i) 

Year 

1906 
1907 
1908 

( i i ) 

Tonnage 
Moved 

530,741 
447,398 
403,646 

( i i i ) 

Annual 
Jan.-April Tonnage 

28.7 
26.3 
27.1 

(iv) 

%+/- Over  
Jan.-April 

of 
Previous 

Year 

-15.7 
-9.8 

(v) 

%+/- Over 
Annual  

Tonnage Of  
Previous 

Year 

-8 
-12 

(vi) 

(iv)-(v) 

-7.7 
+ 2.2 

Shuswap Section 

1906 522,407 29.6 
1907 481,176 27.2 -7.9 +0.5 -8.4 
1908 371,870 26.2 -22.7 -20 -2.7 

% Mountain Tonnage Greater % Annual Total Mountain 
Than Shuswap Tonnage During Tonnage Greater Than 

Slide Seasons Annual Total Shuswap 

1906 1.6 4.8 
1907 -7.5 -4.3 
1908 8.5 4.9 

Source:- Tables 3, 4 and 5. 
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The data must be treated circumspectly, for several trend 

factors operated concurrently across the period. It i s d i f f i c u l t 

to determine whether the C.P.R. countered the r i s k of t r a f f i c 

disruption due to avalanches between January and A p r i l by 

running fewer but heavier t r a i n s . Again, i t i s d i f f i c u l t to 

determine whether gross tonnages transported between January and 

A p r i l were low because t r a f f i c was disrupted by avalanches 

during these months, or because the t r a f f i c , for example 

lumber, 9 1 was seasonal in character. Indeed, i t may be possible 

to explain some of the seasonality of the t r a f f i c , not only in 

terms of i t s composition, but in terms of the expectation of 

avalanche disruption per se. 

Monthly data are available for the aggregate gross ton 

mileage of a l l t r a i n movements over the Mountain Subdivision for 

the years 1910 and 1911. These data are p a r t i c u l a r l y valuable in 

analysing the extent of disruption due to avalanches, as they 

span the s l i d e seasons which several authorities believe to have 

been c r u c i a l in motivating the decision to abandon the Rogers 

Pass route. The data embrace the period of the 1910 avalanche 

disaster, and the two weeks of disturbance which followed. They 

also extend to within months of the decision to survey an 

underground route through the Selkirks, and include the 

penultimate winter of surface operation, one of the winters 

which, Lamb argues, "showed that s l i d e hazards continued to be 

high," and persuaded the C.P.R. "that drastic action was 

e s s e n t i a l . " 9 2 

The data, aggregating the gross ton mileage of a l l 

passenger and freight t r a i n s , are presented in table 7, and a 
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comparison of t r a i n performance between the years 1910 and 1911 

i s presented i n t a b l e 8. The caveats expressed i n the a n a l y s i s 

of the 1906-08 data are e q u a l l y a p p l i c a b l e to a n a l y s i s of the 

1910-11 data. Again, however, c e r t a i n i n f e r e n c e s may be drawn. 
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TABLE 7 

TOTAL EQUIVALENT GROSS TON MILEAGE PER MONTH, 
MOUNTAIN SUBDIVISION, 1910 AND 1911. 

1910 1911 

Jan. 
Feb. 
March 
A p r i l 
May 
June* 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

53,348,399 
50,058,868 
60,162,544 
72,008,888 
79,289,709 
86,061,150 
85,431,095 
83,407,130 
78,025,943 
80,259,054 
69,494,910 
64,499,788 

48,946,968 
60,621,556 
81,423,638 
89,572,739 
98,883,576 
92,546,832 
99,277,235 

102,947,877 
95,277,584 
95,710,487 
77,880,170 
77,035,828 

Total 862,047,978 1,019,124,490 

* No record of June ton mileages in RCM. Ton-mileage figures 
shown have been calculated from available figures for Total 
Train Miles in June, multiplied by estimate of average t r a i n 
weights in June. Average t r a i n weights for June are averages of 
tr a i n weights for May, July and August of respective years. 

Source:- C.P.R. Co., "Statement of Train Locomotive and Actual 
Gross Ton Mileage, F i r s t D i s t r i c t , B r i t i s h Columbia D i v i s i o n , " 
Form S.O. 46, RCM. 



TABLE 8 

COMPARISON OF EQUIVALENT GROSS TON MILEAGES, 
MOUNTAIN SUBDIVISION, 1910 AND 1911. 

1910 Jan-April 

Total Annual 

Gross Ton  
Mi leage 

235,578,699 

862,047,978 

% Of Annual Total  
Conveyed Jan-April 

27.3 

1911 Jan-April 

Total Annual 

280,494,901 

1,019,124,490 
27.5 

%+/- Between Jan-April 1910 and Jan-April 1911: +19.1 
%+/- In Total Annual Gross Ton Mileage, 1910-1911: +18.2 

Source:- Table 7. 
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The proportions of t o t a l annual business which were 

conducted during the s l i d e seasons of 1910 and 1911 were not 

markedly less than those of 1906-08. Indeed, the proportion of 

annual business carried during the s l i d e season of 1911 may have 

been greater than the proportion for any year since 1906. (See 

table 6, column ( i i i ) ). The absolute volume of business 

conducted during the s l i d e season of 1911 increased by 19.1% 

over the corresponding period of 1910, s l i g h t l y more than the 

increase in the absolute volume of business on an annual basis, 

which was 18.2%. During these two years of increasing t r a f f i c , 

the main l i n e continued to conduct s l i g h t l y less than one t h i r d 

of the t o t a l annual business during the f i r s t one t h i r d of the 

year. Nevertheless, the proportion of t o t a l annual business 

which was conducted during the s l i d e season of 1911 did increase 

s l i g h t l y over that conducted during the slid e season of 1910, 

from 27.3% to 27.5%. This evidence suggests that, within one 

year of i t s decision to abandon the surface alignment, the 

C.P.R. could s t i l l meet additional demand, where required, by 

increasing the volume of t r a f f i c conveyed over the mountains 

between January and A p r i l . 

The evidence highlights the d i f f i c u l t y of convincingly 

apportioning influence upon the volume of business conducted in 

March 1910 between demand factors and avalanche factors. Despite 

the fortnight's interruption during March 1910, business 

increased by 20% over the previous February, and would increase 

by a further 20% in A p r i l . The volume of business conducted in 

March 1910 was greater than i t had been for at least three 

months, greater than i t would be in January 1911, and almost as 
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great as i t would be in February 1911. However, i t must be 

conceded that the volume of business which was conducted in 

March 1911 was over 35% greater than the volume of business 

conducted in the corresponding month of 1910. This increase 

between the March figures of 1910 and 1911 was almost double the 

annual increase over the respective years (35% against 18.2%). 

Moreover, in 1911, a less troubled season, t r a f f i c increased by 

34% between February and March, and by only 10% between March 

and A p r i l . This suggests that the blockages of March 1910 may 

have retarded the rate of growth in t r a f f i c volume which could 

usually be expected to p r e v a i l between February and March. It 

suggests also that the r e l a t i v e l y high rate of growth which 

prevailed between March and A p r i l 1910 may have been due to a 

"catching-up" process, in which a backlog of t r a f f i c was cleared 

as soon as mountain access was restored. Nevertheless, the very 

d i f f i c u l t y of convincingly a l l o c a t i n g weightings between demand 

factors and avalanche factors in part refutes the thesis that 

the "disastrous" 1910 s l i d e season was a decisive influence in 

motivating the abandonment of the surface alignment. 

This analysis of tr a i n movements, spanning years of both 

declining and increasing t r a f f i c volumes, does not establish 

conclusively that avalanche disruptions to t r a f f i c flows through 

the Selkirks seriously limited monthly t r a f f i c movements. The 

analysis does not reveal whether the r e l a t i v e increase in t r a i n 

movements which occurred during the s l i d e seasons of certain 

years f u l l y s a t i s f i e d the demand for t r a i n movements in those 

seasons. Equally, however, the analysis does not prove that the 

C.P.R. would have been j u s t i f i e d in abandoning i t s surface 



156 

alignment through Rogers Pass purely because of the extent of 

actual disruption to t r a f f i c from snowslides. Only i f i t could 

be proven, f i r s t that the demand for t r a i n movements through the 

Selkirks between January and A p r i l could not be met, and second 

that i t could not be met because of interruptions from 

avalanches, could i t be concluded that the extent of disruption 

to t r a f f i c which was caused by snowslides prompted the C.P.R. to 

undertake investment in an alt e r n a t i v e route across the 

mountains. The evidence of t h i s analysis offers no such proof. 

Instead, i t proves that the demand could be met with no more 

d i f f i c u l t y in the Selkirks than in the Gold Range, and suggests 

that avalanches were not a decisive .factor in preventing the 

demand for t r a f f i c movement through the Selkirks from being 

s a t i s f i e d . 

( i i i ) Diversionary Arrangements 

In assessing the e f f i c a c y of diversionary arrangements 

intended to mitigate the disruption due to avalanches, i t must 

be remembered that u n t i l completion of the Canadian Northern 

main l i n e through the Yellowhead Pass in 1915, there was no a l l -

r a i l a l t ernative to the C.P.R. main l i n e through the Rockies and 

the Selkirks. Moreover, u n t i l 1914, the only alt e r n a t i v e route 

which did exist entailed diversion through both the Rockies and 

the Selkirks, even when the C.P.R. main l i n e was blocked through 

only one of these mountain ranges. For two weeks in March 1910, 

when the main l i n e was blocked by s l i d e s in the Rockies and the 

S e l k i r k s , ' 3 and again for at least three days in September 1913, 

when the main l i n e was blocked by s l i d e s in the Rockies,'* a l l 
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t r a f f i c , "passenger, mail, baggage and express," had to be 

completely diverted between Calgary and Revelstoke. Westbound 

t r a f f i c was diverted via the Crow's Nest Pass railway to 

Kootenay Lake, conveyed by barge from Kootenay Landing to Nelson 

or Procter, thence by r a i l to Slocan, by barge across Lake 

Slocan, by r a i l to Nakusp, by barge again across the Upper Arrow 

Lake to Arrowhead, and thence by r a i l to Revelstoke. Eastbound 

t r a f f i c followed the route in reverse. Up to six transhipments 

were involved in either d i r e c t i o n . It was not u n t i l 1914, with 

the opening of the Kootenay Central from Golden to C o l v a l l i , 9 5 

l i n k i n g the main l i n e through the mountains with the Crow's Nest 

Pass l i n e , that i t became possible for the C.P.R. to divert 

t r a f f i c around the Selkirks without also having .to divert i t 

around the Rockies. Transhipment at Kootenay Landing would 

continue to be necessary u n t i l 1930. 5 4 

Diversionary arrangements were therefore cumbersome and 

expensive. In 1910, at least, they were also inadequate. The 

Revelstoke Mai1-Herald reported that, 
Freight sent round by the Crow's Nest has been much 

delayed owing to the barge equipment on Slocan Lake not 
being capable of handling the immense quantity of 
congested freight which had accumulated during the past 
two weeks. 9 7 

The inadequacy of the diversionary arrangements, together with 

the "awful disaster at Rogers Pass" and "the danger to 

passengers," prompted the Mail-Herald to urge completion of the 

Arrowhead and Kootenay Railway, "so as to give the C.P.R. an 

alternative route over the mountains under any c o n d i t i o n s . " 5 8 

The question of the d e s i r a b i l i t y of alternative routes to 

the C.P.R. main l i n e through the Selkirks w i l l be discussed in 
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chapter 7. It has already been noted that the Revelstoke Mail- 

herald was interested in the Arrowhead and Kootenay l i n e c h i e f l y 

for developmental reasons, and not because of i t s value as a 

safe alternative to the C.P.R. main l i n e . The editor of the 

Mail-Herald claimed that, 

The immense sum which the present disaster, and the 
extensive s l i d e s which accompanied i t , has cost the 
company, would complete the forty miles of the Arrowhead 
and Kootenay railway remaining to connect the main l i n e 
with the Crows Nest road, and thi s would give the 
C.P.R. p r a c t i c a l l y as short a route across the mountains 
as the main l i n e , while on the Arrowhead and Kootenay 
railway there i s not a snowslide... 5' 

The C.P.R. c l e a r l y did not share his conviction: the Arrowhead 

and Kootenay was not completed u n t i l 1930. 

Diversionary arrangements were only required on those 

occasions when the avalanche defence system on the main l i n e 

f a i l e d . The diversions of March 1910 and September 1913 are the 

only recorded occasions of such f a i l u r e . Even i f diversion was 

cumbersome, expensive and inadequate when required, evidence 

suggests that i t was not required s u f f i c i e n t l y frequently to 

j u s t i f y the channelling of investment from the main-line 

avalanche defence system into the construction of an alternative 

route through the Selkirks. 

(iv) Was Disruption Increasing? 

In analysing the role of t r a f f i c disruption in motivating 

the decision to construct the Connaught Tunnel, i t i s important 

to determine whether the extent of disruption due to avalanches 

was increasing in the years immediately prior to the abandonment 

of Rogers Pass. Certain authorities maintain that i t was 

avalanche experiences in these years which induced the C.P.R. to 
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d i s c o n t i n u e s u r f a c e o p e r a t i o n s . 1 0 0 Moreover, contemporaries may 

have p e r c e i v e d that the t h r e a t from avalanches was i n c r e a s i n g i n 

i n t e n s i t y . In the wake of. the 1910 d i s a s t e r , the e d i t o r of the 

Revelstoke Mai1-Herald wrote thus: 

...we understand from r a i l w a y men, who know what they 
are t a l k i n g about, that these s l i d e s are g e t t i n g worse 
every year, and w i l l c ontinue to do so, as the-remains 
of the f o r e s t s which formerly p r o t e c t e d a great p a r t of 
the road, but were destroyed by f i r e d u r i n g and s i n c e 
c o n s t r u c t i o n , r o t away, thus g i v i n g c l e a r sweep to 
s l i d e s from the deep snow banks which cover the 
mountains i n w i n t e r . 1 0 1 

The p r e v i o u s a n a l y s i s of t r a i n movements suggests that 

d i s r u p t i o n d i d not i n c r e a s e throughout the p e r i o d 1906-11. The 

p r o p o r t i o n of t o t a l annual t r a f f i c which was conveyed through 

the S e l k i r k s d u r i n g the s l i d e season remained almost constant at 

around 28%. T h i s p r o p o r t i o n a c t u a l l y i n c r e a s e d when the t o t a l 

volume of t r a f f i c i n c r e a s e d . W h i l s t t h i s evidence cannot be 

c o n s i d e r e d c o n c l u s i v e , s i n c e i t i s impossible to d i s c r i m i n a t e 

the i n f l u e n c e of seasonal demand f a c t o r s from avalanche f a c t o r s 

upon the volumes of t r a f f i c conveyed in v a r i o u s months of the 

year, f u r t h e r evidence is° c o n s i s t e n t with the view that 

d i s r u p t i o n d i d not i n c r e a s e , e i t h e r with the passage of time, or 

with i n c r e a s i n g t r a f f i c volumes. 

By February 1911, the C.P.R. had experienced i t s l a r g e s t 

s n o w f a l l f o r s i x t e e n years i n the S e l k i r k s . 1 0 2 N e v e r t h e l e s s , i n 

the E n g i n e e r i n g Department's annual report f o r the year ending 

June 30, 1911, the Chief Engineer, S u l l i v a n , r e p o r t e d t h a t , 

"During the winter the only s l i d e of importance was one at M.B. 

93, Mountain S u b d i v i s i o n , which covered one end of the shed 

d e l a y i n g t r a f f i c s i x h o u r s . " 1 0 3 The corresponding r e p o r t f o r 

1912 noted: 
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Small snowslide on January 14th at Mileage 113, Albert 
Canyon, carried out three cars from wrecking 
t r a i n . . . k i l l i n g one man. The same morning at Shed No. 
11, Colonist Car No. 14 was cut out from the t r a i n , but 
no one was h u r t . 1 0 4 

By th i s time, the decision had already been taken to double 

track through the Selkirks, and the way was paved for the 

abandonment of Rogers Pass. 

A l i s t of avalanche occurrences in the Selkirks, recorded 

by the C.P.R. between 1909 and 1918 confirms that the years 1911 

and 1912 were unremarkable for their s l i d e a c t i v i t y , and that 

the extent of such a c t i v i t y would not be s u f f i c i e n t to cause 

disruption warranting investment in an alternative route. For 

1911, the l i s t records simply, "Nothing." Throughout the 

avalanche season of 1912, the l i s t records two slides on January 

14, and then only one more s l i d e , over two months l a t e r , which 

apparently required only "1 hr. 30 min. to c l e a r . " 1 0 5 

Certainly, there was disruption to t r a f f i c in the years 

immediately before construction of the Connaught Tunnel, and 

thi s disruption was caused by s l i d e a c t i v i t y . However, much of 

the s l i d e a c t i v i t y did not occur in Rogers Pass at a l l . In 

November 1909, eastbound passenger t r a i n No. 2 was cut off by 

sl i d e s at front arid rear in the Fraser Canyon, 1 0 6 and the main 

l i n e was blocked for two days between Barnet and Lytton, whilst 

in the Selkirks and the Rockies, "the C.P.R. sustained no 

damage." 1 0 7 In January 1911, the main l i n e was closed for a week 

by s l i d e s east of F i e l d . 1 0 8 In A p r i l 1912, a passenger t r a i n was 

struck by a s l i d e at Savona's Ferry, causing the only recorded 

avalanche-induced casualties in passenger service over the 

entire C.P.R. main l i n e through the mountains prior to 
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construction of the Connaught Tunnel. Even then, the f a t a l i t i e s 

were traincrew, not passengers. 1 0 9 In August 1913, the 

C.P.R. experienced a "series of blockades... in the mountain 

sections" which was "unparalleled in the history of the company. 

Never before have such a number of s l i d e s come down so many 

dif f e r e n t p o i n t s . " 1 1 0 Again, however, most of the disruption was 

in the Kicking Horse Canyon, which would be rendered no less 

vulnerable to disruption from s l i d e s by the construction of a 

tunnel beneath the Selkirk Mountains. 

The results of t h i s analysis suggest that the extent of 

disruption to t r a f f i c due to avalanches may not actually have 

been very great, and was unlikely to have been s u f f i c i e n t to 

j u s t i f y abandonment of the surface operation over the Selkirks. 

The extent of disruption does not appear to have warranted 

investment in diversionary f a c i l i t i e s as an a l t e r n a t i v e to the 

route through Rogers Pass. Neither does the extent of disruption 

appear to have increased, either with the passage of time, or 

with increasing t r a f f i c volumes. 

(v) Disruption Costs And The Abandonment Decision 

Since t h i s analysis makes no attempt to quantify the cost 

of disruptions to t r a f f i c due to avalanches, i t i s not possible 

to assess the r e l a t i v e importance of disruption costs in 

motivating the decision to construct the Connaught Tunnel. It is 

possible, however, to estimate how high those disruption costs 

would have had to have been in order to j u s t i f y investment in a 

tunnel. 

The analysis of the d i r e c t cost of maintaining the 
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avalanche defence system revealed that the potential benefit of 

discontinuing the system, $3,600,200, was outweighed by the 

potential cost of tunnelling, at least $5,495,000. Cost 

outweighed benefit by some $1,894,800. If the benefits of 

tunnelling were to have outweighed the costs, the potential 

benefit of avoiding disruption to t r a f f i c from avalanches, 

combined with the non-quantified d i r e c t cost of maintaining the 

avalanche defence system, would have had to have been at least 

$1,894,800. Discounted at four per cent., these non-quantified 

costs would have had to have exceeded $75,000 per y e a r , 1 1 1 in 

addition to the $125,000 per year expended in maintaining the 

avalanche defence system. If the non-quantified benefits were 

expected to be so high — sixty per cent, of the quantified 

benefits of discontinuing the avalanche defence system — i t is 

reasonable to suppose that the C.P.R. would have included them 

in an evaluation of the forecasted cost savings of constructing 

a double-track tunnel which would obviate disruption from 

avalanches. The Company published an evaluation of the project 

in 1914, 1 1 2 which sought to j u s t i f y construction of a double-

track tunnel e n t i r e l y by reference to the magnitude of the cost 

savings of the project, without any explanation of the costs 

which would have to be incurred in order to obtain those 

savings. Yet even with t h i s bias, the evaluation makes no 

a l l u s i o n to anticipated benefits from reduced t r a f f i c 

disruption. One interpretation of t h i s omission might be that 

the magnitude of savings which could be derived from a reduction 

in t r a f f i c disruption was not s u f f i c i e n t l y great to influence 

the decision of whether or not to construct a tunnel beneath 
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Rogers Pass. 

This analysis of snow problems in the Selkirks raises 

serious doubts about the adequacy of the explanation that the 

surface alignment through Rogers Pass was abandoned because of 

the severity and the i n t r a c t a b i l i t y of the avalanche hazard. 

Neither the 1910 disaster in p a r t i c u l a r , nor the snowslide 

problem in general, with i t s concomitant costs in defence and 

disruption, appears to have motivated the decision to construct 

the Connaught Tunnel. Nevertheless, the view that the tunnel was 

constructed in response to avalanche problems remains thoroughly 

entrenched. Any of three reasons may explain i t s endurance. 

The f i r s t may be that the cost-savings approach by which 

the C.P.R. sought to j u s t i f y the tunnel investment in retrospect 

accorded paramount importance in the outcome of the evaluation 

to the role of savings in the avalanche defence system. Thus: 

The figures would not have been very decisive one way or 
the other were i t not for the fact that there i s now 
4 1/2 miles of wooden snow sheds on the present location 
which w i l l a l l be done away with on the new location. 
The maintenance and cost of renewals of these sheds cost 
between $85,000 and $100,000 per year. To maintain and 
renew a double track wooden shed would probably cost at 
least 50% more than the above, so that with a saving of 
about $125,000 per year in maintenance and renewals of 
snow sheds and a calculated saving in operation and 
maintenance of $171,271.22 on a t r a f f i c that surely w i l l 
be reached in the near future, there was no doubt as to 
the proper course to p u r s u e . 1 1 3 

If the anticipated savings in snowshed costs had indeed 

constituted such a high proportion of the benefits of the 

project — almost three-quarters of the benefit which was 

expected to accrue from operating savings — then i t might 

reasonably be asserted that the savings in snowshed maintenance 
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d i d t i p the balance i n favour of the abandonment of Rogers Pass. 

However, as w i l l be e x p l a i n e d more f u l l y i n chapter 8, the 

e v a l u a t i o n which the C.P.R. p u b l i s h e d omitted a l l c o n s i d e r a t i o n 

of c o n g e s t i o n c o s t s and of the o p p o r t u n i t y c o s t s of t r a f f i c 

which would have to be foregone i f the s i n g l e l i n e over Rogers 

Pass was not doubled. These omissions lend a downward b i a s to 

the estimate of o p e r a t i n g savings a c c r u i n g from the p r o j e c t , and 

t h i s i n t u r n lends an upward b i a s to the c o n t r i b u t i o n of savings 

in snowshed maintenance towards the t o t a l b e n e f i t s of the 

t u n n e l . 

The second reason may be that S i r George Bury, who was 

i n s t r u m e n t a l i n the d e c i s i o n to tunnel beneath Rogers Pass, 

himself emphasised in r e t r o s p e c t i v e correspondence the r o l e of 

avalanches in m o t i v a t i n g the d e c i s i o n . Thus, two years a f t e r 

c o n s t r u c t i o n of the tunnel was commenced, Bury wrote, 

The b i g problem we had, of course, was to get the 
tunnel b u i l t as f a s t as p o s s i b l e , not only to a v o i d the 
c o n t i n u a l expense of renewing the present snow sheds, 
and pay i n t e r e s t and overhead charges on a long delayed 
job, but to get away from the dangers of snow which i s 
[ s i c ] g r e a t e r or l e s s , depending on the s e a s o n . 1 1 4 

As w i l l be e x p l a i n e d more f u l l y i n chapter 7, however, Bury 

himself o f f e r e d a d i f f e r e n t r a t i o n a l e at the time when the 

d e c i s i o n was a c t u a l l y made. In June 1913, he wrote q u i t e simply 

t h a t , 

Regarding the n e c e s s i t y of t h i s t u n n e l , I may say 
that the t r a f f i c over Rogers Pass has become so great 
that i t i s necessary to double t r a c k the l i n e . 1 1 5 

He then proceeded to c a l c u l a t e an annual s a v i n g i n t r a f f i c 

o p e r a t i n g c o s t s from the tunnel of $150,000 w i t h i n four years. 

The f i n a l reason i s the obvious one, that savings i n both 

snowshed maintenance and d i s r u p t i o n to t r a f f i c from snowslides 
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d i d accompany c o n s t r u c t i o n of the t u n n e l , s i n c e r a i l o p e r a t i o n s 

ceased to be conducted on the exposed s u r f a c e of Rogers Pass. 

The a n a l y s i s i n t h i s chapter i n d i c a t e s that snow problems 

in the S e l k i r k s were a matter of ongoing concern to the C.P.R., 

but that they were not a c r u c i a l f a c t o r i n m o t i v a t i n g the 

abandonment d e c i s i o n . As long as the s e r v i c e was operated over 

Rogers Pass, the p o t e n t i a l f o r d i s a s t e r was always pre s e n t . Both 

the C.P.R. and the general p u b l i c were well-informed about the 

nature of the avalanche hazard, and were prepared to accept the 

r i s k s i n order to maintain the s e r v i c e . R o u t i n e l y , the s e r v i c e 

was maintained without i n c i d e n t . As the Calgary D a i l y Herald 

obs'erved i n the winter of 1910, 

Snowslides are looked f o r i n season, as a matter of 
course, and under o r d i n a r y c o n d i t i o n s they are attended 
with no s p e c i a l danger or delay to t r a f f i c . In these 
regions the b a t t l e with the snow i s a commonplace 
f e a t u r e of the w i n ter's work. The o r g a n i z a t i o n and 
equipment are prepared f o r i t . 1 1 6 

O c c a s i o n a l l y , the p o t e n t i a l f o r d i s a s t e r was r e a l i s e d . 

However, the mere i n c i d e n c e of d i s a s t e r would not n e c e s s a r i l y 

p r e c i p i t a t e a major change i n p o l i c y : i t would not n e c e s s a r i l y 

d i c t a t e the c e s s a t i o n of r a i l o p e r a t i o n s through Rogers Pass. 

Whether or not the i n c i d e n c e of d i s a s t e r would p r e c i p i t a t e a 

major p o l i c y change would depend not upon the magnitude of the 

d i s a s t e r i t s e l f , but upon the c r u c i a l q u e s t i o n of how much the 

p u b l i c or the r a i l w a y company would be prepared to spend i n 

order to a v o i d a r e p e t i t i o n of the d i s a s t e r . T h i s was c l e a r l y 

p e r c e i v e d and understood by contemporaries: at the second 

inquest i n t o the 1910 d i s a s t e r , the C.P.R.'s Resident Engineer 

i n Revelstoke a s s e r t e d t h a t , 

Tc make the road a b s o l u t e l y safe from s l i d e s , we 
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would have to have a continuous shed through the 
mountains — which is i m p r a c t i c a b l e . 1 1 7 

The evidence of t h i s analysis suggests that the C.P.R. was 

not prepared to spend the amount which would be required for a 

tunnel beneath the Selkirks, merely in order to avoid either the 

actual cost of operating services through hazardous avalanche 

paths, or the potential for disaster. Indeed, the analysis 

indicates that the C.P.R. should not have been prepared to 

spend that amount, for the benefits which i t could expect to 

obtain from avoiding actual costs and potential disasters would 

not have offered the Company a return on i t s investment. Yet the 

C.P.R. did invest in a tunnel beneath the Selkirks, and when 

that tunnel opened, the Company did cease operating services 

through Rogers Pass. Clearly, i f the benefits to be derived from 

avoiding avalanche problems did not alone j u s t i f y investment in 

a tunnel, then the project must have been undertaken in the 

expectation of benefits from another source. Moreover, these 

l a t t e r benefits, aggregated with the former, must have been 

expected to j u s t i f y the cessation of surface operations through 

Rogers Pass, operations which had been conducted for almost 

t h i r t y years. The remaining chapters of th i s thesis w i l l examine 

the nature and extent of these other benefits, and their 

influence upon the realignment schemes which were proposed. 
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CHAPTER 6 

CAPACITY PROBLEMS 

After the turn of the century, there was a considerable 

increase in the volume of t r a f f i c requiring haulage over the 

Selkirks. For railways traversing mountainous regions, 

substantial increases in t r a f f i c volumes may e n t a i l s i g n i f i c a n t 

changes in operating procedures, and major investments intended 

to obtain increments in l i n e capacity. At issue in Rogers Pass, 

then, i s the question of whether main-line capacity was adequate 

to meet the requirements of burgeoning t r a f f i c in the early 

years of the 20th Century. The analysis begins with a 

consideration of the capacity of the main l i n e through Rogers 

Pass. Then i t considers changes in the t r a f f i c demands which 

were imposed upon the l i n e , and changes in the competitive 

pressures which the C.P.R. confronted in meeting these demands 

through the mountains of B.C. Next, improvements which the 

C.P.R. undertook on i t s system in response to these changes are 

analysed, and the f i n a n c i a l resources of the C.P.R. to undertake 

further system improvements are appraised. F i n a l l y , forecasts of 

t r a f f i c flows through the mountains are examined, and the 

implications of these forecasts for main-line operations through 

the mountains are assessed. 

6.1 The Capacity Of The Main Line 

The capacity of a railway l i n e i s the weight of t r a f f i c 

which can be transported over the l i n e per unit of time. There 

are two c r u c i a l determinants of l i n e capacity. The f i r s t i s 
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tr a i n weight; that i s , the maximum weight of t r a f f i c which can 

be conveyed over the li n e by a single t r a i n . The second i s the 

number of t r a i n paths which the l i n e can supply; that i s , the 

maximum number of trains which can be passed over the l i n e in a 

given unit of time. 

a) Train Weight 

As was explained in chapter 2, the maximum weight of trains 

which can be conveyed over a l i n e segment or a d i v i s i o n i s 

determined by the ruling gradient of that l i n e segment or 

d i v i s i o n . Over the l i n e segment between Beavermouth and Rogers 

Pass on the east slope of the Selkirks, the rulin g gradient 

against westbound t r a f f i c was 2.2% compensated for 20.8 miles. 

Over the li n e segment between Albert Canyon and Rogers Pass on 

the west slope, the rulin g gradient against eastbound t r a f f i c 

was 2.2% compensated for 25.3 miles. 1 Table 9, containing 

tonnage ratings for a single locomotive through the Selkirk 

Mountains from Revelstoke to F i e l d , demonstrates the influence 

of these gradients upon the weight of t r a f f i c which could be 

hauled in a single t r a i n through Rogers Pass. With the motive 

power which was available in 1913, any t r a i n t r a v e l l i n g in 

either d i r e c t i o n with an equivalent gross weight exceeding 508 

tons required the attachment of a pusher locomotive for the 

entire distance of the ascent. 2 



TABLE 9 

TONNAGE RATINGS FOR SINGLE 210% LOCOMOTIVE BETWEEN STATIONS 
ON MOUNTAIN SUBDIVISION, PRIOR TO JUNE 1913. 

Westbound Station Miles Eastbound 
Rating (tons) Rating (tons) 

F i e l d 
Downgrade 

O t t e r t a i l 
8. 2 1,224 

Downgrade 
Wapta 

4. 4 2,100 

1,398 
Leanchoil 

4. 4 2,100 

Downgrade 
Golden 

18. 2 554 

2,100 
Donald 

16. 3 2,100 

2,100 
Beavermouth 

11. 7 1,283 

508 
Rogers Pass 

20. 8 Downgrade 
Downgrade 

Albert Canyon 
25. 3 508 

Downgrade 
Revelstoke 

20. 9 1,108 

Source:- F. J. Fisher to J. M. McKay, Superintendent, 
Revelstoke, May 25, 1913. RCM 76.15.188-45693.6. 
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Even with a pusher, however, the maximum weight of a 

freight t r a i n on either side of the summit was r e s t r i c t e d to 

1,016 tons, s t i l l s i g n i f i c a n t l y less than could be hauled on 

adjoining sections through the mountains. More than one pusher 

was rarely attached to a t r a i n . It i s not known whether this was 

because the C.P.R. was chr o n i c a l l y short of locomotives with 

which to supplement i t s pusher f l e e t ; 3 whether i t was because 

the incremental drawbar stress imposed by the additional 

locomotives would have fractured the car-drawbars; 4 or whether 

i t was because of the d i f f i c u l t y of co-ordinating more than two 

steam locomotives. Whatever the reason, the fact that only two 

.locomotives were generally allocated to any single t r a i n meant 

that trains exceeding 1,016 tons in equivalent gross weight had 

to be "cut" to this weight and forwarded in sections. In turn, 

th i s decreased the payload per locomotive-movement, and 

increased the number of t r a i n paths required for the movement of 

the t r a f f i c . Moreover, i t set a c e i l i n g on the extent to which 

an increase in the t o t a l volume of t r a f f i c requiring t r a n s i t 

through the mountains could be accommodated simply by increasing 

the weight of tr a i n s . An increase in t o t a l volume above th i s 

c e i l i n g would require more t r a i n s , and proportionately more 

locomotives, simply in order to match the capacity of adjoining 

sections. More tr a i n s , on a single l i n e , and with the need to 

return pushers l i g h t through the increased opposing t r a f f i c , 

would, beyond a certain point, impose congestion costs 

additional to the direct operating costs of the t r a i n movement. 

The addition of a pusher locomotive, and the addition of an 

entire t r a i n , both represent "lumpy" investments. That i s , the 
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investment produces the same fixed increment in capacity 

regardless of whether there are f i v e tons or f i v e hundred tons 

of additional t r a f f i c to be moved. Table 10 presents average 

t r a i n weights through the Selkirks for the period 1906-13. In 

the years 1906-08, "Consolidation" locomotives were deployed as 

pushers in the Selkirks. Since these locomotives had a rating of 

490 tons, 5 the fixed increment in capacity which was obtained 

from the addition of one pusher was 490 tons. The maximum t r a i n 

weight which could be handled by two locomotives was thus 980 

tons. From the increase in average t r a i n weights which occurred 

between 1906 and 1908, i t may be deduced from table 10 that t h i s 

fixed increment in capacity was being absorbed rapidly during 

these years. After 1910, the introduction of N-3's, each with a 

rating of 508 tons, increased the fixed increment in capacity 

obtained from the addition of one pusher to 508 tons, and raised 

the maximum t r a i n weight over the Selkirks to 1,016 tons. With 

the increase in average t r a i n weights recorded in table 10, i t 

appears that t h i s further fixed increment in capacity had been 

almost" completely absorbed by 1913, and that there was renewed 

pressure for a further increment in t r a i n capacity. Such a 

conclusion i s reinforced by the fact that in the summer of 1913, 

that i s , actually after the decision to build a double-track 

tunnel beneath Rogers Pass had been taken, but before the tunnel 

could be brought on stream, the C.P.R. undertook intensive 

dynamometer tests on the Mountain Subdivision in order to 

examine the p o s s i b i l i t i e s for increasing t r a i n weights on the 

r e s t r i c t e d sections. Figure 1 presents a p r o f i l e of the 

alignment between Revelstoke and Beavermouth, and shows the 
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tonnage ratings which prevailed over the route both before and 

after the t e s t s . 
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TABLE 10 

AVERAGE TRAIN WEIGHTS, MOUNTAIN. SUBDIVISION, 1906-1913. 
(Equivalent Gross Tons) 

Year Westbound Eastbound 

1906 539 668 
1907 668 712 
1908 743 787 
1910 737* 
1911 790* 
1912-13 898 950 

* Average for both d i r e c t i o n s . 

Sources:-
1906-08: "Notebook," K i l p a t r i c k MSS, Vancouver, 

n.p., n.d. 
1910-11: Actual Gross Ton Miles Per Month/Total 

Train Miles. C.P.R. Co., "Statement of Train Locomotive and 
Actual Gross Ton Mileage, F i r s t D i s t r i c t , B r i t i s h Columbia 
D i v i s i o n , " Form S.O. 46, RCM. 

1912-13: Cornell C i v i l Engineer, Vol. 23, No. 3, 
December 1914, p. 80. 
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During the t e s t s , which were h e l d i n summer c o n d i t i o n s , "43 

more tons was handled from Beavermouth to Rogers Pass at an 

average speed of 8 1/2 m i l e s per hour," 6 but the "Engine s l i p p e d 

badly going through snowsheds." 7 Eastbound, "35 more tons was 

handled A l b e r t Canyon to Rogers Pass." However, s i n c e motive 

power was doubled on t h i s l a t t e r s e c t i o n , as on the Beavermouth 

Rogers Pass s e c t i o n , the r a t i n g between Revelstoke and A l b e r t 

Canyon had to be double the r a t i n g between A l b e r t Canyon and 

Rogers Pass i n order to ensure f u l l u t i l i s a t i o n of the s i n g l e 

locomotive which would haul the t r a i n out of Revelstoke. T h i s 

was found impossible to achieve, s i n c e the t e s t s r e v e a l e d that 

the e x i s t i n g r a t i n g between Revelstoke and A l b e r t Canyon was 

a l r e a d y too high. The r a t i n g between A l b e r t Canyon and Rogers 

Pass was t h e r e f o r e maintained at 508 e q u i v a l e n t gross tons, and 

the r a t i n g between Revelstoke and A l b e r t Canyon was r e v i s e d 

downwards to 1,016 t o n s . 8 A t r a i n of 508 tons might comprise as 

few as ten loaded and two empty c a r s , ' and even these r a t i n g s 

may have been reduced by f i v e per cent, d u r i n g the winter 

months. 1 0 

The t e s t s demonstrated that the p o s s i b i l i t i e s f o r 

i n c r e a s i n g t r a i n weights over the summit of the S e l k i r k s were 

extemely l i m i t e d with e x i s t i n g motive power. Increments i n t r a i n 

weight were o f f s e t by a severe p e n a l t y i n t r a i n speeds, which at 

f u l l t h r o t t l e were a l r e a d y w e l l below ten m i l e s per hour f o r the 

h e a v i e s t f r e i g h t t r a i n s . Moreover, the r e d u c t i o n i n t r a i n speeds 

in t u r n c u r t a i l e d the supply of t r a i n paths. However, s i n c e 

t r a i n weights c o u l d not be i n c r e a s e d , the only way i n which an 

i n c r e a s e i n the t o t a l t r a f f i c volume c o u l d be accommodated was 
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by increasing the frequency of t r a i n s . This in turn increased 

the demand for t r a i n paths. 

b) Train Paths 

Estimation of the number of t r a i n paths which a single l i n e 

of railway can supply i s an imprecise science. The estimate i s a 

complex function of t r a n s i t time, which i s in turn a function of 

motive power, t r a i n weight, t r a i n speed, opposing t r a i n 

movements and spacing of sidings; and of headways, which are in 

turn a function of the method of s i g n a l l i n g , as well as of 

motive power, t r a i n weight and t r a i n speed. Computer simulation 

would be required in order to generate an accurate estimate of 

the capacity of the Rogers Pass l i n e to supply t r a i n paths. 

Nevertheless, data are available for the demand for t r a i n paths 

in the years preceding abandonment of the surface route. 

Table 3 records the demand for t r a i n paths on both the 

Mountain and the Shuswap Sections during the years 1906-08. The 

period was one of declining t r a f f i c , and t h i s table, with table 

4, indicates that the decline in t r a f f i c was met by an increase 

in t r a i n weights, which in turn decreased the demand for t r a i n 

paths. Table 3 indicates that in 1906, the average demand for 

tr a i n paths was s l i g h t l y over four per day in each d i r e c t i o n . 

The table also indicates, however, that the demand for t r a i n 

paths through the Selkirks was highly seasonal, and more sharply 

peaked than demand on the Shuswap S e c t i o n . 1 1 In the summer peak, 

demand could reach almost six paths per day in each d i r e c t i o n . 

By 1912, t r a f f i c volumes had increased to such an extent 

that the average demand for t r a i n paths was over eight per day 
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in each d i r e c t i o n , 1 2 and in the summer peak, the average demand 

may have reached almost eleven paths per day. 1 3 Moreover, in 

1912, the volume of t r a f f i c requiring t r a n s i t through the 

mountains was forecast to double again within the next four 

years. 1* An increase in t r a f f i c volume of such magnitude implied 

an increase in the demand for t r a i n paths to an average of 

sixteen per day in each d i r e c t i o n , 1 5 with seasonal peaks of 

almost twenty-two per day. It was because of these forecasts of 

future t r a f f i c volumes that the C.P.R. decided that i t s entire 

main l i n e from Calgary to the West Coast would have to be 

doubled. Since other, less steeply graded portions of the main 

l i n e were expected to be inadequate to handle t h i s volume of 

t r a f f i c , i t i s reasonable to conclude that the alignment over 

Rogers Pass, with i t s f o r t y - s i x miles of 2.2% gradient, was also 

deemed incapable of meeting the potential demand for t r a i n 

paths. 

From the available data on t r a i n weights and t r a i n paths, 

an approximate measure of the capacity of the main l i n e may be 

calculated. There are three assumptions. F i r s t , i t i s assumed 

that the annual t o t a l of t r a i n s through Rogers Pass in 1912-13, 

the years upon which the C.P.R.'s evaluation of the Connaught 

Tunnel was based, represented the maximum number of t r a i n paths 

sustainable by the f a c i l i t y . Second, i t i s assumed that an 

increase in passenger t r a f f i c could have been accommodated by 

increasing only the weight, and not the frequency, of passenger 

t r a i n s : thus, an increase in passenger t r a f f i c would not 

decrease the number of t r a i n paths available for f r e i g h t . Third, 

i t i s assumed that every freight t r a i n in either d i r e c t i o n 
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conveyed the maximum tonnage operable by two locomotives, 1,016 

tons. With these assumptions, i t can be calculated that the 

maximum volume of freight which could have been conveyed by the 

3,477 freight trains through Rogers Pass was 3,532,632 tons. In 

1912-13, the C.P.R. actually conveyed 3,212,748 tons of freight 

through the Pass. This volume represented 91% of the calculated 

maximum tonnage which the f a c i l i t y could handle. 1' 

This analysis demonstrates that the route over Rogers Pass 

imposed a potential bottleneck upon the flow of t r a f f i c through 

the mountains. This bottleneck was created by r e s t r i c t i o n s upon 

both t r a i n weights and the number of t r a i n paths available 

through the Pass. As t r a f f i c volumes increased, the surplus 

capacity which was available on individual trains was absorbed, 

u n t i l most trains were operated over the Selkirks at their 

maximum permissible weight, 1,016 tons. Since t r a i n weights 

could not be increased beyond th i s l e v e l , further increases in 

t r a f f i c volume had to be handled by increasing t r a i n frequency. 

The maximum number of t r a i n paths which the single l i n e over 

Rogers Pass could supply appears to have averaged between eight 

and sixteen per day in each d i r e c t i o n . The l a t t e r represents a 

non-sustainable average, since, by the time the demand for t r a i n 

paths reached t h i s l e v e l , the C.P.R. expected that i t would have 

to have double-tracked i t s main l i n e through the mountains. The 

potential bottleneck appears to have been on the verge of 

becoming an actual bottleneck. This impression is reinforced by 

an analysis of t r a f f i c flows through Rogers Pass. 
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6.2 T r a f f i c Flows 

This analysis w i l l f i r s t consider t o t a l t r a f f i c l e v e l s 

through Rogers Pass, and then changes in s p e c i f i c t r a f f i c flows. 

Consideration of C.P.R. estimates of future demand w i l l be 

deferred u n t i l section (6.6) of t h i s chapter, although data 

concerning forecasted t r a f f i c l e v e l s are incorporated into the 

appropriate tables for purposes of comparison. 

a) Total T r a f f i c Levels 

Table 11 presents the secular trends in the t o t a l tonnage 

of t r a f f i c requiring t r a n s i t through Rogers Pass between 1904 

and 1912, broadly disaggregated into freight and passenger 

volumes. Table 12 expresses these trends as annual rates of 

change. 

From the tables, i t can be seen that passenger t r a f f i c , 

reacting less markedly to the recession of 1906-08, maintained a 

steady rate of increase throughout the years prior to the 

decision to abandon Rogers Pass. The volume of passenger t r a f f i c 

increased by 117% between 1908 and 1912. Over the same period, 

the volume of freight t r a f f i c , which had declined during the 

recession, increased by 123%. In gross tonnage terms, passenger 

t r a f f i c increased by 675,000 tons, while freight t r a f f i c 

increased by 2,575,000 tons. The tables indicate that in 1911-

12, the rates of increase in t r a f f i c were the highest since 

1908-09, the year of recovery from the recession. Moreover, in 

1912, the year of the decision to double track through the 

mountains, the volumes of both passenger and freight t r a f f i c 

surpassed a l l previous records. 
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TABLE 11 

GROSS TONNAGE OF PASSENGER AND FREIGHT TRAFFIC OVER EACH 
MILE OF ROAD, MOUNTAIN AND SHUSWAP SUBDIVISIONS, 1904-1913. 

(Equivalent Gross Tons) 

Year Passenger % Passenger 
Of Total 

1904 0.325 21.7 
1905 0.425 21.8 
1906 0.475 17.0 
1907 0.55 23.9 
1908 0.575 27.1 
1909 0.775 27.2 
1910 0.875 26.5 
1911 1.025 26.8 
1912 1.25 26.6 
1912-13* 2.002 30.9 
1915-16** 4.314 32 

Freight % Freight Total 
Of Total 

1.175 78.3 1.5 
1.525 78.2 1.95 
2.325 83.0 2.8 
1.75 76.1 2.3 
1.55 72.9 2.125 
2.075 72.8 2.85 
2.425 73.5 3.3 
2.8 73.2 3.825 
3.45 73.4 4.7 
4.471 69.1 6.473 
9.155 68 13.469 

* Average for two years, t o t a l tons over Rogers Pass. Cornell  
C i v i l Engineer, Vol. 23, No. 3, December 1914, p. 80. 

** Forecast. Sullivan to Bury, October 22, 1912, PIC CPCA. 

Source:- Histogram enclosed i n , Bury to Shaughnessy, A p r i l 21, 
1913, PIC CPCA (except 1912-13 and 1915-16). 



TABLE 12 

ANNUAL RATES OF CHANGE IN GROSS TONNAGE PER MILE, 
MOUNTAIN AND SHUSWAP SUBDIVISIONS, 1904-1913. 

(% change) 

Year Passenger Freight Total 

1904-05 + 30.7 + 29.8 + 30.0 
1905-06 +11.8 + 52.5 +43.6 
1906-07 +15.8 -24.7 -17.9 
1907-08 +4.5 -11.4 -7.6 
1908-09 + 34.8 + 33.9 + 34.1 
1909-10 + 12.9 + 16.9 + 15.8 
1910-11 + 17.1 + 15.5 +15.9 
1911-12 + 22.0 + 23.2 + 22.9 
1912-1912/13 + 60.2 29.6 + 37.7 

Source:- Table 11. 



188 

Whilst freight t r a f f i c declined as a proportion of t o t a l 

volume, the absolute magnitude of the increase in freight 

tonnage, and the d i s t r i b u t i o n of t r a f f i c between freight and 

passenger, which was heavily skewed towards the former, had 

serious implications for r a i l operations over Rogers Pass. An 

increase in passenger t r a f f i c might have been accommodated to 

some extent by adding cars to passenger consists and absorbing 

the surplus capacity which was available on passenger t r a i n s . By 

1912, however, such an alternative was not available for freight 

operations. In 1912-13, every freight t r a i n which crossed the 

Selkirks required assistance. If t r a f f i c continued to increase, 

additional t r a i n paths and additional motive power would be 

required. In contrast, over one quarter of a l l passenger trains 

were s t i l l conducted by single locomotives, and could have borne 

some increase in tonnage without requiring an increase in 

paths. 1 7 

Table 13 presents the balance of t r a f f i c flows through 

Rogers Pass in those years between 1889 and 1913 for which 

disaggregated data are available. During the early years of 

operation, consistent with the C.P.R. forecasts made at 

construction time, westbound flows predominated. By the early 

years of the 20th Century, however, the balance had swung u n t i l 

the eastbound flows s l i g h t l y outweighed the westbound. This 

pattern endured at least u n t i l the year of the decision to 

abandon Rogers Pass. Reversal of the C.P.R.'s forecasts would 

have implications for the C.P.R. system which are discussed 

below. 1 8 
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TABLE 13 

BALANCE OF TRAFFIC FLOWS THROUGH ROGERS PASS, 1889-1913. 
(Tons) 

Year Westbound  
Tonnage 

% Of 
Total 

Eastbound  
Tonnage 

% Of 
Total 

Total  
Tonnage 

1889* 38,895 
1890* 50,773 
1906 1,081,891 
1907 1,100,610 
1908 967,782 
1910- 11** 1,710,779 
1911- 12** 2,037,320 
1912- 13 3,191,488 
1915-16* 6,734,660 

64 
78 
43 
48 
48 
47 
46 
49 
50 

1,427,176 
1,207,021 
1,055,297 
1,922,756 
2,371,856 
3,281,890 
6,734,660 

21,441 
13,974 

36 
22 
57 
52 
52 
53 
54 
51 
50 

2,509,067 
2,307,632 
2,023,079 
3,633,535 
4,409,176 
6,473,378 

13,469,320 

60,336 
64,747 

* Net tons of freight forwarded and received at Vancouver by 
r a i l , to and from the East. 

** The equivalent gross tonnages of t r a f f i c given in Sullivan's 
l e t t e r to Bury have been disaggregated into passenger and 
freight volumes according to the' averages of the percentages of 
each for the years 1910 and 1911 and 1911 and 1912 respectively, 
according to table 11. The resulting passenger tonnages have 
been divided by 50 to y i e l d estimates of the number of cars, and 
these estimates have been divided by 6.5 to y i e l d estimates of 
the number of passenger t r a i n s . This was the basis upon which 
Sullivan himself projected future passenger t r a f f i c . The 
resu l t i n g freight tonnages have been divided by 508 to y i e l d 
estimates of the number of freight t r a i n s . These estimates of 
the numbers of passenger trains and freight trains have been 
mul t i p l i e d by 175 tons and 181 tons respectively, the weights of 
passenger locomotives and pushers (see Cornell C i v i l Engineer, 
op. c i t . , p. 80) in order to y i e l d estimates of the weight of 
motive power which traversed the Pass. These estimates have been 
added to Sullivan's estimates of equivalent gross tonnages of 
t r a f f i c in order to y i e l d estimates of t o t a l equivalent gross 
tonnages in each d i r e c t i o n through Rogers Pass. 

# Forecast. 

Sources:- 1889-90: Vancouver Board of Trade, Annual Reports. 
1906-08: K i l p a t r i c k MSS, Vancouver, n.p., n.d. 
1910-12 and 1915-16: Sullivan To Bury, October 22, 

1912, PIC CPCA. 
1912-13: Cornell C i v i l Engineer, Vol. 23, No. 3, 

December 1914, p. 80. 
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Within the Selkirks, partly because of the greater length 

of 2.2% gradient and curvature on the west slope than on the 

east, the time required in order to pass an eastbound t r a i n over 

the Mountain Section exceeded that required to pass a westbound 

tr a i n by some 20%. 1 9 This may have aggravated the effect of the 

imbalance between eastbound and westbound t r a f f i c flows. The 

greater elapsed-time requirement for eastbound flows may have 

been symptomatic of actual congestion in the eastbound 

d i r e c t i o n . However, there i s no evidence to suggest that the 

existence of the imbalance between r e l a t i v e t r a f f i c volumes in 

i t s e l f caused the C.P.R. any concern. Neither does i t appear 

that the C.P.R. expected any chronic imbalance in the future to 

exert pressure upon main-line- capacity in a single d i r e c t i o n 

only. 

Although i t i s not known whether actual congestion was 

experienced on the main l i n e through Rogers Pass prior to 

construction of the Connaught Tunnel, i t i s certain that the 

C.P.R. encountered some d i f f i c u l t y in handling exi s t i n g t r a f f i c 

volumes. The Company's investment response to the 1910 avalanche 

disaster was motivated, not by an e x p l i c i t desire to save human 

l i f e in future, but by a recognition of the need to protect the 

expanding t r a f f i c . Thus, Bury had informed the Assistant Chief 

Engineer of Western Lines, F.F.Busteed: 

The way t r a f f i c i s increasing on our main l i n e , we 
must take steps to at least reduce delays, and i t i s 
necessary for you to prepare plans looking to minimizing 
trouble from s l i d e s . 2 0 

Bury echoed these sentiments to his President: "The increasing 

t r a f f i c makes i t most necessary that interruptions be at least 

cut down to the minimum."21 It was not only during the s l i d e 
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season, however, that d i f f i c u l t y was experienced: for almost two 

weeks during the summer peak of 1912, motive power had to be 

transferred from work-train to f r e i g h t - t r a i n duty, and every 

locomotive on the P a c i f i c D i v i s i o n , with the exception of four 

which were detailed to essential b a l l a s t i n g , was used to clear 

freight t r a f f i c . 2 2 

The nature and extent of the increases in t o t a l t r a f f i c 

l e v e l s through Rogers Pass may be more c l e a r l y understood by an 

analysis of changes in s p e c i f i c t r a f f i c flows. 

b) Changes In Specific T r a f f i c Flows 

This analysis w i l l examine changes in the following types 

of t r a f f i c through Rogers Pass:- passenger, lumber, grain, f i s h , 

other transcontinental t r a f f i c , and l o c a l t r a f f i c . 

(i) Passenger 

Few s t a t i s t i c s are available concerning the actual number 

of passengers conveyed over the C.P.R. main l i n e prior to 

construction of the Connaught Tunnel. Some impression of the 

magnitude of the increase in passenger volume which occurred 

during the period of surface operations through Rogers Pass may 

be gained from table 14, which contains the available data on 

passenger volumes for s p e c i f i c months between 1893 and 1908. 



192 

TABLE 14 

PASSENGER VOLUME THROUGH ROGERS PASS, 
VARIOUS MONTHS, 1893-1908. 

Month Year Number Of 
Passenqers 

A p r i l 1893 4,609 
A p r i l 1894 4,160 
May 1895 2,549 
May 1896 2,722 
Oct. 1907 31,620 
Nov. 1907 24,055 
Dec. 1907 17,358 
Oct. 1908 25,916 
Nov. 1908 19,384 
Dec. 1908 16,932 

Sources:- 1893-94: Tai t , Memorandum to Shaughnessy, May 8, 
1894. PIC CPCA 

1895-96: Tai t , Memorandum to Shaughnessy, June 5, 
1896. PIC CPCA 

1907-08: "Notebook," K i l p a t r i c k MSS, Vancouver, n.p., 
n .d. 
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It was the weight and frequency of passenger t r a i n s , rather 

than the actual number of passengers carried, however, which 

exercised the most important influence upon main-line capacity. 

Early transcontinental trains usually comprised a baggage-mail-

express, coach, Colonist and sleeping c a r . 2 3 By 1902, the only 

change to t h i s consist was the addition of an observation c a r . 2 4 

In 1909, following gradient revision on the "Big H i l l " and the' 

introduction of larger motive power, the f i r s t dining cars were 

attached to consists through the Rockies and the S e l k i r k s , 2 5 and 

by 1913, passenger trains were generally nine cars l o n g , 2 ' and 

averaged 443 tons in weight. 2 7 Although a single road locomotive 

could haul a t r a i n of such weight, by 1913 three-quarters of a l l 

passenger t r a i n s were being pushed through the Selkirks in order 

to increase speeds and thus reduce l i n e occupation. 2 8 By 1916, 

however, the average speed of the fastest passenger service 

through the Selkirks, the eastbound t r a i n No. 2, was s t i l l less 

than twenty miles per hour, 2 9 scarcely 1 1/2 miles per hour 

faster than i t had been in 1902. 

Passenger t r a i n frequency also increased. During the summer 

of 1902, the single d a i l y passenger service was augmented by an 

additional t r a i n in each di r e c t i o n on three days per week. 3 0 In 

1906, the double-daily service had to be introduced a month 

early because of increased demand,31 and i t was maintained u n t i l 

October. 3 2 During 1907, a t h i r d transcontinental service was 

added on three days per week, 3 3 and t h i s became a d a i l y service 

during the summer of 1909. 3 4 U n t i l 1909-10, passenger service 

had always been pared to a single t r a i n d a i l y between Calgary 

and Vancouver during the winter months. Although the C.P.R. had 
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intended to maintain a d o u b l e - d a i l y s e r v i c e throughout the 

winter of 1909-10, 3 5 t h i s was cut back from January to March 

1910 between Vancouver and Calgary and between Winnipeg and 

M o n t r e a l . 3 6 During the winter of 1912-13, however, the 

C.P.R. maintained i t s f u l l complement of passenger s e r v i c e s , 3 7 

and i n the summer of 1913 i n c r e a s e d the r e g u l a r s e r v i c e to four 

t r a n s c o n t i n e n t a l t r a i n s d a i l y i n each d i r e c t i o n . 3 8 I t i s l i k e l y 

that the number of passenger s p e c i a l s over the mountains, 

although unrecorded, a l s o i n c r e a s e d throughout the p e r i o d , 

e s p e c i a l l y d u r i n g the summer months. 

Thus, not only d i d the t o t a l number of passenger t r a i n s 

through Rogers Pass i n c r e a s e , but the s e a s o n a l i t y of the 

scheduled t r a f f i c d e c l i n e d . Since passenger t r a i n s enjoyed 

p r i o r i t y over a l l other t r a f f i c on the main l i n e , t h i s i n c r e a s e 

in the number of passenger t r a i n s i n c r e a s e d the p r o b a b i l i t y that 

f r e i g h t t r a i n s , a l s o i n c r e a s i n g i n frequency, would have to be 

recessed i n the l i m i t e d s i d i n g accommodation, both ascending and 

descending the Pass, w h i l s t a w a i t i n g "meets." Moreover, the 

p r o b a b i l i t y was now extended i n t o the winter months. Data f o r 

the t r a n s i t times of " e x t r a " f r e i g h t s i s i n s u f f i c i e n t to permit 

a n a l y s i s of the frequency and d u r a t i o n of r e c e s s i n g . 

N e v e r t h e l e s s , i f the journey of an "average" t r a i n eastbound 

ac r o s s the Mountain S e c t i o n i n 1908 r e q u i r e d 12 hours 55 

mi n u t e s , 3 ' while the scheduled passenger t r a i n s made the 

c r o s s i n g from Revelstoke to Donald i n 6 hours 3 minutes, i t i s 

l i k e l y that the elapsed time f o r the journey of an " e x t r a " 

f r e i g h t would have exceeded 16 hours. Some of t h i s p r o l o n g a t i o n 

i n e lapsed time may t h e r e f o r e have been a t t r i b u t a b l e to the 
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creation of congestion as the volume of passenger t r a f f i c 

increased. 

(i i) Lumber 

Table 15 presents a record of the p r i n c i p a l commodity flow 

through Rogers Pass by volume, that of lumber. Throughout the 

study period, the direction of the flow was almost exclusively 

eastbound, from the B.C. Coast and Interior m i l l s to the 

P r a i r i e s , and, by 1909, as far east as the Great Lakes. 4 0 The 

C.P.R.'s eastern lumber market began to develop in 1897-98, 4 1 

and provided an accurate index of crop conditions on the 

p r a i r i e s . After the poor p r a i r i e crop of 1900-01 , 4 2 the years 

1902 to 1907 were ones of marked expansion in eastbound lumber 

shipments by r a i l . 4 3 By 1904, the trade was generating an 

average of 500-800 carloads per month, or at least one or two 

trainloads d a i l y . 4 4 The trade experienced recession in 1907-

08, 4 s a fact which may explain much of the decline in freight 

volumes over the Mountain and Shuswap Sections during t h i s 

period (see tables 11 and 12). However, the years 1910 to 1912 

were marked by a dramatic increase in eastbound lumber 

shipments. This increase, unlike those of e a r l i e r years, which 

had been due to B.C.'s achievement of an increased market share 

in the p r a i r i e s , was c h i e f l y due to a large absolute increase in 

the volume of lumber consumed in the eastern provinces. 4 6 

Mirroring the trend in t o t a l freight t r a f f i c , the lumber flow 

peaked in 1912, the year of the decision to double-track the 

main l i n e , and the rate of increase in the flow during the year 

preceding the decision surpassed a l l previous records. 
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TABLE 15 

LUMBER TRAFFIC THROUGH ROGERS PASS, VARIOUS YEARS, 1900-1918. 

Year Total Board Feet Shipped 
By R a i l From B.C. 

(Millions) 

1900 26* 
1906 360 
1907 190* 
1908 280** 
1909 not available 
1910 640 
1911 761 
1912 912 
1913 756 
1914 548 
1915 562 
1916 836 
1917 537* 
1918 530* 

* R a i l shipments from B.C. Coast m i l l s only. 

** Annual output of Interior m i l l s only. 

Source:- Vancouver Board of Trade, Annual Reports, except 
1906. 

1906: V i c t o r i a , B.C., Board of Trade, Annual  
Report, 1906-07. 
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The lumber t r a f f i c was a key factor in the economics of the 

Rogers Pass route for four reasons. F i r s t , i t s sheer magnitude, 

in terms of both absolute volume and rate of increase, rendered 

i t the most important of the trans-mountain freight flows, and a 

v i t a l influence upon the capacity and the prosperity of the main 

l i n e through Rogers Pass. 4 7 Second, i t was a d i s t i n c t l y seasonal 

flow, peaking in the summer months of constructional a c t i v i t y on 

the p r a i r i e s , when main-line t r a i n paths through Rogers Pass 

were already at a premium on account of the summer peak in 

passenger t r a f f i c . Third, the loaded lumber movement was 

p r i n c i p a l l y eastbound, against the greater length of 2 . 2 % 

gradient. It was, therefore, more costly than westbound loaded 

movements, and imposed greater demands on main-line capacity 

since greater elapsed time was required in order to complete an 

eastbound crossing of the Selkirks. F i n a l l y , s a t i s f a c t i o n of the 

demand for the loaded eastbound movement entailed a substantial 

movement of cars westbound. Since there was generally 

i n s u f f i c i e n t t r a f f i c with which to f i l l these cars, most were 

hauled empty, and as the demand for cars for the lumber trade 

increased, empties were hauled to B.C. from as far east as Fort 

William and beyond. 4 8 Not only did the substantial, and 

expanding, empty westbound movement impose further pressure on 

main-line capacity through Rogers Pass, but i t raised the j o i n t 

cost of the t o t a l movement considerably. This increased cost was 

passed on to B.C. shippers in the form of higher rates, to an 

extent which goaded appeals from the shippers to the Board of 

Railway Commissioners on at least three occasions. 4 9 
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( i i i ) Grain 

Grain shipments from the p r a i r i e s westbound were ne g l i g i b l e 

during the late 19th Century, due to crop f a i l u r e s 5 0 and to the 

lack of markets accessible- via the western route. By 1903, 

however, the C.P.R. had shipped "several grain cargoes" to South 

A f r i c a and A u s t r a l i a , 5 1 and was competing to supply Japan and 

China. 5 2 By 1909, markets had been developed in Mexico, the 

Philippines and A l a s k a , 5 3 and the Tehuantepec Railway across 

Mexico was increasing in importance as a route by which grain 

shipped west from the p r a i r i e s could penetrate the European 

market. 5* The key stimulus to westbound grain shipments, 

however, was the westerly advance across the p r a i r i e s of the 

grain production-frontier, which was extended beyond Medicine 

Hat in 1904. 5 5 This afforded to westbound grain movements from 

the p r a i r i e s to tidewater an increasing advantage over the 

hitherto predominant eastbound movements in terms of length-of-

haul, car-cycle time, and therefore cost. By 1905, the Calgary 

Board of Trade calculated that, "grain from...Swift Current can 

be taken to Vancouver as cheap [ s i c ] as to Fort William, 

probably for considerably l e s s . " 5 6 

The potential for westbound grain shipments, as a major 

commodity flow in themselves, and as a backhaul t r a f f i c which 

could offset the high joint costs of lumber movements through 

the mountains of B.C., 5 7 had early been foreseen. In 1902, the 

Edmonton Board of Trade had raised the question of Vancouver's 

s u i t a b i l i t y as a point of export for Alberta g r a i n . 5 8 

Presentations canvassing the advantages of the western route 

were submitted to the Royal Commission on Transportation in 
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1905, 5' and to the Royal Grain Commission in 1906,'° and both 

Commissions were convinced. The former concluded that, "a very 

material increase in westbound t r a f f i c from the whole province 

of Alberta may be expected.'" 1 The l a t t e r was even more 

unequivocal: 

There i s no doubt...that a very large trade with the 
Orient could be developed i f there were transportation 
f a c i l i t i e s at reasonable rates to the P a c i f i c coast, and 
proper terminal f a c i l i t i e s there for handling the grain. 
Considering the benefit that would arise out of this 
trade with the Orient to the grain producers of Alberta 
and Western Saskatchewan, we think the [federal] 
government would be j u s t i f i e d in a s s i s t i n g the 
development of th i s t r a d e . 6 2 

U n t i l 1907, there were no grain elevators in B.C.: by 1913, 

there was storage capacity for 562,000 bushels. 6 3 
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TABLE 16 

GRAIN TRAFFIC THROUGH ROGERS PASS, VARIOUS YEARS, 1903-1917. 

Year Bushels %+/- Over 
Previous Year 

1903 202,000 
1907 774,790 
1908 969,570 + 25 
1909 2,664,700 + 175 
1910 3,163,610 + 19 
1911 3,057,175 -3 
1912 4,827,175 + 58 
1913 4,048,475 -19 
1914 2,811,100 -44 
1915 1,766,050 -59 
1916 1,079,700 -64 
1917 973,797 -11 

Notes:- 1903: Number of carloads of domestic grain inspected at 
Winnipeg, destined for Vancouver by C.P.R., year ending 
September 1, 1903. One carload = 1,000 bushels. 

1907-17: Grain shipments from Calgary going West. 

Source:- Board of Grain Commissioners, Annual Reports, DSP, 
except 1903. 

1903: Labour Gazette, Vol. 4, March 10, 1904, 
p. 285. 
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Table 16 shows grain flows through Rogers Pass from 1903 to 

1917. The secular increase in the volume of the shipments prior 

to 1914 i s evident. Moreover, as with the eastbound lumber 

t r a f f i c , grain shipments peaked in 1912, while the rate of 

increase during the preceding year surpassed a l l previous 

records. The grain t r a f f i c did represent a p r i n c i p a l westbound 

flow, contrary to the d i r e c t i o n of lumber shipments. 

Nevertheless, i t was not of s u f f i c i e n t magnitude prior to the 

F i r s t World War to offset the massive movement of empties which 

the lumber t r a f f i c entailed. In 1912, the absolute volume of the 

westbound grain shipment was only one-eighth of the volume of 

the eastbound lumber movement, and since grain loads far more 

densely than lumber, the disproportion between the respective 

number of carloads which each t r a f f i c generated was probably 

even greater. Moreover, the seasonality of the grain and lumber 

shipping patterns may not have coincided. Whilst lumber 

shipments were concentrated into the summer months, the flow of 

grain did not commence u n t i l September,'* and the westbound 

movement may indeed have been concentrated into the period from 

January to A p r i l , when the' freezing of the Great Lakes precluded 

eastern exports. Such a shipment pattern would have eased 

pressure upon main-line capacity during the summer peak, but i f 

the westbound grain t r a f f i c did furnish cars for the return-

loading of lumber, substantial inventories of empties must have 

accumulated in the west during the months between the cessation 

of grain t r a f f i c and the commencement of eastbound lumber 

shipments. There i s no evidence that such inventories did 

accumulate. 
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(iv) Fish 

Data on f i s h t r a f f i c are sparse, but nevertheless reinforce 

the impression of rapid secular growth in the demand for freight 

movements through Rogers Pass. Table 17 records the annual pack 

of the B.C. salmon canneries from 1887 to 1918, and, for the 

period during which data are available, that between 1887 and 

1906, indicates the proportion of t h i s output which was conveyed 

"overland." Overland shipments to the United Kingdom competed 

d i r e c t l y with ocean transportation and fluctuated according to 

shipping conditions. It was the increase in r a i l shipments to 

the Eastern Canadian market which was largely responsible for 

the increase in the absolute volume of t o t a l overland shipments 

throughout the period, although overland shipments remained 

f a i r l y stable as a proportion of t o t a l output, as shown by 

column ( v i i i ) of the table. 
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TABLE 17 

B.C. SALMON PRODUCTION AND TRADE, 1887-1918. (Tons) 

(I) (II) ( I I I ) (IV) (V)' (VI) (VII) (VIII) 

Year Annual To % ( I I I ) To % (v) Total % 
Pack U.K. Of (II) Eastern Of Overland (VII) 

Overland Canada T i l ) Of 
Overland (IT) 

1887 4,898 0 0 1,109* 22.6 1,109 22.6 
1888 4,417 57** 1.3 1,108* 25.1 1,165 26.4 
1889 9,943 ' 14 0.1 1,014 10.2 1,028 10.3 
1890 9,827 0 0 1,886* 19.2 1,886 19.2 
1891 7,557 77 1 1,463* 19.4 1,540 20.4 
1892 5,483 0 0 1,424 26.0 1,424 26.0 
1893 14,165 659 4.7 2,755 19.4 3,414 24.1 
1894 11,865 490 4.1 1,824 15.4 2,314 19.5 
1895 14,423 1,576 10.9 1,903 13.2 3,479 24.1 
1896 14,438 492 3.4 1,225 8.5 1,717 11.9 
1897 24,371 1,040 4.3 3,140 12.9 4,180 17.1 
1898 10,634 330 3.1 2,109 19.8 2,439 22.9 
1899 17,578 765 4.4 2,754 15.7 3,519 20.0 
1900 14,050 1,686 12.0 1,900 13.5 3,586 '25.5 
1901 29,668 1,586 5.3 3,165 10.7 4,751 16.0 
1902 15,024 41 0.3 3,259 21.7 3,300 22.0 
1903 11,368 11 0.1 3,660 32.2 3,671 32.3 
1904 11,181 441 3.9 3,846 34.4 4,287 38.3 
1905 28,019 2,631 9.4 3,651 13.0 6,282 22.4 
1906 15,107 142 0.9 2,764 18.3 2,906 19.2 
1907 13,139 

2,906 

1908 13,025 
1909 23,230 
1910 18,293 
1911 22,775 
1912 23,918 
1913 32,494 
1914 26,665 
1915 27,201 
1916 23,882 
1917 37,380 
1918 38,788 

Notes:- Unless otherwise stated, "Overland" and "Via R a i l " are 
assumed to be by C.P.R. Co. 
* Mode and route unspecified. 
** By Northern P a c i f i c R a i l Road. 

Source:- Vancouver Board of Trade, Annual Reports. 
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Canned salmon was not a p r i n c i p a l flow through Rogers Pass. 

In 1905, a peak year, the t r a f f i c may have generated less than 

one loaded car per day.' 5 Nevertheless, the di r e c t i o n of the 

flow was again predominantly eastbound, and again, the flow 

increased in absolute magnitude, at least u n t i l 1906. Moreover, 

the t o t a l output of the B.C. canneries continued to increase 

after 1906, and the canneries continued to sustain high lev e l s 

of annual output despite the natural four-year cycles of the 

salmon run. Canning began in V i c t o r i a a f t e r 1904, and stimulated 

a new trade in spring salmon, shipped to Europe in cold 

storage.'' Although i t i s not clear that t h i s p a r t i c u l a r t r a f f i c 

was railborne, i t i s nevertheless l i k e l y that these developments 

together generated increases in both the magnitude and the 

consistency of eastbound salmon shipments through Rogers Pass 

after 1906. 

The opening of the transcontinental r a i l l i n k also 

stimulated the development of fresh f i s h t r a f f i c . An eastern 

market for fresh salmon had been opened by 1888. 6 7 Markets for 

fresh halibut were developed in Boston and New York by 1894, 6 8 

halibut shipments to Boston alone averaging four cars per week 

by 1902.'' The fresh f i s h t r a f f i c may have matched the canned 

salmon t r a f f i c in volume: t o t a l shipments of the former reached 

six m i l l i o n pounds in 1902, and again in 1905. 7 0 

Like the lumber and canned salmon flows, the di r e c t i o n of 

fresh f i s h shipments was overwhelmingly eastbound. In the early 

years of the trade, at least, fresh f i s h shipments were 

concentrated in the winter months, when the f i s h could be packed 

in i c e . Thus, the t r a f f i c did not compound the summer peaks of 
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passenger and lumber movement through Rogers Pass. However, i t 

is not known whether this seasonal pattern endured, nor even 

whether the flow i t s e l f persisted in any volume after 1905. 

(v) Other Transcontinental T r a f f i c 

L i t t l e quantitative data :is available concerning other 

transcontinental t r a f f i c flows through Rogers Pass, although, 

again, the general impression is of increasing absolute volumes. 

It i s known that the f i r s t carload of strawberries to be 

forwarded from Vancouver was shipped to Calgary and Winnipeg in 

the summer of 1908, 7 1 and that Japanese oranges and carload 

shipments of bananas were being imported into Vancouver by 

1909. 7 2 Some of these l a t t e r may have been forwarded eastwards 

through Rogers Pass. Moreover, a considerable sugar t r a f f i c may 

have developed prior to the F i r s t World War: during a four-month 

period in the summer of 1912, 16,100 tons, or perhaps three 

carloads per day, were forwarded by the C.P.R. to Alberta and 

Saskatchewan. 7 3 It should be noted that a l l these flows were 

eastbound. Trade with the Orient increased "by leaps and bounds" 

after the turn of the Century, 7 4 and two steamers were added to 

the C.P.R.'s P a c i f i c f l e e t of fiv e vessels in 1913. 7 5 Meanwhile, 

the trans-Atlantic link in the "All-Red" route from B r i t a i n to, 

the Orient was completed in 1903, with the purchase of Elder 

Dempster. 7 6 Neither the d i r e c t i o n , nor the composition, nor the 

volume of trade along the route is known, however. 
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( v i ) L o c a l T r a f f i c 

Although the Lake Superior D i v i s i o n enjoyed the dubious 

d i s t i n c t i o n of generating the l e a s t l o c a l t r a f f i c per mile of 

l i n e on any p a r t of the C.P.R., 7 7 i t appears that l o c a l t r a f f i c 

through Rogers Pass was a l s o n e g l i g i b l e . T h i s was a f f i r m e d i n 

1908, 7 8 and again in 1911. 7 9 The major reason f o r the dearth of 

l o c a l t r a f f i c was the s p a r s i t y of settlement along the main l i n e 

through the S e l k i r k s . 8 0 

These a n a l y s e s of t o t a l t r a f f i c l e v e l s and of s p e c i f i c commodity 

flows through Rogers Pass r e v e a l that there was a r a p i d growth 

i n t r a f f i c d u r i n g the e a r l y years of the 20th Century. The r a t e 

of i n c r e a s e was p a r t i c u l a r l y great f o l l o w i n g the r e c e s s i o n of 

1906-08, and peaked in the year of the d e c i s i o n t o double-track 

the main l i n e from Calgary to the West Coast. Absolute t r a f f i c 

l e v e l s a l s o peaked i n that year. Tonnage l e v e l s i n both 

d i r e c t i o n s i n c r e a s e d p r o p o r t i o n a t e l y , and there i s no evidence 

to suggest that c a p a c i t y problems unique to e i t h e r d i r e c t i o n 

were experienced by trans-mountain t r a f f i c . However, much of the 

westbound f r e i g h t t r a f f i c c ontinued to comprise empties on zero-

revenue " p o s i t i o n i n g " hauls i n t o B.C. f o r the s e r v i c i n g of the 

eastbound lumber t r a d e . T h i s imbalance i n the movement of 

revenue t r a f f i c , combined with the f a c t that the predominant 

eastbound r e v e n u e - t r a f f i c flows c o n f r o n t e d the longer pusher 

g r a d i e n t through the S e l k i r k s , i n f l u e n c e d both the v a r i a b l e 

c o s t s of the f r e i g h t movements and the concomitant l e v e l of 

r a t e s imposed by the C.P.R. f o r trans-mountain t r a f f i c , as w i l l 
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be demonstrated in the following section. 

6.3 Competitive Pressures 

This analysis w i l l begin with a brief consideration of the 

rate scheme which governed t r a f f i c movements through Rogers 

Pass. It w i l l then examine three sources of potential 

competitive pressure upon the C.P.R.'s trans-mountain t r a f f i c . 

These sources were the Canadian Northern Railway, the Grand 

Trunk P a c i f i c Railway, and the Panama Canal. F i n a l l y , the manner 

in which the C.P.R. perceived these pressures w i l l be examined, 

in order that the impact of the pressures upon the decision to 

abandon the route through Rogers Pass may be assessed. 

a) C.P.R. Rates In The Mountains 

There was l i t t l e dispute that the costs which the C.P.R.'s 

rates were required to recover in the mountains were much 

greater than elsewhere on the transcontinental system. 

Construction costs had been three times higher than on the 

p r a i r i e s . 8 1 In 1914, the cost of "Maintenance of Way and 

Structures" on the B.C. Divi s i o n was double that on the 

p r a i r i e s , and the cost of "Transportation" per t r a i n mile was 

greater by t h i r t y per c e n t . , 8 2 even excluding provision for 

"overhead expenses, such as taxes, insurance, or c a p i t a l 

charges." 8 3 Moreover, contrary to the e a r l i e s t forecasts of Van 

Home, the predominant freight movement was eastbound, while in 

1904, for example, "One-third of a l l the loaded cars that go 

East from Vancouver return to the same point empty," mostly from 

"East of Winnipeg." 8 4 
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The C.P.R. sought to pass on these higher c o s t s t o i t s 

s h i p p e r s i n the form of higher r a t e s . Throughout the e n t i r e 

p e r i o d of s u r f a c e o p e r a t i o n s i n Rogers Pass, the Company enjoyed 

the r e g u l a t o r y freedom to do t h i s . P r i o r to 1904, "There was 

p r a c t i c a l l y no r a t e r e g u l a t i o n i n Canada." 8 5 U n t i l 1914, the 

Board of Railway Commissioners sanctioned a t a r i f f s t r u c t u r e of 

f i v e standard s c a l e s , one of which, the "Mountain S c a l e , " 

a p p l i e d to t r a f f i c movements on C.P.R. l i n e s west of the Crow's 

Nest and Canmore. On t h i s s c a l e , "one mile i s counted as two 

p r a i r i e t a r i f f m i l e s f o r d i s t a n c e s up to 220 m i l e s . " For hauls 

between 220 and 750 m i l e s , the maximum haul f o r mountain 

t e r r i t o r y , t h i s double r a t e was reduced upon a s l i d i n g s c a l e 

u n t i l the r a t e per m i l e f o r the maximum haul was approximately 

46 2/3 per cent g r e a t e r than the p r a i r i e r a t e . T h i s r a t e 

d i f f e r e n t i a l was sanctioned e x p l i c i t l y because of "the g r e a t e r 

c o s t of c o n s t r u c t i o n and o p e r a t i o n i n B r i t i s h C o l u m b i a . " 8 6 

In p r a c t i c e , i t appears that the C.P.R. d i d not g e n e r a l l y 

c r o s s - s u b s i d i s e any t r a f f i c flows through the B.C. mountains, 

e i t h e r by drawing funds from more p r o f i t a b l e s e c t i o n s of the 

system, or by drawing funds from more p r o f i t a b l e p a r t i c u l a r 

flows w i t h i n the mountains. The only s p e c i f i c s e r v i c e on the 

B.C. D i v i s i o n which was i n t e r n a l l y s u b s i d i s e d was the l o c a l 

passenger s e r v i c e . 8 1 N e v e r t h e l e s s , p r o f i t a b i l i t y on the D i v i s i o n 

may have been s u b s t a n t i a l l y l e s s than elsewhere on the system: 

in 1908, f o r example, the o p e r a t i n g r a t i o on the P a c i f i c 

D i v i s i o n was 0.88, compared with 0.565 on the C e n t r a l 

D i v i s i o n . 8 8 

Moreover, there were i n s t a n c e s when t r a f f i c was foregone 
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because the C.P.R. c o u l d not pass on to i t s s h i p p e r s the higher 

r a t e s r e q u i r e d to cover the c o s t of the f r e i g h t movement. The ' 

circumstances under which t r a f f i c was foregone a r e , however, 

vague i n c h a r a c t e r and l a c k i n g i n q u a n t i t a t i v e s u b s t a n t i a t i o n . 

In 1888, the B r i t i s h Columbia Board of Trade argued t h a t , 

because of the high C.P.R. r a t e s , "A l a r g e p r o p o r t i o n of B r i t i s h 

Columbia f r e i g h t continues to be c a r r i e d by f o r e i g n competing 

l i n e s . " 8 ' T h i s t r a f f i c was g e n e r a l l y t r a n s c o n t i n e n t a l , however, 

and moved under t r a n s c o n t i n e n t a l t a r i f f s of which the rate 

through the B.C. mountains was merely one component. During the 

Parliamentary debate on the N a t i o n a l T r a n s c o n t i n e n t a l Railway, 

s e v e r a l Members expressed the view that c e r t a i n f r e i g h t , 

p a r t i c u l a r l y lumber and g r a i n , was not being moved at a l l , and 

e x p l i c i t l y adduced the heavy g r a d i e n t s of the C.P.R. main l i n e 

through the B.C. mountains, and i t s concomitant high r a t e s , as 

ex p l a n a t i o n f o r the non-movement. I t was the g r a d i e n t s through 

the K i c k i n g Horse Pass, r a t h e r than those through Rogers Pass, 

which were p e r c e i v e d as the c h i e f o b s t a c l e to f r e i g h t movement, 

however, 5 0 and the K i c k i n g Horse g r a d i e n t s would be halved in 

1909. The q u e s t i o n of whether or not the B.C. mountains were the 

only o b s t a c l e to the development of a westbound g r a i n trade w i l l 

be addressed l a t e r . 

Throughout the e n t i r e p e r i o d of su r f a c e o p e r a t i o n s i n 

Rogers Pass, i t appears that the C.P.R. was g e n e r a l l y s u c c e s s f u l 

i n p a s s i n g on to i t s s h i p p e r s the high c o s t of r o u t i n e t r a f f i c 

movement over the mountains i n the form of higher r a t e s . The 

Company enjoyed the r e g u l a t o r y freedom to do so. T h i s freedom 

was never i n jeopardy before the F i r s t World War. The Company 
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also enjoyed the commercial freedom to forego t r a f f i c which i t 

did not regard as offering s u f f i c i e n t contribution above the 

marginal cost of the movement. Such t r a f f i c would either move by 

competing l i n e s in the United States, or i t would not move at 

a l l . By 1912, however, th i s commercial freedom would be 

seriously threatened by changes in competitive circumstances 

through the mountains of B.C. 

b) The Sources Of Competitive Pressure 

The f i r s t source of pressure to the C.P.R. was the Grand 

Trunk P a c i f i c Railway Company, which, in July 1903, was 

authorised to extend i t s main l i n e to the West Coast of B.C. The 

extension was scheduled for completion in 1911. The new 

transcontinental route would breach the Rockies through the 

Yellowhead Pass, and would terminate at Prince Rupert, one day's 

s a i l i n g closer than Vancouver to Yokohama, Japan. It therefore 

posed a dire c t threat to the C.P.R.'s Oriental t r a d e , 5 1 and was 

expected to play a major role in conveying the grain of the 

former North-West T e r r i t o r i e s westbound for export.' 2 Unlike the 

main l i n e of the C.P.R., which had been l a i d as quickly and 

cheaply as possible throughout i t s length, and subsequently 

upgraded as revenues were generated, the Grand Trunk P a c i f i c ' s 

main l i n e was, from the outset, "substantially b u i l t , with a 

view to heavy t r a f f i c and economical operation."' 3 Its maximum 

gradient from Saskatchewan to the West Coast was 0.4% in either 

d i r e c t i o n , except for twenty miles of one per cent, gradient in 

the Rockies. Even t h i s , however, was situated on the west slope 

of the mountains, and would therefore not oppose the movement of 
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loaded grain cars to the Coast. Maximum curvature across the 

p r a i r i e s was three degrees, and in the mountains six degrees. A 

single locomotive would be able to haul 2,041 tons between 

Edmonton and Prince Rupert on the Grand Trunk P a c i f i c , over four 

times as much as the C.P.R. could haul across i t s main l i n e 

through the mountains.' 4 

In practice, the Grand Trunk P a c i f i c incurred severe 

penalties, in terms of both c a p i t a l costs and time required for 

completion, in order to secure t h i s f i r s t - c l a s s alignment. By 

1908, i t was already obvious that the l i n e would not open in 

1911.'5 Track was l a i d through the Yellowhead Pass in December 

1911,'* and in December 1912 completion was forecast, c o r r e c t l y , 

for the autumn of 1914.' 7 r By the time that the l i n e opened, 

however, the railway had accumulated massive debts in order to 

meet i t s construction c o s t s , 9 8 while the outbreak of world war, 

with i t s heavy t o l l on merchant shipping, delayed the 

development of a westbound grain trade. After receiving a series 

of federal loans between 1916 and 1918, the railway was f i n a l l y 

placed in the receivership of the Ministry of Railways pending 

post-war reorganisation.'' 

The second source of pressure was the Canadian Northern 

P a c i f i c Railway. By the terms of an agreement with the 

pr o v i n c i a l government of B.C. in 1910, the Canadian Northern was 

authorised to extend i t s main l i n e from the eastern border of 

the province through the Yellowhead Pass and Kamloops and into 

the heart of Vancouver. The Canadian Northern expected to make 

inroads into the lumber market, 1 0 0 and to wean transcontinental 

t o u r i s t s to the new route through the R o c k i e s . 1 0 1 The maximum 
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gradient of the Canadian Northern through the mountains would be 

0.7%. This gradient would be twenty-eight miles long., and, l i k e 

the maximum gradient on the Grand Trunk P a c i f i c , would oppose 

eastbound t r a f f i c . Westbound, the maximum gradient would be 

0.5%, and a single locomotive would be able to haul 2,400 tons 

in t h i s d i r e c t i o n . 1 0 2 

The l i n e was scheduled for completion in July 1914, and the 

threat to the C.P.R. of r i v a l service into Vancouver persisted 

throughout the later years of the C.P.R.'s surface operation in 

Rogers Pass. In June 1911, the C.N.R.'s Vice President projected 

completion by autumn 1914. 1 0 3 In 1912, the target was brought 

forward to "the end of 1913, 1 , 1 0 4 but in January 1913, the 

prediction for passenger service out of Vancouver was once more 

set back, to August 1914. 1 0 5 Transcontinental service was in 

fact inaugurated in November 1915, 1 0 6 by which time, again, 

world war had overtaken economic events. 

The t h i r d source of pressure was the Panama Canal, 

superseding the Tehuantepec Railway as the route by which 

t r a f f i c from the west coast of North America would be shipped to 

Europe. The Canal would not actually open u n t i l 1915. However, 

throughout the later years of the C.P.R.'s surface operation 

across the Selkirks, completion of the Canal posed both a threat 

and an opportunity to the C.P.R. 

It posed a threat to the C.P.R.'s transcontinental t r a f f i c 

by reducing the cost of ocean competition, which had 

t r a d i t i o n a l l y dictated rate levels for transcontinental 

t r a f f i c . 1 0 7 The C.P.R., operating one of the most costly 

sections of main-line railway in North America through the 
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mountains of B.C., and compelled to derive some contribution 

towards these costs from transcontinental t r a f f i c , was less 

favourably equipped than i t s r i v a l s to revise rates downwards in 

order to meet the threat of ocean competition. 

Moreover, the Panama Canal, by reducing the cost of ocean 

transportation between the P a c i f i c and the A t l a n t i c , paved the 

way for grain exports from the west coast of North America to 

the massive markets of Europe. In addition to following i t s 

t r a d i t i o n a l pattern of eastbound shipment from the p r a i r i e s to 

the A t l a n t i c ports, grain destined for Europe could now flow 

westwards, through the Rocky Mountains to the P a c i f i c coast. The 

C.P.R. would either increase i t s market share of westbound grain 

shipments, which had developed steadily during the f i r s t decade 

of the 20th Century, or i t would lose i t s market share to the 

new competitors, with their superior alignments between the 

p r a i r i e s and the ports. 

The Grand Trunk P a c i f i c , the Canadian Northern and the 

Panama Canal each represented a competitive threat to the C.P.R. 

Each of the threats alone might have been serious enough to a 

company which had enjoyed a twenty-five year monopoly of 

transcontinental t r a f f i c in Canada. By 1910, however, the 

C.P.R. was facing a l l three threats simultaneously. The c r u c i a l 

issue in determining the nature of the C.P.R.'s investment 

response to the competitive s i t u a t i o n , and indeed, in 

determining whether the Company responded at a l l to the changes 

in competitive circumstances, i s the manner in which the 

C.P.R. perceived these pressures in the years prior to the 

decision to abandon Rogers Pass. 
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c) The C.P.R.'s Perception Of The Pressures 

The Vancouver Province adduced competitive pressure as the 

reason for the C.P.R.'s decision to double track between Calgary 

and the West C o a s t . 1 0 8 Certain authorities have placed primacy 

upon the changes in competitive circumstances as s p e c i f i c 

explanation to drive the Connaught Tunnel. 1 0' 

The C.P.R. c e r t a i n l y perceived very c l e a r l y indeed the 

competitive threats posed by the Grand Trunk P a c i f i c and the 

Canadian Northern. Both the i n i t i a l decision to seek gradient 

reductions in the B.C. mountains, and the s p e c i f i c a t i o n s of the 

gradient reductions which were sought, were beyond doubt 

determined to a considerable extent by the potential pressure of 

r a i l competition. When Sulli v a n , the C.P.R.'s Chief Engineer, 

was instructed to study the economics of providing a second 

track through the mountains, 

"he...came to the conclusion that we [the C.P.R.] should 
double track our present main l i n e , making the grade, 
after passing over the f i r s t small summit west of 
Revelstoke, four-tenths of one percent from there to the 
Coast. This, with the other grade reductions possible 
between Revelstoke and Calgary, including the 
construction of a tunnel about five miles in length 
under the Selkirks,...would enable us to operate much 
cheaper than the Grand Trunk P a c i f i c and s l i g h t l y less 
than the Canadian N o r t h e r n . 1 1 0 

The objective of securing a competitive edge over the r i v a l 

railway companies must also have been stressed before V. G. 

Bogue, a consulting engineer from New York who was commissioned 

to v e r i f y Sullivan's conclusions. For Bogue's interim conclusion 

was, 

that the completion of our plans w i l l give us the best 
transcontinental l i n e , and that we w i l l be able to 
handle t r a f f i c over i t more economically than either the 
Canadian Northern or Grand Trunk P a c i f i c . 1 1 1 
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Vice-President Bury himself l a t e r confirmed that one of the 

reasons for seeking gradient revision in the mountains was the 

necessity "to be able to move t r a f f i c at a cost competitive with 

the new Canadian transcontinental l i n e s with their low grades, 

now rapidly nearing completion." 1 1 2 

The C.P.R.'s response to the pressure caused by the 

imminent opening of the Panama Canal was less unequivocal. Both 

the Vancouver press and the Vancouver Board of Trade relished 

the prospects of the Canal's opening, and of export grain 

pouring through the mountains into Vancouver. 1 1 3 Press reports 

suggest that the C.P.R. perceived the Canal purely as an 

opportunity, a means for increasing i t s share of grain t r a f f i c . 

They also suggest that improvements which were undertaken in the 

mountains were a dire c t response to the potential of westbound 

grain shipments. Thus, the V i c t o r i a Daily Times reported in 

1912: 

It i s stated that the company w i l l proceed with [the] 
work of double tracking in order to have the easy grades 
available for the handling of the wheat crop westward 
when the opening of the Panama Canal comes in three 
y e a r s . 1 1 4 

It i s c e r t a i n l y true, moreover, that i t was the westbound 

gradients which the C.P.R. sought to reduce to lev e l s 

competitive with those of the Grand Trunk P a c i f i c and the 

Canadian N o r t h e r n . 1 1 5 The gradients against eastbound t r a f f i c , 

2.2% for some twenty miles on the west slope of the Selkirks and 

for almost thirteen miles on the west slope of the Rockies, far 

in excess of the eastbound gradients of the C.P.R.'s 

competitors, would be v i r t u a l l y unaffected by the proposed 

revisions. 
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Yet i f the improvements to i t s westbound gradients 

betokened the C.P.R.'s intention to be ready for the westward 

shipment of grain, the Company seems to have been remarkably 

sce p t i c a l about the prospects of such future grain shipments. 

The 1905 Royal Commission on Transportation noted "the wish of 

the Canadian P a c i f i c Railway Company to develop the trade in 

winter wheat for the purpose of the o r i e n t a l market," but not 

before a C.P.R. representative had stated before the Commission, 

"I do not think there i s any prospect of developing any shipment 

of grain to the P a c i f i c coast from east of A l b e r t a . " 1 1 ' At thi s 

time, Alberta was producing scarcely three m i l l i o n bushels of 

wheat per year, less than one-tenth of the output of either 

Saskatchewan or Manitoba. 1 1 7 In September 1909, when the 

enthusiastic Council of the Vancouver Board of Trade was 

accorded a special interview with C.P.R. President Shaughnessy, 

and duly raised the question of f a c i l i t i e s for westbound grain 

shipments, the President merely r e p l i e d "that when the necessity 

arises the grain question w i l l be amply provided f o r . " 1 1 8 

The C.P.R.'s scepticism of westbound grain shipments 

persisted into the F i r s t World War. The Company's expectations 

of future grain flows do not appear to have been s u f f i c i e n t by 

1912 that the decision to double-track the main l i n e could be 

interpreted purely as a response to the potential of the grain 

business. The C.P.R.'s Chief Engineer, in r a t i o n a l i s i n g the need 

for a tunnel through the Selkirks in October 1912, assumed 

merely that, " in a few years the wheat t r a f f i c west w i l l 

increase s u f f i c i e n t l y to make eastbound and westbound t r a f f i c 

balance." According to his own calc u l a t i o n s , since the eastbound 
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equivalent gross tonnage was 1,688,230, and the westbound was 

1,450,115, and since both were expected to double, the increase 

which the Chief Engineer anticipated could not have exceeded 

480,000 tons over four years, including the weight of the grain 

cars themselves. 1 1' By 1912, the C.P.R. was already shipping 

150,000 tons of grain westbound, exclusive of the weight of the 

cars. It appears, therefore, that the Company did not expect 

grain t r a f f i c to increase even as rapidly as i t s other business. 

Lamb has already publicised the remarkable miscalculation 

of President Shaughnessy in t h i s matter: as late as October 

1913, after boring of the Connaught Tunnel had commenced, 

Shaughnessy expressed p r i v a t e l y the b e l i e f that " i t could 'be 

taken as an accepted fact' that no vessels would come to B r i t i s h 

Columbia 'merely for the purpose of getting a load of 

g r a i n . ' " 1 2 0 In late 1914, Mr. W. B. Lanigan, the Assistant 

Freight T r a f f i c Manager of the C.P.R., before delegates of the 

Grain Committee of the Vancouver Board of Trade, "had deprecated 

the idea of ever sending grain Westward at the present rates of 

water carriage." By t h i s time, ocean rates had been i n f l a t e d by 

the prevalence of war conditions. Nevertheless, the Grain 

Committee must have been impressed with the contrast between 

Lanigan's cautious stance and the posture of the Canadian 

Northern, about which i t was informed at the same meeting: 
A l e t t e r [was read] from Mr. G. H. Shaw, General T r a f f i c 
Manager, Canadian Northern Railway, stating that t h i s 
Company hoped to do business in the wheat trade in the 
Westward route through the Panama C a n a l . 1 2 1 

The C.P.R.'s caution must have been widely perceived. Two weeks 

after this meeting, and in the wake of his superior's 

circumspection, the D i v i s i o n a l Freight Agent of the C.P.R. f e l t 
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i t necessary to c o n c i l i a t e the Board of Trade: 

Mr. Larmour pointed out to the Committee that he wished 
to remove the impression that seemed to have gained hold 
of the public of Vancouver, that the Canadian P a c i f i c 
Railway Company was opposed to the movement of grain 
Westward. On the other hand the O f f i c i a l s of that 
Company would be pleased to see grain moving Westward 
through Vancouver, i f an economic arrangement of cars 
and t r a f f i c could thereby be o b t a i n e d . 1 2 2 

The inference must be that even in December 1914 the 

C.P.R. was not convinced that the westbound grain trade would 

enable "an economic arrangement of cars and t r a f f i c . " The 

Company's scepticism may have been due to i t s i n a b i l i t y to 

obtain a rate which would compensate i t for the cost of grain 

haulage over the mountains. This, however, i s extremely 

unlikely. If the rate did not compensate the C.P.R., thi s was 

not because the statutory rates were in themselves non

compensatory: the MacPherson Commission on Transportation would 

years l a t e r .be informed that grain t r a f f i c was remunerative 

u n t i l 1946. 1 2 3 Moreover, from 1903 u n t i l the end of the F i r s t 

World War, the C.P.R. rate on grain was actually ten per 

cent, below the Crow r a t e . 1 2 4 Rates on export grain westbound 

were between twenty and thirty-one per cent, higher than the 

corresponding rates eastbound, 1 2 5 and i t had been during the 

period in which these rates were prevalent that the C.P.R. had 

i n i t i a t e d the development of i t s markets for westbound g r a i n . 1 2 6 

It i s unlikely that, in circumstances of regulatory freedom, the 

C.P.R. would have continued to carry the t r a f f i c and to expand 

i t s volume of the business in the absence of a compensatory 

rate. It i s unlikely, too, that in circumstances of competitive 

pressure, the t r a f f i c would not have been remunerative when the 

C.P.R. was continuing to l i f t empty cars over the east slope of 
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the Selkirks in order that lumber t r a f f i c could be raised over 

the more severe gradients on the west slopes of both the 

Selkirks and the Rockies. 

The promise of the westbound grain trade would not be 

f u l f i l l e d u n t i l the mid-1920's. MacGibbon, in The Canadian Grain  

Trade, has offered several factors in explanation for the delay: 

the h i s t o r i c orientation of the grain trade eastwards, the high 

l e v e l of ocean rates during and after the F i r s t World War, and 

the doubt that Canadian grain could survive t r a n s i t through the 

t r o p i c s . 1 2 7 The argument that the railway companies derived more 

revenue from the longer t r a n s i t eastwards, and were therefore 

reluctant to divert shipments westwards because "grain shipped 

westward would e n t a i l a certain s a c r i f i c e in revenue," 1 2 8 was as 

applicable to the Canadian Northern and the Grand Trunk P a c i f i c 

as to the C.P.R. It does not appear that the route of the 

l a t t e r ' s main l i n e through Rogers Pass formed a s i g n i f i c a n t 

barrier in i t s e l f , either physically or economically, to the 

westbound movement of grain. 

This analysis of competitive pressures indicates that the 

C.P.R. did perceive, in the imminent completion of the Canadian 

Northern and the Grand Trunk P a c i f i c , a commercial threat to i t s 

freedom to recoup the higher costs of i t s mountain operations 

through higher rates. The investments in gradient improvements 

between Calgary and the West Coast which the C.P.R. undertook 

prior to the outbreak of the F i r s t World War, including the 

investment in the Connaught Tunnel beneath Rogers Pass, were 

ce r t a i n l y motivated, at least in part, by perception of the need 

to respond to the threat of competition. The threat may have 
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been perceived to be more acute in the westbound d i r e c t i o n , for 

i t was in thi s d i r e c t i o n that the C.P.R. sought gradients which 

were competitive with those of the Grand Trunk P a c i f i c and the 

Canadian Northern. However, i t does not appear that the 

investments in gradient reduction which the C.P.R. proposed 

could have been j u s t i f i e d by the potential increase in westward 

grain shipments alone. Grain was merely one component of a t o t a l 

t r a f f i c mix which was already increasing dramatically in volume. 

The C.P.R.'s forecast of the magnitude of the increase in 

westbound grain shipments was not in i t s e l f s u f f i c i e n t to 

warrant an investment response, and neither would the increase 

in westbound grain which was forecast create an imbalance 

between eastbound and westbound flows that would require 

investment in restructuring the gradient system through the 

B.C. mountains. Competitive pressure, therefore, while c e r t a i n l y 

one factor in motivating improvements to the C.P.R. main l i n e 

across the mountains, offers only a p a r t i a l explanation of the 

decision taken in 1913 to abandon the alignment through Rogers 

Pass. 

6.4 "System" Improvements To The C.P.R. 

This section w i l l analyse certain important investments 

which the C.P.R. undertook throughout i t s system prior to 

construction of the Connaught Tunnel, and w i l l set the 

construction of the tunnel into a context of investments 

intended to improve main-line operations system wide. The 

analysis w i l l f i r s t consider cert a i n large-scale investments 

which were undertaken by the Company beyond the Selkirk 
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Mountains. It w i l l then examine smaller-scale improvements 

undertaken within the Selkirk Mountains, and appraise the extent 

to which the p o s s i b i l i t i e s for such smaller-scale improvements 

had been exhausted by 1913. 

a) Large-Scale Improvements Beyond The Selkirks 

The trade-off policy which the C.P.R. had pursued in the 

Selkirks at construction time had also been applied elsewhere in 

the B.C. mountains: time and c a p i t a l requirements had been 

minimised, and the l e v e l of subsequent variable costs was high. 

As revenues were generated, investments were undertaken in order 

to reduce th i s l e v e l of variable costs. During the f i r s t decade 

of the 20th Century, a series of such investments was undertaken 

in the Rocky Mountains. 

(i) The Ottertai1 Diversion 

The f i r s t such investment was undertaken in 1902 at 

O t t e r t a i l , where the o r i g i n a l l i n e had for several miles climbed 

out of the Kicking Horse valley west of F i e l d . 1 2 ' Pusher 

locomotives were based at F i e l d in order to a s s i s t eastbound 

trains up the 4.4% "Big H i l l " to Hector. However, these pushers 

were often compelled to run l i g h t as far west as Golden in order 

to a s s i s t trains over the O t t e r t a i l gradient, which was much 

shorter and li g h t e r than the Big H i l l . 1 3 0 The O t t e r t a i l gradient 

was thus expensive to operate, and the e a r l i e s t increases in 

eastbound lumber shipments may have sufficed to trigger 

investment in improvement. In 1902, the main l i n e was diverted 

into the Kicking Horse valley for seven miles between F i e l d and 
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O t t e r t a i l , e l i m i n a t i n g the pusher g r a d i e n t between these 

s t a t i o n s at a cost of $82,278. 1 3 1 

( i i ) The P a l l i s e r Tunnel 

A second major investment i n the Rockies was that which was 

undertaken near P a l l i s e r , some fourteen miles west of O t t e r t a i l . 

Here, the K i c k i n g Horse R i v e r curved i n a horseshoe-shape around 

a s o u t h - f a c i n g c l a y b l u f f . The o r i g i n a l l i n e had p i e r c e d t h i s 

b l u f f through a f i v e - h u n d r e d - f o o t t u n n e l . The tunnel was 

u n s t a b l e , and although l i n e d throughout with t i m b e r , 1 3 2 i t 

c o l l a p s e d i n 1 8 8 7 . 1 3 3 The main l i n e was then d i v e r t e d around the 

b l u f f on the south bank of the r i v e r . The alignment curved 

through 331 degrees i n l e s s than a m i l e , 1 3 4 with g r a d i e n t s 

a g a i n s t eastbound t r a f f i c of 0.65% f o r 925 f e e t , one per 

cent, f o r 850 f e e t and 1.3% f o r 250 f e e t . 1 3 5 There were three 

ten-degree c u r v e s , 1 3 6 and the c e n t r a l angle of the horseshoe was 

over twenty-two d e g r e e s . 1 3 7 O r i g i n a l l y , a l l c a r s had had to be 

uncoupled and then chained together i n order to prevent 

d e r a i l m e n t , and although the n e c e s s i t y f o r t h i s was q u i c k l y 

r e m e d i e d , 1 3 8 passenger c a r s had s t i l l to be clamped together i n 

order to prevent uncoupling on the c u r v e . 1 3 ' O r i g i n a l l y , too, 

the outer r a i l had been s u p e r e l e v a t e d by s i x or seven inches, 

but by 1895 the s u p e r e l e v a t i o n had had to be removed because of 

e x c e s s i v e g r i n d i n g , 1 4 0 and i n s t e a d , the gauge was spread to 

4' 10" around the h o r s e s h o e . 1 4 1 T h i s alignment was intended to 

be merely temporary, but, perhaps as a r e s u l t of these remedial 

measures, i t was deemed s a t i s f a c t o r y f o r C.P.R. requirements 

u n t i l the e a r l y 20th Century. 



223 

The decision to replace the horseshoe with a new tunnel was 

not taken u n t i l the autumn of 1905, 1 4 2 and although the new 

alignment did not open u n t i l September 1906, 1 4 3 plans for the 

realignment had been prepared as early as November 1903. 1 4 4 This 

timing suggests that, as with the O t t e r t a i l diversion, the 

impetus for improvement may have been the increase in t r a f f i c 

flows, both of loaded and of empty cars, which accompanied the 

development of lumber shipments eastbound from B.C. after 1900. 

Moreover, the realignment eased the gradient against eastbound 

t r a f f i c , replacing the o r i g i n a l gradients with 1,100 feet at 

0.7% and the remainder at less than 0.95%. 1 4 5 The new main l i n e 

pierced the clay bluff through a 694-feet tunnel, which was 

concrete-lined throughout. The relocation reduced the length of 

the main l i n e from 2,880 feet to 1,687.8 f e e t , , 1 4 6 eliminated two 

of the ten-degree curves and eased the t h i r d to eight degrees, 

the maximum for the realignment. 1 4 7 However, the C.P.R. may have 

seriously underestimated both the nature and the cost of the 

project. It appears that, as o r i g i n a l l y conceived, the new 

tunnel would have been only 310 feet long, less than half the 

length of the tunnel which was actually b u i l t . 1 4 8 Moreover, the 

cost of the project, including the longer tunnel, was estimated 

in February 1906, before construction began, at $100,000. 1 4 5 On 

completion, the cost was estimated at $150,000. 1 5 0 

( i i i ) The Sp i r a l Tunnels 

A t h i r d major investment in the Rockies, and perhaps one of 

the most famous which was ever undertaken by the C.P.R., was 

that in the Sp i r a l Tunnels between F i e l d and Hector on the west 



224 

slope. Here, at construction time, in order to avoid the c a p i t a l 

cost and one-year delay that would have been entailed in driv i n g 

a 1,400-feet hard-rock tunnel, the C.P.R. had obtained 

permission to build a "temporary l i n e . " 1 5 1 This temporary l i n e , 

the "Big H i l l , " was nine miles long, with an average gradient 

against eastbound t r a f f i c varying from 3.5% to 4% compensated, 

and a maximum gradient of 4.5% compensated for some three 

m i l e s . 1 5 2 Three safety switches were provided in order to 

prevent runaway incidents. Maximum curvature on the l i n e was 

11 1/2 deg r e e s . 1 5 3 The steep gradients, and the operating 

procedures devised to ensure safe working over them, together 

imposed a severe r e s t r i c t i o n on main-line capacity. In 1895, the 

load-limit for a descending freight t r a i n was twelve c a r s , 1 5 4 

and by 1902, the l i m i t was f i f t e e n cars in daylight hours and 

ten ears at n i g h t s . 1 5 5 By 1904, engines were prohibited from 

operating snowploughs down the gradient with more than fiv e cars 

a t t a c h e d , 1 5 6 a regulation which must have severely c u r t a i l e d 

westbound capacity during the winter months. By 1908, four of 

the largest locomotives on the C.P.R. were required in order to 

haul 710 tons eastbound up the a s c e n t . 1 5 7 At that time, while 

the route through Rogers Pass was averaging less than ten trains 

per day, the single l i n e over the Big H i l l , because of the 

necessity for cutting trains to the 710-ton l i m i t , was averaging 

a da i l y t o t a l of twenty. 1 5 8 

The C.P.R. had obtained permission to construct the 

alignment over the Big H i l l on the e x p l i c i t understanding that 

the l i n e would be "temporary." The C.P.R.'s Chief Engineer had 

assured the federal government that, "The temporary l i n e w i l l be 
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replaced by a permanent l i n e , upon which the maximum gradient 

w i l l be 116 feet to the m i l e , " 1 5 ' the same as in the Selkirks. 

However, he gave no indication of the proposed timing of the 

replacement decision, and in fact, operations would be conducted 

over the "temporary l i n e " for the next twenty-five years. This 

was partly because the l i n e i t s e l f had been thoroughly b u i l t : 

...as some years might be necessary to determine the 
disputed questions regarding the permanent l i n e , i t was 
decided to make the temporary l i n e available for 
operation for as long a time as might be necessary, 
making the gradients uniform, the curvature as l i g h t as 
practicable, and constructing the l i n e s u b s t a n t i a l l y . 1 6 0 

It was also because the benefits to be derived from replacement 

were not expected to offset the high costs of constructing a 

permanent l i n e . Reed, having inspected the temporary l i n e in 

1884, had concluded that i t would be "unwise to expend any money 

on the intended permanent l i n e , u n t i l the t r a f f i c r e a l l y demands 

i t , " 1 6 1 while the C.P.R. estimated that the cost of driv i n g the 

tunnel for the permanent l i n e would be between $800,000 and 

$1,000,000. In the House of Commons, C.P.R. opponent Edward 

Blake, having asked whether or not the Company had any plans for 

completing the temporary l i n e , was informed that, "the engines 

they have working upon the grade now are doing very well, and 

they may not fdr some l i t t l e time make the tunnel as 

proposed." 1 6 2 U n t i l 1895, the C.P.R. f a i t h f u l l y recorded i t s 

heaviest gradient, 237' 6" per mile, as "temporary" in i t s 

annual reports to the Minister of Railways and Canals. After 

1895, however, the designation "temporary" was dropped. It 

appears that external pressure upon the Company to replace the 

"temporary" location with a permanent, less severely graded l i n e 

had ceased. Moreover, since the C.P.R. made no attempt in 
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practice to eliminate the gradient, i t is reasonable to assume 

that, at least u n t i l the end of the 19th Century, the Company 

regarded the temporary l i n e , however expensive and dangerous i t 

may have been to operate, as appropriate for i t s requirements. 

There was no renewal of external pressure upon the 

C.P.R. prior to the elimination of the Big H i l l in 1908. It i s 

doubtful, therefore, that i t was belated acknowledgement of i t s 

outstanding contractual obligations which prompted the C.P.R. to 

drive the S p i r a l Tunnels. A more pressing motive for the 

investment may have been concern for passenger safety. Although 

Shaughnessy had considered surveying a completely new main l i n e 

through the Kootenays in 1906, his Vice-President of Western 

Lines was p a r t i c u l a r l y anxious that the Big H i l l be eliminated 

f i r s t : 

...I do not consider that we should allow t h i s 
[Kootenay] l i n e to inter f e r e with the grade reduction on 
the H i l l , as i t should be gone on with on account of the 
risk to passenger t r a f f i c in any c a s e . 1 6 3 

The consulting engineer,, Bogue, and the C.P.R.'s own engineers 

in Winnipeg may have shared t h i s view. However, a C.P.R. o f f i c e r 

in Vancouver, unfortunately anonymous, dissented: 

I cannot agree that the element of safety i s the 
only one that enters into the consideration of the 
revision of the grade. We have operated the h i l l for 
years and with improved safety switches and the 
i n s t a l l a t i o n of safety devices now in operation and the 
proposed s t a f f system I think the h i l l can be operated 
without a c c i d e n t . 1 6 4 

For t h i s o f f i c e r , the c r u c i a l factor in motivating investment in 

gradient improvement was the variable cost of moving t r a f f i c 

over the exis t i n g alignment: 

The question of getting t r a f f i c and increasing t r a f f i c 
over the h i l l i s the main question and getting i t over 
at the lowest cost the especial o ne. 1 6 5 
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Reassessment of the trade-off between construction costs 

and operating costs on the Big H i l l was dictated not only by the 

high i n i t i a l l e v e l of variable costs incurred in the movement of 

t r a f f i c over 4.5% gradients, but by the fact that t o t a l variable 

costs were increasing as more t r a f f i c t r a v e l l e d over the 

f a c i l i t y . The C.P.R. had a very clear notion of congestion 

costs, and as congestion costs accounted for at least some of 

the increase in variable costs, i t may be concluded that there 

was de facto congestion on the ex i s t i n g f a c i l i t y . As the 

C.P.R. o f f i c e r in Vancouver observed in 1907, "On the present 

grade every t r a i n that i s put on increases the percentage of 

operation, because of the time taken and delays caused." 1 6' 

One of the factors which contributed to the increase in the 

l e v e l of variable costs was the volume of passenger t r a f f i c . 

This volume increased in 1907 with the inauguration of the 

t h r i c e - d a i l y transcontinental service on three days per week, 

but i t also reduced the a v a i l a b i l i t y of paths for freight 

t r a i n s , and deprived the l a t t e r of motive power: 

At the very least we are going to lose six hours per day 
on account of the passenger trains put on t h i s season 
and with power short we cannot handle the t r a f f i c 
quickly or economically. 1 6 7 

The decisive factor in influencing the abandonment of the 

"temporary l i n e , " however, may once again have been the increase 

in the eastbound lumber t r a f f i c , which, l i k e other t r a f f i c , 

incurred the high cost of ascent of the Big H i l l , but which also 

may have imposed congestion costs on that other t r a f f i c as the 

volume of lumber shipments increased. The increase in these 

lumber shipments began in 1900, and the f i r s t surveys for an 
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a l t e r n a t i v e route to that over the Big H i l l were undertaken i n 

1 9 0 2 . 1 6 8 F u r t h e r surveys, undertaken i n 1905, enabled the 

l o c a t i o n of a twenty-mile loop with a g r a d i e n t of only one per 

cent, a g a i n s t eastbound t r a f f i c , 1 6 ' but t h i s a l t e r n a t i v e was not 

adopted. Only a f t e r more sur v e y i n g i n 1906 was . the f i n a l 

l o c a t i o n approved. 

T h i s l o c a t i o n reduced the maximum g r a d i e n t from 4.5% 

compensated to 2.2% compensated, the l a t t e r g r a d i e n t extending 

fo r 12.7 m i l e s a g a i n s t eastbound t r a f f i c i n the R o c k i e s . 1 7 0 The 

gr a d i e n t r e d u c t i o n was achieved by development of the main l i n e , 

the l e n g t h of which was i n c r e a s e d from 4.1 mil e s to 8.2 mil e s by 

l o c a t i o n through two s p i r a l tunnels., 3,200 f e e t and 2,890 f e e t 

l o n g . Curvature w i t h i n the two tunnels was ten degrees, the 

maximum f o r the new alignment, and the g r a d i e n t w i t h i n the 

tunnels was compensated a c c o r d i n g l y by 0.06% per degree to 

1.6%. 1 7 1 The p r o j e c t a l s o e n t a i l e d the d r i v i n g of a s t r a i g h t 

tunnel 170 f e e t long, and c o n s t r u c t i o n of four short b r i d g e s 

over the K i c k i n g Horse R i v e r . 1 7 2 

The C.P.R. underestimated by o n e - t h i r d the l e n g t h of time 

r e q u i r e d f o r the completion of the p r o j e c t . The c o n t r a c t was l e t 

in August 1 9 0 7 , 1 7 3 and work commenced i n Sept e m b e r . 1 7 4 The 

p r o j e c t was scheduled f o r completion fourteen months l a t e r , i n 

November 1 9 0 8 . 1 7 5 However, due to problems with water, bad 

ground and f r o s t , the t u n n e l l i n g was not completed u n t i l seven 

months a f t e r t h i s d e a d l i n e , i n June 1 9 0 9 . 1 7 6 The r e c e s s i o n i n 

t r a f f i c through the mountains, which had set i n a f t e r 1906, may 

have m i t i g a t e d the e f f e c t s of t h i s delay i n completion upon the 

in c i d e n c e of congestion over the Big H i l l . Moreover, i t does not 
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appear that the delay seriously affected the actual cost of the 

project, which, at $1,121,660.94, 1 7 7 was in fact 12% below the 

cost forecast by the C.P.R. in January 1908, of $1,270,000. 1 7 8 

The chief benefit which was derived from the project was 

the increase in payload made possible by the gradient reduction. 

In comparison with the four locomotives which had previously 

been required to haul 710 tons over the Big H i l l , two similar 

locomotives would henceforth be able to haul 980 t o n s . 1 7 9 This 

represented an increase in the haulage capacity of each 

locomotive of 176%, and an increase in the r a t i o of motive power 

to payload from 1 : 1.15 to 1 : 3.18. 

The project was adopted in the recession year of 1907. It 

was perhaps because of th i s recession that, at the time when the 

project was adopted, the anticipated savings in operating costs 

were not alone s u f f i c i e n t to j u s t i f y the investment in the 

S p i r a l Tunnels. It appears that the balance was tipped in favour 

of adoption by non-quantifiable benefits, one of which was 

passenger safety: 

The amount saved on account of reducing t h i s grade at 
the time the estimate was prepared was not in i t s e l f 
s u f f i c i e n t to warrant the expenditure; but taking into 
account the question of handling passenger t r a f f i c so 
much more safely, as well- as allowing longer trains to 
be operated, besides doing away with the terminal at 
Laggan, the terminal of the Western d i v i s i o n being moved 
to F i e l d , i t was decided to go on with the work. 1 8 0 

The severe gradients of the Big H i l l , l i k e the avalanches of 

Rogers Pass, were always a potential threat to passenger safety. 

In neither location was the potential ever re a l i s e d in pr a c t i c e . 

Supersession of the respective alignments by improved locations 

would of course eliminate the threat to passenger safety, in each 

instance, and improved passenger safety was, therefore, highly 
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v i s i b l e as a benefit of the respective realignment projects. 

However, in the abandonment of the Big H i l l , at least, i t was 

e x p l i c i t l y recognised that removal of the threat to passengers 

was merely one of several benefits appertaining to the operating 

methods by which t r a f f i c would be conducted over the C.P.R. main 

l i n e . 

(iv) C.P.R. Investment Strategy In The Rockies 

This analysis has appraised three investment projects 

undertaken by the C.P.R. in the Rockies during the f i r s t decade 

of the 20th Century. Quantitative data concerning operating 

costs over the o r i g i n a l and improved l i n e s are not available. 

Therefore, i t i s not possible to estimate rates of return-on-

investment for the three projects, and in turn, i t is not 

possible to esta b l i s h whether or not the investments were 

undertaken according to rate-of-return c r i t e r i a . Nevertheless, 

analysis of the three projects i s instru c t i v e for an 

understanding of the investment in the Connaught Tunnel, which 

followed early in the next decade. 

The timing of the projects i s consistent with the l i f t i n g 

of capital-budgeting constraints. Table 18 records t o t a l 

C.P.R. investment in "Additions and Improvements" to i t s system 

during the years 1901-13, and shows the proportions of that 

t o t a l investment which were channelled into the p r a i r i e s and the 

mountains. From the table, i t can be seen that the amount of 

c a p i t a l which was available for investment in the mountains 

increased throughout the period, and that the amount of c a p i t a l 

which was invested in improvements through the mountains also 
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increased, although i t remained far below the amount which was 

invested annually in the p r a i r i e s . 



TABLE 18 

THE ALLOCATION OF INFRASTRUCTURE INVESTMENT ON THE C.P.R., 1901-1913 

Year Main-Line Investments ($) 
Non Main-Line 
Investments ($) 

Total 
Investment ( 

Port Arthur % of Laggan to % of % of 
to Laggan Total Pacific Coast Total Total 

1901-02 560,665 29 495,680 26 556,378 29 1,917,274 
1902-03 1,669,612 46 459,264 15 840,431 21 3,637,649 
1903-04 4,114,444 65 627,864 10 697,564 11 6,343,536 
1904-05 5,490,362 70 661,739 8 1,153,928 15 7,898,205 
1905-06 4,341,923 56 842,271 11 2,120,550 24 7,783,031 
1906-07 5,547,306 58 548,688 7 2,978,497 30 9,518,980 
1907-08 7,827,932 55 1,477,841 11 3,310,346 22 14,130,303 
1908-09 3,532,464 39 1,160,524 13 3,562,380 38 9,178,764 
1909-10 2,348,572 34 1,260,516 18 2,328,942 35 6,856,308 
1910-11** 3,582,476 30 2,242,712 19 4,881,762 40 12,103,471 
1911-12 5,175,667 35 2,419,087 16 6,212,740 41 14,967,264 
1912-13 11,639,246 40 4,002,118 14 9,686,848 35 28,740,987 

*This category includes investments In branch lines and acquired railways, telegraph extensions, 
and hotels. It does NOT include investments upon the main line between Quebec and Port Arthur, 
which have been omitted from this table. 

**After 1910, the divisional point was moved from Laggan to Field. 

Source: C.P.R. Co., Annual Reports, "Details of Expenditure on Additions and Improvements". 
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Throughout the f i r s t decade of the 20th Century, then, the 

C.P.R. demonstrated i t s preparedness to invest in the mountains 

in order to improve operating conditions which were the legacy 

of the trade-off policy pursued by the Company at construction 

time. The timing of the investments was consistent with a 

"bottleneck" c r i t e r i o n of project evaluation: the Company 

undertook investment only a f t e r , and in reaction to, perception 

.of a "bottleneck" in i t s system. Increases in t r a f f i c , which 

commenced with the turn of the century, may have highlighted and 

aggravated potential bottlenecks. 

Nevertheless, the severity of any pa r t i c u l a r bottleneck was 

not in i t s e l f s u f f i c i e n t motivation for investment in i t s 

removal. The timing of the projects suggests that the 

C.P.R. removed the cheapest and simplest bottlenecks f i r s t , and 

postponed larger-scale investments for as long as possible. 

Thus, as successive improvements were made, the cost of 

obtaining further improvements became increasingly high. That 

i s , the investments became more and more "lumpy," and the le v e l 

of savings which had to be derived from the improvements had to 

be accordingly greater in order to j u s t i f y the i n i t i a l 

investment. The c a p i t a l costs of the three projects discussed in 

th i s section were each higher than those of their predecessors, 

and the improvements which the projects effected were each more 

far-reaching in scope. 

As t r a f f i c increased, and as c a p i t a l became available for 

investment in improving operating conditions, the 

C.P.R. systematically removed bottlenecks along i t s main l i n e 

through the mountains. Once the bottleneck on the Big H i l l had 
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been a l l e v i a t e d , the next most obvious bottleneck in the 

mountains was the alignment through Rogers Pass. This was 

e x p l i c i t l y recognised by contemporaries when construction of the 

Connaught Tunnel commenced. The Railway Age Gazette reported 

that: 

Following the completion of the work between F i e l d 
and Hector, the portion of the l i n e at Rogers Pass has 
presented the greatest d i f f i c u l t i e s in the operation 
o f . . . t r a i n s . 1 8 1 

The Vancouver Province set the investment in the S p i r a l Tunnels 

in a context of main-line improvements throughout the mountains: 

For many years the railway company has been 
gradually e f f e c t i n g a reduction of i t s gradients and 
improving i t s main l i n e generally in preparation for a 
•big expansion of business and the development of the 
grain t r a f f i c westward from the p r a i r i e s . In connection 
with t h i s progressive po l i c y , the C.P.R.... bored two 
s p i r a l tunnels...in the Rocky Mountain range, 
eliminating...the "Big H i l l " between F i e l d and 
H e c t o r . 1 8 2 

After the opening of the S p i r a l Tunnels, the maximum 

gradient on the main l i n e through the Rockies was 2.2% 

compensated for 12.7 miles against eastbound t r a f f i c and for 5.1 

miles against westbound t r a f f i c . 1 8 3 By comparison, the maximum 

gradient in the Selkirks was 2.2% compensated for 25 miles 

against eastbound t r a f f i c and for 21 miles against westbound 

t r a f f i c . 1 8 4 Investment in the S p i r a l Tunnels may have been 

intended primarily to expedite lumber shipments eastwards. 

However, there i s no doubt that the elimination of the Big H i l l 

rendered the gradient system through the Rockies far superior to 

that through the Selkirks, not only for the movement of 

eastbound lumber, but also for the conduct of the prospective 

grain business westbound. 

After 1909, then, the alignment through Rogers Pass was the 
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next most obvious t a r g e t f o r investment i n the mountains. The 

nature of the t e r r a i n and the o p e r a t i n g c o n d i t i o n s at the summit 

of the S e l k i r k s would ensure that t h i s investment would be even 

more c o s t l y than preceding investments i n the mountains, and 

that i t s consequences would be even more f a r - r e a c h i n g . 

b) S m a l l e r - s c a l e Improvements Within The S e l k i r k s 

These s m a l l e r - s c a l e improvements may be d i v i d e d i n t o 

improvements to r o l l i n g stock and improvements to 

i n f r a s t r u c t u r e . A n a l y s i s of the former w i l l address motive power 

and car c a p a c i t y . A n a l y s i s of the l a t t e r w i l l i n c l u d e 

c o n s i d e r a t i o n of improvements to permanent way, b r i d g e s , 

s i g n a l l i n g , maintenance f a c i l i t i e s and s i d i n g s . 

( i ) Improvements To R o l l i n g Stock 

The locomotives deployed i n the S e l k i r k s had always been 

amongst the most powerful on the e n t i r e C.P.R. s y s t e m . 1 8 5 Due to 

t h i s requirement f o r p a r t i c u l a r l y powerful locomotives, and due 

to the f a c t that pushers were r e q u i r e d f o r r o u t i n e t r a f f i c 

movement, a separate locomotive f l e e t was maintained e x c l u s i v e l y 

f o r mountain duty. Those u n i t s which operated through the 

S e l k i r k s were based at Rogers Pass and Revelstoke. The numerical 

s t r e n g t h of the f l e e t had to be i n c r e a s e d as t r a f f i c l e v e l s 

rose. In the summer of 1898, the f l e e t d e t a i l e d to the S e l k i r k 

s e c t i o n comprised twelve locomotives, of which two were 

a l l o c a t e d to passenger, four to f r e i g h t , four to pushing d u t i e s 

and two to w o r k - t r a i n s . 1 8 6 By J u l y 1908, the Rogers Pass f l e e t 

had been i n c r e a s e d to eighteen locomotives, of which f i v e were 
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allocated to passenger, eight to freight and fi v e to pushing 

d u t i e s . 1 8 7 When construction of the Connaught Tunnel commenced, 

the average number of pusher locomotives alone which were based 

at Rogers Pass had increased to e l e v e n . 1 8 8 

The early years of the 20th Century were ones of prodigious 

expansion in the entire C.P.R. locomotive f l e e t . Between 1902 

and 1908, the f l e e t had averaged an increase of one locomotive 

every three d a y s , 1 8 5 and Gibbon has calculated that the Company 

added 952 locomotives between 1907 and 1914. 1 5 0 It cannot be 

inferred, therefore, that the need to supply locomotives to the 

mountain f l e e t necessarily strained the resources of the C.P.R., 

although i t i s certain that in the peak of 1912, the f l e e t was 

barely adequate to handle the t r a f f i c a v a i l a b l e . 1 ' 1 

It was not the quantity of motive power demanded in the 

Selkirks which posed problems to the C.P.R., but the qu a l i t y . 

S p e c i f i c a l l y , powerful locomotives were required which could 

haul the increasing volumes of t r a f f i c quickly, economically and 

safely over the single l i n e through the mountains, with i t s 

severe gradients, sharp curvature, heavy snowfall and greasy 

r a i l s . In 1898, the rated capacity of the passenger locomotives 

in the Selkirks had been 280 tons, and that of the freight 

locomotives 315 tons. The pusher f l e e t comprised two of each 

type. The t o t a l tonnage rating of the Selkirk f l e e t was then 

3,010 tons, excluding the locomotives detailed to work-

t r a i n s . 1 9 2 By 1908, most freight and pushing duties were 

performed by "Consolidation" locomotives, each with a rating of 

490 tons. The t o t a l tonnage rating of the Selkirk f l e e t may then 

have been 7,945 t o n s , 1 ' 3 representing an increase in haulage 
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capacity of 164% over the previous decade. In 1909, the 

C.P.R. designed a locomotive s p e c i f i c a l l y for pusher duties in 

the B.C. mountains. This was the Mallet compound, an a r t i c u l a t e d 

steam locomotive, the largest hitherto introduced on the 

B. C. d i v i s i o n . It was tested over the Selkirks in May and June 

1910, when i t s t a l l e d in attempting to haul 663 tons westbound 

and 724 tons eastbound over Rogers Pass. 1' 4 Although the Mallets 

promised an increase in haulage capacity of some 30% over the 

"Consolidations," they were expensive to maintain, and Lamb, at 

least, believes that they did not provide a sati s f a c t o r y 

solution to operating problems in the mountains. 1' 5 By 1912, the 

haulage capacity of the largest locomotives in regular freight 

and pusher service over the mountains, the N-3's, was 508 tons, 

a rating which extensive dynamometer tests in 1913 f a i l e d to 

improve. 1'* It appeared that, pending the introduction of a new 

breed of motive power, the l i m i t s of haulage capacity for a 

single locomotive over the Selkirks had been reached by 1913. 

Improvement in the ratings was made possible only by the 

conversion of the energy source of the mountain locomotive 

f l e e t , from coal to o i l . The e a r l i e s t locomotives through the 

mountains had burned wood, but this had proved to be an 

unsatisfactory fuel because of the propensity of woodburning 

locomotives to emit sparks when struggling at the mountain 

gradients. These sparks ignited f i r e s in snowsheds, on the 

t r e s t l e bridges and throughout the adjacent forests which proved 

expensive to contain. Conversion to coal therefore came early in 

the mountains, 1' 1 and coalburning continued u n t i l 1912. The 

C. P.R. considered converting to o i l between Revelstoke and F i e l d 
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at least as early as 1910. At that time, however, the additional 

cost of using o i l instead of coal, even when calculated 

according to two d i f f e r e n t o i l - p r i c e scenarios, of 80c. and 

90c. per b a r r e l , m i l i t a t e d against conversion. 1' 8 The decision 

to convert the mountain locomotive f l e e t to o i l , which was taken 

less than two years l a t e r , was motivated primarily by the desire 

of the C.P.R. to reduce manpower costs. However, the decision 

was also prompted by the d i f f i c u l t y of finding firemen capable 

of feeding coal to the increasingly heavy locomotives with 

s u f f i c i e n t r a p i d i t y to avert s t a l l i n g on the 2.2% gradients. 1'' 

Conversion was announced in June 1911, 2 0 0 o i l storage tanks were 

b u i l t at seven locations on the Mountain and Shuswap Divisions, 

including Rogers Pass and R e v e l s t o k e , 2 0 1 and during 1912, at 

least seventy-six locomotives, including a l l of the Mallet 

compounds and forty-one N-3's, were experimentally converted to 

o i l . 2 0 2 The experiment proved successful, and in December 1913, 

the entire B.C. Division from Vancouver to F i e l d was converted 

to o i l . 2 0 3 

By t h i s time, the cost of o i l had risen to $1 per barrel, 

10c. above the "most-expensive" scenario envisaged in 1910. 

Nevertheless, the C.P.R. calculated that, even with a coal price 

as low as $3 per ton (the Company had assumed a price of $4.60 

per ton in evaluating the Connaught Tunnel the previous y e a r 2 0 4 ) 

conversion to o i l was j u s t i f i e d because i t "removes the 

necessity for maintaining a f i r e patrol along the railway, which 

is required of coal burning roads by p r o v i n c i a l s t a t u t e . " 2 0 5 A 

further benefit of consuming o i l as the p r i n c i p a l energy source 

was the fact that o i l i n j e c t i o n permitted a constant steam 
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pressure to be maintained in the locomotive cylinders, and t h i s 

in turn enabled an increase in the tonnage ratings of the 

converted locomotives. This was not regarded as the key benefit 

of conversion, however, and i t appears not to have been even 

perceived by the Assistant General Superintendent in Vancouver 

u n t i l over two years l a t e r . 2 0 6 It was not u n t i l A p r i l 1915, and 

only after more extensive dynamometer tests, that the tonnage 

rating over the Selkirks was successfully raised, and t h i s by 

only seventeen tons per locomotive, or one car for each assisted 

t r a i n , and in the eastbound d i r e c t i o n o n l y . 2 0 7 By t h i s time, 

construction of the Connaught Tunnel was already two years 

advanced, and complete abandonment of the surface alignment was 

scarcely eighteen months away. 

Whilst the haulage capacity of the available motive power 

was slowly expanded, an increasingly severe weight penalty was 

incurred. In 1897, the weight of the "SR" and "SE" classes of 

locomotives in the mountains was less than 60 t o n s . 2 0 8 The 

"Consolidations" deployed by 1908 weighed 154 t o n s , 2 0 9 the N-3's 

in service by 1913 weighed 181 t o n s , 2 1 0 and the Mallets weighed 

195.5 t o n s . 2 1 1 More serious, because of i t s ramifications for 

r a i l wear, was the concomitant increase in locomotive axle-

weights. The maximum weight on the driving wheels of the "SR" 

and "SE" classes was s l i g h t l y over 14 t o n s . 2 1 2 On the Mallets, 

i t was 21.8 t o n s . 2 1 3 Moreover, the r a t i o between the weight of 

motive power per t r a i n and the weight of payload was declining 

in the later years of surface operation through Rogers Pass. A 

single Consolidation was able to haul 490 tons over the 2.2% 

gradients, y i e l d i n g a r a t i o of 1 : 3.18. The weight of an N-3 
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was 17.5% more, yet i t yielded an increase in payload of only 

3.7%, to 508 tons, yieldi n g a r a t i o of 1 : 2.81. Even after 

conversion to o i l , which enabled a further 3.3% increase in 

payload at no penalty in locomotive weight, the r a t i o was only 1 

: 2.9. Had the Mallets been able regularly to haul 622 tons over 

the Selkirks, the r a t i o between weight of motive power and 

weight of payload would s t i l l have been no higher than i t had 

been for the Consolidations. In addition to increasing fuel 

consumption and maintenance, there may have been a further cost 

attached to the deployment of larger locomotives: in December 

1914, the Brotherhood of Locomotive Firemen and Enginemen were 

agitating for the tying of traincrew wage-rates to the weight on 

the dr i v i n g wheels of the locomotives which they manned. 2 1 4 

Increases in car capacity p a r a l l e l e d those in haulage 

capacity. Gibbon has calculated that the Company added 1,304 

passenger cars and 47,685 freight cars to i t s f l e e t between 1907 

and 1914, 2 1 5 and in 1912 alone, the Company placed orders for 

12,500 freight cars, at- a cost of $14 m i l l i o n . 2 1 6 The c r u c i a l 

increase, however,.was not in numerical strength, but in the 

carrying capacity of the individual cars. System-wide, Lamb has 

estimated that the t o t a l carrying capacity of C.P.R. freight 

cars increased tenfold between 1901 and 1914. 2 1 7 By far the 

greatest part of t h i s increase was achieved after 1911, the year 

in which the Company commenced massive escalation of i t s 80,000-

l b . boxcar f l e e t . In June of that year, the f l e e t boasted 5,915 

80,000-lb. boxcars, compared with 24,655 60,000-lb. boxcars. The 

next year, the number of 80,000-lb. boxcars more than doubled, 

to 12,385, and the following year i t doubled again, outstripping 
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the number of 60,000-lb. boxcars i n the f l e e t . By June 1914, the 

f l e e t boasted 38,956 80,000-lb. boxcars, compared with 25,517 

60,000-lb. b o x c a r s . 2 1 8 

S p e c i f i c i n f o r m a t i o n concerning i n c r e a s e s i n c a r - c a r r y i n g 

c a p a c i t y w i t h i n the S e l k i r k s i s sparse. However, i t i s c e r t a i n 

t h a t a c o n s i d e r a b l e economy of s c a l e was achieved i n the 

eastbound shipment of lumber, the p r i n c i p a l f r e i g h t flow through 

Rogers Pass. In 1904, the C.P.R. had estimated that only 15,000 

l b s . of lumber c o u l d be shipped per c a r . 2 1 5 By 1909, the average 

weight of lumber shipped per car was 39,879 l b s . , an i n c r e a s e i n 

per-car l o a d i n g of 166% i n f i v e y e a r s . 2 2 0 

N e v e r t h e l e s s , i n c r e a s e s i n car c a p a c i t y are o t i o s e unless 

motive power i s a v a i l a b l e i n order to haul the heavier c a r s . In 

the S e l k i r k s , where the number of m a i n - l i n e t r a i n movements was 

al r e a d y r e s t r i c t e d by the l i m i t a t i o n on t r a i n paths, i t appeared 

that by 1912 the haulage c a p a c i t y of the e x i s t i n g motive power 

had been reached. Changes i n f u e l source and the i n t r o d u c t i o n of 

the unconventional M a l l e t locomotives f a i l e d to i n c r e a s e t h i s 

c a p a c i t y s i g n i f i c a n t l y . Indeed, the next major increment i n 

haulage c a p a c i t y would not be achieved u n t i l 1929, with the 

i n t r o d u c t i o n of the o i l - f i r e d 2-10-4 " S e l k i r k " locomotives. Not 

u n t i l the advent of d i e s e l - e l e c t r i c t r a c t i o n i n the 1950's c o u l d 

a s u b s t a n t i a l i n c r e a s e i n haulage c a p a c i t y be e f f e c t e d 

e c onomically, by means of f u l l y c o - o r d i n a t e d m u l t i p l e - h e a d i n g 

without the concomitant m u l t i p l e - c r e w i n g . 
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( i i ) Improvements To Infrastructure 

Consistent with the C.P.R.'s trade-off policy at 

construction time, the main l i n e through the Selkirks had been 

provided with minimal infrastructure. The need for subsequent 

investment in improvements was thus recognised from the 

beginning. The only exception to t h i s minimisation of i n i t i a l 

i nfrastructure costs was the provision at the outset of 70-lbs.-

per-foot iron r a i l on the main l i n e through the S e l k i r k s . 2 2 1 

This was heavier than the 56-lb. iron l a i d across the 

p r a i r i e s , 2 2 2 presumably in an t i c i p a t i o n of the heavy weight and 

peculiar pounding of locomotives over the 2.2% gradients. In 

June 1890, more heavy r a i l had been i n s t a l l e d "between Beaver 

and the Summit," 2 2 3 but after t h i s , i t appears that the Selkirk 

main l i n e ceased to receive p r i o r i t y for the a l l o c a t i o n of heavy 

r a i l s . 

Lamb asserts that by 1897, the standard renewal on 

C.P.R. main l i n e s was 80-lb. s t e e l . 2 2 4 However, in 1898, the 

entire main l i n e from Albert Canyon to Beavermouth was s t i l l 

l a i d with 70-lb. iron, and the main-line renewals which were 

undertaken in the Selkirks during that year — thirteen miles, 

a l l west of Albert Canyon — consisted e n t i r e l y of 73-

l b . s t e e l . 2 2 5 It was not u n t i l 1901 that 80-lb. steel was 

shipped into the S e l k i r k s . 2 2 ' By December 1903, out of almost 

106 miles of track in the Mountain Section, only 60 miles were 

l a i d with 80-lb. s t e e l , including, the sixteen-mile stretch from 

Albert Canyon to Ross Peak on the west slope, and the f i f t e e n -

mile stretch from Beavermouth to Bear Creek on the east slope. 

For thirteen miles of 2.2% gradient over the summit of Rogers 
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Pass, the main l i n e was s t i l l c a s t i n 70-lb. i r o n . 2 2 7 The 80-

l b . replacement programme was s t i l l proceeding apace on the 

Mountain S e c t i o n i n 1 9 0 6 , 2 2 8 and i t was not u n t i l A p r i l of the 

f o l l o w i n g year, d u r i n g the 1906-08 t r a f f i c r e c e s s i o n , that the 

e n t i r e main l i n e from Laggan to Vancouver was completely 

r e l a i d . 2 2 5 The next year, 1908, 85-lb. s t e e l became the standard 

r e n e w a l , 2 3 0 but again, i t was not u n t i l 1912 that the heavier 

r a i l s were a l l o c a t e d to the P a c i f i c D i v i s i o n , 2 3 1 by which time 

almost one thousand m i l e s of the new r a i l had been l a i d 

elsewhere on the C.P.R. s y s t e m . 2 3 2 

The main l i n e between Donald and Revelstoke had not been 

b a l l a s t e d u n t i l three years a f t e r the tra c k had f i r s t been 

l a i d , 2 3 3 and even then, the f o l l o w i n g year, " I t took to about 

the middle of June to get the slime out of the t r a c k . " 2 3 4 As 

par t of the gen e r a l upgrading programme of 1912 i n the 

B. C. mountains, however, r o c k - c r u s h i n g p l a n t s were c o n s t r u c t e d 

at Chase, Donald and C r a i g e l l a c h i e , 2 3 5 and by the f o l l o w i n g 

year, "the rock b a l l a s t i n g through t h a t s e c t i o n [was] one of the 

most permanent i n t r a c k b u i l d i n g that has ever been 

accomplished." 2 3 6 

In c o n s t r u c t i o n a c r o s s the e n t i r e C.P.R. system, time and 

c a p i t a l had been spared i n b r i d g i n g by the e r e c t i o n of timber 

t r e s t l e s , which had an expected l i f e - s p a n of seven or e i g h t 

y e a r s . 2 3 7 Replacement with masonry and s t e e l s t r u c t u r e s began i n 

earnest i n 1 8 9 0 , 2 3 8 but as i n the r a i l - r e n e w a l programmes, the 

route over the S e l k i r k s was accorded low . p r i o r i t y . In 1891, 

C. P.R. s h a r e h o l d e r s were informed t h a t , "At the present r a t e of 

p r o g r e s s . . . p r a c t i c a l l y a l l of the timber s t r u c t u r e s i n the 
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Company's p r i n c i p a l l i n e s w i l l be permanently replaced within 

two or three y e a r s . " 2 3 5 In 1895, the Company duly reported that 

"by far the greater part of the o r i g i n a l bridge structures have 

been replaced with permanent works," and stated that i t s 

objective was to dispose of the remainder, "including a few of 

an expensive character," within four y e a r s . 2 4 0 

It i s c e r t a i n l y true that in 1894,. the 286-feet t a l l 

structure at Stoney Creek was replaced with a steel arch, at a 

cost of $96,000. 2 4 1 It i s also true that between 1897 and 1902, 

the 1,086-feet long crossing at Mountain Creek was p a r t i a l l y 

f i l l e d and replaced with masonry and steel spans aggregating 585 

feet in l e n g t h , 2 4 2 the steel erected in the f i r s t year alone 

costing nearly $22,000. Nevertheless, i t appears from table 19, 

which provides a chronology of bridge improvements on the 

o r i g i n a l main l i n e across the Selkirks, that many of the 

investments in bridge replacement were postponed u n t i l after the 

turn of the century. Moreover, i t appears that the bridge 

replacement programme, l i k e the r a i l replacement programme, was 

s t i l l proceeding apace in 1906, for in that year, 110 bridges on 

the P a c i f i c Division were r e b u i l t , compared with 36 on the 

Western D i v i s i o n and 28 on the Central D i v i s i o n . 2 4 3 One of the 

l a s t bridge improvement projects was that of the Loops, 

implemented just prior to the commencement of the 1906-08 

recession. I t a l i a n masons were hired to replace the t r e s t l e at 

the f i r s t crossing of Five-Mile Creek with three stone p i l l a r s , 

and the t r e s t l e at the second crossing with fiv e p i l l a r s . 2 4 4 The 

t o t a l cost was nearly $110,000. 
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TABLE 19 

BRIDGE IMPROVEMENTS IN THE SELKIRK MOUNTAINS, 1893-1909. 

Date Name Of Bridge Improvement Cost $ 

1893 Stoney Creek Steel/masonry **96,000 
1896 5th Xing, I l l e c i l l e w a e t 

?t 6th " Renewed 
1897 Surprise Creek Steel/masonry 

it Cedar Creek II 

1898 Cascade Creek Bu i l t over 
s l i d e path 

n 2nd Xing, I l l e c i l l e w a e t * Steel/masonry ***1,815 
II 5th " Steel ***2,634 
II 7 th " II 

***2,634 
II 11th " H ***2,620 

1898-1904 8th " Steel/masonry ***2,554 
1898-1902 Mountain Creek Steel/masonry/ 

f i l l i n g ***21,784 
1900 4th Xing, I l l e c i l l e w a e t Steel/masonry 

II Cut Bank F i l l e d 
it Williamson's Creek II 1,243 
H Mud Chute Masonry 4,791 
II Bryant's Creek II 6,752 

1901-05 2nd Xing, Five-Mile Creek* Steel/masonry 
» 1902 Cougar Creek Rebuilt 

1904 Snowbank Creek F i l l e d 
1904-06 2nd Xing, Five-Mile Creek* Steel 76,763 

1906 1st Xing, I l l e c i l l e w a e t * II 45,093 
II 2nd " " * II 17,769 
II 5th " Steel/masonry 6,756 
II 1st Xing, Five-Mile Creek* 32,843 
II No. 437A (not named) Replaced by 

culvert 2,627 
II " 437B Masonry 5,271 

1906-07 Glacier Creek* Steel/masonry 13,198 
c. 1906 No. 411B (not named) Steel/culvert • 4,480 

II " 414B Steel 4,504 
II 3rd Xing, Five-Mile Creek* Culvert 9,881 
II Cascade Creek Masonry 15,597 
II Raspberry Creek II 

1907 Cariboo Creek Steel 3,852 
II No. 410B (not Named) Replaced by 

culvert 1,644 
1909 Cache Creek Replaced 

* Denoted in "Record" as "Retired by 1916 diversion." 
** Engineering News, November 28,1895, p. 355. 
*** "Diaries," 1900, 1901 and 1905, K i l p a t r i c k MSS, Vancouver. 
(Mountain Creek cost is for 1898 only.) 

Source:- C.P.R. Co., "Old Bridge Record and Section Maps, 
Mountain Subdivision," Mount Revelstoke and Glacier National 
Parks, F i l e no. 1758. 
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U n t i l at least the turn of the century, a l l t r a i n s were 

dispatched over the Selkirk summit by telegraph. In January 

1902, main-line telegraphers were located at Beavermouth, Rogers 

Pass, Glacier, I l l e c i l l e w a e t and Albert Canyon. 2* 5 From this 

assignment of s t a f f , i t may be surmised that the pusher gradient 

on the east slope of the Selkirks was operated as a single 

section, telegraphers at Beavermouth and Rogers Pass c o n t r o l l i n g 

access to the only two sidings in' the section, short passing 

sidings at Six-Mile Creek and Bear Creek. Responsibility for the 

pusher gradient on the west slope was divided. The Glacier 

telegrapher may have been responsible for the 9,500 feet of 

summer track and 2,500 feet of sidings at that location, and the 

I l l e c i l l e w a e t telegrapher may have controlled access to the 

2,800-feet side track between Glacier and Albert Canyon. 2* 6 

The r e l a t i o n s h i p between t h i s s i g n a l l i n g system and the 

capacity of the main l i n e i s not e a s i l y determined. It is 

possible that control of the eastbound pusher gradient was 

shared because the number of revenue-earning trains requiring 

regulation was greater eastbound than westbound. Again, control 

may have been shared because the configuration of the main l i n e 

permitted greater scope for regulating operations on the west 

slope than on the east. If greater operating f l e x i b i l i t y did 

p r e v a i l on the west slope, t h i s may imply that the alignment 

through the Selkirks could more e a s i l y absorb an increase in 

eastbound t r a f f i c than in westbound t r a f f i c . However, no 

quantitative data concerning the r e l a t i o n s h i p "between s i g n a l l i n g 

and capacity are a v a i l a b l e . 

On October 26, 1911, t r a i n dispatching by telephone was 
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inaugurated between F i e l d and Revelstoke, and the f u n c t i o n s of 

e i g h t t e l e g r a p h d i s p a t c h e r s were • h e n c e f o r t h performed by a 

s i n g l e d i s p a t c h e r based at Revelstoke. The q u a n t i t a t i v e impact 

of t h i s investment upon the s a f e t y , c o s t and c a p a c i t y of main

l i n e o p e r a t i o n s through the mountains i s not known, but i t may 

be assumed to have been p o s i t i v e i n each as p e c t . More c e r t a i n , 

however, i s the f a c t that the Mountain S e c t i o n was one of the 

l a s t s t r e t c h e s of the C.P.R. main l i n e to be equipped with 

telephone d i s p a t c h i n g . The l i n e between Newport and Montreal had 

been thus equipped i n 1908, and the routes between White River 

and F o r t W i l l i a m , Winnipeg and Brandon, and Swift Current and 

Medecine Hat were a l l equipped i n 1909. I t was not u n t i l October 

1, 1911 that the system was extended from Medecine Hat to 

Calgary and thence to F i e l d , and a f t e r the telephone c i r c u i t s 

through the S e l k i r k Mountains had been i n s t a l l e d , only that 

s e c t i o n of the main l i n e between Kamloops and Vancouver remained 

to be i n t e g r a t e d i n t o the n a t i o n a l network d u r i n g 1 9 1 2 . 2 4 7 

Expansion of the maintenance f a c i l i t i e s and s i d i n g s i n the 

S e l k i r k s was most r a p i d a f t e r the l i f t i n g of the 1906-08 

r e c e s s i o n . In 1909, the C.P.R. b u i l t a new locomotive shop at 

R e v e l s t o k e . 2 4 8 The f o l l o w i n g year, a new locomotive shop was 

b u i l t at K a m l o o p s , 2 4 9 and the engine houses at F i e l d and Rogers 

Pass were e x t e n d e d , 2 5 0 the c a p a c i t y of the l a t t e r i n c r e a s i n g 

from four to s i x l o c o m o t i v e s . 2 5 1 

The f i r s t major extension of s i d i n g c a p a c i t y i n the 

S e l k i r k s appears to have been undertaken i n 1898, when $1,550 

were a p p r o p r i a t e d f o r the a d d i t i o n of 1,200 f e e t between Donald 

and B e a v e r . 2 5 2 Each of these s i d i n g s would have been able to 
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store over t h i r t y standard freight cars. The next major 

investment in siding extension was undertaken at Rogers Pass 

i t s e l f in 1908. Some $69,600 were appropriated in January of 

that year for diversion of the main l i n e some 100 feet to the 

e a s t . 2 5 3 The investment may have had multiple objectives. It 

effected a considerable gradient reduction. The length of 

gradient in excess of 1.6% on the approaches to the summit was 

reduced by 3,700 feet, and at the summit, the length of gradient 

below 1% was extended from 2,500 feet to 5,800 feet. Moreover, 

the investment permitted a saving in snowshedding of some 2,224 

feet over the 4,000 feet which had protected the o r i g i n a l 

l i n e . 2 5 4 However, the primary objective of t h i s diversion was 

"that more yardage accommodation may be secured t h e r e . " 2 5 5 The 

diversion enabled the length of sidings to be increased from 

3,850 feet to approximately 13,200 feet, even excluding 1,500 

feet of the former main l i n e which remained linked with the new 

system. 2 5 6 Storage capacity may thus have quadrupled from 106 to 

over 400 standard freight cars. The 1910 avalanche disaster 

attenuated the benefits of snowshed reduction, but the overal l 

advantages of the relocation endured. Before 1912, the 

C.P.R. had invested in a further 1,200 feet of yardage at the 

Pass, increasing t o t a l siding accommodation, including that 

offered by the former main l i n e , to 15,900 feet, storage 

capacity for some 450 c a r s . 2 5 1 
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( i i i ) C.P.R. Investment S t r a t e g y In The S e l k i r k s 

I t i s p o s s i b l e to d i s c e r n two d i s t i n c t waves of 

i n f r a s t r u c t u r e investment i n the S e l k i r k s between c o n s t r u c t i o n 

of the o r i g i n a l f a c i l i t y and the d e c i s i o n to abandon the s u r f a c e 

alignment through Rogers Pass. The f i r s t wave commenced at the 

turn of the century, and terminated around 1906. The second wave 

commenced about 1909, and terminated around 1912 with the 

d e c i s i o n to double-track the main l i n e from Calgary to the West 

Coast. The two waves were separated by the r e c e s s i o n of 1906-08. 

Both these waves may be i n t e r p r e t e d simply as responses to a 

s e c u l a r i n c r e a s e i n t r a f f i c through the mountains. According to 

t h i s i n t e r p r e t a t i o n , the 1906-08 r e c e s s i o n , which o f f e r e d a 

r e s p i t e i n the t r a f f i c i n c r e a s e , may have tempered the urgency 

of the need f o r improvements to the i n f r a s t r u c t u r e , and may 

t h e r e f o r e have ,caused a postponement of i n f r a s t r u c t u r e 

investments, i n c l u d i n g that i n the Connaught Tunnel, f o r at 

l e a s t two y e a r s . 

T r a f f i c d i d i n c r e a s e through the mountains, p a r t i c u l a r l y 

a f t e r 1900. Whilst the investments which were undertaken a f t e r 

1908 were e x p l i c i t l y motivated by the i n c r e a s e i n t r a f f i c 

through the S e l k i r k s , there i s l e s s e x p l i c i t evidence that the 

i n f r a s t r u c t u r e improvements which were e f f e c t e d p r i o r to 1906 

were prompted by an i n c r e a s e i n t r a f f i c . An a l t e r n a t i v e 

e x p l a n a t i o n f o r the two waves of investment may t h e r e f o r e be 

a p p r o p r i a t e . 

The C.P.R. had undertaken system-wide programmes of r a i l 

renewal, b r i d g e replacement and telephone d i s p a t c h i n g . In each 

case, the route through the S e l k i r k s had been one of the l a s t 
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sections of the main l i n e to benefit from the improvements. The 

timing of these investments may therefore be interpreted simply 

as a consequence of the geographical unfolding of a nationwide 

modernisation programme from eastern to western Canada. 

According to this- interpretation, the extension of the 

improvements into the Selkirks was merely a quest for 

"symmetry," that i s , the pursuit- of a uniformly modernised r a i l 

system. However, only the investment in telephone dispatching, 

which occurred in the second wave of improvements, may be 

convincingly explained in this way. This investment, although 

made within the Selkirks, assisted in the completion of a 

uniform communications mode throughout the system, with the 

concomitant benefit system-wide of improved safety. 

The investments in r a i l renewal and bridge replacement 

afforded benefits which were much more regional in character. 

Since i t was the gradients which determined the weight of trains 

through the Selkirks, and not the strength of the r a i l or the 

strength of the bridges, the benefits which could be derived 

system-wide from increasing r a i l weights and improving bridges 

within the Selkirks were few. Therefore, before investments in 

r a i l renewal and bridge replacement could be j u s t i f i e d at a l l , 

each of these investments would have had to have afforded a 

return which s a t i s f i e d a required rate. The timing of the bridge 

replacements and the f i r s t wave of r a i l renewal may therefore be 

interpreted as an indication that these investments did begin to 

meet the required rate between the turn of the century and 1906. 

This interpretation i s consistent with both t r a f f i c 

developments and investment patterns in the Selkirks during the 
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period. The absolute volume of t r a f f i c through the mountains 

continued to be far less than that on the p r a i r i e s . From table 

18, i t can be seen that the absolute l e v e l of investment in the 

mountains was accordingly much lower than that on the p r a i r i e s , 

where a major double-tracking programme was undertaken between 

1904 and 1908. However, t o t a l t r a f f i c volume through the 

mountains did increase during the period from 1900 to 1906, as 

described in section (6.2) above, and i t can be seen from table 

18 that the absolute l e v e l of investment in the mountains also 

increased f a i r l y steadily between 1901 and 1906. 

Moreover, in the l a t t e r years of t h i s period, at least, the 

proportion of t o t a l C.P.R. system-wide business which was 

conducted through the mountains increased quite markedly. From 

table 20, i t may be seen that, in the two years after 1904, the 

proportion of the C.P.R.'s t o t a l business which crossed the 

Selkirks increased from 10.6% to 16.7%. Whilst an increase of 

comparable magnitude -- from 10.3% to 16.1% — would occur after 

the 1906-08 recession, culminating in the decision to drive the 

Connaught Tunnel, this l a t t e r increase would be spread over not 

two but fiv e years, from 1908 to 1913. In table 21, i t i s 

confirmed that between 1904 and 1906, the rate of increase in 

business was more rapid in the Selkirks than elsewhere on the 

C.P.R. system. Tonnage through the mountains increased four 

times faster than t o t a l system tonnage, and almost twice as fast 

as t o t a l grain tonnage. 
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TABLE 20 

PROPORTION OF TOTAL C.P.R. FREIGHT TRAFFIC HANDLED OVER 

SELKIRK MOUNTAINS, 1904-1913. 

Year Tonnage Over Selkirks As 

% Of Total C.P.R.  

Freight Tonnage 

1904 10.6 

1905 12.8 

1906 16.7 

1907 11.1 

1908 10.3 

1909 12.5 

1910 11.8 

1911 12.4 

1912 15.3 

1912-13* 16.1 

* Average of 1912 and 1913. 

Source:- Table 11 and C.P.R. Co., Annual Reports. 



TABLE 21 

ANNUAL RATES OF CHANGE IN REGIONAL DISTRIBUTION OF 
FREIGHT TRAFFIC, 1904-1913. 

Period 

1904-06 
1906-08 
1908-13* 

% Change In 
Total C.P.R. 

Freight Tonnage 

+ 25 
+8 
+84 

% Change In  
Freight Tonnage  

Grain Tonnage Over Selkirks 

% Change In 
Total C.P.R. 

+ 55 
+ 7 
+ 83 

+ 98 
-33 
+ 188 

1904-13* + 149 + 205 + 281 

* Average of 1912 and 1913. 

Source:- Table 11 and C.P.R. Co., Annual Reports. 
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It seems l i k e l y that these increases in both absolute and 

r e l a t i v e levels of t r a f f i c through the mountains prompted the 

increase in investment in the Selkirks which formed the f i r s t 

wave of infrastructure improvements. The C.P.R., having operated 

on the "decreasing-cost" slope of the variable-cost curve since 

the transcontinental l i n e opened, may have begun to experience 

increasing variable costs in the Selkirks as t r a f f i c increased 

after the turn of the century. As the l e v e l of variable costs 

increased, any investment intended to reduce the l e v e l of 

variable costs would accordingly offer a higher rate-of-return 

than previously. The potential return on investment in the 

Selkirks may therefore have risen to meet the rate required by 

the C.P.R. on investments system-wide, and t h i s increase in the 

rate-of-return may in turn have c a l l e d forth increased 

investment in the Selkirks between 1901 and 1906. 

There was a l u l l in investment in the Selkirks between 1906 

and 1908. The increase in the l e v e l of variable costs may have 

been checked, either because the f i r s t wave of infrastructure 

investments was successful in reducing variable costs, or 

because the economic recession of 1906-08 reduced t r a f f i c volume 

through the Selkirks, and thus held down the l e v e l of variable 

costs. The e f f e c t upon investment strategy of the reduction in 

variable costs was i d e n t i c a l in either case: i t diminished the 

expected rate-of-return on further investment, and thus 

discouraged c a p i t a l expenditures. From table 20, i t can be seen 

that, during the years 1906-08, the proportion of t o t a l system 

business which was conducted through the Selkirks declined to 

pre-1904 l e v e l s . Moreover, the decline in t o t a l business was 
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much more r a p i d i n the S e l k i r k s than elsewhere. T o t a l system 

t r a f f i c and g r a i n t r a f f i c c ontinued to i n c r e a s e i n 1907, and 

f e l l back only s l i g h t l y i n 1908. Both volumes t h e r e f o r e recorded 

a net i n c r e a s e f o r the p e r i o d 1906-08, as demonstrated i n t a b l e 

21. Through the S e l k i r k s , however, business d e c l i n e d markedly i n 

both y e a r s . Thus, the r e c e s s i o n of 1906-08, which h i t most 

s h a r p l y i n the mountains, acted most s h a r p l y i n the mountains as 

a brake on investment. 

A f t e r 1908, a second wave of investment began i n the 

S e l k i r k s . T h i s wave witnessed the f r u i t i o n of f u r t h e r 

modernisation programmes: b a l l a s t i n g , the i n s t a l l a t i o n of 85-

l b . s t e e l , and the extension of telephone d i s p a t c h i n g . I t a l s o 

witnessed investment i n p r o j e c t s s p e c i f i c to the S e l k i r k s : the 

e x t e n s i o n of maintenance f a c i l i t i e s and yardage, and, i n r o l l i n g 

s tock, experimentation with the a r t i c u l a t e d pusher locomotive. 

This- second wave of investment i s much more e x p l i c i t l y r e l a t e d 

to i n c r e a s e s i n t r a f f i c . The D a i l y C o l o n i s t , f o r example, 

r e p o r t e d of the yardage expansion i n the mountains d u r i n g 1910, 

t h a t , 

The l a r g e i n c r e a s e i n t r a f f i c on the main l i n e 
n e c e s s i t a t e s a very l a r g e expenditure fo r s i d i n g s and 
spurs. E x t e n s i o n s w i l l be made to a l l yards not extended 
i n recent y e a r s . 2 5 8 

As i n the years 1900-06, the i n c r e a s e s i n t r a f f i c were both 

a b s o l u t e and r e l a t i v e between 1908 and 1913. The magnitude of 

the a b s o l u t e i n c r e a s e i s shown i n t a b l e 11, where i t can be seen 

that t r a f f i c t r i p l e d i n the f i v e years before the d e c i s i o n to 

abandon Rogers Pass. The magnitude of the r e l a t i v e i n c r e a s e i s 

shown i n t a b l e s 20 and 21. From t a b l e 20, i t can be seen that 

between the years 1908 and 1913, the p r o p o r t i o n of t o t a l system 
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business which was conveyed through the S e l k i r k s began to r e t u r n 

to the l e v e l s which had p r e v a i l e d i n the l a s t years of the f i r s t 

wave of i n f r a s t r u c t u r e investment. Moreover, t a b l e 21 i n d i c a t e s 

t h a t , while the r a t e s of i n c r e a s e i n each of the c a t e g o r i e s of 

f r e i g h t b usiness were hi g h , the r a t e of i n c r e a s e in g r a i n 

t r a f f i c was now no g r e a t e r than the r a t e of i n c r e a s e i n t o t a l 

system b u s i n e s s . The r a t e of i n c r e a s e i n f r e i g h t t r a f f i c through 

the S e l k i r k s , however, was over twice as great as the r a t e s 

elsewhere on the system. 

These i n c r e a s e s i n a b s o l u t e and r e l a t i v e l e v e l s of t r a f f i c 

p r e c i p i t a t e d a second wave of i n f r a s t r u c t u r e investment i n the 

S e l k i r k s . From t a b l e 18, i t may be seen that a f t e r 1908, the 

abso l u t e l e v e l of the C.P.R.'s investment i n B.C., and the 

p r o p o r t i o n of t o t a l expenditures on " A d d i t i o n s and Improvements" 

which was d i v e r t e d i n t o B.C., both i n c r e a s e d . Moreover, the 

p r o p o r t i o n of t o t a l expenditures which was d i v e r t e d i n t o 

B.C. d i d not decrease but r a t h e r i n c r e a s e d d u r i n g the years of 

in c r e a s e d c a p i t a l r a t i o n i n g between 1908 and 1910. T h i s 

c h a n n e l l i n g of r a t i o n e d c a p i t a l i n t o the mountains suggests that 

an i n c r e a s i n g number of p r o j e c t s i n the mountains was expected 

to y i e l d the r a t e of r e t u r n which the C.P.R. r e q u i r e d on i t s 

investments. 

T h i s r a t e of r e t u r n would be r e a l i s e d c h i e f l y from savings 

i n ' t h e v a r i a b l e c o s t of t r a f f i c movement through the S e l k i r k s . 

I t appears that the decrease i n v a r i a b l e c o s t s which set i n 

a f t e r 1906 was s h o r t - l i v e d . A f t e r 1908, the i n c r e a s e s i n t r a f f i c 

i m p l i e d an i n c r e a s e i n the l e v e l of v a r i a b l e c o s t s , much as the 

in c r e a s e s which had occu r r e d between the turn of the century and 
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1906 had done. The C.P.R. responded with a second wave of 

infrastructure investment, intended to reduce th i s l e v e l . 

However, during the second wave of infrastructure investment, 

the increases in t r a f f i c volume through the" Selkirks were far 

greater than they had been during the f i r s t wave. It i s l i k e l y , 

therefore, that the increase in the l e v e l of variable costs was 

also greater during the second wave than during the f i r s t . 

Moreover, i t appears that the scope for further small-scale 

improvements to the C.P.R. system through the Selkirks was 

almost exhausted by 1912. The main l i n e in the mountains 

compared with that elsewhere on the system in the quality of i t s 

r a i l s , i t s bridges and i t s dispatching organisation, and the 

l i m i t s of conventional motive power had been reached. Yet there 

was no evidence in 1912 that the increase in t r a f f i c volumes 

would abate — rather the reverse, as i s explained in section 

(6.6). There was therefore no prospect of a reduction in the 

le v e l of variable costs. Indeed, as congestion costs were 

incurred, the l e v e l of variable costs might r i s e more rapidly 

than the volume of t r a f f i c . Thus, although the C.P.R. had 

responded to increases in t r a f f i c with increases in 

infrastructure investment, the investments had not been 

s u f f i c i e n t by 1912 to effect a long-term solution to the problem 

of the escalating l e v e l of variable costs. Further investment, 

and a more dra s t i c solution, appeared to be imperative. Its 

timing would be influenced by the a v a i l a b i l i t y of funds. 
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6.5 The Fi n a n c i a l Resources Of The C.P.R. 

In almost every parameter, C.P.R. performance improved 

steadily after 1896, and, except for a temporary reversal 

between 1906 and 1908, the improvement continued u n t i l 1913, 

gathering momentum furiously after 1909. The tonnage of freight 

c a r r i e d by the C.P.R. increased by 312% between 1901 and 1913, 

from 7,155,813 tons to 29,471,814 t o n s . 2 5 5 Over the same period, 

freight earnings increased by 372%, from $18,983,186 to 

$89,655,223; 2 6 0 passenger earnings increased by 340%, from 

$8,083,370 to $35,545,062; and gross earnings per mile increased 

by 201%. The increases between 1909 and 1913, expressed as 

percentages, were 78% in freight tonnage, 86% in freight 

earnings, 76% in passenger earnings and 59% in gross earnings 

per mile. Reflecting the C.P.R.'s prosperity, i t s average stock 

price increased from 102 in 1901 to 178 in 1906, and from 160 in 

1908 to 254.5 in 1912. The dividend on common stock increased 

from 5% in 1902 to 6% in 1904, 7% in 1909 and 10% in 1911. 2 6 1 

McDougall has described these years as ones of "almost 

overwhelming prosperity...with earnings r i s i n g , seemingly 

without l i m i t . " 2 8 2 In presenting the annual report for the 

operating year 1911-12, Shaughnessy described that year as "the 

most prosperous year in the history of the Company." 2 6 3 Gross 

earnings for the year were $123 m i l l i o n , and net p r o f i t s almost 

$34 m i l l i o n . 2 6 4 Yet even th i s performance was outstripped in the 

following year, when gross earnings exceeded $139 m i l l i o n , and 

the net surplus was $36.6 m i l l i o n . 2 6 5 The C.P.R. exploited t h i s 

strength in order to attr a c t a further influx of c a p i t a l , 

issuing new ordinary stock with a par value of $18 m i l l i o n in 
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January 1912, 2 6 6 and r e a l i s i n g a further $20 m i l l i o n from 

preference and debenture i s s u e s . 2 6 7 

The f i n a n c i a l resources of the C.P.R. thus increased 

dramatically after 1908, and by 1912 there was no indication 

that t h i s increase would abate. Clearly, the Company did command 

s u f f i c i e n t resources to undertake major improvement projects, 

e n t a i l i n g increasing "lumpiness" of investment, in the years 

immediately before the F i r s t World War. Nevertheless, mere 

possession of these resources did not necessarily imply their 

investment in the Selkirks, even though this section was by 1912 

the most steeply graded portion of the system, and one of the 

las t portions of main l i n e to be operated over single track. 

Only i f the C.P.R. was s a t i s f i e d that the investment did offer 

an acceptable rate of return would any part of these resources 

be channelled into improvement projects in the Selk i r k s . 

6.6 T r a f f i c Forecasts And Their Implications 

Absolute volumes of t r a f f i c and rates of increase in the 

flows through the Selkirks between 1904 and 1913 are presented 

in tables 11 and 12. These data formed the base from which the 

C.P.R. generated estimates of future demand for the r a i l 

f a c i l i t y through the mountains. In October 1912, the forecast 

generated by the C.P.R.'s Chief Engineer was thus: 

Now assuming that in a few years the wheat t r a f f i c west 
w i l l increase s u f f i c i e n t l y to make eastbound and 
westbound t r a f f i c balance, and with these rates of 
increase, i t would take less than four years for the 
t r a f f i c to double. It would seem therefore, as i t w i l l 
take three or four years to b u i l d this [tunnel-] l i n e , 
that i t would be a conservative discounting of the 
future to assume that the east and westbound t r a f f i c 
w i l l be equal and double what the eastbound t r a f f i c has 
been the past y e a r . . . 2 6 8 
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Two features of this forecast should be noted. F i r s t , the 

forecast was e s s e n t i a l l y short-term in character. That i s , i t 

envisaged only the eventuality that t r a f f i c would double. 

Doubling was expected to occur within four years, but there is 

no forecast of the t r a f f i c volumes which the C.P.R. expected to 

handle beyond that horizon. The absence of longer-term forecasts 

is a severe handicap in the evaluation of a project with an 

extended payback period, such as investment in a railway tunnel, 

where benefits w i l l be r e a l i s e d long after the period spanned by 

a four-year t r a f f i c forecast. Moreover, the absence of longer-

term forecasts i s also a severe handicap in the evaluation of a 

project where a large proportion of the benefits comprises 

savings in variable costs due to improved alignment, rather than 

the savings in fixed costs. The savings in both variable costs 

and fixed costs in such a project may be long-term in character. 

However, the savings in variable costs w i l l fluctuate 

considerably with t r a f f i c volume, while savings in certain 

r e l a t i v e l y fixed costs, such as snowshed maintenance and shed-

and bridge-patrols, which are invariant to t r a f f i c volume, may 

be comparatively regular and predictable long into the future. 

The second feature of the forecast to note i s that i t was 

generated by the technique of simple, or l i n e a r , extrapolation, 

based upon the t r a f f i c volumes and rates of increase during the 

years August 1910-11 and August 1911-12. The only provision for 

deviation from th i s uniform rate of growth was in the forecast 

for westbound grain, the single commodity flow for which a 

s p e c i f i c forecast has survived. In order for the t o t a l volume of 

t r a f f i c to have doubled within four years, a rate of increase of 
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approximately 20%, compounded annually, would have been 

required. As table 12 reveals, t h i s rate was actually s l i g h t l y 

less than the rates of increase between 1911 and 1913. Moreover, 

as table 16 indicates, the actual rate of increase in westbound 

grain shipments during .1911-12 was 58%. Yet the C.P.R., in 

projecting an increase in grain t r a f f i c of 480,000 tons over 

four y e a r s , 2 6 ' from a 1912 base of 145,000 tons of grain, and 

assuming a minimum of 110,000 tons of r o l l i n g s t o c k , 2 1 0 must 

have been an t i c i p a t i n g a rate of increase of barely 15%. 

It appears, therefore, that the forecast was conservative 

when set against the actual rates of increase prior to 

commencement of the tunnel, and was even conservative in 

comparison with the rates of increase in several years since 

1904. In the contemporaneous economic circumstances of Canada, 

the optimism of the forecast i s perhaps understandable. As the 

President of the Vancouver Board of Trade reported in early 

1913, 

It is g r a t i f y i n g . . . t o be able to say that the Dominion 
of Canada has but recently closed the most prosperous 
year in i t s history, the records of the year 1912 
exceeding in almost every respect those of any previous 
year in a l l that concerns the f i n a n c i a l and commercial 
progress of our country. 

There i s , too, no special cause for apprehension 
that t h i s remarkable era of progress is about to receive 
any great setback... 2 1 1 

In fact, however, 1913 began "quietly" in Vancouver and 

Calgary, and by July 1913 in Vancouver, "It [was] realized by 

a l l classes of the community that the outlook for the coming 

winter [was] graver than for many y e a r s . " 2 1 2 Nevertheless, i t 

seems that the C.P.R. believed the downturn would be shortlived, 

for despite these adverse economic signals, the Company's 
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forecasts continued to be o p t i m i s t i c . In A p r i l 1913, the Vice-

President, S i r George Bury, himself applying the extrapolation 

technique to a data base spanning ten years of t r a f f i c flows on 

the Mountain and Shuswap Sections, forecast a continued increase 

in t r a f f i c through the mountains, and declared his conviction 

that any setback to growth in the West was "most unlikely, or i f 

i t should happen, i t could be only of a temporary 

character..." 2 7 3 

The volume of t r a f f i c through the mountains had doubled 

between 1908 and 1912. 2 7 4 Based on simple extrapolation from 

h i s t o r i c growth rates, the forecast for the mountains . in 1912 

was that volume would double again within another four years. 

Forecasted expansion of t h i s magnitude and r a p i d i t y had grave 

implications for the adequacy of the C.P.R.'s single-track main 

l i n e throughout the whole of B.C. 

As early as 1911, Bury had dispatched the Chief Engineer to 

"make a study" of double-tracking the entire C.P.R. main l i n e 

through the mountains to the West Coast. This study appears to 

have been motivated by competitive considerations: the desire to 

secure "the best transcontinental l i n e " in comparison with those 

of the Canadian Northern and the Grand Trunk P a c i f i c . 2 7 5 During 

1912, however, the need to increase capacity throughout 

B.C. became a more compelling motivation for the examination of 

double-tracking needs. In March 1912, Shaughnessy launched an 

i n i t i a t i v e intended to secure "additional track f a c i l i t i e s 

between Calgary and the Coast," appointing F. F. Busteed 

"Engineer in charge of grade revision and double tracking, 

Calgary west," and dispatching f i v e engineering parties into the 



263 

f i e l d . 2 7 ' Shaughnessy envisaged that, 

It i s probable that for a considerable portion of the 
distance we s h a l l find i t most desirable to double track 
the present l i n e , but no doubt there are many points 
where more advantageous grades can be secured by a 
diversion of the second t r a c k . 2 7 7 

In July 1912, Shaughnessy apparently conceded that "double 

tracking the l i n e from Calgary to Vancouver i s absolutely 

necessary in the very near f u t u r e . " 2 7 8 Detailed cost estimates 

prepared in December 1912 projected t o t a l outlay of 

$50,085,993.34 for the entire venture between the Laggan 

Subdivision and the C o a s t . 2 7 ' 

Forecasted t r a f f i c expansion, therefore, based on h i s t o r i c 

trends, stimulated a policy decision in 1912 to double track the 

entire C.P.R. main l i n e from Calgary to the Coast. The problems 

posed by double-tracking through the mountains were p a r t i c u l a r l y 

complex, and were threefold in character. F i r s t , the demand for 

double-tracking was most urgent in the mountains, because the 

capacity problem was most imminent there. Second, although the 

demand was most urgent, the gestation period for the provision 

of double track would be longer there than elsewhere, because of 

the nature of construction work in the mountains. Third, the 

provision of a second track would involve greater expense in the 

mountains than elsewhere. The double-tracking of the exis t i n g 

alignment might involve less c a p i t a l outlay than construction of 

an e n t i r e l y new route, but i t would also increase the number of 

tracks on gradients over which pusher service was required. With 

a double track, and double the volume of t r a f f i c , the Company 

would be committed to incurring the additional operating expense 

of the pusher gradients even more i r r e v e r s i b l y than i t had been 
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when the o r i g i n a l single track was l a i d through the mountains 

t h i r t y years before. A l t e r n a t i v e l y , location of an e n t i r e l y new 

route, and construction of an e n t i r e l y new double track, would 

require an even longer gestation period, during which congestion 

costs and the opportunity costs of foregone t r a f f i c could be 

expected to escalate rapidly. It would also involve an even more 

"lumpy" investment of c a p i t a l , with the concomitantly greater 

ri s k that the payback period would be prolonged. 

That these problems were simply not as acute elsewhere in 

the West is well demonstrated by the ordering of the double-

tracking work between Calgary and the Coast, and the c r i t e r i a 

for that ordering. Surveys for alternative mountain routes had 

begun in 1911 , 2 8 0 and even when an alternative route in the 

Selkirks was selected, i t was expected to take "three or four 

years to b u i l d [the] l i n e . " 2 8 1 In contrast, double-tracking for 

24 miles east of Vancouver had been completed by the spring of 

1912, 2 8 2 and the decision to double track for a further 57 miles 

east, taken in July 1912, had been c a r r i e d out by June 1913. 2 8 3 

The c r i t e r i a for undertaking the l a t t e r section early in 

the double-tracking programme were thus: 
i 

There i s no Engineering question to be decided...The 
gradients and alignments are good..., but regardless of 
how well managed our construction work on the whole l i n e 
w i l l be, there is bound to be delay and therefore i f we 
can have pieces completed on which we can make up time 
with our passenger and fast freight t r a i n s and our 
business generally, the Company's reputation would be 
enhanced and i t s interests doubly s e r v e d . 2 8 4 

The i n i t i a l investment was $1,914,264.63, averaging $33,584 per 

mile, and while the return anticipated in "enhanced reputation" 

was not quantified, Bury c l e a r l y believed that i t j u s t i f i e d the 

provision of surplus capacity east of Vancouver: 
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Having in view...the advantages that we would gain in 
t h i s section when the other sections are under 
construction, I believe that the Company w i l l get better 
returns from this investment than from any other 
investment they can make between Calgary and the 
Coast. 2 8 5 

S i m i l a r l y , the i n i t i a l c r i t e r i o n for the next sections of double 

track, from Revelstoke to Taft, from Kamloops east to Pritchard 

and west to Tranquille, and at the Notch H i l l and Walhachin 

diversions, was that there be "no p o s s i b i l i t y of causing 

disturbances that would inte r f e r e with t r a f f i c while under 

construction." 2 8 ' 

Only the f i r s t three of these projects were in fact 

accepted. There is no evidence that any analysis was undertaken 

in order to determine whether or not these sections should have 

been double-tracked at a l l . Available analyses begin with the 

assumption that double-tracking was necessary in each case, and 

merely contrast the costs and benefits of incorporating 

improvements into the double-tracking. Between Revelstoke and 

Taft, the existing main l i n e was to be doubled, at a cost of 

$1,450,000 for the 24 miles, or an average of $60,417 per mile. 

The cost of incorporating improvements between Pritchard and 

Kamloops was estimated at $126,912, and the benefits of the 

improvements, $14,000 per annum for perpetuity, were c a p i t a l i s e d 

at 5% to y i e l d a t o t a l of $280,000, implying a positive net 

present value of $153,088. Between Kamloops and Tranquille, the 

cost of improvements was $65,747, and the benefits $7,000 per 

annum for perpetuity, or $140,000 at a discount rate of 5%, 

implying a positive net present value of $74,253. Interestingly, 

the improvements at Notch H i l l and Walhachin, which Shaughnessy 

rejected, would have yielded p o s i t i v e net present values of 
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$293,414 and $1,172,130 respectively. However, the respective 

costs of these double-tracking projects, incorporating 

improvements, were $2,325,000, or $86,111 per mile for 27 miles, 

and $1,202,529, or $100,211 per mile for 12 m i l e s . 2 8 7 It appears 

to have been the magnitude of these c a p i t a l costs, and the 

associated risk of obtaining p o s i t i v e returns from the outlays, 

which deterred Shaughnessy. 

Even within the mountains, the problems of double-tracking 

were not as acute in the Rockies as in the Selk i r k s . Certainly, 

prolonged gestation and high t o t a l cost would ensue regardless 

of the manner in which the c a p i t a l cost of double-tracking were 

to be traded off against subsequent operating costs in the 

Rockies. It had been only three years since the single-track 

• S p i r a l Tunnels had opened. There were rumours that the 

C.P.R. proposed to drive duplicate S p i r a l s , 2 8 8 and even to 

supersede the Spirals with a 16-mile tunnel between Alberta and 

B.C., which would require seven years for completion and cost 

$14 m i l l i o n . 2 8 9 However, the capacity problem in the Rockies may 

not have been as severe as in the Selkirks, for the 2.2% 

gradients through the former extended for only 17.8 miles, 

compared with 46.1 miles of 2.2% gradient through the 

S e l k i r k s . 2 9 0 Moreover, construction of the Kootenay Central, 

which had been proceeding since 1910, may have been expected to 

further mitigate any main-line capacity problems in the Rockies. 

Although o r i g i n a l l y intended to serve s e t t l e r s in the Columbia 

and Kootenay river v a l l e y s , 2 9 1 and not intended as an 

alternative through route, i t would, when opened in 1914, link 

the e x i s t i n g main l i n e at Golden with the Crow's Nest l i n e at 
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Elko. In practice, therefore, i t did complete an alternative 

route through the Rockies, and may have been perceived by the 

C.P.R. as a means of delaying the double-tracking of the 

existing main l i n e . 

It was on the main l i n e west of Golden, therefore, that the 

capacity problem was most acute, and where double-tracking 

p r i o r i t i e s were most u r g e n t . 2 9 2 By January 1913, Bury reported 

that between Golden and Ruby Creek, "we are almost up to the 

capacity of the present single track." The imminence of the 

capacity problem here led him "most strongly" to recommend "the 

immediate double tracking" of thi s s e c t i o n , 2 9 3 and in A p r i l , he 

warned again that i t would be "impracticable" to handle t r a f f i c 

over the exis t i n g route, "unless i t be doubletracked, and that 

just as fast as we are able to accomplish i t . " 2 9 4 It was in 

Rogers Pass that the capacity problem was expected to be most 

severe. S u l l i v a n , having forecast that t r a f f i c through the Pass 

would double within four years, concluded summarily in 

retrospect that, 
...the present single track l i n e with double the present 
t r a f f i c would make the business too congested for 
economical single track operation. Therefore, i t was 
apparent that i t was time to study the question of 
double tracking the present l i n e or seeking a new l i n e 
for double t r a c k . 2 9 5 

In 1912, therefore, the t r a f f i c forecast for Rogers Pass 

was that volume would double within the next four years, and the 

implication of t h i s forecast was that the main l i n e through the 

Selkirks would have to be double tracked. It should be noted 

that the t r a f f i c growth which made doubling through Rogers Pass 

essential was expected to involve increased flows _in both 

dir e c t i o n s , and that capacity problems were not expected to be 
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more acute in one di r e c t i o n than in the other. Moreover, the 

decision to double-track the main l i n e through the Selkirks did 

not in i t s e l f imply construction of a tunnel beneath Rogers 

Pass. Investment in a tunnel would be j u s t i f i e d only i f the 

additional cost of providing the improved alignment were to be 

outweighed by the additional benefits which would accrue from 

the reduced cost of hauling ex i s t i n g t r a f f i c over the improved 

alignment, and from the reduced • cost of hauling a l l the 

incremental t r a f f i c which would be attracted to the new route by 

the increase in main-line capacity. The C.P.R. had already 

undertaken investments elsewhere on i t s system which were 

intended to reduce the variable costs of hauling existing and 

incremental t r a f f i c . Only the generation and evaluation of 

alternative routes would reveal whether or not the C.P.R. would 

be able, in 1913, successfully to trade off c a p i t a l costs 

against operating costs, as i t had done recently elsewhere on 

the main l i n e , and as i t had done already at the summit , of the 

Selkirks in 1885. 

This chapter leads far away from the interpretation that 

the dr i v i n g of the Connaught Tunnel was merely a response to the 

1910 avalanche disaster. In the route taken by the o r i g i n a l main 

li n e through Rogers Pass, capacity constraints were at least as 

latent as snowslides. These capacity constraints became ever 

more binding as the demand for main-line capacity increased, and 

ever more economically intolerable as competitive pressures 

accumulated. Even though investments were undertaken, both 
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w i t h i n and beyond the S e l k i r k s , the l a t e n t c a p a c i t y problem over 

Rogers Pass, rooted i n the s i n g l e - t r a c k c o n f i g u r a t i o n over 

severe g r a d i e n t s , remained u n r e s o l v e d . In 1913, the 

C.P.R. commanded the r e q u i s i t e resources to r e s o l v e i t , and 

t r a f f i c f o r e c a s t s provided the impetus f o r a s o l u t i o n to be 

sought. The process of demand e s t i m a t i o n h i g h l i g h t e d the 

imminence of a c a p a c i t y problem, and only the gen e r a t i o n and 

sc r e e n i n g of a l t e r n a t i v e s would r e v e a l the most a p p r o p r i a t e 

s o l u t i o n . 
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FOOTNOTES 

1 These distances are taken from C.P.R. Co., B r i t i s h Columbia  
D i s t r i c t , Timetable 31, taking effect at 24.01 o' clock Sunday,  
Oct. 29th, 1916, "Mountain Subdivision." This was the l a s t 
working-timetable published by the C.P.R. prior to the opening 
of the Connaught Tunnel. The distances d i f f e r s l i g h t l y from 
those given in Chapter 4 above. The difference i s explained by 
the relocation of Rogers Pass station in 1899. Following i t s 
destruction by an avalanche, the station was r e b u i l t 
approximately one mile further south, in a s l i d e - f r e e area 
closer to the summit of the Pass. The change increased the 
distance between Beavermouth and Rogers Pass stations from 19.8 
to 20.8 miles, and decreased the distance between Albert Canyon 
and Rogers Pass stations from 26.3 to 25.3 miles. Since the 
change did not affect the gradient system, however, i t did not 
a l t e r the actual distances up which trains had to be assisted on 
either slope of the Sel k i r k s . 
2 The motive power which was most frequently deployed in service 
over Rogers Pass was 210% locomotives, numbered in the "3820" to 
"3870" serie s . "Dynamometer Car Tests," RCM 76.15.188-45693.6. 
For further discussion of motive power in the Selkirks, see 
below, pp. 235-240. 
3 This seems unlikely, because the C.P.R. did take steps to 
expand i t s pusher f l e e t as t r a f f i c increased throughout the 
years of surface operation. See below, pp. 235-6. Shortage of 
motive power would not alone have motivated investment in a 
realignment designed to reduce the requirement for pushers: i t 
was far cheaper to build locomotives than to b u i l d tunnels. 
4 This is s l i g h t l y more plausible, although contemporary 
photographs showing Royal Trains assisted over the Selkirks by 
up to seven locomotives indicate that drawbars capable of 
withstanding stress from up to four locomotives in multiple were 
in use on certain passenger stock. 
5 See note (193). 
6 F. J. Fisher to J. M. McKay, 
25, 1913. RCM 76.15.188-45693.6. 
7 "Dynamometer Test Report," May 
45693.6. 
8 Fisher to McKay, op. c i t . 
9 "Dynamometer Test Report," May 
45693.6. 

Superintendent, Revelstoke, May 

14 and 15, 1913. RCM 76.15.188-

8 and 9, 1913. RCM 76.15.188-

1 0 "The freight t r a i n winter tonnage rating i s f i v e per cent 
less than that of the summer rating." J. H. Shinnick, Inspector, 
Calgary, to G. A. Mountain, Chief Engineer, Railway Commission, 
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February 20, 1918, CTC, Ottawa, F i l e 21029.7 ("Connaught Tunnel, 
Glacier, B.C."). This was after the opening of the Connaught 
Tunnel. It is not clear whether the rating was reduced 
s p e c i f i c a l l y because of the deterioration in r a i l conditions 
within the tunnel during the winter months, or whether the 
reduction was operational prior to the abandonment of the 
surface alignment. 
1 1 For the 1906 data, the range of demand on the Mountain 
Section was 5.76, in comparison with 4.54 on the Shuswap 
Section. The respective standard deviations were 29.63 and 
26.89. 
1 2 Cornell C i v i l Engineer, op. c i t . , p. 80. The Railway Age  
Gazette set the volume at "four to eight transcontinental 
passenger trains and an average of about twelve freight trains 
d a i l y . " Railway Age Gazette, Vol. 57, No. 24, December 11, 1914, 
P. 1082. 
1 3 In 1906, approximately 10.5% of the annual t o t a l t r a f f i c was 
moved in June, the peak month. No data for the monthly 
d i s t r i b u t i o n of t r a f f i c flows i s available for 1912. However, 
assuming that June was the peak month for 1912, and that 10.5% 
of the annual t o t a l of t r a i n movements occurred during t h i s 
month, the average d a i l y demand for t r a i n paths in both 
directions would have been 21.5. ([10.5% x 6,162]/30). 
1 4 Sullivan to Bury, October 22, 1912, PIC CPCA. 
1 5 Ibid. 
1 6 Cornell C i v i l Engineer, op. c i t . , p. 80. 
1 7 Ibid. 
1 8 See below, pp. 259-268. 
1 9 The proportions of the imbalance between the time required to 
pass eastbound and westbound trains are remarkably consistent 
throughout the years 1906-08, averaging 21.4%. During these 
years, t r a i n weights increased and t r a i n speeds decreased, while 
t r a f f i c volumes decreased, and the pro b a b i l i t y of congestion 
therefore decreased also. The average elapsed times for a l l 
trains eastbound and westbound respectively are:- 1906, 13 hours 
41 mins. and 11 hours 17 mins.; 1907, 14 hours 9 mins. and 11 
hours 38 mins.; 1908, 12 hours 55 mins. and 10 hours 39 mins. 
"Notebook: Comparative Freight Train Performance, 1906-08," 
K i l p a t r i c k MSS, Vancouver. 
2 0 Bury to Shaughnessy, March 18, 1910, quoting a l e t t e r to 
Busteed of March 15, 1910. PIC CPCA. 
2 1 Bury to Shaughnessy, March 15, 1910, PIC CPCA. 
2 2 Province, July 31, 1912, p. 1; August 12, 1912, p. 17. 
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2 3 Van Home's Road, op. c i t . , notes to plates 431-2, p. 270. 
2 4 Province, A p r i l 21, 1902, p. 1. 
2 5 "Diary, 1909," entry for December 9, 1909. K i l p a t r i c k MSS, 
Vancouver. 
2 6 "Conductor's Report," enclosed with, McKay to D'Arcy, 
February 7, 1914, RCM 76.15.100-014872. 
2 7 Cornell C i v i l Engineer, op. c i t . , .p. 79. 
2 8 Ibid. 
2 9 C.P.R. Co., "Timetable No. 31," op. c i t . 
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2 7 1 Vancouver Board of Trade, 1912-13, p. 34. See also 
Glazebrook, op. c i t . , pp. 313-319. 
2 7 2 Labour Gazette, Vol. 14, July, 1913, p. 37. See also those 
"Local Correspondents' Reports" for Vancouver and Calgary which 
were submitted to the Labour Gazette monthly after January 1913. 
2 7 3 Bury to Shaughnessy, A p r i l 21, 1913, PIC CPCA. 
2 7 4 See table 13. 
2 7 5 Bury to Shaughnessy, January 3, 1913, PIC CPCA. See also 
above, section (6.3). 
2 7 6 Canadian Railway And Marine World, August 1912, p. 416. 
2 7 7 Shaughnessy to Bury, March 18, 1912, "Letterbooks." 
2 7 8 Bury to Shaughnessy, July 19, 1912, PIC CPCA. 
2 7 9 "C.P.R. Co., Requisitions for Appropriations, Kamloops, 
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December 27th, 1912." The complete l i s t of req u i s i t i o n s for the 
double-tracking project i s available in F i l e RG 2, "Rogers Pass 
Tunnel," No. 97850, CPCA. 
2 8 0 Bury to Shaughnessy, January 3, 1913. PIC CPCA-. 
2 8 1 S u l l i v a n to Bury, op. c i t . 
2 8 2 Province, July 31, 1912, p. 1. 
2 8 3 Province, May 29, 1913, p. 14. 
2 8 4 Bury to Shaughnessy, July 19, 1912, op. c i t . 
2 8 5 Ibid. 
2 8 6 Bury to Shaughnessy, March 26, 1913. PIC CPCA. 
2 8 7 "Statement of Costs of Double Tracking and Economics of 
Proposed Changes on Work Proposed to be Undertaken, Year 1913, 
North Bend to Revelstoke," enclosed in Bury to Shaughnessy, July 
19, 1912. 
2 8 8 Province, September 7, 1912, p. 1; Canadian Railway And  
Marine World, October 1912, p. 505; May 1913, p. 203. 
2 8 9 Province, A p r i l 5, 1913, p. 1. 
2 9 0 See notes (183) and (184). 
2 9 1 C.P.R. Co., Annual Report, 1910, p. 8. 
2 9 2 Canadian Railway And Marine World, May 1913, p. 223. 
2 9 3 Grant H a l l , t e l . to Shaughnessy, January 30, 1913, PIC CPCA. 
2 9 4 Bury to Shaughnessy, A p r i l 21, 1913, op. c i t . 
2 9 5 Cornell C i v i l Engineer, op. c i t . , p. 84. 
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CHAPTER 7 

ALTERNATIVES AND THEIR EVALUATION 

In 1912, the C.P.R. had i d e n t i f i e d a capacity problem in 

Rogers Pass. Unless a second main l i n e into B.C. could be 

constructed within the next four years, the existing single-

track f a c i l i t y would become too congested to meet the demand for 

increased t r a f f i c movement through the mountains. By 1912, 

therefore, there was a r e v i v a l of interest in alternative routes 

across the Selkirk Divide. Once again, as in the early 1880's, 

the C.P.R. was compelled to address the question of determining 

an appropriate alignment through the mountains, and an 

appropriate l e v e l of investment in order to secure such an 

alignment. Once again, alternative solutions would have to be 

generated and evaluated before the investment decision could be 

taken. This chapter i s concerned with the generation and 

evaluation of those a l t e r n a t i v e s . 

7.1 Alternatives Beyond The Selkirk Mountains 

In retrospect, Sir George Bury recalled that, when interest 

in a lternative routes revived in 1912, 

There were three p o s s i b i l i t i e s , via the Yellow Head, 
via Roger's Pass and possibly a route somewhere between 
Roger's Pass and the [U. S.] boundary. 1 

This i n i t i a l range of alte r n a t i v e s was screened without detailed 

evaluation by the application of a "dominance" method to basic 

engineering c r i t e r i a of distance and gradients. 
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a) Alternatives South Of Rogers Pass 

We f i r s t took the necessary steps to assure 
ourselves that there was no pass s u f f i c i e n t l y low, 
across the Selkirk Mountains, between the Crows Nest 
li n e and Roger's Pass. 2 

Engineers surveyed the St. Mary's river valley, where a four-

mile tunnel would be required to secure a 5,000-feet track 

summit, and Toby Creek, where a three-mile tunnel would be 

required to secure a summit of 4,700 feet. The summit of the 

existing f a c i l i t y was 4,342 feet. These amounts of tunnelling, 

without securing a reduction in the amount of r i s e and f a l l on 

the main l i n e , were unacceptable to the C.P.R. During October 

1912, an engineer was offered a bonus of $1,000 " i f he could 

fi n d any point at which we could get through at less than 4,000 

feet with a tunnel of reasonable length." 3 By January, his 

search had f a i l e d : "His t r i p resulted only in confirming the 

figures we had as to the heights of the various passes." 4 

Without an alternative pass, the C.P.R. would have been 

compelled to follow the Crow's Nest Pass in any mountain 

crossing south of the existing main l i n e . The Crow's Nest l i n e 

had been b u i l t to develop mineral resources, and to pre-empt 

American r i v a l r y in the Kootenays. 5 The C.P.R. had never 

intended i t to form part of an alternative transcontinental 

system, and no direct link was available between the Crow's Nest 

l i n e and the main l i n e west of th'e mountains. Thus, although the 

maximum gradient on the Crow's Nest l i n e was only 1% in either 

d i r e c t i o n , t h i s advantage in gradients was o f f s e t by the far 

greater distance entailed in crossing the mountains by any route 

involving the Crow's Nest railway. 

The western terminus of the Crow's Nest l i n e was at 
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Kootenay Landing. Beyond t h i s point, several alternative routes 

were avail a b l e , each of which would avoid the Selkirks. Most 

would rejoin the main l i n e at Revelstoke, but one, the route 

proposed for the Kettle Valley Railway, would rejoin the main, 

li n e at Hope. Each of these alternative, routes was rejected, 

however, e x p l i c i t l y "on account of the excessive distances of 

a l l other l i n e s by way of Robson or by way of the Kootenay Lake 

and Lardo [ s i c ] . " ' The routes to Revelstoke may have been 

screened out quite simply because of their greater distance and 

their requirement, either for transhipments or for fresh 

construction around the lakes. As late as June 1913, however, 

Sullivan communicated a memorandum to the President explaining 

why the Crow's Nest and Kettle Valley route also afforded no 

improvement over the existing main l i n e : in addition to 

increased distance, i t required more ri s e and f a l l , and a far 

greater pusher mileage. Pusher locomotives would be required 

between Dunmore and Vancouver for 810 miles westbound and 975 

miles eastbound on the Kettle Valley route, compared with 166 

miles westbound and 406 miles eastbound on the existing main 

l i n e . Total engine mileage would be 50% greater in either 

d i r e c t i o n on the alternative route, and because of the 

additional r i s e and f a l l on the l a t t e r l i n e , t h i s would 

translate into an even greater disadvantage in fuel 

consumption. 7 This a l t e r n a t i v e , too, was therefore rejected. 
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b) The Yellowhead Pass 

The C.P.R. may already have considered construction through 

the Yellowhead Pass prior to i t s decision to eliminate the Big 

H i l l . Speculation was r i f e in 1906, and even after the driv i n g 

of the Sp i r a l Tunnels had begun in 1907, that the Company would 

complete th i s link from Edmonton to Kamloops because of i t s 

easier gradients, i t s potential for generating l o c a l t r a f f i c , 

and i t s competitiveness with the Grand Trunk P a c i f i c . 8 Walter 

Moberly, in a memorandum prepared in October 1907, recorded 

The best and most convenient l o c a l i t i e s along the 
li n e of the proposed C.P.R. via the Yellow Head Pass, 
where good water powers for creating E l e c t r i c energy can 
be obtained in the immediate v i c i n i t y of the l i n e of 
railway...' 

Later the same month, however, Shaughnessy scotched the rumours: 

The talked of extension from Edmonton through the Yellow 
Head Pass...had never seriously been considered by the 
C.P.R., and nothing was being done in thi s connection at 
the present time... 1 0 

The C.P.R.'s purchase of the Alberta Central Railway to Red 

Deer in 1909 b r i e f l y revived rumours of the C.P.R.'s ambitions 

upon the Yellowhead Pass, 1 1 but i t was not u n t i l 1912, with the 

decision to seek a double track across the mountains, that the 

Company seriously re-examined the route. In March, engineers 

were dispatched into the Yellowhead, 1 2 and in A p r i l , the 

Province reported that the C.P.R. intended to link Red Deer, 

east of the Pass, with Kamloops, on the existing C.P.R. main 

l i n e . 1 3 The alternative was rejected, however: 

The l i n e through the Yellow Head would have to go 
via Edmonton. Starting out at Red Deer, in order to 
secure a low grade, i t would have required a l i n e of too 
great a d i s t a n c e . 1 4 

The reasons for which the C.P.R. had declined to bui l d through 
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the Yellowhead Pass i n the 1880's were as compelling i n 1912. 

Thus, although the C.P.R. had been prepared s e r i o u s l y to 

co n s i d e r a l t e r n a t i v e routes around the S e l k i r k Mountains, and 

although "engineers of eminence had adv i s e d i n favor of the 

northern or southern passes r a t h e r than our present l i n e , " 1 5 no 

s u i t a b l e a l t e r n a t i v e had been found. The topography of the 

Kootenays and the piecemeal development of r a i l l i n k s 

complementary to the waterways m i l i t a t e d a g a i n s t the adoption of 

an a l t e r n a t i v e south of Rogers Pass. To the north, the 

disadvantage of the g r e a t e r d i s t a n c e v i a the Yellowhead Pass 

outweighed the advantage of i t s s u p e r i o r g r a d i e n t s , and the 

route was r e l i n q u i s h e d to the Grand Trunk P a c i f i c and the 

Canadian Northern. The C.P.R. r e j e c t e d these a l t e r n a t i v e s , and 

r e a f f i r m e d i t s confidence i n the commercial supremacy of a route 

through the S e l k i r k s . 

7.2 A l t e r n a t i v e s Within The S e l k i r k Mountains 

By October 1912, " I t t h e r e f o r e seemfed] apparent that the 

only l o c a t i o n from Golden west [was] v i a the present r o u t e . " 1 6 

Along the present route, there were three a l t e r n a t i v e s . The 

f i r s t a l t e r n a t i v e was to b u i l d around the "Big Bend" of the 

Columbia R i v e r , an a l t e r n a t i v e which, l i k e the Yellowhead Pass, 

the C.P.R. had r e j e c t e d when l o c a t i n g the o r i g i n a l main l i n e i n 

the 1880's. The second a l t e r n a t i v e was to double-track the 

e x i s t i n g f a c i l i t y through Rogers Pass, and the t h i r d a l t e r n a t i v e 

was to tunnel beneath Rogers Pass and abandon the s u r f a c e 

alignment a l t o g e t h e r . 

Walter Moberly had c o n s i s t e n t l y canvassed the advantages of 



290 

the B i g Bend route i n comparison with the e x i s t i n g main l i n e . In 

May 1902, he sent a memorandum to the General Superintendent of 

the C.P.R.'s P a c i f i c D i v i s i o n , recommending wholesale d i v e r s i o n 

of the e x i s t i n g main l i n e between Revelstoke and Swift Current. 

Within t h i s scheme, Moberly c l e a r l y b e l i e v e d that the f i r s t 

p r i o r i t y should be the abandonment of Rogers Pass, by means of a 

l i n e c o n s t r u c t e d around the r i g h t bank of the Columbia River and 

through the Howse Pass to Red Deer, A l b e r t a : 

At f i r s t the p o r t i o n of the proposed l i n e — a d i s t a n c e 
of 330 m i l e s — from Revelstoke to Red* Deer might be 
b u i l t , thus a v o i d i n g the S e l k i r k Mountains, and the 
s e c t i o n between Red Deer, by the Red Deer v a l l e y , 
subsequently c o n s t r u c t e d . 1 7 

Moberly envisaged the r o u t e i n g of h e a v i l y loaded t r a i n s v i a Red 

Deer, with the e x i s t i n g l i n e being r e s e r v e d " f o r l i g h t e r t r a f f i c 

i f not abandoned a l t o g e t h e r . " 1 8 

Moberly's scheme envisaged the o p e r a t i o n of a short s e c t i o n 

on the west slope of Howse Pass by e l e c t r i c i t y . T h i s would be 

"the only e x c e p t i o n a l l y heavy" g r a d i e n t "from Vancouver to the 

E a s t . " 1 9 The realignment thus favoured westbound t r a f f i c . 

Moberly was o p t i m i s t i c about the pro s p e c t s f o r westbound g r a i n , 

c i t i n g orders p l a c e d i n S e a t t l e f o r g r a i n shipments to 

V l a d i v o s t o c k . 2 0 He was a l s o concerned about the s t r e n g t h of 

•U.S. c o m p e t i t i o n f o r t r a n s c o n t i n e n t a l t r a f f i c . 2 1 In 1905, 

t h e r e f o r e , he p e t i t i o n e d the Royal Commission on T r a n s p o r t a t i o n 

fo r f e d e r a l a s s i s t a n c e to the realignment scheme: 

Taking a l l matter connected with the e a r l i e r days of 
the C.P.R. when under Government c o n t r o l and f e e l i n g 
convinced that i t was du r i n g that p e r i o d that the 
mistakes were made i n not having the r a i l w a y more 
advantageously l o c a t e d , I thin k i t would only be f a i r 
t h a t the Dominion Government should pay reasonably to 
get a b e t t e r l i n e f o r the C.P.R. through the mountains 
and thereby confer i n e s t i m a b l e b e n e f i t s upon the people 
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of the Dominion by advancing both t h e i r home and f o r e i g n 
t r a d e . . . 2 2 

The p e t i t i o n appears to have been u n s u c c e s s f u l : even the 

C.P.R. was unconvinced of the n e c e s s i t y f o r investment i n the 

realignment. At t h i s time, i t s p r i n c i p a l t r a f f i c flows were 

eastbound. Moreover, i t d i d not fe a r competition as much as 

Moberly b e l i e v e d i t should. " I f the G[rand] T[runk] P [ a c i f i c ] 

get p o s s e s s i o n of the Howse Pass any chance of l i g h t grades on 

the C.P.R. w i l l be im p o s s i b l e , " Moberly warned i n 1904. He even 

o f f e r e d h i s s e r v i c e s to "take p o s s e s s i o n " of the Howse Pass f o r 

the C.P.R., i n order to "head o f f the Grand Trunk P a c i f i c and 

f o r c e them to b u i l d t h e i r r a i l w a y through the Pine r i v e r 

P a s s . " 2 3 The C.P.R. must have r e s i s t e d the o f f e r , f o r s i x months 

l a t e r Moberly was w r i t i n g to C h a r l e s M. Hays, P r e s i d e n t of the 

Grand Trunk P a c i f i c , suggesting that the Grand Trunk P a c i f i c 

might f i n d a t r i a l l o c a t i o n through the Howse Pass more 

favou r a b l e than one .through the Pine or Skeena R i v e r p a s s e s . 2 4 

The Grand Trunk P a c i f i c , however, would e v e n t u a l l y l o c a t e i t s 

main l i n e through the Yellowhead Pass. 

Announcement of the C.P.R.'s i n t e n t i o n to double t r a c k west 

of Winnipeg s t i m u l a t e d Moberly again to recommend d i v e r s i o n 

around the Big Bend and Howse Pass. Van Home, however, informed 

Moberly t h a t , "the shareholder's would not stand the expense of 

the a l t e r a t i o n s i n the l i n e . " 2 5 The C.P.R. d i d b r i e f l y c o n s i d e r 

c o n s t r u c t i o n around the Big Bend i n 1907, durin g the guest f o r 

gr a d i e n t r e v i s i o n which u l t i m a t e l y accorded p r i o r i t y to the 

e l i m i n a t i o n of the Big H i l l . However, i n order to o f f s e t the 

disadvantage of i n c r e a s e d d i s t a n c e around the B i g Bend, the 

d i v e r s i o n had to e f f e c t a g r a d i e n t r e d u c t i o n as f a r west as 
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Clanwilliam. This would have entailed bypassing Revelstoke to 

the north. It would also have entailed the .surrender of the 

l o c a l lumber t r a f f i c to water competition, for i f the railway 

abandoned Revelstoke, the Columbia River, here flowing 

southwards into the United States, would provide a ready 

alternative outlet for the millowners at Arrowhead. 2 4 

A more serious investigation of the Big Bend route was 

undertaken in 1910. This investigation may have been prompted by 

the avalanche disaster of that year, and may have sought an 

alternative to the main l i n e through Rogers Pass which offered 

greater safety rather than greater capacity. However, the survey 

may equally have been prompted by a C.P.R. policy i n i t i a t i v e 

intended to head off the Grand Trunk P a c i f i c at the Yellowhead 

Pass; 2 1 or i t may have been prompted by the desire of the 

C.P.R. to increase i t s market share of lumber t r a f f i c to the 

p r a i r i e s , by securing a route through the Columbia Valley which 

would "tap the vast areas of valuable timber in that 

d i s t r i c t . " 2 8 Whatever the motivation, the survey f a i l e d to 

locate an alternative transcontinental route superior to that 
through Rogers Pass: 

We could not figure any economics that would j u s t i f y 
considering the l i n e via the Columbia River on account 
of the extra distance, (one hundred miles more of 
mountain r a i l w a y ) . . . 2 9 

This alternative was therefore rejected on basic engineering 

c r i t e r i a , perhaps as early as A p r i l 1912.: i t was "longer than 

the existing main l i n e , and the grades [were] l i t t l e b e t t e r . " 3 0 

As in the Yellowhead Pass, so in the Big Bend, when the 

C.P.R. had the opportunity to r e c t i f y the "mistake" of locating 

i t s main l i n e d i r e c t l y through the S e l k i r k s , i t reaffirmed i t s 
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confidence in the o r i g i n a l trade-off decision. 

Decision among the remaining alternatives, whether to 

double-track the existing main l i n e or to tunnel beneath Rogers 

Pass, was less clearcut, and the costs of the several 

alternatives were computed and compared in order to as s i s t the 

decision-making process. The key feature of a l l of the cost 

comparisons was that they began with the assumption that double-

tracking was necessary: the purpose of the analyses was simply 

to determine the least-cost a l t e r n a t i v e for achieving t h i s end. 

The re s u l t s of the f i r s t cost comparison, conducted by 

Sullivan in October 1912, are reproduced in table 22. Given that 

the c r i t e r i o n of acceptance was least-cost, alternative (III) 

was preferred. The annual operating saving of $101,300 was based 

on the a p r i o r i assumption that t r a f f i c would have doubled to 

13,469,320 equivalent gross tons per year by the time the tunnel 

was opened. This saving, combined with the saving in snowshed 

maintenance, yielded an annual benefit of some $226,000 for the 

tunnelling project, when set against the cost of double-tracking 

the ex i s t i n g l i n e . 3 1 Nevertheless, the results may not have been 

as convincing as they appeared from Sullivan's analysis. Bury 

was convinced, but in January 1913 he wrote that "hardly anyone 

shared" his b e l i e f that gradient reduction on the existing main 

l i n e through Rogers Pass would make "the best transcontinental 

l i n e . " The American consultant, V i r g i l G. Bogue, was therefore 

dispatched in the winter of 1912 to conduct an independent 

a n a l y s i s . 3 2 He reported on January 20, 1913, and his 

calculations decidedly favoured adoption of the tunnel 

a l t e r n a t i v e . 3 3 
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TABLE 22 

COST COMPARISON OF DOUBLE-TRACKING ALTERNATIVES THROUGH THE 
SELKIRK MOUNTAINS, OCTOBER 1912. 

Alternative Cost £ 

I. Double-Track Present Line, Wooden Snowsheds. 

23,760 f t . snowsheds, at $20 per foot 475,200 
24 miles double track, at $30,000 per mile 720,000 
1/2 mile steel bridges 750,000 
Extra cost of operating, $101,300 annually, 

c a p i t a l i s e d at 4% 2,532,500 
Cost of maintaining snowsheds, $125,000 annually, 

c a p i t a l i s e d at 4% 3,125,000 
Total 7,602,700 

II . Double-Track Present Line, Reinforced-Concrete Snowsheds 

23,760 f t . snowsheds, at $160 per foot 3,801,600 
24 miles double track, at $30,000 per mile .720,000 
1/2 mile steel bridges 750,000 
Extra cost of operating, $101,300 annually, 

c a p i t a l i s e d at 4% 2,532,500 
Total 7,804,100 

II I . Tunnel Line. 

16 miles double track, at $75,000 per mile 1,200,000 
Bear Creek Bridge 200,000 
27,300 f t . double-track tunnel, at $150 per foot 4,095,000 

Total 5,495,000 

If e l e c t r i f i c a t i o n i s required, add:-
For construction 250,000 
Extra cost of operating and maintenance, 

$60,000 annually, c a p i t a l i s e d at 4% 1,500,000 
Total 7,245,000 

Source:- Sullivan to Bury, October 22, 1912. PIC CPCA. 
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Energy costs were a c r i t i c a l factor in influencing Bogue's 

recommendation. Sullivan's c a l c u l a t i o n of the operating saving 

had assumed coal consumption of 5 lbs. per horse-power hour, at 

a cost of $4 per ton, y i e l d i n g an annual fuel saving on the 

tunnel l i n e of $87,284. 3 4 Bogue, however, assumed coal 

consumption of 7 lbs. per horse-power hour, at a cost of $4.68 

per ton, y i e l d i n g an annual fuel saving of $142,974, which was 

64% greater than Sullivan's estimate. Sullivan conceded that his 

own figures had been "very conservative," and that Bogue's 

assumed coal price was "more accurate." Furthermore, Bogue 

included other benefits of tunnelling which Sullivan had 

omitted. Inclusion of these benefits rendered fuel economies a 

lesser proportion of the t o t a l savings to be derived from 

tunnelling, but yielded a f i n a l estimate of the annual benefits 

of tunnelling of $370,000, compared with Sullivan's estimate of 

$226,300. 3 5 The eff e c t of Bogue's calculations upon the cost 

comparison was to increase the cost of doubling the existing 

main l i n e with wooden snowsheds to $11,195,200, and the cost of 

doubling the existing l i n e with concrete snowsheds to at least 

$9,196,350.3 6 This made the tunnel l i n e , using Sullivan's 

estimate for i t s construction cost, appear even more strongly 

preferable. 

The f i r s t round of bidding for the tunnel contract prompted 

a second cost comparison in A p r i l 1913. The bids proved 

disappointingly high, and the C.P.R. was compelled to revise 

upwards i t s estimate of the cost of the tunnel l i n e . This cost 

was now projected at $8.5 m i l l i o n , based on the lowest contract 

price, excluding e l e c t r i f i c a t i o n , 3 7 and assuming that one-
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seventh of the tunnel would have to be lined with concrete. This 

represented an upward revision of 55% over the estimate of 

October 1912. However, the construction cost of double-tracking 

the e x i s t i n g main l i n e with concrete snowsheds was also revised 

upwards, by 52% from $5,271,600 to $8 m i l l i o n . 3 8 

This reappraisal of construction costs s t i l l favoured 

adoption of the tunnel l i n e . The C.P.R. would be investing 

$500,000 more on the tunnel l i n e than on doubling the existing 

main l i n e with concrete snowsheds. The gradient improvements 

which the Company would obtain from this investment of an 

additional $500,000 would y i e l d annual operating savings of 

$226,000 according to S u l l i v a n , and $370,000 according to Bogue: 

the additional investment required in the tunnel l i n e would be 

repaid within less than three years. 

When the f i n a l tender was accepted, a confirmatory cost 

comparison was undertaken. The contracted price for the tunnel 

l i n e , excluding e l e c t r i f i c a t i o n , was actually $7,970,930,35 45% 

greater than Sullivan's i n i t i a l estimate had been in October 

1912. The length of double track had been reduced from 16 miles 

in Sullivan's evaluation to 13.2 miles, but the cost of the 

double track had almost t r i p l e d , from $75,000 per m i l e 4 0 to 

$218,640 per mile. The cost of tunnelling had also increased, 

from $150 per l i n e a l foot to $189.65, the l a t t e r rate including 

provision for the l i n i n g of 8,400 feet of the tunnel, or 

approximately one-third. 

The contracted price of the tunnel was thus actually 

greater than the i n i t i a l estimates prepared by Sullivan in 

October 1912 for the respective costs of double-tracking the 
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existing main l i n e with either wooden or concrete snowsheds. 

However, the estimated costs of the l a t t e r alternatives had also 

escalated dramatically since October 1912. The construction cost 

of double-tracking the existing main l i n e with wooden sheds was 

now estimated at $2,462,000, or $516,800 more than the 

construction cost projected' by Sullivan in October 1912. 4 1 

Moreover, the extra cost of operating over the gradients on the 

existing main l i n e was now estimated at $180,000 per annum. 

Again, t h i s was much greater than the $101,300 o r i g i n a l l y 

estimated by Sull i v a n , and may have been greater than Bogue's 

estimate, which, incorporating increased fuel costs, may only 

have been $156,990. 4 2 F i n a l l y , the cost of maintaining the 

double-track wooden snowsheds was now estimated at $150,000 per 

annum, compared with the $125,000 per annum estimated the 

previous October. The t o t a l additional cost of operations and 

maintenance over the existing l i n e was thus $330,000 per annum, 

which was in fact $40,000 per annum less than Bogue's estimate 

for t o t a l savings of $370,000 per annum over the tunnel l i n e . 

The additional operations and maintenance costs, 

c a p i t a l i s e d at 4% and added to the revised construction cost, 

increased the estimate for the cost of double-tracking the 

existing main l i n e with wooden snowsheds to $10,712,000. Whilst 

t h i s was almost $500,000 less than the cost derived from Bogue's 

estimates during the f i r s t cost comparison, i t was almost $3 

m i l l i o n more than the contracted cost of the tunnel l i n e . 

Moreover, since the l a t t e r cost was contractual, i t represented 

the maximum possible cost of the project, under conditions of 

certainty which were guaranteed by the weight of contractual 
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law. The estimated cost of the double track with wooden 

snowsheds, however, which was already higher than the certain 

maximum cost of the tunnel l i n e , would have to be i n f l a t e d even 

further in order to incorporate a handsome risk premium. As Bury 

acknowledged, "...we have had snow sl i d e s break through the 

wooden sheds on the single track and the danger of breaking 

through would be much greater on a double t r a c k . " 4 3 

The C.P.R. assumed that the cost of concrete snowsheds 

eliminated t h i s risk premium, and a l l snowshed maintenance 

costs. In the t h i r d cost comparison, however, the cost of 

concrete snowshedding was estimated at $200 per l i n e a l f o o t , 4 4 

compared with the estimate of $160 per l i n e a l foot in October 

1912. This increased the estimated construction cost of the 

double track with concrete snowsheds by $1,190,400, from 

$5,271,600 to $6,462,000.45 Moreover, with the extra cost of 

operating over the existing main l i n e now estimated at $180,000 

per annum, the t o t a l cost of double-tracking the existing main 

l i n e with concrete snowsheds was increased to $10,962,000. The 

cost of t h i s alternative was therefore greater than both the 

maximum cost of the tunnel l i n e and the apparent cost, excluding 

the risk premium, of double-tracking the e x i s t i n g l i n e with 

wooden showsheds. 



299 

TABLE 23 

RESULTS OF COST ANALYSES OF ALTERNATIVE INVESTMENTS IN 
ROGERS PASS, 1912-13. 

Date Of 
Analysis 

Alternative 

Double-Track  
Existing Main  
Line; Wooden 
Snowsheds 

Double-Track  
Existi n g Main 
Line: Concrete 

Snowsheds 

Tunnel  
Excluding 

E l e c t r i f i c a t i o n 

Oct. 1912 
Jan. 1913 
A p r i l 1913 
June 1913 

7,602,000 
11,195,200 
11,195,200* 
10,712,000 

7,804,100 
> 9,196,350 

8,000,000 
10,962,000 

5,495,000 
5,495,000* 
8,500,000 
7,970,930 

* No s p e c i f i c forecast of cost, therefore assumed by author to 
have been unchanged since previous forecast. 

Sources:- Oct. 1912: Sullivan to Bury, October 22, 1912. 
Jan. 1913: Ibid., incorporating Bogue 1s estimates for 

fuel consumption, obtained from Sullivan to Bury, March 13, 
1913. 

A p r i l 1913: Bury to Shaughnessy, A p r i l 22, 1913. 
June 1913: Bury to Shaughnessy, June 17, 1913. 
A l l PIC CPCA. 
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The results of the several cost comparisons are summarised 

in table 23. The analyses sufficed to id e n t i f y the tunnel - l i n e 

as the least-cost alternative for obtaining a double track 

through Rogers Pass. The tunnel l i n e was expected to afford 

•benefits over double-tracking the existing l i n e in terms of 

operating savings and savings in snowshed construction. In 

comparison with double-tracking the existing main lin e and 

providing wooden snowsheds, the tunnel l i n e would also eliminate 

snowshed maintenance costs and the risk premium of interruptions 

to t r a f f i c caused by snowshed f a i l u r e . In 1913, therefore, the 

C.P.R. decided to construct a tunnel beneath the Selkirk 

Mountains, and to abandon the surface alignment through Rogers 

Pa s s. 

A cost comparison, however, merely i d e n t i f i e s the least -

cost alternative for achieving a stipulated end. It does not 

indicate whether or not that alternative ought in practice to be 

adopted at a l l . That i s , i t does not indicate whether the 

benefits which are anticipated to accrue from a project w i l l 

outweigh the costs incurred in undertaking the project. Only a 

detailed evaluation of those costs and benefits w i l l determine 

t h i s , and i t i s therefore appropriate that both the costs and 

the benefits which the C.P.R. anticipated from the abandonment 

of Rogers Pass should be examined in greater d e t a i l . 

Moreover, even after the C.P.R.'s decision to abandon 

Rogers Pass and to construct a tunnel through the Selkirks, 

several alternative alignments remained to be considered. These 

alternatives involved tunnels of d i f f e r i n g lengths, which would 

incur d i f f e r i n g immediate c a p i t a l costs. The alternatives also 
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involved tunnel-approaches over gradients d i f f e r i n g in length 

and severity, which would incur d i f f e r i n g l e v e l s of variable 

costs throughout the period of subsequent operations through the 

tunnel. The decision to drive a tunnel beneath Rogers Pass 

therefore compelled the C.P.R. once again to trade off 

construction costs against operating costs, and immediate costs 

against delayed costs. Analysis of the costs and benefits which 

the C.P.R. anticipated from driving the tunnel reveals the 

manner in which the trade-offs were handled, and suggests 

c r i t e r i a on which the decision was based. 

7.3 Alternative Tunnels 

This section analyses three alternative schemes for 

tunnelling beneath Rogers Pass. Each of these schemes was 

examined and evaluated in 1912, prior to the decision to abandon 

the surface alignment, and prior to the formulation of the 

proposal for which tenders were ultimately invited in A p r i l 

1912. 

Before proceeding to the evaluations of these schemes, i t 

is important to note several key data l i m i t a t i o n s , applicable to 

the alternatives described in thi s chapter and in the following 

chapter, which hamper c r i t i q u e of the C.P.R.'s f i n a n c i a l 

assessments of the several tunnelling projects. F i r s t , as was 

noted in the previous chapter, the extant C.P.R. t r a f f i c 

forecasts were short-term in character. They envisaged only the 

eventuality that t r a f f i c would double. Doubling was expected to 

occur within four years of 1912, and nothing i s known of 

C.P.R. expectations beyond t h i s horizon. Furthermore, the extant 
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data d e t a i l only the cost savings of handling t r a f f i c , whether 

the current volume or double that volume. There i s no record of 

the C.P.R.'s having evaluated potential savings in congestion 

costs or potential savings in the opportunity costs of lost 

contribution from t r a f f i c which would be foregone i f capacity 

were not to be expanded. Neither i s there any evaluation of the 

additional contribution to be derived from t r a f f i c generated by 

the increase in capacity. Therefore, in each of the evaluations 

of the tunnelling schemes which follows, the only measures of 

the benefit of the schemes are those of "operating savings" and 

"snowshed savings." Clearly, these biases generate a lower-bound 

estimate of benefit, p a r t i c u l a r l y i f i t i s allowed that 

eventually the volume of t r a f f i c hauled through Rogers Pass 

might increase to more than double the 1912 l e v e l . F i n a l l y , 

whilst the benefits of the realignments, in the form of savings 

in operating and maintenance, were discounted as perpetuities by 

the C.P.R., i t i s not clear that the construction costs were 

discounted over the projected period of construction. In each of 

the following evaluations, i t has been assumed that construction 

costs were not discounted, and appropriate schemes of 

discounting have accordingly been devised. 

a) The K i l p a t r i c k Tunnel 

When the C.P.R. began i t s quest for a tunnel beneath Rogers 

Pass, t h i s was the f i r s t realignment scheme to be proposed. It 

was championed by Thomas K i l p a t r i c k , Superintendent of the 

Mountain Subdivision, who located the alignment in May 1912. The 

approximate location proposed by K i l p a t r i c k may be followed on 
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map ( I I I ) , and the p r o f i l e of the alignment i s presented in 

figure 2. K i l p a t r i c k described the alignment to F. F. Busteed, 

the Superintendent of Double-Tracking between Calgary and the 

West Coast, as follows: 

From Six Mile Creek on the proposed new l i n e to 
connect with tunnel a .7 [per cent, gradient,] from 
there to a point about opposite Stony Creek Bridge and 
from there to the crossing of Bear Creek about two and a 
half miles would be one per cent. This grade would 
continue on for about one and a half or possibly a 
l i t t l e more to the mouth of the proposed tunnel... 

...I am assuming that the grade l e v e l of tunnel at 
west end w i l l be 40 f t . below the present grade on the 
second crossing of the I l l e c i l l e w a e t Bridge near i t . * ' 

K i l p a t r i c k ' s proposal would have replaced 16.1 miles of 

2.2% gradient on the east slope of the Selkirks, between Six 

Mile Creek and Rogers Pass, with 8 1/2 miles at 0.7%, four miles 

at 1% and a tunnel, seven miles long, at an average gradient 

against westbound t r a f f i c of 1.6%, although K i l p a t r i c k suggested 

that, "As t h i s tunnel would no doubt be operated by 

e l e c t r i c i t y , " 4 1/2 miles of the tunnel might be graded at 2.2% 

in order to ensure adequate drainage from both po r t a l s . Since 

gradient revision between Beavermouth and Six Mile Creek was 

expected to remove the need for pusher locomotives on that 

section, the westbound pusher gradient would have been reduced 

from 20.8 miles, the distance between Beavermouth and Rogers 

Pass, to 7 miles, the length of the tunnel. On the west slope of 

the Selkirks, the proposal would have reduced the length of the 

pusher gradient from 25.3 miles, the distance between Albert 

Canyon and Rogers Pass, to 18.4 miles, the distance between 

Albert Canyon and the second crossing of the I l l e c i l l e w a e t . 
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FIGURE 2: PROFILES OF ALTERNATIVE ALIGNMENTS AND TUNNELS ON THE C.P.R. MAIN LINE 
IN ROGERS PASS. 

Sources:- "Rogers Pass Tunnel, P r o f i l e of Old and New Lines," enclosed i n Bury, 
Memorandum f o r the President, July 23, 1915. PIC CPCA. 

K i l p a t r i c k to Busteed, May 8, 1912, K i l p a t r i c k MSS, Vancouver. 
S u l l i v a n to Bury, October 22, 1912. PIC CPCA. 
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K i l p a t r i c k ' s proposal, therefore, would have reduced the 

t o t a l length of the main l i n e through Rogers Pass by about 4.4 

miles. It would have saved 20.7 miles of pusher gradient in 

t o t a l , of which 13.8 miles would have been on the east slope and 

6.9 miles on the west slope. The realignment thus strongly 

favoured westbound t r a f f i c , and, with associated revision at 

Leanchoil in the Rockies and Notch H i l l in the Eagle range, i t 

offered a maximum westbound gradient between the p r a i r i e s and 

the West Coast of one per cent., except in the seven-mile tunnel 

through the Selkirks. The alignment would have eliminated " a l l 

high bridges on the East slope of the Selki r k s , " at Mountain 

Creek, Surprise Creek and Stoney Creek, and would have removed 

the Loops, with a l l their associated bridging, on the west 

slope. With piecemeal diversions west of I l l e c i l l e w a e t and west 

of Albert Canyon, the proposal would also " p r a c t i c a l l y overcome 

a l l danger from s l i d e s , " perhaps a key benefit according to the 

c r i t e r i a of Thomas K i l p a t r i c k , "The Snow King." 

The proposal was rejected in 1912, but i t has generated 

renewed interest in recent years as CP R a i l , now confronting 

capacity problems on the east slope of Rogers Pass, has 

undertaken investigation of several alternative alignments 

through the Selkirks, intending to reduce the maximum gradient 

against westbound t r a f f i c to one per cent. Each alignment 

involves tunnelling of between eight and ten miles, and the 

alignment of the most preferred al t e r n a t i v e may be compared in 

map (III) with K i l p a t r i c k ' s a l t e r n a t i v e , and with the tunnel 

which was actually b u i l t . 

No f i n a n c i a l evaluation of K i l p a t r i c k ' s proposal has 
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s u r v i v e d . Indeed, i t appears that the proposal was r e j e c t e d 

without such an e v a l u a t i o n having taken p l a c e . The p r i n c i p a l 

reason given f o r the r e j e c t i o n was that the alignment of the 

seven-mile t u n n e l 

...would pass under the head waters of the I l l e c i l l e w a e t 
r i v e r . In the b u i l d i n g of the Lotschberg tunnel i n 
S w i t z e r l a n d , which was planned to be about 8.5 miles 
l o n g and went underneath the v a l l e y of a r i v e r , a f t e r 
n e a r l y two years work, when the tunnel was underneath 
the bed of the r i v e r , a break occurred and water and 
sand f i l l e d the tunnel f o r some h a l f a mile or more. The 
l i n e was abandoned, backed up at the end which was 
f i l l e d about 3/4 of a m i l e , a detour made i n the t u n n e l , 
which lengthened the same some h a l f a mile or more. 4 7 

E n g i n e e r i n g c o n s t r a i n t s , the f u n c t i o n of topography at the 

summit of the S e l k i r k s , rendered the p r o j e c t high i n r i s k . At 

seven m i l e s , i t would have been e a s i l y the longest r a i l w a y 

tunnel i n North America. Moreover, the degree of r i s k was 

exacerbated by the t r a f f i c s i t u a t i o n which p r e v a i l e d i n 1912, 

and by the f o r e c a s t f o r the near f u t u r e . The c a p a c i t y problem 

was s u f f i c i e n t l y urgent that the C.P.R. c o u l d not a f f o r d the 

time r e q u i r e d to bore a seven-mile t u n n e l . N e i t h e r c o u l d i t 

t o l e r a t e the r i s k that the tunnel would not be completed on 

schedule. A f u r t h e r f a c t o r , i m p l i c i t i n the magnitude of the 

seven-mile a l t e r n a t i v e , was the s c a l e of labour c o s t s . Since i t 

was expected that a seven-mile tunnel would r e q u i r e more time to 

bore than a f i v e - m i l e t u n n e l , wage c o s t s were expected to be 

p r o p o r t i o n a t e l y higher. -As S u l l i v a n observed i n March 1913, 

In the Lotchberg t u n n e l , which has r e c e n t l y been 
f i n i s h e d , the wages, with a bonus of about 75% or 80% of 
the d a i l y wages, only amounted to 96c. to $2.60 per day 
f o r d r i l l foremen, and $1.70 per day f o r d r i l l runners, 
while we would probably have to pay from $3.50 to $5.00 
per day. 4 8 

S u l l i v a n would c l a i m that the urgency f o r completion of gr a d i e n t 
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revision, and the discrepancy in labour costs between Europe and 

North America, together j u s t i f i e d adoption of an unorthodox 

tunnelling technique, the "pioneer" method, in order to expedite 

construction. It does not appear that t h i s technique was 

considered in May 1912 for the dr i v i n g of the K i l p a t r i c k tunnel. 

In fact, however, the urgency of the capacity problem was 

al l e v i a t e d a f t e r 1913 by economic forces. Indeed, no sooner had 

the C.P.R. begun double-tracking in Rogers Pass than the t r a f f i c 

volumes which had apparently made double-tracing essential began 

to decline. As has been noted above, 4 9 despite predictions of 

imminent recession during the f i r s t half of 1913, the C.P.R. was 

apparently confident that any downturn would be short l i v e d . Yet 

i f the Company commenced i t s double-tracking programme in the 

Selkirks in the expectation of early economic recovery, i t must 

have been grievously disappointed by the outbreak of world war 

in August 1914, for thi s postponed the expected increase in 

t r a f f i c volumes, not merely for the duration of the war, but for 

several years afterwards. The impact of both the recession and 

the war upon lumber and grain shipments through Rogers Pass i s 

c l e a r l y i l l u s t r a t e d in tables 15 and 16. By 1916, the fourth 

year after the forecast that t r a f f i c would double "within four 

years," lumber volumes had s t i l l not recovered to their 1912 

peak, and grain volumes were less than one-quarter of their pre

war l e v e l . 

The decline in t r a f f i c which began in 1913 must have eased 

congestion in Rogers Pass, and the outbreak of war 'provided the 

C.P.R. with further respite during which to construct a tunnel. 

Indeed, the C.P.R. could probably have waited at least f i v e 
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years after 1913 before commencing i t s second main l i n e , with no 

adverse impact upon t r a f f i c receipts, as the ef f e c t s of the 

recession and the war were worked out. For i t appears probable 

that when the double track did open, in December 1916, and for 

several years thereafter, t r a f f i c volumes were s u f f i c i e n t l y 

below their 1912 levels to render the second track superfluous, 

and to diminish considerably the operating savings which were 

anticipated from the gradient r e v i s i o n . 

Had the C.P.R. been presented with the K i l p a t r i c k 

a l t e r n a t i v e in 1913, i t i s possible that the proposal would have 

been accepted. The decline in t r a f f i c volumes, consequent upon 

recession and the outbreak of war, might have provided 

s u f f i c i e n t breathing-space to enable the o r i g i n a l single l i n e to 

meet the demand for t r a f f i c movements u n t i l the longer tunnel 

could have been completed. Indeed, had the C.P.R. employed the 

"pioneer" method on K i l p a t r i c k ' s tunnel, the length of time 

required for completion, and the concomitant t o t a l labour cost, 

might have been considerably c u r t a i l e d . Furthermore, the decline 

in t r a f f i c volumes would i n d i r e c t l y have reduced the risk of the 

project. Since the o r i g i n a l single track would have been able to 

cope with demand, more time would have been available for 

engineering precautions which might avert a re p e t i t i o n of the 

Lotschberg cave-in. Moreover, even i f such a cave-in had 

occurred, i t s impact upon the flow of t r a f f i c and upon revenues 

would have been markedly less under the conditions of t r a f f i c 

which actually prevailed than under the conditions of rapid 

growth which were forecast to p r e v a i l . F i n a l l y , as may be 

perceived from map ( I I I ) , i t i s by no means clear that a seven-
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mile t u n n e l , commencing on the east slope at a p o i n t one and a 

h a l f m i l e s south of Bear Creek, with an e l e v a t i o n of 3,058 f e e t , 

and emerging on the west slope at a p o i n t between Cambie and 

Ross Peak, would have to pass under the headwaters of the 

I l l e c i l l e w a e t R i v e r at a l l . 5 0 

D i d the C.P.R., t h e r e f o r e , commit a major blunder i n i t s 

a p p a r e n t l y c u r s o r y r e j e c t i o n of K i l p a t r i c k ' s proposal d u r i n g the 

summer of 1912? In f a c t , i t appears that i t d i d not. In t a b l e 

24, a f i n a n c i a l e v a l u a t i o n of the p r o j e c t has been p i e c e d 

together from the sparse data a v a i l a b l e . 

In c o n s t r u c t i o n , i t has been assumed that the seven-mile 

tunnel c o u l d have been b u i l t f o r the same r a t e per l i n e a l f o o t , 

$185.98, as was a c t u a l l y i n c u r r e d i n c o n s t r u c t i o n of the 

Connaught Tunnel. Likewise, i t has been assumed that the r a t e 

f o r the approaches to the seven-mile tunnel would have been the 

same as the a c t u a l r a t e , $91,980 per mile of s i n g l e main l i n e . 5 1 

From f i g u r e 1, i t was estimated that 12 1/4 mi l e s of double-

t r a c k approach would have had to have been c o n s t r u c t e d . I t was 

assumed that expenditures on the Bear Creek Bridge and the 

v e n t i l a t i o n equipment would have been postponed u n t i l the f i n a l 

y ear. Since the C.P.R. sought completion of the Connaught Tunnel 

at the e a r l i e s t p o s s i b l e d a t e , 5 2 i t was assumed that the 

expenditure streams a c t u a l l y i n c u r r e d i n the f i r s t two years of 

c o n s t r u c t i o n would have been emulated i n K i l p a t r i c k ' s 

a l t e r n a t i v e . I t i s known that the C.P.R. spent $8,798.26 on the 

Connaught Tunnel before June 30, 1913, and $1,091,108.12 between 

J u l y 1, 1913 and June 30, 1914. These expenditures have been 

added to y i e l d the "Year 1" c o n s t r u c t i o n c o s t . I t i s a l s o known 
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that between July 1, 1914 and June 30, 1915, in "Year 2," the 

C.P.R. invested a further $1,704,379.15 in the p r o j e c t . 5 3 

However, the nature of the expenditure stream in the l a t t e r 

stages of the project i s not known.5 4 When construction 

commenced, the maximum rate of expenditure which the C.P.R. was 

prepared to sanction was $2,500,000 per year u n t i l completion. 5 5 

It has therefore been assumed that t h i s was the rate of 

expenditure aft e r June 1915, at the height of construction in 

the Connaught Tunnel, and that t h i s rate was required throughout 

the t h i r d and fourth years of the project, the balance of the 

work being completed in the f i f t h year. 

In the calcu l a t i o n of operating savings, the reduction in 

ri s e and f a l l was estimated from figure 2: the summit of 

K i l p a t r i c k ' s tunnel would have been 600 feet above the 3,058-

foot contour, and this would have been 684 feet below the summit 

of the existing alignment. The savings in f r i c t i o n and curve 

resistance are assumed to have been the same as they would have 

been in Busteed's proposal. This l a t t e r formed the basis for the 

i n i t i a l cost comparison presented in table 22, and i t d i f f e r e d 

materially from K i l p a t r i c k ' s proposal only in the location of 

the actual tunnel. The t r a f f i c estimates, the data on operating 

costs, the snowshed savings and the discount rate are a l l 

assumed to be the same as the C.P.R. calculated in i t s 

evaluation of the Connaught Tunnel which was released in 

December 1914. 5' 
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TABLE 24 

COST-BENEFIT ANALYSIS OF KILPATRICK'S PROPOSED 
TUNNEL ALIGNMENT OF MAY, 1912. 

(r = 4%> 

T r a f f i c Forecast Tons 

Actual Eastbound, 1912-13 Average:-
1,342 1/2 passenger t r a i n s , at 443 tons 
2,322 passenger locomotives, at 175 tons 
1,738 1/2 freight t r a i n s , at 950 tons 
3,477 freight locomotives, at 181 tons 

Total 

Actual Westbound, 1912-13 Average:-
1,342 1/2 passenger t r a i n s , at 443 tons 
2,322 passenger locomotives, at 175 tons 
1,738 1/2 freight t r a i n s , at 898 tons 
3,477 freight locomotives, at 181 tons 

Total 

594,727.5 
406,350 

1,651,575 
629,237 

3,281,889.5 

594,727.5 
406,350 

1,561,173 
629,237 

3,191,487.5. 

Total t r a f f i c , 1912-13 averager-
Assuming doubling by 1917, forecast t o t a l : 

6,473,377 
12,946,754 

Undiscounted Cost Of Tunnel Alignment £ 
Ven t i l a t i o n equipment 110,000 
Bear Creek Bridge 200,000 
Tunnel: 7 miles, at $185.98 per l i n . f t . 6,873,821 
Approaches: 24 1/2 miles, at $91,980 per mile 2,253,510 

Total 9,473,331 

Discounted Cost Of Tunnel Alignment 
Year 5: Ve n t i l a t i o n equipment 110,000 x .82193 

Bear Creek Bridge 200,000 x .82193 

Total remaining to be discounted:-
$9,473,331 - $310,000 = $9,163,331 

90,412.30 
164,386 

Year 1: 1,099,906. 38 x .96154 1,057,604 
»i 2: 1,704,379. 15 x .92456 1,575,800. 80 
»! 3: 2,500,000 X .889 2,222,500 
»t 4: 2,500,000 X .8548 2,137,000 
n 5: 1,359,045. 47 x .82193 1,117,040. 30 

Total discounted cost:- 8,364,743. 40 

Benefits Of Tunnel Alignment 
Saving in r i s e and f a l l (4,342 - 3,658 =) 684 feet 

" " f r i c t i o n resistance 45 " 
" " curve resistance 89 " 

Total 818 feet 
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TABLE 24 (Cont.) 

Fuel saving:-
6,473,377 tons x 818 f t . = 
5,295,222,400 f t . tons/1,000 = 
5,295,222 h.p. hrs. x 51bs. coal per h.p. hr. 
13,238.06 tons coal x $4.60 per ton = 60,895.06 

Wage and maintenance saving:-
Old l i n e : 

6,162 trains for 23.1 miles 
K i l p a t r i q k ' s l i n e : 

6,162 tr a i n s for 18.7 miles 
Train miles saved 

142,342.2 t r a i n miles 

= 115,229.4 t r a i n miles 
27,112.8 

27,112.8 t r a i n miles, at 22c. per t r a i n mile= 5,964.82 

Old l i n e : 
5,437 pushers for 23.1 miles = 125,594.7 pusher miles 

K i l p a t r i c k ' s l i n e : 
5,437 pushers for 7.5 miles = 

Pusher miles saved 
40 , 777.5 pusher miles 
84,817.2 

84,817.2 pusher miles, at 25c. per pusher mile= 

Extra cost maintenance of way: 
4.4 miles, at $200 per mile + 
27,112.8 t r a i n miles, at 20c. per t r a i n mile = 

Extra cost maintenance of way, on account of extra 
number of degrees of curvature, assuming that 
400° of curvature per mile would increase rate 
of 20c. per t r a i n mile for maintenance by 30%: 

6,162 trains x 2,218' l/40c. = 
Extra cost maintenance of equipment: 

27,112.8 t r a i n miles at 21c. per t r a i n mile = 
Extra cost maintenance of equipment, on account of 

extra number of degrees of curvature, assuming 
that 400° of curvature per mile would increase 
rate of 21c. per t r a i n mile by 40%: 

6,162 trains x 2,218° x 21/1000c. = 
Total annual operating saving 
( f u e l , wage and maintenance) 

21,204.30 

6,302.56 

3,416.83 

5,693.69 

2,870.14 
106,347.40 

Assuming t r a f f i c doubles, annual operating saving: 
106,347.40 x 2 = $212,694.80 

Annual operating saving rea l i s e d after Year 5 for perpetuity 
212,694.80/4% = $5,317,370 

Discounted back to Year 0: 
5,317,370 x .79031 = 4,202,370.70 
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TABLE 24 (Cont.) 

Snowshed saving:-
85,000 per year re a l i s e d after Year 5 for perpetuity: 
85,000/4% = $2,125,000 

Discounted back to Year 0: 
2,125,000 x .79031 = 1,679,408.80  

Total discounted benefit:- 5,881,779.50 

Net present value of K i l p a t r i c k ' s proposal:-
5,881,779.50 z 8,364,743.40 = -$2,482,963.90 

Sources:- Cornell C i v i l Engineer, December 1914, pp. 80-81. 
Bury, Memo for the President, August 10, 1915, 

PIC CPCA. 
K i l p a t r i c k to Busteed, May 8, 1912, K i l p a t r i c k 

MSS, Vancouver. 
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Table 24 reveals that K i l p a t r i c k ' s proposal had an 

extremely large negative net present value. This could only have 

been neutralised i f t r a f f i c through Rogers Pass had been 

forecast to more than t r i p l e by the year of completion. The 

result of the evaluation i s not sensitive to assumptions 

concerning fuel costs. It should be noted that although o i l was 

the sole source of energy for trans-mountain haulage, and 

although i t was intended to supersede t h i s with e l e c t r i c 

t r a c t i o n over the Selkirk summit, the C.P.R. always calculated 

fuel savings in terms of coal consumption. Thus, Sullivan's cost 

comparison had assumed coal consumption of 5 lbs . per horse

power hour, at $4 per ton. Such a consumption rate would have 

decreased the magnitude of the annual operating savings to 

$98,404.56, and would have increased the negative net present 

value to -$2,796,829.20. Even under Bogue's assumption, that 7 

lbs. of coal per horse-power hour would be consumed at $4.68 per 

ton, the net present value would s t i l l have been substantially 

negative (-$1,461,856.70). 

Neither i s the result sensitive to assumptions concerning 

snowshed savings. Although in i t s ex post release the 

C.P.R. assumed snowshed savings of $85,000 per annum, the 

Company estimated that the actual saving, for double-track 

wooden sheds, would be $125,000 per annum.57 Even incorporating 

t h i s saving, however, the net present value of K i l p a t r i c k ' s 

proposal would s t i l l have been negative by $1,692,654. 

The result of the evaluation may be sensitive to 

assumptions concerning the cost of c a p i t a l . A f a l l in the 

discount rate from 4% to 3% would have yielded a net present 
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value which was negative by only $312,776.30. However, since the 

C.P.R. consistently employed 4% as i t s discount rate in the 

evaluation of alternative alignments through the Selkirks prior 

to the outbreak of the F i r s t World War, i t i s unlikely that the 

selection of projects was influenced 0 by interest-rate 

considerations. 55 

Adoption of K i l p a t r i c k ' s proposal would have secured annual 

benefits almost 20% greater than the benefits which accrued from 

the realignment which was actually constructed. (See table 31). 

It would have reduced the pusher gradient against westbound 

t r a f f i c to one-third of i t s existing lengt°h, and to one-half of 

the length of pusher gradient which remained after the Connaught 

Tunnel opened. By locating the l i n e on the east slope up the 

centre of the Beaver Valley, where CP R a i l i s presently seeking 

a location, and by burying the l i n e through the summit within a 

seven-mile tunnel, the proposal would also have v i r t u a l l y 

eliminated the r i s k of disruption from snowslides. 

The C.P.R.'s rejection of the proposal may indicate i t s 

lack of conviction that the potential volume of westbound 

t r a f f i c would warrant such a d r a s t i c reduction in the gradient 

on the east slope of the S e l k i r k s . The rejection may also 

indicate the C.P.R.'s beli e f that the marginal benefits of 

immunity from avalanches on the east slope were outweighed by 

the marginal costs of securing such immunity. The cost of 

continuing the ex i s t i n g system of avalanche defence, including 

the cost of actual disruption and the risk of disruption, may 

have been less than the cost of d i v e r t i n g the entire main l i n e 

into the centre of the Beaver Valley. In any event, rejection of 
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K i l p a t r i c k ' s proposal was consistent with the forecasts for 

future t r a f f i c volumes which were generated by the C.P.R. in 

1912. From the foregoing f i n a n c i a l analysis, i t appears that 

rejection of the a l t e r n a t i v e was also a sound business decision. 

b) The Busteed Tunnel 

After the rejection of the tunnel proposed by K i l p a t r i c k , 

F. F. Busteed submitted an alternative location, which i s also 

shown in map (III) and figure 2. 5 8 The approach up the east 

slope was swung out into the centre of the Beaver Valley, as 

K i l p a t r i c k had envisaged, and, l i k e K i l p a t r i c k , Busteed also 

proposed to cross Bear Creek and continue following the Beaver 

Valley southwards around the east side of Mount MacDonald before 

turning west and entering the tunnel. The eastern approach would 

be at 1% for the f i r s t seven miles, 0.5% for the next mile and 

2.2% for the fiv e miles before the tunnel entrance. Like 

K i l p a t r i c k ' s scheme, th i s proposal 

keeps the l i n e so low that no trouble i s anticipated 
from snow s l i d e s , and Cedar Creek, Surprise Creek and 
Stoney Creek are crossed at such low grades that the 
bridging w i l l be very inexpensive as compared with the 
present bridging on the present l i n e . 5 ' 

Busteed's proposal d i f f e r e d from that of K i l p a t r i c k c h i e f l y 

in the location of the tunnel. South of Bear Creek, Busteed 

intended to "turn west at the f i r s t large creek that comes from 

the west." This must have been Avalanche Creek, over half a mile 

south of the point at which K i l p a t r i c k had proposed to commence 

tunnelling. Busteed's tunnel would have been 5.17 miles long, 

with the f i r s t four miles at a 1.6% compensated gradient against 

westbound t r a f f i c , and the remaining mile at 0.1% against 
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eastbound t r a f f i c in order "to avoid trouble from water." The 

west portal of the tunnel would have been "in the valley of the 

I l l e c i l l e w a e t opposite Glacier," about two-thirds of a mile 

further east than K i l p a t r i c k proposed, and at an elevation 

almost 200 feet higher. Thus, l i k e K i l p a t r i c k ' s proposal, i t 

would s t i l l have eliminated the Loops and their associated 

operating problems. 

Busteed's proposal would have reduced the length of the 

main l i n e by three miles, and saved 2,218 degrees of curvature 

and 514 feet of ri s e and f a l l . It would have replaced the 16.1 

miles of pusher gradient on the east slope between Six Mile 

Creek and Rogers Pass with approximately ten miles from the 0.5% 

gradient at Old Mileage 76 to the 0.6% gradient at the east 

p o r t a l . On the west slope, the pusher gradient would have been 

reduced from 25.3 miles to 19.1 miles. 

With the expected elimination of the pusher gradient 

between Beavermouth and Six Mile Creek, Busteed's proposal would 

have saved a t o t a l of 17 miles of pusher gradients, of which 

10.8 miles would have been on the east slope and 6.2 miles on 

the west. The realignment would thus have favoured westbound 

t r a f f i c , but less strongly than had K i l p a t r i c k ' s scheme. 

Moreover, as Sullivan agreed, "the l i n e for the entire distance 

is p r a c t i c a l l y free from snow s l i d e s , " and thus offered the same 

advantage in thi s a t t r i b u t e as K i l p a t r i c k ' s had done. The key 

factor favouring Busteed's proposal over that of K i l p a t r i c k was 

apparently i t s location of the west p o r t a l . Sullivan claimed to 

be "well s a t i s f i e d that the west end of the proposed tunnel i s 

cor r e c t l y located, being at p r a c t i c a l l y the end of the 
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I l l e c i l l e w a e t v a l l e y . " From map ( I I I ) , i t i s by no means clear 

that Busteed's l i n e , closer to Avalanche Glacier and no further 

from the I l l e c i l l e w a e t headwaters, was p o t e n t i a l l y any less 

risky than K i l p a t r i c k ' s l i n e . Yet Busteed's location was largely 

accepted by Sull i v a n , and although the Chief Engineer would 

suggest certain modifications to the proposal, i t was upon th i s 

alignment that the f i r s t cost comparison was based. 

This analysis favoured the abandonment of Rogers Pass. In 

table 25, however, the construction costs of the proposal are 

set against the' anticipated benefits. The costs were 

undiscounted in Sullivan's cost-effectiveness analysis, and an 

appropriate scheme of discounting has therefore been devised. In 

the realignment which was actually constructed, the known 

expenditures in the f i r s t and second years represented 18.20% 

and 28.21% respectively of the t o t a l expenditure. Assuming that 

the maximum rate of construction was achieved in the t h i r d year, 

and that the f u l l appropriation of $2,500,000 was granted for 

that year's work, this would have represented 41.38% of the 

t o t a l expenditure, the balance, representing 12.21% of the 

construction cost, being incurred in the f i n a l year. These 

percentages have been applied to the construction cost of 

Busteed's proposal in order to obtain an approximate expenditure 

stream for the project. It i s assumed that investment in the 

Bear Creek Bridge would have been delayed for as long as 

possible, that i s , u n t i l the fourth year. 
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TABLE 25 

COST-BENEFIT ANALYSIS OF BUSTEED'S PROPOSED 
TUNNEL ALIGNMENT OF OCTOBER, 1912. 

(r =4%) 

T r a f f i c Forecast Tons 

Eastbound Forecast For 1917:-
Weight of passenger trains 
4,380 passenger locomotives 
Weight of freight trains 
6,672 1/2 freight locomotives 

Westbound Forecast For 1917;-
Same as Eastbound 

Forecast t o t a l for 1917 = 

Total 

1,368,750 
788,400 

3,376,460 
1,201,050 
6,734,660 

6,734,660 

13,469,320 

Undiscounted Cost Of Tunnel Alignment £ 
Bear Creek Bridge 200,000 
Tunnel: 27,300 f t . , at $150 per f t . 4,095,000 
Approaches: 16 miles, at $75,000 per mile 1,200,000 

Total 5,495,000 

Discounted Cost Of Tunnel Alignment 
Year 4: Bear Creek Bridge 200,000 x .8548 170,960 

Total remaining to be discounted:-
$5,495,000 - $200,000 = $5,295,000 

Year 1: 18.20% x 5,295,000 x .96154 926,626.48 
2: 28.21% x " x .92456 1,381,033.30 
3: 41.38% x " x .889 1,947,862.10 
4: 12.21% x " x .8548 552,644.87 

Total discounted cost:- 4,979,126.75 

Benefits Of Tunnel Alignment 
Saving in r i s e and f a l l 514 feet 

" " F r i c t i o n resistance 45 " 
" " Curve resistance 8_9 2. 

Total 648 feet 

Fuel saving:- $ 
13,469,320 tons x 648 f t . = 
8,728,560,000 f t . tons/1,000 = 
8,728,560 h.p. hrs. x 51bs. coal per h.p. hr. = 
21,821 tons coal x $4 per ton = .87,284 
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TABLE 25 (Cont.) 

Wage and maintenance saving:-
32 trains per day x 3 miles saved = 
96 miles per day x 365 = 
35,040 t r a i n miles saved per year x 
40c. per mile for wages and equipment repairs= 14,016 

Total annual operating saving 101,300 
(fu e l , wage and maintenance) 

Annual operating saving realised a f t e r Year 4 for perpetuity 
101,300/4% = $2,532,500 

Discounted back to Year 0: 
2,532,500 x .82193 = 2,081,537.70 

Snowshed saving:-
125,000 per year re a l i s e d after Year 4 for perpetuity: 
125,000/4% = $3,125,000 

Discounted back to Year 0: 
3,125,000 x .82193 = 2,568,531.30 

Total discounted benefit:- 4,650,069 

Net present value of Busteed's proposal:-
4,650,069 - 4,979,126.75 = -$329,057.75 

Source:- Sullivan to Bury, October 22, 1912. PIC CPCA. 
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Even though Busteed's proposal represented the least-cost 

method of double-tracking through Rogers Pass, table 25 reveals 

that the magnitude of the anticipated benefits did not warrant 

investment in the project, which had a net present value of 

$329,057.75. This result i s , however, extremely sensitive to 

assumptions concerning fuel costs. Sullivan himself admitted 

that his assumptions were "very conservative," and that Bogue's 

may have been "more accurate." Had the l a t t e r ' s assumptions been 

employed, the annual benefit stream would have been i n f l a t e d by 

$55,689.81, and the net present value would have been positive 

by $815,270.52. Had fuel consumption been calculated on the same 

basis as in the evaluation of the contracted tunnel, that i s , at 

5 lbs. per horse-power hour, costing $4.60 per ton, the net 

present value would s t i l l have been negative, but by only -

$60,027.66. 

The evaluation was also sensitive to assumptions concerning 

snowshed savings. Had the annual saving been only $85,000, as 

was assumed in the ex post release, instead of $125,000, the net 

present value would have been negative by -$1,150,987.80. Since 

the margin between positive and negative net present values was 

so narrow, the evaluation would also have been extremely 

sensitive to interest rate changes: a f a l l in the discount rate 

of one-half of one per cent, would have yielded a positive net 

present value for the project of $404,531.81. 

The C.P.R. e x p l i c i t l y recognised only the significance of 

varying assumptions concerning energy costs upon the results of 

the evaluation. Sullivan was c l e a r l y concerned to ensure that 

any errors should be on the conservative side. Having 
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acknowledged that his own estimates were "very conservative," he 

was nevertheless reluctant to base the evaluation upon the 

admittedly "more accurate" estimates of Bogue. Instead, Sullivan 

assumed, "for the sake of being conservative, that the average 

between the two estimates would be approximately c o r r e c t . " 6 0 

Since Bogue had estimated an annual saving of some $370,000, and 

Sullivan had calculated savings of $226,000 per annum, the 

amount of annual saving which was assumed was therefore 

$300,000. This rate of saving, suitably discounted and set 

against the $4,979,126.75 discounted cost of the project, would 

have yielded a positive net present value of $1,185,348.25. 

Even i f the C.P.R. did not conduct a thoroughgoing cost-

benefit analysis of the proposed tunnel alignment, and even i f 

i t did not employ a net-present-value approach, i t s own methods 

of evaluation c l e a r l y produced results consistent with those 

which would have been obtained from the application of these 

a n a l y t i c a l techniques. In October 1912, when Sullivan had 

estimated annual savings of $226,000, the C.P.R. had apparently 

not been persuaded of the appropriateness of investment in a 

tunnel beneath Rogers Pass. Instead, the Company had 

commissioned an investigation, to be undertaken by Bogue. His 

report, in January 1913, that potential annual savings of 

$370,000 might be rea l i s e d , c l e a r l y favoured the boring of a 

tunnel. Nevertheless, i t appears that i t was only after a 

conservative reappraisal of the potential benefits in March 1913 

that the C.P.R. decided to proceed with the investigation of 

tunnel alignments. 
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c) The Sullivan Tunnel 

Sulli v a n had already suggested certain modifications to 

Busteed's proposal in October 1912, and these modifications were 

incorporated into an alternative scheme, for which a detailed 

cost estimate was prepared in December 1912. The p r o f i l e of 

Sullivan's location is traced in figure 2. The location of the 

tunnel approaches did not d i f f e r s i g n i f i c a n t l y from that 

proposed by Busteed, and Sullivan's proposal has therefore not 

been indicated separately on map ( I I I ) . It d i f f e r e d from the 

proposal of Busteed only in the location of the tunnel. Sullivan 

did not share Busteed's view of the gravity of the water 

problems which might be experienced at the west p o r t a l : 

I think...that we w i l l get into s o l i d rock within 1,000 
feet of where the tunnel s t a r t s and instead of using 
1.6% grade in the tunnel, by moving the summit nearly a 
mile further west and lowering the grade some 10 or 12 
feet, we can get a grade of 1.25% through the t u n n e l . 6 1 

Furthermore, at the west p o r t a l , 

By building a f i l l in the valley of the I l l e c i l l e w a e t , 
40 or 50 feet high, we make room for the waste from the 
tunnel and put the l i n e out in the valley where i t w i l l 
be free from snow troubles. 

Thus, Sullivan's location preserved the benefit of eliminating 

the Loops, without incurring the penalty of increased 

v u l n e r a b i l i t y to snowslides on the western approach. 

On the eastern approach, Sullivan had advised Busteed to 

turn west at Bear Creek in order to avoid bridging the Creek and 

continuing up the Beaver Valley. Sullivan had been prepared to 

accept more expensive bridging north of Bear Creek, an increase 

in' the amount of 2.2% gradient and "some trouble from snow 

s l i d e s " in order to obtain such an alignment, apparently 

believing that the costs imposed by these l a t t e r features would 
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be less than the costs of the former. However, i t does not 

appear that such a location had been obtained by December 1912, 

for the detailed cost-estimate submitted in that month contained 

provision for a viaduct at Bear Creek costing $175,000, only 

$25,000 less than Sullivan had estimated the previous October. 6 2 

The estimate also contained provision for a 28,000-feet, double-

tracked tunnel, some 700 feet longer than that proposed by 

Busteed. 

Sullivan's proposal would not have effected s i g n i f i c a n t l y 

greater operating economies than that of Busteed, for the 

savings in r i s e and f a l l and in the length of the pusher 

gradients would have been approximately the same. Moreover, the 

detailed estimate for Sullivan's proposal included the cost of 

work between Beavermouth and Six Mile Creek, and i s not 

therefore d i r e c t l y comparable with the other cost estimates, 

which covered expenditures west of Six Mile Creek only. No cost-

benefit analysis of Sullivan's proposal has therefore been 

conducted. The estimated cost of the entire revision between 

Beavermouth and Mile 89, at the west po r t a l , was $7,466,121.62. 

Within t h i s t o t a l , the cost of the tunnel which Sullivan 

proposed was $4,355,000, compared with the estimated cost of 

$4,095,000 for the tunnel which Busteed had proposed. 

7.4 C r i t e r i a And Objectives 

No clear statement has survived of the c r i t e r i a according 

to which the available alternatives for double-tracking through 

the Selkirk Mountains were evaluated. Neither i s there any 

e x p l i c i t statement of the objectives which the C.P.R. sought to 
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achieve from i t s investment. Nevertheless, objectives may be 

deduced from the attributes of each of the several alternative 

alignments, and from the major considerations which confronted 

the C.P.R. in weighing i t s decision between the a l t e r n a t i v e s . 

Moreover, c r i t e r i a for the selection of the accepted proposal 

may be deduced from the manner in which these attributes of the 

alternative alignments were traded off against each other. 

One major consideration appears to have been the obtaining 

of a one per cent, compensated gradient which would eliminate 

the pusher gradient through the Selkirks against westbound 

t r a f f i c . Insofar as gradient reductions in favour of westbound 

t r a f f i c were a p r i o r i t y , t h i s may be regarded as an indication 

of the C.P.R.'s confidence that westbound flows, perhaps 

espe c i a l l y that of grain, would predominate in the future. 

A l t e r n a t i v e l y , i t may be regarded as an indication of the 

C.P.R.'s determination to meet head-on the competitive threats 

posed by the Grand Trunk P a c i f i c and the Canadian Northern, both 

of which would have ru l i n g gradients not exceeding one per 

cent, against westbound t r a f f i c . 

A second consideration may have been that the new alignment 

should eliminate the Loops on the west slope. Elimination of the 

Loops would save almost a mile of bridging — a l l of which was 

b u i l t on ten-degree angles and at a gradient of 2.2% compensated 

and the maintenance costs of three miles of track. It would 

also increase l i n e speeds, and hence main-line capacity on the 

western ascent. Insofar as elimination of the .Loops was a 

consideration, t h i s may be regarded as an indication of the 

C.P.R.'s continuing concern to f a c i l i t a t e the passage of 



327 

eastbound shipments through.the mountains, concern which had 

a l r e a d y found e x p r e s s i o n i n the investment i n the S p i r a l Tunnels 

through the Rockies four years p r e v i o u s l y . 

A t h i r d c o n s i d e r a t i o n was that the s e l e c t e d g r a d i e n t -

r e d u c t i o n p r o j e c t had to be completed w i t h i n four years of 1912, 

for i t was f o r e c a s t e d that by t h i s time t r a f f i c would have 

doubled. I n s o f a r as r a p i d c o n s t r u c t i o n was a p r i o r i t y , t h i s may 

be regarded as an i n d i c a t i o n of the s e v e r i t y and the imminence 

of the c a p a c i t y problem which the C.P.R. was f a c i n g i n the 

S e l k i r k s . The g e s t a t i o n p e r i o d of the p r o j e c t c o u l d be no longer 

than four years, f o r i f i t were, the e x i s t i n g f a c i l i t y would be 

unable to handle the t r a f f i c , and both the C.P.R. and Western 

Canada would bear the co s t of the inadequacy. 

A f o u r t h c o n s i d e r a t i o n , c l o s e l y r e l a t e d to the t h i r d , was 

that the estimate f o r the completion time of the p r o j e c t had to 

be low i n r i s k , f o r acc o r d i n g to i t s own t r a f f i c f o r e c a s t s , the 

C.P.R. had no margin f o r delays i n completion. I n s o f a r as low 

r i s k was a p r i o r i t y , t h i s may be regarded as an i n d i c a t i o n of 

the g r a v i t y of the c a p a c i t y problem which the C.P.R. was f a c i n g 

i n Rogers Pass. I t was a l s o , however, an i n d i c a t i o n of the hi g h -

r i s k c h a r a c t e r of contemporary r a i l w a y t u n n e l l i n g , and an 

i n d i c a t i o n of the u n c e r t a i n t y which surrounded r a i l w a y 

t u n n e l l i n g i n North America. The hig h r i s k had been demonstrated 

by the Lotschberg c o l l a p s e i n 1908, which had delayed completion 

by over a year. The u n c e r t a i n t y was demonstrated by the f a c t 

that i n 1900, two years a f t e r the commencement of the 12.4-mile 

Simplpn Tunnel i n Europe, the l a r g e s t tunnel on the C.P.R. i n 

the Rockies was 800 f e e t long, and p r i o r to c o n s t r u c t i o n of the 
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Connaught Tunnel, the longest tunnel in North America was the 

Hoosac, 4 3/4 miles in length. Whilst the C.P.R. attempted to 

remedy th i s uncertainty by dispatching Bury to England in A p r i l 

1913 to consult with the Great Western Railway Company, which 

was at that time driving a tunnel beneath the River Severn, the 

construction of long tunnels at high a l t i t u d e s would continue to 

be a high-risk, uncertain venture long after completion of the 

Connaught Tunnel. 

A f i f t h consideration may have been that the new l i n e had 

to be at least as safe from snowslides as the existing alignment 

was. Even i f this was a consideration, however, th i s does not 

imply that the C.P.R. was actually seeking a greater degree of 

protection from snowslides than i t already enjoyed. Evidence 

suggests that reduction of the cost of securing the existing 

degree of protection was not a consideration in the evaluation, 

although reduction of the cost of securing protection for double 

the existing volume of t r a f f i c may have been a consideration. If 

i t was a consideration, however, i t was of secondary importance 

in the project evaluations. Certainly K i l p a t r i c k , Busteed and 

Sullivan a l l noted that their respective proposals afforded 

safety from snowslides. Nevertheless, t h i s benefit was in each 

case an incidental c h a r a c t e r i s t i c of the respective proposals. 

The precise alignments of the a l t e r n a t i v e schemes were each 

determined primarily by the necessity to obtain gradient 

improvements. Nowhere were diversions undertaken, or gradients 

inserted, merely for the purpose of avoiding snowslides. 

Moreover, when the C.P.R. weighed these f i v e considerations in 

the evaluation procedure, there i s e x p l i c i t evidence that the 
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Company was prepared to s a c r i f i c e freedom from snowslides in 

order to secure low-risk, rapid implementation of gradient 

r e v i s i o n . 

In the evaluation of the alternative proposals before the 

C.P.R. in 1912, i t was not possible to give equal weight to 

these f i v e considerations. Trade-offs had to be made, and from 

the manner in which these trade-offs were handled, i t i s 

possible to discern an ordering of the C.P.R.'s objectives in 

investing in Rogers Pass. 

Elimination of the Loops appears to have been a p r i n c i p a l 

objective, for i t was incorporated into each of the alternative 

realignment schemes. It may be deduced , that the expense of 

elimination was expected to be j u s t i f i e d by the subsequent cost-

savings under each proposal. Busteed's scheme may have 

eliminated the Loops only at the expense of increased 

v u l n e r a b i l i t y to snowslides, but the C.P.R. was relieved from 

the necessity of trading off safety from snowslides against the 

Loop elimination by Sullivan's proposal to provide a f i l l in the 

I l l e c i l l e w a e t Valley which threw the new l i n e clear of the 

slide-paths. These two considerations were therefore reconciled, 

and in both the realignment which was contracted and the 

realignment which was constructed, the Loops were eliminated and 

the I l l e c i l l e w a e t Valley at the west portal f i l l e d . The f i l l in 

the Valley appears to have been the only concession made to the 

consideration of safety from snowslides on any of the proposed 

alte r n a t i v e routes. 

The objective of eliminating the westbound pusher gradient 

as far as possible c l e a r l y favoured the K i l p a t r i c k a l t e r n a t i v e , 
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which secured the greatest reduction in the length of the 2 . 2 % 

ascent. Nevertheless, the desire for rapid completion and low 

risk m i l i t a t e d against the K i l p a t r i c k scheme, and favoured the 

proposals of Busteed and S u l l i v a n . K i l p a t r i c k ' s project was 

expected to have the longest gestation period, because i t 

entailed the longest tunnel, and i t was perceived to involve the 

highest degree of ri s k , because of the length and the physical 

location of the tunnel within the mountains. In turn, however, 

adoption of the Sullivan and Busteed proposals compelled the 

C.P.R. to accept a lesser reduction in the length of the 

westbound pusher gradient. 

The C.P.R. had therefore to make a trade-off decision, and 

th i s decision involved the familiar trade-off between 

construction costs and operating costs. The construction costs 

of the Busteed and Sullivan proposals would be less than the 

construction costs of the K i l p a t r i c k proposal, f i r s t because the 

length . of tunnelling was less in the former proposals than in 

the l a t t e r proposal, and tunnelling was by far the most 

expensive component of the realignment schemes; and second 

because the risk of protracted gestation was less in the former 

proposals than in the l a t t e r proposal. Protracted gestation 

would not only cause escalation of construction costs, but also, 

in the short run, of operating costs, given that the 

C.P.R. expected the existing single l i n e to have become 

inadequate for economical operation within four years. Once the 

realignment was operational, however, the l e v e l of subsequent 

operating costs over the alignments of Busteed and Sullivan 

would be higher than the l e v e l of operating costs over 



331 

K i l p a t r i c k ' s alignment, for the length of pusher gradient would 

be greater by 3.7 miles over the former alternatives than over 

the l a t t e r . 

The fact that the C.P.R. preferred the proposals of Busteed 

and Sullivan to that of K i l p a t r i c k suggests that the Company 

believed the cost of obtaining the 3.7-mile reduction in the 

pusher gradient to be greater than the cost of subsequently 

operating over i t . At the margin, therefore, the Company 

attached a higher p r i o r i t y to rapid construction and low risk 

than i t did to the reduction by 3.7 miles of the pusher gradient 

against westbound t r a f f i c . 

When these fiv e considerations were weighed against each 

other, the Busteed and Sullivan proposals dominated that of 

K i l p a t r i c k , which was accordingly rejected. It does not appear, 

however, that these fiv e considerations influenced the decision 

between the two remaining a l t e r n a t i v e s , however. Both alignments 

eliminated the Loops and offered comparable freedom from 

snowslides and comparable reductions in the length of pusher 

gradients. Reduction of the gradient within the tunnel from 1.6% 

to 1.25% would not affe c t the rap i d i t y of construction nor the 

risk of timely completion. Pusher service would s t i l l be 

required through the tunnel, for the 1.25% gradient would s t i l l 

exceed the 1% rulin g gradient which was being sought elsewhere 

in the mountains. However, a 1.25% gradient, i f obtainable, 

would permit greater l i n e speeds through the tunnel, and hence 

increase l i n e capacity. It would also reduce the risk of 

s t a l l i n g : Busteed's 1.6% uncompensated gradient within the 

tunnel was equivalent in steepness to the 2.2% compensated 
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gradient on the eastern approach, and l e f t no margin for error 

should r a i l conditions within the tunnel be exceptionally 

greasy. 

Sullivan was s t i l l anxious to obtain a location within Bear 

Creek, rather than crossing the Creek and continuing up the 

Beaver Valley. This anxiety may have once again r e f l e c t e d 

concern for rapi d i t y of construction and low r i s k . The C.P.R.'s 

exist i n g main l i n e already followed Bear Creek, although at a 

much higher elevation than the C.P.R. was seeking for i t s double 

track, whilst the nature of construction work south of Bear 

Creek, and as far as "the f i r s t large creek that comes from the 

west" may have been less well known. Al t e r n a t i v e l y , perhaps 

because an alignment up Bear Creek entailed less risk in 

construction than an alignment up Beaver Creek, or because i t 

entailed more bridging, which, at least during the period of 

construction of the o r i g i n a l l i n e , had represented a rapid 

solution to the problem of mountain railway location, a route 

within Bear Creek may have offered a shorter gestation period 

than Sullivan's i n i t i a l proposal. Location within Bear Creek 

would not aff e c t the elimination of the Loops. It might, 

however, e n t a i l subordination of both pusher-gradient-reduction 

and safety from snowslides, as Sullivan e x p l i c i t l y recognised: 
This l i n e may make the bridging more expensive and would 
increase the amount of 2.2% grade and might get us into 
some trouble from snow s l i d e s , but these, however, are 
d e t a i l s that we can decide on l a t e r . 6 3 

Sullivan was c l e a r l y prepared to trade off these at t r i b u t e s in 

return for a location up Bear Creek, and when such a location 

was discovered, the search for alternatives ended. The 

C.P.R. could now make the trade-off decision which i t most 
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preferred. 

From th i s analysis, i t may be deduced that the ordering of 

the considerations which the C.P.R. weighed in i t s evaluation of 

alternative tunnelling schemes through Rogers Pass was thus: 

rapidity of construction, and low risk — two considerations 

which were not mutually exclusive; elimination of the Loops; 

reduction of the pusher gradient against westbound t r a f f i c ; and 

safety from snowslides. Moreover, th i s ordering of the 

considerations may be interpreted as a r e f l e c t i o n of the 

ordering of objectives which the C.P.R. was seeking in i t s 

gradient-revision programme through the Selkirks. After the 

rejection of K i l p a t r i c k ' s proposal, the generation of 

alternative schemes for gradient improvement in Rogers Pass was 

a process of adaptation, drawing upon preceding schemes and 

incorporating modifications to the d e t a i l s of the several 

projects. The extent to which these modifications were guided by 

the application of the foregoing considerations, and the extent 

to which those considerations assisted the C.P.R. in f u l f i l l i n g 

the objectives which i t sought from gradient revision through 

Rogers Pass, are revealed by analysis of the realignment 

proposal for which the C.P.R. l e t contracts in 1913, and by 

analysis of the realignment which was actually implemented in 

December 1916. 
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CHAPTER 8 

THE CONNAUGHT TUNNEL 

The C.P.R. had generated and eval u a t e d a l t e r n a t i v e routes 

f o r a second main l i n e a c r o s s the S e l k i r k s . The Company had 

decided to abandon i t s e x i s t i n g route over the summit of the 

range, and to breach the mountains at a lower e l e v a t i o n , by 

means of a tunnel beneath Rogers Pass. In the summer of 1913, 

c o n t r a c t s were l e t , and c o n s t r u c t i o n commenced. The p r o j e c t f o r 

which c o n t r a c t s were l e t embodied the t r a d e - o f f which the 

C.P.R. most p r e f e r r e d to make between c o n s t r u c t i o n c o s t s and 

op e r a t i n g c o s t s i n c o n s t r u c t i n g a new main l i n e through the 

S e l k i r k s . The f i r s t s e c t i o n of t h i s chapter analyses the 

C.P.R.'s own e v a l u a t i o n of the p r o j e c t . The a n a l y s i s r e v e a l s the 

outcome which the C.P.R. d e s i r e d from the t r a d e - o f f d e c i s i o n , 

and the c r i t e r i a upon which the t r a d e - o f f d e c i s i o n was based. 

The C.P.R.'s e v a l u a t i o n , however, co n s i d e r e d only the co s t  

savings of the p r o j e c t . An a l t e r n a t i v e technique of e v a l u a t i o n , 

that of s o c i a l c o s t - b e n e f i t a n a l y s i s , i s t h e r e f o r e a p p l i e d i n 

the second s e c t i o n of the chapter, and the r e s u l t s of the 

a p p l i c a t i o n of t h i s technique are c o n t r a s t e d with the r e s u l t s 

which the C.P.R. obtained from the c o s t - s a v i n g s approach. The 

i n t r o d u c t i o n of t h i s technique i n t o the a n a l y s i s i s not i n any 

way intended as an indictment of the C.P.R.'s own e v a l u a t i o n . I t 

i s intended merely to h i g h l i g h t a s p e c t s of the d e c i s i o n which 

might be obscured i f the emphasis were to be p l a c e d s o l e l y upon 

the cost savings of the p r o j e c t . Moreover, the a p p l i c a t i o n of 

c o s t - b e n e f i t techniques w i l l permit i n t e g r a t i o n i n t o the 
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analysis of data which, although ava i l a b l e and relevant to the 

appraisal, would otherwise remain outside the evaluation. 

The realignment project was modified during implementation. 

In the t h i r d section of thi s chapter, the circumstances 

impelling modification, the nature of the s p e c i f i c modifications 

and the impact of these modifications upon the economics of the 

revised alignment are analysed. Evaluation of the modified 

project reveals the actual outcome of the trade-off decision 

which the C.P.R. made in Rogers Pass, and reveals the legacy 

which the realignment bequeathed to future generations in Rogers 

Pass. 

8.1 The Alignment As Contracted 

The proposal for which contracts were l e t is traced on map 

(II I ) , and i t s p r o f i l e i s shown in figure 2. From Six Mile 

Creek, the main l i n e was to be swung into the centre of the 

Beaver Valley, as both K i l p a t r i c k and Busteed had recommended. 

Instead of crossing Bear Creek, however, the l i n e turned 

westwards out of the Beaver Valley, as Sullivan had recommended, 

and followed the valley of Bear Creek for two miles to the east 

portal of the tunnel. At the opposite side of the mountain, the 

effect of thi s change was to move the west portal about a mile 

further east. This in turn involved diversion of the 

I l l e c i l l e w a e t River for about a mile in order that the l i n e 

could s t i l l be located in the centre of the valley, as Sullivan 

had proposed, "to avoid danger from snow sl i d e s and the 

necessity for protection therefrom." 1 

The contracted alignment followed Busteed's 1% approach for 
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5 1/2 miles up the eastern slope. After a mile of easement to 

0.75%, upon which pusher locomotives would be attached, the 

ascent would continue at 2.2% for 5 1/2 miles to the east 

p o r t a l . The tunnel would be 5.2 miles long, 2 with a gradient 

against westbound t r a f f i c of 0.95% for i t s entire length, except 

for a short section at the west portal which was graded against 

eastbound t r a f f i c in order to f a c i l i t a t e drainage. Outside the 

west p o r t a l , 3/4 miles of 0.5% gradient against eastbound 

t r a f f i c would permit the detachment of pusher locomotives in 

preparation for their return. 

Located at a lower elevation than the ex i s t i n g main l i n e , 

the contracted alignment would permit elimination of the massive 

st e e l bridges at Mountain Creek, 586 feet long; Surprise Creek, 

290 feet long; and Stoney Creek, 336 feet long. A l l the bridges 

between Six Mile Creek and the second crossing of the 

I l l e c i l l e w a e t — there had been 119 in 1893 — would be replaced 

with structures no larger than "culverts," except for "two 70-

f t . and one 60-ft. deck girder spans, and one steel viaduct 500 

f t . long and 125 f t . high." 3 the. alignment would lower the 

Selkirk summit from 4,342 feet to 3,794 feet, a' saving in r i s e 

and f a l l of 548 f e e t . 4 It would save 1,222 degrees of curvature 

in the eastbound d i r e c t i o n , and 1,225 degrees in the westbound 

d i r e c t i o n . While the maximum angle of curvature would s t i l l be 

ten degrees, the number of such curves would be reduced from "a 

large number" to three, 5 and the ten-degree reverse-curves on 

the Loops would a l l be eliminated. The length of the westbound 

ascent would actually be increased by 0.12 miles, but the length 

of the eastbound approach would be reduced by 4.54 miles, saving 
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a t o t a l of 4.42 miles in the length of the main l i n e . 6 

The proposal would have concentrated the pusher gradients 

into a short section on either side of the tunnel, over which i t 

was anticipated that t r a i n s would be operated by e l e c t r i c 

t r a c t i o n . The length of 2.2% gradient on the west slope would be 

reduced from 25.3 miles to 19.4 miles. On the east slope, the 

length of 2.2% gradient would be reduced far more d r a s t i c a l l y , 

from 20.8 miles to 5.5 miles, although, since i t was intended 

that westbound trains would be pushed through the tunnel, the 

actual reduction in pusher mileage was less pronounced, the 

length of pusher gradient being reduced from 20.8 miles to 11.2 

miles. 

The contractual alignment was thus far less favourable to 

westbound t r a f f i c than any of the proposals which the C.P.R. had 

previously rejected. It saved 15.5 miles of pusher gradient, of 

which 9.6 miles were on the east slope and 5.9 miles on the west 

slope. The reduction in t r a i n resistance which was effected by 

the proposal was actually greater for eastbound t r a f f i c than for 

westbound, 664.8 feet being saved on the west slope against only 

595 feet on the east slope. 

The associated c r i t e r i a of rapid construction and low r i s k , 

which may have dictated the decision to seek a location through 

Bear Creek rather than around the east side of Mount MacDonald, 

ce r t a i n l y influenced both the selection of a tunnelling 

technique and the l e t t i n g of a tunnelling contract. As early as 

October 1912, Sullivan had recommended 

...that the contractor who w i l l guarantee to complete 
the work in the shortest period be given the contract, 
providing his figures be at a l l reasonable... 7 
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Sul l i v a n , therefore, was prepared to accept a premium on the 

cost of the project in order to ensure both speedy construction 

and low r i s k of the project's being incomplete by the time that 

the tunnel was required. He himself admired the speed of the 

European tunnelling techniques. The monthly record for progress 

in a single heading had been set in the Simplon in 1904, at 685 

feet. In contrast, the greatest American progress, achieved in 

June 1908, was only 333 feet for a single heading. Sullivan 

suggested that, "If we advertise at once i t would give European 

contractors an opportunity of v i s i t i n g the work and putting in 

tenders." However, as he subsequently re a l i s e d , 

...the European method of d r i v i n g a small lower heading 
and stoping out the remainder of the tunnel, i s too 
expensive on t h i s side [of the A t l a n t i c ] on account of 
the difference in the cost of labor. 8 

Clearly, Sullivan did not believe that the benefits of rapid 

construction and low risk of untimely completion j u s t i f i e d the 

premium costs i m p l i c i t in the adoption of the European 

technique. 

Lord Shaughnessy "was of the opinion... that we would 

possibly have to adhere to the American practice, namely, doing 

what mucking can possibly be done with steam shovels,"' thus 

minimising manpower requirements. S u l l i v a n , however, with his 

assistant, A. C. Dennis, contrived to devise a method which 

combined the advantages in speed of the European technique with 

the advantages in manpower requirements of the American 

technique. The r e s u l t i n g tunnelling method involved construction 

of a small "pioneer" heading, driven p a r a l l e l to but some 50 

feet apart from the main bore, from which cross-cuts were driven 

at intervals to the centre-line of the main tunnel, thus 
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p e r m i t t i n g work upon the main bore to be pursued simultaneously 

from s e v e r a l f a c e s . 

T h i s t u n n e l l i n g , technique was h i t h e r t o u n t r i e d on the North 

American c o n t i n e n t . I t s adoption, t h e r e f o r e , appears to 

represent a r i s k - s e e k i n g d e c i s i o n on the part of 

C.P.R. management. N e v e r t h e l e s s , as S u l l i v a n observed, "When a l l 

i s s a i d and done i t i s only a m o d i f i c a t i o n of the European 

p r a c t i c e , only that they d r i v e the pioneer tunnel w i t h i n the 

s e c t i o n of the main t u n n e l . " 1 0 Moreover, the C.P.R.'s conduct of 

the b i d d i n g f o r the p r o j e c t demonstrated preparedness to pay a 

c o n s i d e r a b l e premium i n order to reduce the r i s k and to ensure 

r a p i d completion. 

Tenders were i n v i t e d i n the f o l l o w i n g terms: 

The n e c e s s i t y f o r t h i s t u nnel i s so great and the 
expenditure so l a r g e that i t would be worth c o n s i d e r a b l e 
money to t h i s company to have the tunnel completed as 
soon as p o s s i b l e . T h e r e f o r e , e v e r y t h i n g e l s e being 
equal, the p a r t y who w i l l guarantee completion i n the 
s h o r t e s t time w i l l be the p a r t y who w i l l r e c e i v e the 
work. 1 1 

The C.P.R. valued the advantage of r a p i d completion at $750 per 

day, which was 

...the amount per day...to be p a i d as a bonus f o r time 
saved over the agreed time, the same amount to be 
exacted as a p e n a l t y f o r the time l o s t , being the time 
between the f i x e d day of completion and the a c t u a l date 
of c o m p l e t i o n . 1 2 

In the f i r s t round of b i d d i n g , conducted between A p r i l 8 

and- A p r i l 22, 1913, F o l e y Bros., Welch & Stewart o f f e r e d 

completion w i t h i n 42 months, based upon the t u n n e l l i n g technique 

recommended by S u l l i v a n and Dennis, f o r a c o s t of 

$5,581,674.50. 1 3 The nearest bids which were c o m p e t i t i v e i n c o s t 

were those of Grant Smith & Co., & McDonnell ($5,819,974.90) and 
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McArthur' Bros. ($5,922,041.10). However, these contractors, 

employing conventional techniques, required 58 months and 78 

months respectively for completion — gestation periods of 

unacceptable length to the C.P.R. The nearest bid which was 

competitive in time was that of M. P. & J. T. Davis, who offered 

completion within 46 months, but only at a cost of 

$9,242,736.50. 

A l l of these bids proved disappointingly high to the 

C.P.R., p r i n c i p a l l y because the contractors perceived the 

project to be high in r i s k , and "made their prices unduly high 

to provide against unexpected contingencies." 1 4 Sullivan had 

estimated the cost of boring the tunnel at $150 per l i n e a l foot, 

and the lowest bid, that of Foley Bros., had stipulated $152.50, 

making the t o t a l cost of the realignment project $8,500,000, 

against an estimated cost of $8,000,000 for double-tracking the 

existing l i n e with concrete snowsheds. The C.P.R. was s t i l l 

prepared to proceed with realignment, c a l c u l a t i n g that "we w i l l 

be able to reduce the grades and save three miles of l i n e , 

besides avoiding the snow sl i d e s on the East and West slopes, 

for $500,000 more." 1 5 Nevertheless, a second round of bidding 

was c a l l e d . 

In the second round, the C.P.R. sought to lower the cost to 

i t s e l f of tunnelling, without removing the incentive to the 

contractors for rapid completion. These dual objectives could 

only be reconciled by the C.P.R.'s agreeing to assume an 

increased share of the t o t a l r i s k associated with the project, 

and reducing the share of the risk borne by the con t r a c t o r s . 1 ' 

This was achieved by i n v i t i n g bids based on "cost-plus" a 
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certain percentage, "with penalty and bonus clauses," in which 

the contractors would receive or f o r f e i t a certain proportion of 

their percentage, according to their actual performance against 

the contracted time and c o s t . 1 7 The second round of bidding was 

completed by A p r i l 29, 1913, and the bids are summarised in 

table 26. 

As a result of t h i s bidding, Foley Bros., Welch & Stewart 

were awarded the contract, for the following reasons: 

. . . f i r s t , that they are the lowest bidder; second, that 
they have a considerable amount of their heavy plant now 
in Canada and w i l l save us considerable in freight and 
duty; t h i r d , they have had vast experience in the West 
and I think are better q u a l i f i e d to handle the Western 
labor than Messrs. Rhinehart & Dennis, who have had most 
of their experience in the south-east. 1 8 

Foley Bros, agreed to reduce th e i r percentage from 12 1/2 to 10, 

and the contract was approved on May 5 1' and f i n a l i s e d by July 

1, 1913. 2 0 
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TABLE 26 

COMPARISON OF PERCENTAGE TENDERS OF COST PER FOOT OF 
ROCK SECTION, ROGERS PASS TUNNEL. 

Contractor Estimated Cost ($),  
at 30 f t . per day 

Rhinehart 
& Denis 

E s t i 
mate 
per 

foot 

139.40 

Grant Smith 153.66 
& Co. and 
McDonnell 

Foley Bros. 131.55 
Welch & 
Stewart 

Cont
ractor ' s 

% 

15 

15 

12.5 

Total 
cost 
per 

foot 

160.31 

176.71 

148.00 

Estimated Cost ($),  
at 20 f t . per day 

E s t i 
mate 
per 

foot 

118.00 

126.70 

Cont
ractor ' s 

% 

15 

15 

Total 
cost 
per 

foot 

135.70 

145.70 

Source:- Bury to Shaughnessy, A p r i l 29, 1913, PIC CPCA. 
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The bidding procedure i t s e l f had been conducted under 

fi e r c e time pressure. After the second round, Bury had urged 

Shaughnessy, 

...you of course understand that t h i s work must be 
started by June f i r s t , or we w i l l be apt to lose another 
year in the time of completing the tunnel, which, as you 
know, i s required so ba d l y . 2 1 

Although construction did not actually commence u n t i l J u l y , 2 2 

the C.P.R. had secured the contract which promised the most 

rapid completion, within forty-two months of June 1913. It had 

paid the lowest obtainable premium in order to secure rapid 

completion, amounting to 8% over the Rhinehart bid, in return 

for a saving of eighteen months. It was now assumed that one-

th i r d of the tunnel, or 8,400 feet, would require concrete 

l i n i n g , instead of the one-seventh which had been assumed in 

A p r i l . The t o t a l contracted cost of the project, including 

l i n i n g but excluding e l e c t r i f i c a t i o n , was $7,970,930.23 

Table 27 presents an evaluation of the tunnel for which the 

contracts had been l e t . It has been assumed that the costs would 

have been the same as they a c t u a l l y were u n t i l the summer of 

1915, after which time the project was modified. It has been 

further assumed that in the t h i r d year, the C.P.R. spent the 

maximum amount which i t was prepared to sanction for a single 

year, $2,500,000, and that the balance of the cost estimate was 

expended in the f i n a l year. Although t h i s f i n a l year expenditure 

exceeds the • C.P.R.'s stipulated maximum annual appropriation, 

the excess i s conceptually permissible i f i t i s interpreted as 

the premium which i t was necessary for the C.P.R. to pay in 

order to ensure completion of the tunnel within the fourth year. 
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TABLE 27 

COST-BENEFIT ANALYSIS OF CONNAUGHT TUNNEL ALIGNMENT, 
AS CONTRACTED FOR, JUNE 1913. 

(r = 4%) 

T r a f f i c Forecast Tons 

Actual Eastbound, 1912-13 Averaqe:-
1,342 1/2 passenger t r a i n s , at 443 tons 
2,322 passenger locomotives, at 175 tons 
1,738 1/2 freight t r a i n s , at 950 tons 
3,477 freight locomotives, at 181 tons 

Total 

Actual Westbound, 1912-13 Average:-
1,342 1/2 passenger t r a i n s , at 443 tons 
2,322 passenger locomotives, at 175 tons 
1,738 1/2 freight t r a i n s , at 898 tons 
3,477 freight locomotives, at 181 tons 

Total 

Total t r a f f i c , 1912-13 averager-
Assuming doubling by 1917, forecast t o t a l 

594,727.5 
406,350 

1,651,575 
629,237 

3,281,889.5 

594,727.5 
406,350 

1,561,173 
629,237 

3,191,487.5 

6,473,377 
12,946,754 

Undiscounted Cost Of Tunnel Alignment £ 
Tunnel: 25,900 f t . , at $189.65 per f t . 4,919,877 
Tunnel trackwork 165,000 
Approaches: 26.4 miles, at $109,320 per mile 2,886,053 

Total 7,970,930 

Discounted Cost Of Tunnel Alignment 
Year 1: 1,099,906.38 x .96154 
" 2: 1,704,379.15 x .92456 

3: 2,500,000 x .889 
4: 2,666,645 x .8548 

Total discounted cost:-

1,057,604 
1,575,800.80 
2,222,500 
2,279,448.10 
7,135,352.90 

Benefits Of Tunnel Alignment 
Eastbound Westbound 

Saving in r i s e and f a l l 547.8 f t . 547.8 f t . 
" f r i c t i o n resistance 68.1 " -1.8 " 

" " curve resistance 48.9 " 49.0 " 
Total 664.8 f t . 595.0 f t . 

Fuel saving:-
Eastbound: 3,281,890 x 664.8 = 
Westbound: 3,191,488 x 595.0 = 

Total 

2,181,800,472 f t . tons 
1,898,935,360 f t . tons 
4,080,735,832 f t . tons 
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TABLE 27 (Cont.) 
$ 

4,080,735,832 f t . tons/1,000 = 
4,080,736 h.p. hrs. x 51bs. coal per h.p. hr. = 
.10,202 tons coal x $4.60 per ton = 46,928.46 

Wage and maintenance saving:-
Old l i n e : 

6,162 trains for 23.10 miles = 142,342.2 t r a i n miles 
Contracted l i n e : 

6,162 trains for 18.68 miles = 115,106.2 t r a i n miles 
Train.miles saved 27,236 

27,236 t r a i n miles, at 22c. per t r a i n mile = 5,991.92 

Old l i n e : 
5,437 pushers for 23.1 miles = 125,594.7 pusher miles 

Contracted l i n e : 
5,437 pushers for 13.0 miles = 70,681.0 pusher miles 

Pusher miles saved 54,913.7 

54,913.7 pusher miles, at 25c. per pusher mile = 13,728.40 

Extra cost maintenance of way: 
4.42 miles, at $200 per mile + 
27,236 t r a i n miles, at 20c. per t r a i n mile = 6,331.20 

Extra cost maintenance of way, on account of extra 
number of degrees of curvature, assuming that 
400° of curvature per mile would increase rate 
of 20c. per t r a i n mile for maintenance of way by 30%: 

6,162 trains x 2,447° x l/40c. = 3,769.60 
Extra cost maintenance of equipment: 

27,236 t r a i n miles at 21c. per t r a i n mile = 5,719.56 
Extra cost maintenance of equipment, on account of 

extra number of degrees of curvature, assuming 
that 400° of curvature per mile would increase 
rate of 21c. per tr a i n mile by 40%: 

6,162 trains x 2,447° x 21/1000c. = 3,166.47 
Total annual operating saving 85,635.61 
(fu e l , wage and maintenance) 

Assuming t r a f f i c doubles, annual operating saving: 
85,635.61 x 2 = $171,271.22 

Annual operating saving r e a l i s e d after Year 4 for perpetuity 
171,271.22/4% = $4,281,780.50 

Discounted back to Year 0: 
4,281,780.50 x .82193 = 3,519,323.80 

Snowshed saving:-
85,000 per year realised after Year 4 for perpetuity: 
85,000/4% = $2,125,000 

Discounted back to Year 0: 
2,125,000 x .82193 = 1,746,601.30 

Total discounted benefit:- 5,265,925.10 
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TABLE 27 (Cont.) 

Net present value of c o n t r a c t e d alignment:-
5,265,925.10 - 7,135,352.90 = -$1,869,427.80 

Sources:- C o r n e l l C i v i l Engineer, December 1914, pp. 80-81. 
Bury, Memo f o r the P r e s i d e n t , August 10, 1915, 

PIC CPCA. 
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Data for the benefits of the project are those which the 

C.P.R. released to the public in 1914 as vindication for the 

p r o j e c t . 2 4 These data address only the direct operating cost 

savings which were anticipated from the project, and ignore the 

benefits of saved congestion costs and opportunity costs, and of. 

contribution from generated t r a f f i c . The magnitude of the cost 

savings is alone c i t e d as j u s t i f i c a t i o n for undertaking the 

project, without reference to the costs which had to be incurred 

in order to obtain those savings. Furthermore, the C.P.R.'s 

evaluation assumes that i f the volume of t r a f f i c doubles, the 

operating savings derived from the tunnel l i n e w i l l exactly 

double also. Thus: 

In a r r i v i n g at the above figures no account is taken 
of whether l i n e i s single or double track and for 
comparative figures i t was assumed that methods of 
operation would be the same. 2 5 

t h i s was intended to be a simplifying assumption, but i t s e f f e c t 

was in fact to d i s t o r t rather than to c l a r i f y the analysis. 

The guiding p r i n c i p l e of the cost-savings approach, the 

purpose to which i t was directed and the conclusion to which i t 

led, are neatly summarised in the Chief Engineer's ex post 

evaluation: 

...the problem was to find out i f the cost of operating 
and maintaining the tunnel l i n e , taking into account the 
extra costs of operating on account of having a short 
section of e l e c t r i c operation and extra cost of 
maintaining tracks in the tunnel, plus the interest on 
the cost of building the new double track l i n e including 
the cost of e l e c t r i f y i n g the tunnel would be less than 
the cost of operating and maintaining a double track on 
the present location plus the interest on the cost of . 
building the second track. The figures would not have 
been very decisive one way or the other were i t not for 
the fact that there i s now 4 1/2 miles of wooden snow 
sheds on the present location "which w i l l a l l be done 
away with on the new location...(W)ith a saving of about 
$125,000 per year in maintenance and renewals of snow 
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sheds and a calculated saving in operation and 
maintenance of $171,271.22 on a t r a f f i c that surely w i l l 
be reached in the near future, there was no doubt as to 
the proper course to pursue. 2 6 • 

It was probably t h i s statement which led Lavallee to the 

conclusion, "that the savings in snowshed maintenance alone 

would t i p the scales in favour of a five-mile, double-tracked 

t u n n e l . " 2 7 However, i f the snowshed savings were estimated at 

$85,000 per annum, they would comprise only one-third of the 

t o t a l annual benefits of the project, which were estimated at 

$256,271.22. Even i f snowshed savings were estimated at $125,000 

per annum, increasing the estimate of t o t a l annual benefits to 

$296,271.22, they would sti l l - c o m p r i s e barely four-tenths of the 

t o t a l annual savings. Moreover, table 27 shows that the snowshed 

savings were not alone decisive: when the t o t a l savings which 

the C.P.R. anticipated, in both snowshed and operating costs, 

are set against the costs which the C.P.R. had contracted, the 

net present value of the project i s -$1,869,427.80. Even i f 

t r a f f i c had been forecast to t r i p l e , at these rates of cost 

savings the net present value of the project would s t i l l have 

been negative, by $109,765.88. The result was hot sensitive to 

assumptions concerning fuel costs. With coal consumption of 5 

lbs. per horse-power hour at $4 per ton, the net present value 

would have been -$2,120,957.50, and even with consumption of 7 

lbs. per horse-power- hour at $4.68 per ton, the net present 

value would s t i l l have been -$1,051,032.30. Neither was the 

result sensitive to assumptions concerning the magnitude of 

snowshed savings: even i f these had reached $125,000 per annum, 

the net present value would s t i l l have been -$1,047,497.80. The 

result may have been somewhat sensitive to interest-rate 
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changes, although the cost of c a p i t a l would have had to have 

been an entire percentage point lower before the project could 

have generated a positive net present value, and t h i s by a 

margin of only $37,186.04. 

When Sullivan had forecast operating savings of $226,000 

per annum on a project with an estimated undiscounted cost of 

$5,495,000, the C.P.R. had equivocated and commissioned an 

investigation by Bogue. Eight months l a t e r , the Company signed a 

contract for a tunnel costing $7,970,930, and claimed that the 

investment was j u s t i f i e d by annual cost savings of $256,271.22. 

The analysis in t h i s section reveals that these l a t t e r cost 

savings were not alone s u f f i c i e n t to warrant the undertaking of 

the project. Even though the C.P.R. did not i t s e l f employ a net 

present value approach in i t s evaluation, the fact that the 

project was s t i l l undertaken despite i t s bearing a demonstrably 

negative net present value should trigger an awareness of 

serious omissions from the ex post release. The following 

section w i l l seek to r e c t i f y these omissions, and to explain why 

the C.P.R. decided to construct the Connaught Tunnel even though 

the magnitude of the cost savings which i t anticipated did not 

alone j u s t i f y the project. 

8.2 A "Social Cost-Benefit Analysis" Of The Contracted Alignment 

Although the C.P.R. claimed in December 1914 that the 

benefits of the project would be $256,271.22 annually, and that 

these benefits were s u f f i c i e n t to j u s t i f y the project, i t 

appears that the Company had in fact based the decision td 

proceed with the tunnel upon a l t e r n a t i v e , and much more 
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favourable, estimates of savings in operating costs. The actual 

magnitude of the estimates i s known, and in this section i t w i l l 

be analysed in order to determine whether or not i t did indeed 

j u s t i f y the investment. The precise composition of the estimate 

is not known, however, and later in t h i s section an attempt w i l l 

be made to reconstruct the estimate by suggesting and 

quantifying several plausible components. 

In March 1913, Sullivan reported that Bogue's estimate of 

the potential savings was $370,000 per annum.28 Benefits of th i s 

magnitude, received in perpetuity once the tunnel had opened in 

the f i f t h year, and discounted accordingly, would have warranted 

the investment of $7,602,852.50. Since the alignment for which 

the C.P.R. l e t contracts required a discounted investment of 

$7,135,352.90, the project would have boasted a posit i v e net 

present value of $467,499.50. On the basis of t h i s estimate of 

benefits, therefore, the investment was j u s t i f i e d . 

In June 1913, however, Bury recorded that Bogue's report 

contained an estimate for the benefits of the revised alignment 

of $462,821 per annum.29 C a p i t a l i s i n g these benefits at 4%, the 

C.P.R. would have been j u s t i f i e d in investing $11,570,525 in the 

realignment. It must have been t h i s estimate of the potential 

benefits, rather than Sullivan's more conservative estimate, to 

which Bury was referr i n g when he explained in retrospect the 

decision to drive the tunnel. In 1926, he recalled that 

. ...we could afford to spend $12,000,000 and some 
hundreds of thousands of d o l l a r s on the project, leaving 
out the question of safety which, of course, could not 
be c a l c u l a t e d . 3 0 

Benefits of $462,821.per annum would, after discounting, y i e l d a 

positive net present value of $2,374,808.70, and again would 
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c l e a r l y vindicate the decision to tunnel. 

Bogue's report, which investigated in d e t a i l the economics 

of double-tracking along the entire main l i n e through the 

mountains, has unfortunately not survived. However, the 

discrepancy between Bogue's estimate of the savings and the 

estimate released by the C.P.R. ex post the decision to tunnel 

is c l e a r l y large and c r u c i a l , for Bogue's estimate j u s t i f i e d the 

decision, while the C.P.R.'s ex post estimate did not. 

The C.P.R.'s ex post estimate of benefits did not j u s t i f y 

investment in the tunnel, and yet the investment was undertaken. 

There are two possible explanations. F i r s t , the economics of the 

project may not have favoured adoption, and yet the C.P.R. may 

nevertheless have f e l t obligated to undertake the investment. 

That i s , the C.P.R. may have believed that, although i t did not 

offer an acceptable rate of return from quantifiable benefits, 

the investment was s t i l l "necessary," and offered non-

quantifiable benefits which were decisive in the evaluation. It 

is possible to argue that the "necessity" for thi s investment 

arose from the avalanche danger through Rogers Pass, and that 

the non-quantifiable benefit which was decisive was the benefit 

which was expected to accrue from savings in human l i f e . 

According to Bury's r e c o l l e c t i o n in Maclean's, however, the 

C.P.R. would have been j u s t i f i e d in building the tunnel 

regardless of the non-quantifiable benefits to be derived from 

the savings in human l i f e . A second explanation for the 

investment decision i s therefore more probable. This i s that the 

C.P.R.'s ex post estimate of the savings to be obtained from the 

project omitted consideration of certain key benefits which 
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could be quantified — which indeed may have been quantified by 

Bogue — and which were in themselves decisive in the tunnel 

evaluation. The following analysis w i l l i d e n t i f y the categories 

of quantifiable benefits, and where possible w i l l attempt 

qu a n t i f i c a t i o n corresponding to that which may have been 

undertaken by Bogue. 

The present analysis assumes that Bogue's estimates of 

potential benefits were based on the premise that the volume of 

t r a f f i c would have doubled and no more by the time that the 

tunnel could be opened. This assumption, whilst c r e d i t i n g 

Bogue's estimates with a downside bias which the C.P.R. c l e a r l y 

did not acknowledge, implies that the entire $462,821 of annual 

savings accrued from a t r a f f i c volume which was twice as great 

as that of 1913. That i s , none of the $462,821 may be attributed 

to benefits from incremental t r a f f i c beyond a l e v e l which was 

double the e x i s t i n g volume. 

It has already .been noted that Bogue assumed fuel 

consumption at a rate of 7 l b s . per horse-power hour, and fuel 

costs of $4.68 per ton of coal. With double the existing t r a f f i c 

volume, these assumptions implied savings in energy costs by the 

tunnel alignment of $142,973.81 per annum, compared with 

Sullivan's estimate of $93,856.92. 

Sullivan calculated that savings in the costs of traincrews 

and maintenance of way and equipment would be $38,707.15 for the 

ex i s t i n g volume of t r a f f i c , and therefore $77,414.30 for double 

the volume. 3 1 This estimate, although included in the C.P.R.'s 

ex post release, which was i t s e l f c onservative, 3 2 has 

nevertheless been attributed to Bogue also. The t o t a l annual 
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operating savings which Bogue estimated may therefore have been 

$220,388.11, in comparison with Sullivan's estimate of 

$171,271.22. 

Bogue's estimate may have included the savings obtained 

from removal of the obligation to maintain and renew double-

track wooden snowsheds. The C.P.R., again in i t s conservative 

release, had valued these savings at $125,000 per year. Assuming 

that Bogue's estimate was the same, thi s would have taken his 

estimate of annual savings to a minimum of $345,388.11. 

Thus far, thi s analysis has considered only those 

categories' of benefits which the C.P.R. had i t s e l f i d e n t i f i e d , 

and has merely re-evaluated some of the benefits according to 

less conservative assumptions. Other categories of quantifiable 

benefits remain, categories which were c e r t a i n l y omitted from 

the C.P.R.'s ex post release, and which may have been omitted 

from Bogue's evaluation also. 

One such category i s that of contribution which the 

C.P.R. could expect to derive from the incremental t r a f f i c 

between the existing volume and double that volume. The 

C.P.R. had been prepared to pay a premium of $750 per day in 

order to ensure rapid completion of the tunnel. It i s assumed 

that t h i s sum represented the amount per day which the 

C.P.R. was prepared to pay at the margin in order not to forego 

the benefits which i t expected to accrue from operating through 

the tunnel. This sum i s therefore multiplied by 365 in order to 

obtain an estimate of the annual benefits which would have been 

required in order to offset the payment of thi s premium. This 

amount, however, ($273,750), exceeded the annual benefits which 
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the C.P.R. claimed in i t s ex post release to be an t i c i p a t i n g 

($256,271.22). Since the l a t t e r amount included only operating 

savings and snowshed savings, i t i s assumed that the discrepancy 

between the amount which the C.P.R. was prepared to pay, 

$273,750, and the amount which i t should have been prepared to 

pay according to i t s own calculations of savings, $256,271.22, 

represented the annual contribution which the C.P.R. expected to 

accrue from the incremental t r a f f i c between the exis t i n g volume 

and double that volume. This discrepant amount was $17,478.78, 

and i t s inclusion would have taken Bogue's estimate of the 

annual benefits to $362,866.89. As has been noted, the amount 

which Bogue actually estimated that the C.P.R. would save from 

the tunnel was $462,821. This was $99,954.11 greater than the 

estimate reconstructed above. The balance may be composed of two 

other categories of benefit. 

The f i r s t i s that of incremental contribution from t r a f f i c 

beyond a l e v e l of double the exis t i n g volume. Quantification of 

this benefit, however, depends upon the assumption of a c e i l i n g 

volume of t r a f f i c which, whilst not exceeding the capacity of 

the double track, must necessarily be imposed somewhat 

a r b i t r a r i l y . 

The second i s that of savings in congestion costs. Even i f 

i t i s accepted that the exis t i n g single l i n e could physically 

support double the current volume of t r a f f i c , the increase in 

t r a f f i c would not incur uniformly increasing costs. Instead, as 

the l i n e became more congested, the increment in t r a f f i c would 

not only incur i t s own operating cost, but, by delaying other 

t r a f f i c , i t would impose a "congestion cost" upon a l l other 
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t r a f f i c to be moved over the Pass. This congestion cost i s 

d i f f i c u l t to quantify, and this analysis does not attempt 

q u a n t i f i c a t i o n . Nevertheless, i t i s clear that t h i s congestion 

cost was a function both of the l e v e l at which t r a f f i c could 

flow through the Pass without congestion, and of the rate at 

which the t r a f f i c flow would increase beyond t h i s l e v e l . From 

the analysis of the capacity of the existing f a c i l i t y , which was 

conducted in Chapter 6, i t seems probable that congestion costs 

were already being incurred in the movement of the 1912-level of 

t r a f f i c over the single l i n e . Doubling that volume would 

increase the burden of the congestion costs, and construction of 

a double track with an easier alignment which would a l l e v i a t e 

the congestion would save these congestion costs as well as 

saving some of the o r i g i n a l operating costs. 

The C.P.R.'s ex post release, which purported to j u s t i f y 

the investment decision, c e r t a i n l y omitted consideration of 

these three categories of benefit. Bogue's ca l c u l a t i o n of t o t a l 

savings, in which almost $100,000 remains unaccounted for, may 

have included an estimate of benefits from each of these 

categories. However, even Bogue's estimate may have been 

conservatively biased by his omission of the valuation of human 

l i v e s which would be saved by the project. The C.P.R. recognised 

the p r i n c i p l e of attaching a value to human l i f e , in order the 

more accurately to assess the benefits of the project. It also 

recognised the need to trade off construction and operating 

costs against human l i f e in the Rogers Pass realignment, and i t 

was prepared to make such a trade-off i f necessary — i t has 

already been noted that Sullivan envisaged "some trouble from 
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snow s l i d e s " as part of the price of a location up Bear Creek. 3 3 

When seeking to j u s t i f y investment in the Connaught Tunnel, 

however, the Company shied away from the practice of attaching a 

dollar-value to human l i f e . This evasion may have re f l e c t e d the 

inherent d i f f i c u l t y of the practice, or i t may have ref l e c t e d a 

very sincere lack of b e l i e f on the part of the C.P.R. that the 

benefits to be derived from savings in human l i f e were in fact 

c r u c i a l to the evaluation, given that the d i r e c t l y quantifiable 

benefits of the project, estimated at $462,821 per annum, 

already ensured a positive net present value. 

Certainly, i t was only at the very end of a fourteen-page 

l e t t e r r a t i o n a l i s i n g construction of a tunnel on the grounds of 

potential operating savings that S u l l i v a n added: 

Another feature that i s hard to measure in d o l l a r s 
and cents which has not been dwelt upon i s the t o l l of 
l i f e . I presume the average loss of l i f e since the road 
was b u i l t , on account of snow s l i d e s on this section, 
w i l l average between 5 and 10 per y e a r . 3 4 

The l i v e s which the C.P.R. was here considering were those 

of railway servants. Between 1883 and 1916 the t o t a l death t o l l 

was estimated at 236, 3 5 or an average of seven per year. "No 

passenger ever lost his l i f e . " 3 6 In the aftermath of the 1910 

avalanche disaster, the C.P.R. i s known to have paid $500 in 

compensation to the brother of one of the victims: 

It i s d i s t i n c t l y understood, however, that the Company 
does not admit but disputes legal l i a b i l i t y for the said 
accident, the amount being given as a gratuity and for 
the sake of peace. 3 7 

Many of the snow-clearing gangs who were most prone to 

death in avalanches were seasonal labourers, often Asian 

immigrants. 3 8 It i s unlikely that compensation was paid to the 

r e l a t i v e s of a l l of these who might be k i l l e d . It i s also 
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unlikely that recruitment and tr a i n i n g costs for their 

replacements were very high. Therefore, $500 may be taken as a 

reasonable measure of the value of l i f e among mountain railway 

employees. If i t i s assumed that seven l i v e s per year would be 

saved for perpetuity by the tunnel, the t o t a l benefit may be 

estimated at $87,500, or less than one per cent, of the d i r e c t l y 

quantifiable benefits of the tunnel when discounted as 

perpetuities ($11,570,525). 3' 

It may be argued that i t was not the actual death t o l l 

among railway servants with which the C.P.R. was concerned in 

Rogers Pass, but the potential death t o l l among the public, and 

the risk that such a death t o l l might be incurred in 

"catastrophic" circumstances. That i s , passenger deaths might 

occur extremely rarely, but, when they did occur, might be 

extremely large in number i f , for example, a passenger t r a i n 

were to be struck by an avalanche. No such incidents in fact 

occurred upon the C.P.R. during the t h i r t y years of surface 

operations through Rogers Pass. However, even i f i t i s assumed 

that one such incident would occur once every ten years on the 

main l i n e , that 200 passengers would be k i l l e d in each incident 

— more than twice as many as were k i l l e d when an avalanche 

struck the Great Northern's Spokane Express at Wellington on 

March 1, 1910 4 0 — and that passengers' l i v e s were valued at 

twice as much as those of railway servants, or $1,000 each, then 

the t o t a l value of the l i v e s saved, discounted as a perpetuity, 

would have been $500,000. This was s t i l l less than 5% of the 

d i r e c t l y quantifiable benefits of the tunnelling project. 

This analysis of the categories of benefits a r i s i n g from 
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construction of the tunnel leads to a revised estimate of the 

t o t a l benefits of the project. This revised estimate i s 

presented in.table 28. The estimate confirms the impression that 

i t was the operating-cost savings anticipated from the tunnel 

alignment which were the chief benefit sought from the project, 

and that i t was the savings in snow-related costs which were the 

incidental benefit, rather than vice-versa. The savings in 

di r e c t operating costs accounted for 45.3% of the t o t a l benefits 

of the project, whilst the savings in snow-related expenses, 

including the value of human l i v e s , accounted for 30.5% of the 

t o t a l benefits. 
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TABLE 28 

REVISED ESTIMATE OF BENEFITS OF CONTRACTED TUNNEL ALIGNMENT. 
(Assuming double the 1912-13 t r a f f i c volume; r = 4%) 

Source Of Benefit Annual Value % 
Of Benefit Total 

Operating savings (f u e l , wage and 
maintenance) 220,388.11 45.3 

Snowshed savings 125,000 25.7 
Contribution from generated t r a f f i c 17,478.78 3.6 
Unaccounted balance of Bogue's estimate 

of t o t a l annual benefits* 99,954.11 20.6 
Workmen's l i v e s saved 3,500 0.7 
Passengers' l i v e s saved** 20,000 4.1 

Total annual benefits 486,321 100.0 

Discounted value of benefits:-
Annual benefits realised after Year 4 for perpetuity: 

486,321/4% = $12,158,025 
Discounted back to Year 0: 

12,158,025 x .82193 = $9,993,045.50 

Discounted cost of contracted alignment: $7,135,352.90 

Net present value of contracted alignment:-
9,993,045.50 - 7,135,352.90 = +$2,857,692.60 

* The difference between Bogue's estimate of benefits and the 
estimates reconstructed in section (8.2) may include estimates 
of contribution from incremental t r a f f i c above double the 
present volume, and savings in congestion costs. 

** Value of expected number of deaths per year, assuming 200 
deaths once every ten years. 

Source:- See text. 
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Moreover, the fact that t h i s magnitude of t o t a l benefits 

could be obtained for a discounted outlay of just over $7 

m i l l i o n reinforces the impression that the Connaught Tunnel was 

not simply a necessary investment, dictated by concern to save 

l i v e s or to avoid p r o b a b i l i s t i c opportunity costs consequent 

upon l i n e blockage by avalanches. Rather, i t was a sound 

investment, of f e r i n g a substantial p o s i t i v e return in d i r e c t l y 

quantifiable operating savings and in contributions to be 

derived from generated t r a f f i c , even without the savings in 

snow-related expenses. This, at least, may have been the manner 

in which the investment was perceived in 1913, when the decision 

to undertake the project was reached. It remains to determine 

whether the project as constructed, modified during the war 

years, was s t i l l a sound investment. 

8.3 The Alignment As Constructed 

The contracted realignment, upon which construction 

commenced in the summer of 1913, was never completed. The 

western approach, including the provision of a 300,000-cubic-

yard embankment in order to divert the I l l e c i l l e w a e t River away 

from the tunnel entrance,* 1 was b u i l t as planned. Construction 

of the tunnel also proceeded s a t i s f a c t o r i l y . After a slow s t a r t , 

occasioned by the unexpected length of soft-earth tunnelling 

required at both portals, recovery was swift as soon as s o l i d 

rock was reached. The world tunnelling record was broken in 

successive months between November 1914 and January 1915,*2 the 

pioneer headings met at the centre of the tunnel on December 19, 

1915, and the main headings met on July 7, 1916. Although the 
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contract had set back the date for completion to June 1, 1917, 

on account of the amount of soft ground which was encountered, 4 3 

the Order opening the tunnel to t r a f f i c was approved on December 

13, 1916, 4 4 which was within the o r i g i n a l deadline. The tunnel 

i t s e l f was 26,512 feet l o n g , 4 5 some 612 feet longer than had 

i n i t i a l l y been anticipated, but i t was completed at an average 

rate of $3.67 per l i n e a l foot less than the contracted rate, and 

for a t o t a l cost of $5,071,702, which was $13,175 less than the 

contracted p r i c e . 4 6 Whilst i t had been expected that 8,400 

l i n e a l feet of the tunnel would have to be lined with concrete, 

only 7,837 feet were actually l i n e d . 4 7 This permitted the saving 

of $70,720, or nearly 10%, over the contracted l i n i n g cost of 

$680,000. 4 8 

It was on the eastern approach to the tunnel that the 

alignment which was constructed diverged markedly from that for 

which contracts had been l e t in 1913. This eastern approach was 

not double-tracked. Neither was the length of 2.2% gradient 

against westbound t r a f f i c reduced from 20.8 miles to 5.5 miles. 

Neither was the westbound pusher gradient e l e c t r i f i e d . 

The main reason for the change in the contracted alignment 

was the escalation of the estimated cost of e l e c t r i f y i n g the 

pusher gradient. Ever since the p o s s i b i l i t y of driving a tunnel 

beneath Rogers Pass had been conceived, e l e c t r i f i c a t i o n had been 

regarded as an integral part of the project. Shaughnessy, Bury 

and Herbert S. Holt, eminent among the C.P.R. Directors, had a l l 

been convinced of the necessity to e l e c t r i f y the tunnel. The 

only question concerned the extent to which e l e c t r i f i c a t i o n 

should be undertaken on either side of the approaches. In March 
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1913, Holt had proposed to Shaughnessy that, 

As you w i l l no doubt operate the heavy grade sections 
through the mountains by e l e c t r i c i t y , I think i t would 
be ad v i s i b l e for you to have a thorough survey of 
prospective hydro-electric powers on the Beaver and 
Columbia r i v e r s both above and below Beavermouth.*' 

In June, Bury had arrayed the following a l t e r n a t i v e s : 

...to simply e l e c t r i f y the tunnel; to e l e c t r i f y the 
tunnel from Albert Canyon to the foot of the 2.2% grade 
east of the tunnel and use e l e c t r i c a l helpers 
altogether; or e l e c t r i f y the l i n e from Revelstoke to 
Field...As I see i t , as a beginning i t w i l l be advisable 
simply to e l e c t r i f y the t u n n e l . 5 0 

Shaughnessy's ultimate ambitions appear at t h i s stage to 

have been much more far-reaching, although he agreed with his 

Vice-President in the short term: 

My own feeling i s that we should look to the 
operation of the l i n e between Laggan and Revelstoke by 
e l e c t r i c i t y , although in the beginning the e l e c t r i c 
t r a c t i o n may be confined to the tunnel o n l y . 5 1 

By October 1913, however, Shaughnessy's visions had come to 

resemble more closely those of Bury, and the President 

strenuously denied plans for the wholesale e l e c t r i f i c a t i o n of 

the western d i v i s i o n s . "What I did say," he pointed out to the 

editor of the Canadian Railway And Marine World, "was that the 

tunnel...would be operated by e l e c t r i c i t y , and that that would 

probably make i t desirable to use e l e c t r i c i t y over that section, 

from F i e l d to Revelstoke." 5 2 

Plans for e l e c t r i f i c a t i o n were s t i l l active in the spring 

of 1914. In February, Bury t r a v e l l e d to New York to examine 

e l e c t r i f i c a t i o n systems on the New York, New Haven and Hartford 

and Pennsylvania Railroads, and was pleased to report thus: 

The main thing we had to determine was what size of 
tunnel we would require, depending on the type of 
e l e c t r i f i c a t i o n adopted, but as a result of going into 
the matter most thoroughly we have found that the size 
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of tunnel i t would be necessary to build anyway for 
clearance and v e n t i l a t i o n would be more than ample to 
take care of any type of e l e c t r i f i c a t i o n that may be 
determined upon. 5 3 

At the end of A p r i l , the C.P.R. informed the Board of Railway 

Commissioners that, 

The type of e l e c t r i f i c a t i o n to be used has not yet been 
d e f i n i t e l y decided upon. We are, therefore, making our 
clearances high enough to permit of the use of any 
type. 5 4 

The chief objective of the C.P.R. in seeking to e l e c t r i f y 

the tunnel was to f a c i l i t a t e v e n t i l a t i o n . Sullivan had ventured 

in October 1912 that, 

Our proposed tunnel...I r e a l l y believe can be operated 
by steam without any great r i s k s , but when t r a f f i c gets 
very dense i t would, of course, be necessary to either 
put in very extensive fans or an e l e c t r i c system. 5 5 

The provision of e l e c t r i c t r a c t i o n would also permit the 

multiple-heading of motive power on the assisted trains over the 

summit. This, however, was perceived as an incidental 

implication, and Sullivan in fact forecast that the cost of 

operating through the tunnel by e l e c t r i c i t y would be greater by 

some $60,000 per annum than the cost of operating by steam. 5' 

Nevertheless, there i s no doubt that the alignment for which the 

C.P.R. l e t contracts was markedly influenced by the expectation 

that the main l i n e at the summit would be e l e c t r i f i e d . As the 

C.P.R. explained in retrospect, 

When the application was made...the Company 
contemplated operating the tunnel by e l e c t r i c i t y and a 
steep gradient of 2.2 per cent, was placed adjacent to 
the tunnel so that the e l e c t r i c locomotives which would 
haul the trains through the tunnel could act as pushers 
on the steep grade. 5 7 

From t h i s statement, i t appears that the scope of 

e l e c t r i f i c a t i o n which was envisaged when the contract was l e t 
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may have spanned those 11.2 miles of the main,line between the 

west portal and the base of the 2.2% gradient on the east slope. 

In October 1912, Sullivan had estimated the c a p i t a l cost of 

e l e c t r i f i c a t i o n at $250,000. By June 1913, this estimate had 

increased to $500,000. 5 8 Nevertheless, the C.P.R. proceeded to 

.let the contract for the alignment, intending to concentrate the 

pusher gradients on either side of the tunnel, and the Company 

did not apparently undertake a detailed investigation of the 

economics of e l e c t r i f i c a t i o n u n t i l over a year after 

construction of the tunnel had commenced. 

In the summer of 1914, the Westinghouse Church Kerr Company 

was commissioned to study . e l e c t r i f i c a t i o n throughout the 

B.C. mountains. The p r i n c i p a l conclusions of i t s preliminary 

report were thus: 

. . . i t would not be economical to e l e c t r i f y the l i n e from 
Revelstoke to Lake Louise u n t i l the t r a f f i c has 
increased 60%. As the t r a f f i c increases from 60% to 100% 
the economics show savings in e l e c t r i c t r a c t i o n over 
steam. 

We would not under any conditions be j u s t i f i e d in 
e l e c t r i f y i n g the l i n e between Revelstoke and the toe of 
the east slope of the Selkirks. 

As the tunnel should be operated by e l e c t r i c i t y in 
any event the economics are in favor of e l e c t r i f y i n g the 
l i n e from the west portal of the tunnel to the foot of 
the 2.2 grade on the east slope, a t o t a l distance of 12 
m i l e s . 5 ' 

It appears from th i s report that by the summer of 1914, the 

extent of e l e c t r i f i c a t i o n which was deemed appropriate was 

confined to the tunnel and the summit on the east slope, and 

that e l e c t r i f i c a t i o n was not deemed appropriate for any portion 

of the west slope. This may seem surprising, for at the time 

when the realignment had been conceived, the eastbound tonnage 

had outweighed the westbound, and the two flows were forecast 
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merely to balance by 1916. Moreover, i t was expected that when 

the project was completed, the length of 2.2% gradient against 

eastbound t r a f f i c would be 19.4 miles, in comparison with only 

5.5 miles against westbound t r a f f i c . It appears, therefore, that 

this ordering of e l e c t r i f i c a t i o n p r i o r i t i e s , commencing at the 

summit on the east slope, was intended, l i k e the configuration 

of the gradient revision scheme i t s e l f , primarily to' expedite 

the future flow of t r a f f i c westbound. This impression i s 

reinforced by the fact that Westinghouse Church Kerr, in i t s 

f i n a l report upon the economics of e l e c t r i f i c a t i o n , envisaged 

that the C.P.R. would be able, as a result of e l e c t r i f y i n g the 

eastern approach, to double the weight of i t s westbound freight 

trains over the summit to 2,000 t o n s . 6 0 

The potential impact upon main-line capacity of the 

combined investment in double-tracking and e l e c t r i f i c a t i o n i s 

readily c a l c u l a b l e . If i t i s assumed, s i m p l i s t i c a l l y , that 

double-tracking would have doubled the number of t r a i n paths 

available to westbound tr a i n s on the east slope, and i f i t i s 

assumed that, as a result of multiple-heading, 2,000-ton trains 

could ascend as rapidly with e l e c t r i c traction as 1,016-ton 

trains ascended with steam, then westbound capacity over the 

summit would have increased to 13,908,000 equivalent gross tons 

per y e a r . 6 1 The revised, e l e c t r i f i e d main l i n e could therefore 

have supplied 333% more capacity, in tonnage terms, than was 

actually required in 1912-13, the year during which capacity 

pressures persuaded the C.P.R. that realignment was necessary. 

The precise estimates for the cost of e l e c t r i f i c a t i o n which 

Westinghouse Church Kerr presented to the C.P.R. in i t s two 
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reports are not known. It seems, however, that the estimates 

were disappointingly high. Certainly, A. N. Vaughan, who 

analysed the reports for the C.P.R., contrived to scale down the 

potential costs by substituting a lower forecast for t r a f f i c 

growth. A 25% increase was assumed, and Vaughan recommended that 

the C.P.R. should continue operating 1,000-ton trains over the 

summit, resorting to steam operation in emergencies, in order to 

reduce the requirement for e l e c t r i c locomotives from seven, as 

envisaged by Westinghouse Church Kerr, to four. Even under these 

assumptions, however, the fixed investment in e l e c t r i f i c a t i o n 

was s t i l l estimated at $825,000 for the tunnel, and $953,000 i f 

e l e c t r i f i c a t i o n were to be extended to the foot of the 2.2% 

gradient on the east slope. In addition, the di r e c t operating 

costs associated with the two alternative e l e c t r i f i c a t i o n 

schemes were now respectively estimated to be $72,000 and 

$66,000 per annum greater than the cost of steam operations. 6 2 

It was not u n t i l Vaughan's analysis of Westinghouse Church 

Kerr's f i n a l report was submitted to Shaughnessy in November 

1914 that the expense of e l e c t r i f i c a t i o n appears to have been 

f u l l y appreciated by the C.P.R. On receipt of the analysis, 

Shaughnessy observed to Bury that, 

If Mr. Vaughan's figures, concerning the increased 
cost of operation by e l e c t r i c i t y of the tunnel and East 
approach, be correct,, we have got rather an expensive 
proposition on our hands. 6 3 

Even upon the basis of these cost estimates, however, Bury was 

prepared to proceed with e l e c t r i f i c a t i o n : 

We were aware that with p a r t i a l e l e c t r i f i c a t i o n of the 
Mountain Section there would be some extra expense, but 
a r e ' s a t i s f i e d that extra expense w i l l not be as great as 
has been estimated by the Westinghouse Church Kerr 
people. 6 4 ' 
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He s t i l l did not question that e l e c t r i f i c a t i o n should be carried 

out. At t h i s time his chief concern was with the type of 

e l e c t r i f i c a t i o n which should be adopted, and even upon t h i s , he 

observed that, "We have u n t i l next year to decide..." 6 5 

By the time that the decision had to be made, however, in 

1915, the C.P.R. had been compelled once again to revise upwards 

i t s estimates of the cost of e l e c t r i f i c a t i o n . It i s not clear 

whether the new estimates were the Company's own, or whether the 

C.P.R. had simply been forced to accept that the estimates 

provided by Westinghouse Church Kerr, which i t had rejected the 

previous year as being too high, were accurate after a l l . 

Irrespective of source, the estimates were v i r t u a l l y twice as 

high as those of the previous year: the c a p i t a l cost of 

e l e c t r i f i c a t i o n was now projected at $1,500,000, and the 

operating cost at $150,000 per annum.66 

These estimates were unacceptably high to the C.P.R. As 

Bury rec a l l e d , 

Rather than face this charge, as soon as our 
engineers found out what the cost of e l e c t r i f i c a t i o n and 
the extra cost of operation would be, due to 
e l e c t r i f y i n g this small section of the l i n e , studies 
were made seeking a means to save t h i s . . . 6 7 

Since e l e c t r i f i c a t i o n had been intended primarily to f a c i l i t a t e 

v e n t i l a t i o n , the search for cost savings began in t h i s area. 

Following European and American practice, a mechanical system 

was adopted, comprising twin fans located at the western portal 

in order to suck in fresh a i r from the p r e v a i l i n g westerly 

airstream. The i n s t a l l a t i o n cost of t h i s mechanical v e n t i l a t i o n 

system was estimated at between $100,000 and $125,000, and i t s 

operating cost was estimated at less than $40,000 per annum.68 
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The decision to ve n t i l a t e the tunnel mechanically enabled 

the C.P.R. to abandon i t s plans for e l e c t r i f i c a t i o n , and to 

"continue to operate by steam for some years to come." Main-line 

e l e c t r i f i c a t i o n had been renounced by July 1915.'' It i s 

tempting, because e l e c t r i f i c a t i o n had been included as an 

integral part of the realignment project as conceived in 1912, 

and had then been abandoned in 1915, to conclude that i t was the 

F i r s t World War which put an end to the proposals, and which 

therefore i r r e t r i e v a b l y delayed the course of main-line 

e l e c t r i f i c a t i o n in Western Canada. Such a conclusion would be 

misleading, however. Investment in e l e c t r i f i c a t i o n had been 

perceived by the C.P.R. as. a necessary additional cost 

associated with building and operating through the five-mile 

tunnel. From the outset, the economics of e l e c t r i f i c a t i o n were 

perceived to be unfavourable, even under the most optimistic 

conditions of t r a f f i c growth. In October 1912, Sullivan had 

estimated that i t would add $1,750,000 to the discounted cost of 

the tunnel route. By July 1915, the estimated additional 

discounted cost had exactly t r i p l e d , to $5,250,000. According to 

this c a l c u l a t i o n , upon which the decision to cancel 

e l e c t r i f i c a t i o n was based, the t o t a l cost of the realignment 

project would have been increased by some two-thirds, from 

$7,970,930 to $13,220,930. Moreover, the annual benefits 

accruing from the realignment, which would have been reduced by 

$150,000 under e l e c t r i c operation, would, according to the 

C.P.R.'s ca l c u l a t i o n s , would have been s u f f i c i e n t to cover only 

half the cost of e l e c t r i f i c a t i o n , without o f f e r i n g any 

contribution towards the cost of the gradient revision i t s e l f . 7 0 
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In contrast, the tunnel could be ventilated mechanically for a 

t o t a l discounted cost of $1,062,500, or o n e - f i f t h of the cost of 

e l e c t r i f i c a t i o n . Confronted by these a l t e r n a t i v e s , i t i s 

extremely l i k e l y that the C.P.R. would have shelved i t s 

e l e c t r i f i c a t i o n proposals whether or not war conditions had 

prevailed in 1915. 

The realignment project through Rogers Pass was, however, 

further scaled down during 1915, and most of the revision which 

had been proposed for the east slope was never undertaken. The 

prevalence of war conditions was c e r t a i n l y one factor in the 

decision to modify the proposal, but the abandonment of 

e l e c t r i f i c a t i o n had already paved the way for more retrenchment. 

The proposal for which contracts had been l e t had envisaged 

concentrating the pusher gradient on the east slope of the 

Selkirks immediately at the eastern portal of the tunnel. This 

alignment had been intended to foster more e f f e c t i v e u t i l i s a t i o n 

of the pusher locomotive f l e e t which was planned for summit 

operations: in addition to hauling trains over the less-than-

one-per-cent. gradient through the tunnel, the f l e e t could take 

over from the ex i s t i n g motive power a l l pusher duties for 

westbound t r a f f i c across the S e l k i r k s . 

When e l e c t r i f i c a t i o n was abandoned, therefore, the 

operating advantage of constructing this new 2.2% gradient was 

n u l l i f i e d : since pushers would not be required through the 

tunnel, i t was no longer necessary to concentrate the pusher 

gradient at the eastern p o r t a l . This elimination of the 

requirement to relocate the pusher gradient, however, did not of 

i t s e l f imply that no realignment at a l l should be undertaken on 
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the east slope. Had the C.P.R. s t i l l deemed double-tracking of 

the main l i n e expedient, i t might s t i l l have proceeded to 

replace the 8.8 miles of single-tracked 2.2% gradient between 

Six Mile Creek and Stoney Creek with 5.5 miles of double-tracked 

2.2% gradient at the tunnel mouth. It might have anticipated 

that the savings in congestion costs and in the cost of haulage 

over 3.3 miles of 2.2% gradient would have offset the investment 

in relocating the pusher ascent prior to doubling. 

By 1915, however, t r a f f i c conditions had altered: both 

actual volumes and forecasts had decreased, to such an extent 

that the C.P.R. could no longer j u s t i f y double-tracking the 

eastern approach. As has been noted, 1 1 the decline in t r a f f i c 

volumes began i n - 1913, over a year before the outbreak of the 

F i r s t World War. The C.P.R. had believed that the decline would 

be temporary, and, continuing to forecast the doubling of 

t r a f f i c within the next four years, had refused to modify i t s 

investment policy in the mountains. The outbreak of war, 

however, prolonged and exacerbated the decline. Tables 15 and 16 

are i l l u s t r a t i v e : by the end of 1914, volumes of lumber and 

grain had each f a l l e n by 40% over the previous two years, and 

were lower than at any time since 1909. Moreover, the optimism 

of the C.P.R. forecasts, which had outlived the 1913 recession, 

was subdued by the f i r s t autumn of the war. In November 1914, 

when the C.P.R. evaluated the Westinghouse Church Kerr 

e l e c t r i f i c a t i o n report, i t determined to provide s u f f i c i e n t 

e l e c t r i f i e d capacity, to handle an increase in t r a f f i c of only 

25%. 1 2 

The e f f e c t of the reduction in actual and forecasted 



375 

t r a f f i c volumes was to decrease the magnitude of the benefits 

which could be anticipated from the project. Given this 

reduction in potential benefits, the C.P.R. could either extend 

the payback period which i t allowed for the project, or i t could 

seek to scale down the magnitude of the investment which had to 

be recovered. In view of wartime uncertainty, the Company may 

have been reluctant to adopt the former a l t e r n a t i v e . Instead, i t 

sought to reduce i t s i n i t i a l investment. That the retrenchment 

decision was a product both of the Company's prior decision to 

abandon e l e c t r i f i c a t i o n and of unforeseen changes in t r a f f i c 

l evels i s evidenced by Bury's retrospective explanation, which 

accords equal weight to both factors: 

In view of t r a f f i c conditions and the change in 
operating features from the use of e l e c t r i c a l pushers to 
steam pushers, we were warranted, under the present 
extraordinary world wide conditions, to seek a means by 
which we could reduce the cost of th i s work... 7 3 

The burden' of cost reduction f e l l upon the east slope of 

the Selkirk Mountains, as Bury went on to explain: 

...we therefore determined...instead of building a 
double track l i n e from Six Mile Creek to the east portal 
of the tunnel, to simply leave the main l i n e just west 
of Stony Creek Bridge and b u i l d a single track from 
there to where the material from the tunnel and approach 
cut would make f i l l about two miles east of east 
p o r t a l . . . 7 4 

This new spur was l e v e l , and 2.8 miles long. Beyond i t , 

eastwards as far as Beavermouth, the C.P.R. would continue to 

operate i t s t r a i n s over the same single-track 2.2% gradient that 

i t had worked since the 1880's. 

There were perhaps four reasons why the burden of cost 

reduction f e l l upon the east slope. The f i r s t and most obvious 

reason was that by 1915, no work had as yet been commenced on 
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the east slope, except at the very mouth of the tunnel. The 

gestation period of the entire realignment was dependent solely 

upon the time required for the boring of the tunnel. 

Construction on the east slope, l i k e the decision on the type of 

e l e c t r i f i c a t i o n , was postponed for as long as possible. This 

postponement secured for the C.P.R. s u f f i c i e n t f l e x i b i l i t y that, 

when circumstances dictated, both of these decisions could be 

reversed at no sunk cost. 

A second reason may have been that the potential for 

reducing the l e v e l of.variable costs was less on the east slope 

than elsewhere over the proposed realignment. Therefore, the 

opportunity cost of not reducing that l e v e l would also have been 

less on the east slope than elsewhere. The value of the entire 

realignment scheme would have been far more seriously 

jeopardised, for example, had the C.P.R. been compelled by 

retrenchment to retain the Loops, or to abandon the tunnel 

i t s e l f . As i t was, the modification which the C.P.R. in fact 

incorporated into the main-line configuration on the east slope 

did not add more than one-tenth of a mile to the length of l i n e 

envisaged in the o r i g i n a l proposal, and entailed no lesser 

reduction than the o r i g i n a l proposal in r i s e and f a l l . 

Admittedly, the length of 2.2% gradient was increased from 5.5 

miles in the contracted proposal td 8.8 miles in the alignment 

as b u i l t . However, the distance over which westbound trains had 

to be pushed was increased by only 2.4 miles, from the 11.2 

miles which were intended to be e l e c t r i f i e d to the 13.6 miles 

between Beavermouth and Stoney Creek. Even th i s disadvantage may 

not have been perceived to be acute, given the t h i r d possible 
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reason for the curtailment of the east-slope r e v i s i o n . 

This t h i r d reason may have been that the decline in t r a f f i c 

volumes and forecasts was probably more severe in the westbound 

dir e c t i o n than in the eastbound d i r e c t i o n . Again, tables 15 and 

16 are i l l u s t r a t i v e . Between 1912 and 1914, the decline in 

lumber t r a f f i c far outweighed that in grain, in terms of 

absolute volume. The decline in lumber t r a f f i c was reversed 

after 1914, however, and by 1916, volumes had reached their pre

war heights again. In contrast, the decline in westbound grain 

t r a f f i c was unrelenting, and in 1916, volumes were less than 

one-quarter of their 1912 peak. Moreover, i t i s l i k e l y that 

longer-term forecasts were revised downwards more d r a s t i c a l l y 

for westbound than for eastbound t r a f f i c . Table 29, which 

d e t a i l s westbound grain exports from Vancouver between 1910 and 

1935, provides some index of the probable expectations for 

future westbound grain t r a f f i c . Not only did actual volumes 

decline during the war years, but the war i t s e l f interrupted 

merchant shipping and forced ocean freight rates upwards. It was 

not u n t i l the autumn of 1917 that the f i r s t bulk shipment of 

grain, 100,000 bushels, was exported from Vancouver to London, 7 5 

and grain exports via t h i s route did not "take o f f " u n t i l at 

least the early 1920's. The C.P.R. may therefore have calculated 

that the increase in westbound grain t r a f f i c through the 

mountains would be delayed for several years after the cessation 

of war, and that, since the east-slope revision was expected to 

take less than two years to complete, there would be ample time 

to undertake th i s f i n a l stage of the project, should i t become 

necessary, under peace-time conditions. 
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TABLE 29 

GRAIN EXPORTS FROM VANCOUVER, 1910-1935. 

Year Bushels 

1910* 987,594 
1911 14,209 
1912 233,916 
1913 765,156 
1914 226,346 
1915 138,999 
1916 82,237 
1917 369,633 

1918-20 not available 
1921** 1,251,071 
1922 14,463,833 
1923 24,663,017 
1924 53,240,516 
1925 34,868,192 
1926 45,229,906 
1927 43,552,210 
1928 97,561,716 
1929 73,984,114 
1930 63,437,312 
1931 70,841,445 
1932 105,006,925 
1933 68,828,024 
1934 51,757,614 
1935 46,265,612 

* Crop Years, 1910-17. 

** Calendar Years, 1921-35. 

Sources:- 1910-17: Annual Reports of the Board of Grain  
Commissioners for Canada, DSP. 

1921-35: Annual Reports of the Vancouver Harbour  
Commissioners, Vancouver, B.C. 
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A fourth and f i n a l reason may have been a ling e r i n g fear 

haunting President Shaughnessy that the cost of the realignment 

project would exceed i t s estimates. Shaughnessy must have known 

that by August 1914 the contractors had f a l l e n "some $300,000 

behind their estimated tender for t h i s work" on account of the 

d i f f i c u l t y of boring the approach cuts through soft earth. 

Sullivan expressed the opinion that, "The contractors' estimate 

for the allowance of time for earth tunnelling was not one half 

as large as i t should have been to cover the time required to go 

through t h i s . " 7 6 The shovels which were to enlarge the tunnel to 

i t s f u l l width did not encounter hard rock u n t i l January 1915 at 

the east end, and February 1915 at the west end. 7 7 By the summer 

of 1915, i t appears that Shaughnessy was extremely concerned 

about the costs of the project, for Bury drafted a memorandum to 

the President d e t a i l i n g the savings which had been made in 

actual costs over the estimates which Busteed had submitted in 

1913. Bury ended the memorandum thus: 

I sincerely trust that the above information w i l l 
r elieve your mind of the feeling that the cost of thi s 
work w i l l exceed the estimate...but i f you wish for 
anything further I can arrange for Mr. Sullivan to come 
East with f u l l data, so that any further d e t a i l s you may 
require w i l l be a v a i l a b l e . 7 8 

In fact, however, there were neither time- nor cost-overruns. In 

January 1917, A. C. Dennis, who had collaborated with Sullivan 

to devise the "pioneer" method adopted in the construction of 

the tunnel, would report that, "The tunnel has been finished 11 

months ahead of the contract time, and for a substantial sum 

less than the price b i d . " 7 ' 

Irrespective of the reasons, the decision to freeze the 

revision on the east slope was c e r t a i n l y successful in both 
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reducing the immediate cost of the project and in preserving the 

C.P.R.'s f l e x i b i l i t y to undertake further improvements at low 

c a p i t a l cost should a future escalation of operating expenses so 

d i c t a t e . The single-track spur from Stoney Creek to the east 

portal of the tunnel cost $80,000, 8 0 and the t o t a l cost of the 

tunnel approaches was $860,017, in comparison with the 

$2,886,053 which had been projected in 1913. 8 1 In return.for 

t h i s saving, the C.P.R. incurred the expense of operating a l l 

trains over an additional one-tenth of a mile, and of operating 

pusher service over an additional 2.4 miles. The Company also 

f o r f e i t e d 9.4 miles of double track, with their associated 

saving in congestion c o s t s . 8 2 

In table 30, the costs and benefits of t h i s modification 

are computed. It i s assumed that the savings in r i s e and f a l l , 

curvature and f r i c t i o n resistance were the same on the completed 

alignment as on the contracted alignment. Moreover, the 

assumption i s maintained that t r a f f i c volumes would be double 

their average 1912-13 l e v e l , even though volumes in 1915 had 

actually f a l l e n below their 1912-13 average. It appears from the 

table that the benefits of cancelling the east slope revision 

e a s i l y outweighed the additional costs. The discounted 

congestion cost entailed by the foregoing of the 9.4 miles of 

double track would have had to have exceeded $1,843,015.80 in 

order to have rendered the modification uneconomical. This 

congestion cost, annualised at 4%, would have been $73,720.63 

per annum: almost as much as the annual amount which the 

C.P.R. had expected to save upon existing t r a f f i c by the 

o r i g i n a l realignment p r o p o s a l . 8 3 
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TABLE 30 

COSTS AND BENEFITS OF THE CANCELLATION OF 
THE EAST-SLOPE REVISION. 

(Assuming double the 1912-13 t r a f f i c volume; r = 4%) 

Benefits Of Cancellation £ 
Cost of tunnel approaches, as contracted for 2,886,053 

, as b u i l t 860,017 
Total c a p i t a l saving 2,026,036 

Costs Of Cancellation £ 
Additional wage and maintenance costs, contracted l i n e r -

Additional t r a i n miles: 
6,162 trains x 2 x 1/10 mile = 1,232.4 t r a i n miles 

1,232.4 t r a i n miles, at 22c. per t r a i n mile = 271.13 

Additional pusher miles: 
5,437 pushers x 2 x 2.4 miles = 26,097.6 pusher miles 
26,097.6 pusher miles, at 25c. per pusher mile= 6,524.40 

Extra cost maintenance of way: 
1/10 mile, at $200 per mile + 
1,232.4 t r a i n miles, at 20c. per t r a i n mile = 266.48 

Extra cost maintenance of equipment: 
1,232.4 t r a i n miles, at 21c. per t r a i n mile = 258.80 

Total additional annual operating cost 7,320.81 

Additional operating cost, incurred for perpetuity: 
7,320.81/4% = 183,020.25 

Net benefit of cancellation of east-slope r e v i s i o n : -
2,026,036 - 183,020.25 = +$1,843,015.80 

Annual net benefit of cancellation:-
1,843,015.80 x 4% = +$73,720.63 per year. 

Sources:- Cornell C i v i l Engineer, December 1914, pp. 80-81. 
Bury, Memoranda for the President, July 23, 1915; 

August 10, 1915. PIC CPCA. 
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Moreover, as Bury pointed out, the modification could be 

undertaken without the C.P.R.'s having to foreclose future 

realignment a l t e r n a t i v e s : 

If in the future i t should be determined to 
e l e c t r i f y the mountain section, we have before us a 
number of alternatives, either to double track the 
present l i n e , or to abandon the connection from Stoney 
Creek to the permanent location and bu i l d the li n e 
o r i g i n a l l y located, or any improvements which could be 
found in i t . 8 4 

Since the modification had been so cheap to implement, the sunk 

cost of i t s abandonment would not be a barrier against future 

r e v i s i o n : "To abandon this connection from the west end of 

Stoney Creek Bridge would mean simply throwing away between 

$60,000 and $70,000." 8 5 

The location of the realignment which was actually 

constructed may be traced on map ( I I I ) , and the p r o f i l e of the 

realignment is presented in figure 2. The new alignment reduced 

the length of 2.2% gradient on the east slope of the Selkirks 

from 16.1 miles to 8.9 miles, and the length of 2.2% gradient on 

the west slope from 25.3 miles to 19.4 miles. Thus, out of a 

t o t a l reduction of 13.1 miles in the length of 2.2% gradient, 

7.2 miles were saved on the east slope, and 5.9 miles on the 

west slope. 13.6 miles of pusher gradient remained on the east 

slope between Beavermouth and Stoney Creek, compared with 19.4 

miles on the west slope between Albert Canyon and Glacier. 

Moreover, none of thi s pusher mileage in either d i r e c t i o n was 

double tracked. Indeed, only 5.8 miles of double-track, 

including fi v e miles within the tunnel, were provided by the 

project, instead of the 24 miles between Beavermouth and Glacier 

which had o r i g i n a l l y been envisaged. 8 6 



383 

TABLE 31 

COST-BENEFIT ANALYSIS OF CONNAUGHT TUNNEL ALIGNMENT, 
AS COMPLETED, DECEMBER 1916. 

(r = 4%) 

Traff ic Forecast Tons  

Actual Eastbound, 1912-13 Averaqe;-
1,342 1/2 passenger t r a i n s , at 443 .tons 594,727.5 
2,322 passenger locomotives, at 175 tons 406,350 
1,738 1/2 freight t r a i n s , at 950 tons 1,651,575 
3,477 freight locomotives, at 181 tons 629,237 

Total 3,281,889.5 
Actual Westbound, 1912-13 Average;-
1,342 1/2 passenger t r a i n s , at 443 tons 594,727.5 
2,322 passenger locomotives, at 175 tons 406,350 
1,738 1/2 freight t r a i n s , at 898 tons 1,561,173 
3,477 freight locomotives, at 181 tons 629,237 

Total 3,191,487.5 

Total t r a f f i c , 1912-13 average:- 6,473,377 
Assuming doubling by 1917, forecast t o t a l = 12,946,754 

Undiscounted Cost Of Tunnel' Alignment £ 
Tunnel: 26,400 f t . , at $185.98 per f t . 4,910,050 
Tunnel trackwork: 161,652 
Approaches: 7.6 miles, at $91,980 per mile 860,017 
Ven t i l a t i o n equipment 110,000 

Total 6,041,719 

Year 1 
2 
3 
4 

Discounted Cost Of Tunnel Alignment 
1,099,906.38 x .96154 1,057,604 
1,704,379.15 x .92456 1,575,800.80 
2,500,000 x .889 2,222,500 
737,433.47 x .8548 630,358.13 

Extra cost of operating v e n t i l a t i o n equipment:-
37,500 per annum incurred after Year 4 for perpetuity: 

37,500/4% = $937,500 
Discounted back to Year 0: 

937,500 x .82193 = 770,559.38 
Total discounted cost:- 6,256,822.31 

Benefits Of Tunnel Alignment 
Eastbound Westbound 

Saving in r i s e and f a l l 547.8 f t . 547.8 f t . 
" f r i c t i o n resistance 68.1 " -1.8 " 

" " curve resistance 48.9 " 49.0 " 
Total 664.8 f t . 595.0 f t . 
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TABLE 31 (Cont.) 

Fuel saving:-
Eastbound: 3,281,890 x 664.8 = 2,181,800,472 f t . tons 
Westbound: 3,191,488 x 595.0 = 1,898,935,360 f t . tons 

Total 4,080,735,832 f t . tons 
$ 

4,080,735,832 f t . tons/1,000 = 
4,080,736 h.p. hrs. x 51bs. coal per h.p. hr. = 
10,202 tons coal x $4.60 per ton = 46,928.46 

Wage and maintenance saving:-
Old l i n e : 

6,162 trains for 23.10 miles = 142,342.2 t r a i n miles 
Completed l i n e : 

6,162 trains for 18.78 miles = 115,722.4 t r a i n miles 
Train miles saved 26,619.8 

26,620 t r a i n miles, at 22c. per t r a i n mile = 5,856.40 

Old l i n e : 
5,437 pushers for 23.1 miles = 125,594.7 pusher miles 

Completed l i n e : 
5,437 pushers for 15.4 miles = 83,729.8 pusher miles 

Pusher miles saved 41,864.9 pusher miles 

41,865 pusher miles, at 25c. per pusher mile= 10,466.23 

Extra cost maintenance of way: 
4.32 miles, at $200 per mile + 
26,620 t r a i n miles, at 20c. per t r a i n mile = 

Extra cost maintenance of way, on account of extra 
number of degrees of curvature, assuming that 
400° of curvature per mile would increase rate 
of 20c. per t r a i n mile for maintenance by 30%: 

6,162 trains x 2,447° x l/40c. = 
Extra cost maintenance of equipment: 

26,620 t r a i n miles, at 21c. per t r a i n mile = 
Extra cost maintenance of equipment, on account of 

extra number of degrees of curvature, assuming 
that 400° per mile of curvature would increase 
rate of 21c. per t r a i n mile by 40%: 
6,162 trains x 2,447° x 21/1000c. = 

Total annual operating saving 
( f u e l , wage and maintenance) 

Assuming t r a f f i c doubles, annual operating saving: 
81,965.36 x 2 = $163,930.72 

Annual operating saving realised after Year 4 for perpetuity 
163,930.72/4% = $4,098,267.80. 

Discounted back to Year 0: 
4,098,267.80 x .82193 = 3,368,489.20 

6,188.00 

3,769.60 

5,590.20 

3,166.47 
81,965.36 
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Snowshed saving:-
85,000 per year r e a l i s e d after Year 4 for perpetuity: 
85,000/4% = $2,125,000 

Discounted back to Year 0: 
2,125,000 x .82193 = 1,746,601.30 

Salvage value of abandoned l i n e : 
1,665,000 realised in Year 5 

Discounted back to Year 0: 
1,665,000 x .82193 = 1,368,513.50 

Total discounted benefit:- 6,483,604.00 

Net present value of completed alignment:-
6,483,604 - 6,256,822.31 = +$266,781.69 

Sources:- Cornell C i v i l Engineer, December 1914, pp. 80-81. 
Bury, Memoranda for the President, July 23, 1915; 

August 10, 1915. PIC CPCA. 
C.P.R. Co., Annual Report, 1916., p. 9. 
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Table 31 contains the f i n a l analysis of the Rogers Pass 

realignment which opened to t r a f f i c in December 1916. This table 

incorporates the saving in construction costs r e a l i s e d upon the 

east slope by retention of the ex i s t i n g l i n e ; the c a p i t a l and 

operating costs of v e n t i l a t i n g the tunnel mechanically; the 

reduction in benefits entailed by the addition of one-tenth of a 

mile to the distance t r a v e l l e d by each t r a i n , and by the 

addition of 2.4 miles to the distance t r a v e l l e d by each pusher 

locomotive, in comparison with the contracted scheme; and the 

terminal value of the 15 miles of main l i n e over the surface of 

Rogers Pass which were salvaged in the autumn of 1917. 

The c a l c u l a t i o n of construction costs i s based upon. 

Sullivan's estimate, submitted to Bury in June 1915 and i t s e l f 

drawn from data concerning actual costs up to that date. The 

ca l c u l a t i o n of operating benefits is founded upon the 

assumptions employed by the C.P.R. in i t s assessment, of the 

benefits of the contracted scheme. This c a l c u l a t i o n incorporates 

the benefits in t r a i n miles, pusher miles, maintenance and 

equipment which were foregone by modification of the scheme, but 

excludes benefits which may have been foregone in fuel savings 

and savings in curvature and f r i c t i o n resistance. The categories 

of benefits are those which the C.P.R. i d e n t i f i e d in i t s own ex  

post evaluation of the contracted project, with the exception of 

that category comprising the salvage value of the abandoned 

track and equipment upon the surface route. The omission of th i s 

category from the C.P.R.'s own estimates may have re f l e c t e d a 

b e l i e f , when the project commenced, that the value of the 

abandoned track and equipment would not j u s t i f y the expense of 
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salvage. However, war conditions increased the marginal value of 

the equipment s u f f i c i e n t l y to warrant reclamation, and in July 

1917 the C.P.R. decided "to salvage everything that would 

j u s t i f y the expense of recovery." 8 7 By October, 18 miles of 

track and 25,000 feet of snowsheds had been dismantled, for a 

net benefit valued by the C.P.R. at $1,665,000.88 

When t h i s benefit i s added in to the ca l c u l a t i o n , i t may be 

seen from table 31 that the project as constructed boasted a 

positi v e net present value of $226,781.69. The p o s i t i v i t y of 

th i s r e s u l t , however, i s quite sensitive to changing assumptions 

concerning energy costs and interest rates. Substitution of 

Sullivan's estimate for fuel consumption renders the net present 

value negative by $24,747.79, while substitution of the estimate 

of Bogue increases the posit i v e net present value to 

$1,045,177.21. Substitution of an estimate for snowshed savings 

of $125,000 per annum increases the net present value to 

$1,048,711.69, while an increase in the discount rate of one 

half of one per cent, renders the net present value negative by 

$316,068.93. 

It was noted in section (8.2) above, however, that the 

framework according to which the C.P.R. computed the potential 

benefits of the project generated conservative estimates of 

those benefits. The benefits may be recalculated according to 

the alternative framework suggested in table 28. Substitution of 

Bogue's assumptions concerning fuel consumption increases the 

estimate of operating savings upon double the exis t i n g t r a f f i c 

volume to $203,758.71. If i t i s assumed that the savings in 

snowshed maintenance costs and human l i v e s , the contribution 
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from generated t r a f f i c , and the savings in congestion costs 

would have been i d e n t i c a l in amount to those detailed in table 

28, then the annual benefits . of the realignment would have 

t o t a l l e d $469,691.60. Capitalised at 4% for perpetuity, and 

discounted back to 1913, the aggregate net benefit would have 

been $9,651,340.40, and t h i s would have i n f l a t e d the net present 

value of the project to +$3,394,518.11. 

The analysis in t h i s chapter reveals that, according to the 

C.P.R.'s own calculations, the Rogers Pass realignment was at 

best a marginal project when the Company so eagerly espoused i t 

in the spring of 1913. By the C.P.R.'s own reckoning, the 

j u s t i f i c a t i o n for the investment depended c r u c i a l l y upon 

assumptions in the key areas of future t r a f f i c volumes, snowshed 

savings and energy costs. However, this analysis also reveals 

that the structure of the C.P.R.'s categorisation of costs and 

benefits was conducive to downside bias in the computation of 

savings accruing from the project. When this downside bias i s 

compensated by alternative assumptions, the project is revealed 

to boast a positive net present value of substantial magnitude, 

a net present value which even the unforeseen modifications 

which were perforce undertaken in 1915 could not erode. 

Indeed, the s a c r i f i c e of benefits which the modifications 

entailed was r e l a t i v e l y minor. Comparison of the operating 

savings calculated by the C.P.R. in table 27 ($171,271.22) with 

those calculated in table 31 ($163,930.72) reveals that the 

s a c r i f i c e may have amounted to only $7,340.50 per year on a 
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t r a f f i c volume double that of 1913. This represented less than 

9% of the operating savings, and less than 3% of the t o t a l 

annual savings, which the C.P.R. had anticipated when i t had 

accepted the proposal in 1913. On the other hand, the cost 

savings effected by the modifications were considerable. The 

project was completed for approximately $1,929,211 less than the 

cost which the C.P.R. had been prepared to sanction in 1913. 8 9 

This represented a reduction in c a p i t a l costs of some 24% 

compared with the estimate based upon contract price s . 

The modifications had not been foreseen by the C.P.R. in 

1913. Instead, they had been thrust upon the Company as economy 

measures, the product of escalating estimates for 

e l e c t r i f i c a t i o n , and of the exigencies of war. Yet the 

modifications did not negate the value of the realignment. 

Indeed, they may even have enhanced i t , for they enabled the 

postponement of costly gradient revision and double-tracking on 

the east slope of the Se l k i r k s : improvement measures which, in 

the t r a f f i c conditions created by the F i r s t World War, would not 

have offered a pos i t i v e return on the marginal investment which 

they required. It remains in the concluding chapter to consider 

the extent to which the opening of the Connaught Tunnel 

represented the re-establishment of an alignment appropriate to 

the demands for t r a f f i c movement through the Selkirks, and to 

speculate upon the length of time for which that appropriateness 

would once again endure. 
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CHAPTER 9 

CONCLUSIONS 

The objectives of t h i s thesis were, f i r s t , to establish 

what forces created a decision s i t u a t i o n at the summit of the 

Selkirks in 1913; second, to weight the factors which influenced 

the decision to build the Connaught Tunnel; and t h i r d , to assess 

the c r i t e r i a against which the investment decision was 

evaluated. In pursuit of these objectives, the analysis 

investigated the i n i t i a l trade-off decision between construction 

and operating costs in the Selkirks; the operating conditions 

and t r a f f i c developments which prevailed on the surface 

crossing, which ultimately rendered i t an inappropriate route 

for the transcontinental r a i l l i n k ; and the generation and 

evaluation of alternative alignments through Rogers Pass. The 

conclusions of the analysis are now presented. 

What forces created a decision situation in Rogers Pass in 

1912? There were two forces, those of avalanche problems and 

those of t r a f f i c developments. The C.P.R. had had to cope with 

avalanche problems ever since the l i n e had opened in 1885. The 

avalanches imposed a fixed cost upon the C.P.R., that of 

maintaining an avalanche defence system, the expense of which 

was reasonably constant and predictable from year to year. They 

also imposed a "variable" cost, that of interruption to t r a f f i c , 

comprising the dire c t cost of clearing the l i n e and the 

opportunity cost of the l i n e blockage. This variable cost was 

unpredictable in both frequency and magnitude. 

The force of t r a f f i c developments was much more complex in 
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character. Due to the severity of the o r i g i n a l alignment, the 

variable cost of t r a f f i c movement through the Selkirks had 

always been high. The t o t a l cost of t r a f f i c movement had been 

low in the early years of operation, however, as the t o t a l 

volume of business was low. The t o t a l volume of business, and 

the concomitant t o t a l cost of the operation, increased after the 

turn of the century. The increases were most pronounced in bulk 

commodities, resource flows from which Canadian national 

interests as well as p r o v i n c i a l B.C. interests would reap 

benefit. B.C. lumber moved eastwards, building permanent 

settlement on the p r a i r i e s . Export grain was expected to move 

westwards, opening up the European market via an alternative 

route and r e l i e v i n g congestion on the "funnel" through eastern 

Canada. 1 The increases also occurred over a very short period, 

and were very dramatic in extent, as were those through the 

Selkirks in the 1970's. F i n a l l y , as in the 1970's, i t was 

forecasts of future t r a f f i c increases, as much . as ex i s t i n g 

business l e v e l s , which injected urgency into the decision 

s i t u a t i o n , for the forecasts indicated escalating variable 

costs, a shortage of main-line capacity, and very l i t t l e time 

available in which to undertake remedial action. 

The C.P.R. was also confronted with unprecedented 

competitive pressures in 1913, with the imminent opening of two 

r i v a l transcontinental railways and the Panama Canal. It appears 

that the C.P.R. was p a r t i c u l a r l y sensitive to competition for 

westbound grain, as i t sought westbound gradients comparable 

with those of i t s r i v a l s , even though i t s p r i n c i p a l flows were 

eastbound. The p o s s i b i l i t i e s for d i v i s i b l e investments in order 
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to head o f f these c o m p e t i t i v e t h r e a t s had been exhausted by 

1913. There was now a n e c e s s i t y f o r a "lumpy" investment, i n 

order to secure a long-term s o l u t i o n to the o p e r a t i n g problems 

through Rogers Pass, and a long-term c o m p e t i t i v e advantage. In 

1913, the C.P.R. commanded the resources r e q u i r e d f o r such an 

investment. 

What i s the a p p r o p r i a t e weighting to accord to these 

f a c t o r s ? The b e l i e f i s widely h e l d that i t was avalanche 

problems which impelled the d e c i s i o n . The prevalence of t h i s 

b e l i e f i s h a r d l y s u r p r i s i n g . Rogers Pass does present a 

formidable snowslide hazard, which even the d r i v i n g of the 

Connaught Tunnel has not e l i m i n a t e d . Moreover, the 1910 d i s a s t e r 

serves as a very convenient proximate cause f o r the abandonment 

of the s u r f a c e route. F i n a l l y , i t must be conceded that a 

r e d u c t i o n i n the avalanche hazard was one achievement of the 

realignment which was l a r g e l y u n a f f e c t e d by the intermediate 

m o d i f i c a t i o n of the p r o j e c t . The scheme f a i l e d to provide 

e l e c t r i f i c a t i o n and f a i l e d to pr o v i d e double-tracked approaches 

to the summit of the S e l k i r k s , but a l l of the snowsheds which i t 

had been intended to abandon i n 1913 were abandoned i n 1916. 

Ne v e r t h e l e s s , t h i s t h e s i s presents e x t e n s i v e evidence to 

r e f u t e the view that snowslide problems were the primary f a c t o r 

in m o t i v a t i n g c o n s t r u c t i o n of the t u n n e l . The a n t i c i p a t e d 

savings i n . avalanche defence were not s u f f i c i e n t to j u s t i f y 

investment i n the t u n n e l , nor even to match the b e n e f i t s which 

were expected to accrue from d i r e c t o p e r a t i n g savings. The 

a n a l y s i s i n chapter 8 r e v e a l s that the savings i n snow-related 

expenses, i n c l u d i n g the value of human l i v e s saved, accounted 
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for only 30% of the annual benefits anticipated from the 

project, in comparison with 45% anticipated in di r e c t operating 

savings. The C.P.R. had met the expense of providing avalanche 

protection for i t s single l i n e for the previous t h i r t y years. It 

might baulk at the cost of providing protection for a double 

track, but the double track was necessary only because of the 

dramatic increase in t r a f f i c which occurred after 1908, and 

because of the gravity of the capacity problem which emerged in 

1912. 

It was the capacity problem which was at the core of the 

decision to abandon the surface route over the Sel k i r k s . Had i t 

not been, a single-tracked tunnel would have s u f f i c e d . As i t 

was, double-tracking through Rogers Pass was conceived as merely 

one project in a massive scheme for double-tracking and gradient 

improvement from Calgary to the West Coast. It was not an 

impulsive reaction to the incidence of avalanches. It was part 

of a much wider "system" decision, that i s , a decision to 

provide a r a i l system which would be appropriate for long-term 

t r a f f i c requirements throughout the West. The decision which CP 

Rail must make in Rogers Pass today i s a similar decision. It is 

a "system" decision, which w i l l determine the l e v e l of main-line 

capacity which w i l l be appropriate in Western Canada beyond the 

1980's. As in 1913, certain constituent projects within the 

system programme have already been implemented. Early in the 

present century, i t was the Vancouver - Ruby Creek, Pritchard 

Kamloops - Tranquille, and Revelstoke - Taft sections which 

could be quickly put in place. In the 1970's, i t was the Lake 

Louise - Stephen, Revelstoke - Clanwilliam, and Notch H i l l -
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Tappen sections which were upgraded f i r s t . The decision 

concerning Rogers Pass remains to be taken. 

F i n a l l y , what were the c r i t e r i a against which the decision 

to drive the Connaught Tunnel was evaluated, and what were the 

techniques of appraisal employed by the C.P.R.? No evidence is 

available concerning a stipulated rate of return on c a p i t a l 

beneath which the C.P.R. would refuse to invest. Nevertheless, 

i t i s clear that the C.P.R., in evaluating the alternative 

schemes, had a very firm grasp, both upon the extent of 

operating-cost savings which i t expected to derive from the 

project, and upon the amount of c a p i t a l which i t should be 

prepared to invest in order to secure these . savings. The 

Company's own estimates of variable-cost savings were 

deliberately conservative, but were nevertheless believed by the 

C.P.R. to j u s t i f y the investment. When the calculations of the 

consultant Bogue indicated that $11,570,525 could be saved in 

variable costs by an expenditure estimated at $8 m i l l i o n , 2 the 

investment appeared not merely necessary but sound, a healthy 

provision for the future. The application of net-present-value 

techniques throughout t h i s thesis i s not in any way intended as 

an indictment of the C.P.R.'s own evaluations. Rather, i t is 

intended simply to f a c i l i t a t e comparison between the alternative 

schemes which were considered by the C.P.R., and to highlight 

the impact of changing assumptions upon the several categories 

of costs and benefits anticipated from the project. Indeed, th i s 

thesis demonstrates that, with the available data, the e x p l i c i t 

application of net-present-value techniques would have generated 

results exactly consistent with those which the C.P.R. derived 
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from i t s own evaluations in 1913. 

What did the Connaught Tunnel achieve? It did not reduce 

the r u l i n g gradient across the Selkirks below the 2.2% which had 

prevailed since 1885, and thus i t did not make possible any 

increase in t r a i n weights through Rogers Pass. It did not 

eliminate the pusher gradients on either side of the Selkirk 

summit, and i t did not provide double track upon these severe 

ascents, where capacity, as a result of gradients and t r a i n 

speeds, would be at i t s most r e s t r i c t e d . 

Nevertheless, from the 46.1 miles of pusher gradient 

between Albert Canyon and Beavermouth, the Connaught Tunnel 

realignment reduced the t o t a l length of main l i n e by 4.32 miles. 

It shaved off over seven miles of the 2.2% gradient on the east 

slope, and nearly six miles on the west slope. At the summit of 

the Selkirks, i t reduced the gradient to less than one per cent 

for 8.8 miles, of which 5.8 miles were double-tracked. 

The tunnel i t s e l f was perceived by contemporaries as the 

most long-term achievement of the realignment project. Had i t 

been envisaged in 1913 that there would be a need in the 

foreseeable future for a further discrete increment in main-line 

capacity through Rogers Pass — the provision of a t h i r d main 

l i n e — i t i s possible that the pioneer tunnels which were 

driven on either side of the main bore might have been driven on 

the same side of the main bore, and been linked with each other 

at construction time. The Simplon Tunnel in Europe had been 

designed in t h i s way. A continuous pioneer tunnel had been 

driven adjacent to the path of the main bore, and the main bore 

had then been constructed to single-track dimensions. A further 
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increment i n c a p a c i t y was subsequently obtained by e n l a r g i n g the 

pioneer t u n n e l i t s e l f to s i n g l e - t r a c k dimensions, thus p r o v i d i n g 

two p a r a l l e l , s i n g l e - t r a c k , m a i n - l i n e tunnels through the A l p s . 

The Connaught Tunnel was conceived as a double-track tunnel from 

the o u t s e t . The d r i v i n g of the pioneer heading to the south of 

the main bore at the west end and to the north of the main bore 

at the east end would e f f e c t i v e l y preclude the C.P.R. from 

incrementing m a i n - l i n e c a p a c i t y through the tunnel i n a manner 

s i m i l a r to that adopted i n the Simplon. 

N e v e r t h e l e s s , the C.P.R. had not f o r e c l o s e d upon 

a l t e r n a t i v e means of incrementing m a i n - l i n e c a p a c i t y when i t 

opened the Connaught Tunnel. As has been noted, 3 the tunnel was 

b u i l t with a c l e a r a n c e which was b e l i e v e d by contemporaries to 

be s u f f i c i e n t to permit of any kind of e l e c t r i f i c a t i o n . 

Moreover, the tunnel approaches c o u l d s t i l l be double-tracked, 

and these double t r a c k s c o u l d then be e l e c t r i f i e d i n accordance 

with the i n i t i a l scheme, i f c a p a c i t y requirements so d i c t a t e d . 

In f a c t , however, a n c i l l a r y developments i n o p e r a t i n g 

methods over the S e l k i r k s would p r o v i d e s u f f i c i e n t c a p a c i t y to 

ob v i a t e the n e c e s s i t y f o r the implementation of these 

a l t e r n a t i v e s . Automatic block s i g n a l s were i n s t a l l e d i n the 

e a r l y 1920's,* j u s t i n time f o r the great g r a i n rush which began 

i n mid-decade. The volume of t r a f f i c which the g r a i n rush 

presaged induced the C.P.R. to commission i n t e n s i v e s t u d i e s of 

both d i e s e l i s a t i o n and e l e c t r i f i c a t i o n between Revelstoke and 

Lake Lou i s e i n 1926, 5 but i n 1929 the i n t r o d u c t i o n of the 

massive " S e l k i r k " steam locomotives, which reigned u n t i l the 

1950's, f u r t h e r postponed the p r o v i s i o n of double t r a c k and 
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catenary. After the Depression and the Second World War, 

multiple-aspect s i g n a l l i n g was i n s t a l l e d through Rogers Pass in 

1950, 6 and the route was d i e s e l i s e d in.1954. 7 

These developments served to prolong the l i f e of the 

Connaught Tunnel,, and to assure that the configuration of the 

main l i n e across the Selkirks continued to be appropriate to 

t r a f f i c demand. The chief threat to the l i f e of the tunnel was 

imposed, not by line-capacity constraints, which henceforth were 

experienced most acutely on the steeply-graded, single-track 

approaches to the tunnel, but by loading-gauge constraints 

consequent upon the limited v e r t i c a l clearance of the tunnel. 

When f i r s t proposing the tunnel in October 1912, Sullivan 

had envisaged that i t s cross-section would be "about 30 

f t . wide, 24 f t . high." 8 In March 1913, he informally asked, and 

obtained, the permission of the Chief Engineer of the Board of 

Railway Commissioners, for 

a clearance of 17' or 18' above the base of r a i l in t h i s 
tunnel, on the understanding that no men would ride on 
top of cars through the tunnel.' 

This would have provided an extremely limited clearance through 

the tunnel, and the low-clearance option was not in fact 

exercised. As construction of the tunnel commenced prior to the 

taking of any decision concerning the type of e l e c t r i f i c a t i o n 

which would be i n s t a l l e d , the bore was provided with a v e r t i c a l 

clearance which was believed capable of accommodating any type 

of e l e c t r i f i c a t i o n equipment. The i n t e r i o r dimensions were much 

as Sullivan had i n i t i a l l y recommended: a width of 29 feet and an 

o v e r a l l height of 24 f e e t . 1 0 After b a l l a s t i n g , the height at the 

centre of the tunnel was 21 feet 6 1/2 i n c h e s , 1 1 and the 
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v e r t i c a l height above the centre of each track was 20 f e e t . 1 2 

The height-at-centre was greater than that i n i t i a l l y stipulated 

for the snowsheds: in 1888, t h i s had been 21 f e e t . 1 3 The 

v e r t i c a l clearance above r a i l l e v e l , however, may not have been 

as great as that provided through a l l of the other railway 

tunnels on the main l i n e between Donald and Kamloops. A l i s t of 

"Tunnels on the P a c i f i c D i v i s i o n , " undated but c e r t a i n l y 

compiled around the turn of the century, records v e r t i c a l 

clearances of 20 feet 7 1/2 inches through every main-line 

tunnel as far west as A s h c r o f t . 1 4 Moreover, the height above the 

centre of track was c e r t a i n l y less through the Connaught Tunnel 

than through the Sp i r a l Tunnels which had been b u i l t f i v e years 

previously: in the l a t t e r , the v e r t i c a l height above "grade 

l i n e " was 24 feet 6 i n c h e s . 1 5 

Despite the cancellation of e l e c t r i f i c a t i o n , which would 

have further reduced the available headroom, the clearance 

constraint through the Connaught Tunnel was- soon f e l t . The 

tunnel had been open to t r a f f i c for barely four months when a 

t r a i n loaded with cedar, presumably having t r a v e l l e d eastbound 

through tunnels of greater clearance, struck the roof of the 

Connaught Tunnel. 1 6 The C.P.R. refused to revise the through 

clearance for the Mountain Subdivision as a result of this 

incident, but a further loss in clearance may have been 

experienced in the years immediately following. As a result of 

persistent problems with crumbling rock in the roof, i t became 

necessary to extend the concrete l i n i n g from the i n i t i a l 7,837 

feet throughout the entire length of the 26,512-feet tunnel, at 

an undiscounted cost, spread over the years 1919 to 1925, of 
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$2,595,135.31.17 This was over one-third as much again as the 

tunnel i t s e l f had cost. 

When the "Selkirk" locomotives were introduced after 1929, 

they had to be switched to the left-hand track before 

negotiating the tunnel, in order to provide the locomotive 

engineers with adequate v i s i b i l i t y . 1 8 F i n a l l y , when the C.P.R.'s 

automobile t r a f f i c increased in the 1950's, and i t wished to 

deploy tri-deck automobile-carriers through the tunnel, the 

available v e r t i c a l clearance was i n s u f f i c i e n t . In December 1958, 

the C.P.R. obtained authorisation to remove one of the tracks 

through the tunnel, and to relocate the remaining track down the 

centre of the bore. 1' The capacity increments obtained from 

d i e s e l i s a t i o n and r e s i g n a l l i n g had rendered the second main l i n e 

dispensable and inappropriate, and the double-tracking through 

Rogers Pass, which had been achieved in 1916, was undone. 

Today, i t appears that CP R a i l ' s f a c i l i t i e s through the 

Selkirks are once again becoming inappropriate for t r a f f i c 

demand. In contrast to the s i t u a t i o n in 1913, the pressures 

which are being experienced upon those f a c i l i t i e s are being 

exerted p e c u l i a r l y in the westbound di r e c t i o n only. Once again, 

the major growth areas are in bulk commodities, and in 

p a r t i c u l a r in the coal, sulphur and potash markets. Again, as in 

1913, there is f i e r c e competition for the business, and this 

competition is being waged at both company- and national l e v e l s . 

At company l e v e l , CP R a i l i s already competing d i r e c t l y with 

Canadian National for the sulphur and potash t r a f f i c . If the 

c o a l f i e l d s of northern B.C. are developed, CP Rail's service 

into Sparwood w i l l compete d i r e c t l y with the CN and B.C. R a i l 
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services to Fort Nelson for coal markets; and i f Hat Creek i s 

developed and coal exported from there, B.C. R a i l w i l l become 

engaged in the competition d i r e c t l y . At national l e v e l , Canada 

is competing with Australia for the commercial right to supply 

Japan with i t s bulk materials. Insofar as coal, sulphur and 

potash are a l l destined primarily for export, i t i s national as 

well as p r o v i n c i a l and company interests which are at stake. 

F i n a l l y , as in 1913, i t is the forecasts for future business, at 

least as much as existing t r a f f i c volumes, which are providing 

the impetus for investment decisions. If CP Rail's forecasts are 

correct, and i f they are not on t h i s occasion confounded by the 

outbreak of war, then the existing r a i l f a c i l i t y through the 

Selkirks w i l l become inappropriate for demand within a few 

years. If the necessary increment in r a i l capacity i s to be 

available when i t i s required, then the decision to provide that 

capacity w i l l have to be taken very soon. 

This decision w i l l be of a nature that by now should be 

familiar to the reader. It w i l l e n t a i l a trade-off between 

c a p i t a l costs and operating costs. There i s , however, perhaps 

one c r u c i a l difference between the decision faced by CP R a i l 

now, and that faced by the C.P.R. in 1913. This difference i s 

one of magnitude, both r e l a t i v e and absolute. In 1913, the 

Connaught Tunnel was budgeted to account for $8 m i l l i o n of a 

double-tracking programme expected to cost $60 m i l l i o n . In that 

same year, the C.P.R.'s gross receipts were $139 m i l l i o n , or 

seventeen times the t o t a l cost of the tunnel. In 1980, the cost 

of the tunnel which CP R a i l proposes to build through the 

Selkirks in order to provide the necessary increment in main-
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l i n e c a p a c i t y i s estimated at $300 m i l l i o n . In 1979, the gross 

r e c e i p t s of CP R a i l were $1,619 m i l l i o n , s c a r c e l y f i v e times the 

estimated c o s t of the p r o j e c t e d t u n n e l . 

The c h i e f reason why the c a p i t a l burden i s so severe in the 

present d e c i s i o n s i t u a t i o n i s that i n order to meet the 

e s t imated f u t u r e demand f o r r a i l c a p a c i t y , and i n order to 

e l i m i n a t e the S e l k i r k s as a b o t t l e n e c k a g a i n s t westbound 

t r a f f i c , CP R a i l b e l i e v e s that i t must c o n s t r u c t a tunnel 8.9 

m i l e s long, at an e l e v a t i o n some 300 f e e t beneath the Connaught 

Tunnel. The Company i s prepared to proceed with the investment 

only i f i t i s assured of o b t a i n i n g a cash flow from i t s export 

g r a i n t r a f f i c . At present, that t r a f f i c i s c a r r i e d at s t a t u t o r y 

r a t e s which do not cover the v a r i a b l e c o s t of the movement. 

U n t i l the s t a t u t o r y r a t e s are r e v i s e d , CP R a i l a s s e r t s that i t 

w i l l not make another t r a d e - o f f between c o n s t r u c t i o n and 

o p e r a t i n g c o s t s at the summit of the S e l k i r k s . The f e d e r a l 

government must decide whether or not such a t r a d e - o f f can be 

rendered economical, and whether or not the t r a d e - o f f i s 

necessary f o r Canada. The f e d e r a l government must decide whether 

i t i s prepared to r e v i s e the unremunerative Crow's Nest r a t e s on 

export g r a i n , or whether i t i s prepared to grant some form of 

c o n s t r u c t i o n subsidy i n s t e a d . 

T h i s t h e s i s has c o n s i d e r e d the a p p r o p r i a t e n e s s of r a i l 

f a c i l i t i e s through the S e l k i r k s from the time that the f i r s t 

r a i l w a y l i n k p e n e t r a t e d the mountains u n t i l 1916. When the 

o r i g i n a l main l i n e was b u i l t , i t was a p p r o p r i a t e that i t should 

cut d i r e c t l y through those mountains. The short route with i t s 

steep g r a d i e n t s was a p p r o p r i a t e f o r the l i g h t t r a f f i c of the 
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f i r s t Canadian transcontinental railway. When t r a f f i c increases 

rendered the single l i n e inappropriate, revision was undertaken. 

It was not appropriate that a long, low-elevation tunnel should 

be provided, nor that the l i n e should be e l e c t r i f i e d , nor that 

i t should be doubled throughout i t s entire mountain crossing. 

The operating savings which would be derived from such 

investments would not j u s t i f y the necessary c a p i t a l expenditure. 

Instead, a revision was undertaken which required a lesser 

c a p i t a l expenditure, but from which the operating savings to be 

derived from the t r a f f i c volumes which had been forecast were 

nevertheless s u f f i c i e n t to offer an acceptable rate of return. 

This revision provided r a i l f a c i l i t i e s through the Selkirks 

which would be appropriate to t r a f f i c demand for the next sixty 

years. 

Now, those r a i l f a c i l i t i e s have become inappropriate once 

again. Moreover, the cost of rendering them appropriate appears 

to be too great for CP Ra i l to accept. Now, perhaps, i t i s 

incumbent both upon CP Ra i l and upon Canada to determine whether 

or not alternative and more appropriate f a c i l i t i e s should be 

provided for the transportation of Canadian resources through 

the mountains to the West Coast. Alternative routes may have to 

be developed, and an alternative technology, perhaps that of the 

slurry p i p e l i n e , may be brought forward to serve the new 

markets, or to link them with ex i s t i n g railheads. 

For the past one hundred years, the C.P.R. has provided 

Canada with appropriate transportation f a c i l i t i e s through the 

mountains of B r i t i s h Columbia to tidewater in Vancouver. Now, 

those f a c i l i t i e s are inappropriate. The search for more 
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appropriate f a c i l i t i e s w i l l not be confined to existing 

c a r r i e r s . It w i l l not be confined to exising routes. It may not 

even be confined to Canada. And i t may not be confined to 

exist i n g modes, nor to the existing technology. 

Suggestions For Further Research 

Suggestions for further research f a l l naturally into two 

categories. There i s scope for further research within the 

horizons of the present thesis, and there i s also scope for 

expanding those horizons, both temporally and geographically, 

and for undertaking further research within the new horizons. 

Within the framework of the present thesis, there are at 

least four areas where much f r u i t f u l analysis remains to be 

car r i e d out. The f i r s t such area concerns t r a f f i c flows through 

the mountains during the period spanned by thi s thesis. Data for 

flows by commodity, volume, di r e c t i o n and frequency are d i f f u s e , 

but are l i k e l y to be retrievable from .a* variety of contemporary 

sources. For the p r i n c i p a l flows, records of the early lumber 

m i l l s and salmon canneries, for example, might give some insight 

into freight-car orderings and forwardings, and into expected 

future flows. The extensive transcripts of hearings before the 

Board of Railway Commissioners, p a r t i c u l a r l y upon rate-

discrimination cases, deserve far more thorough investigation 

than i t was possible to accord them in the preparation of t h i s 

thesis. 

The second area, which receives very cursory treatment in 

th i s thesis, but which may yet prove c r u c i a l to a proper 

understanding of the economics of the C.P.R.'s investment 
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d e c i s i o n s i n Rogers Pass, concerns the matter of r a t e s on r a i l 

t r a f f i c through the S e l k i r k s . F a s c i n a t i n g economic and 

h i s t o r i c a l q u e s t i o n s a r i s e . In the economic aspect, i t would be 

h e l p f u l to d i s c o v e r the p r i n c i p l e s and the p r a c t i c e of 

C.P.R. ra t e p o l i c y i n the mountains, f o r both f r e i g h t and 

passenger t r a f f i c , before and immediately a f t e r c o n s t r u c t i o n of 

the Connaught Tunnel. I t would be v a l u a b l e to know whether the 

r a t e s were intended merely to cover the v a r i a b l e c o s t s of 

o p e r a t i n g through the mountains; whether they were a g g r e s s i v e l y 

c o m p e t i t i v e with r a t e s on the U.S. r a i l r o a d s ; or whether they 

were "promotional," and i n t e r n a l l y s u b s i d i s e d from revenues 

d e r i v e d elsewhere upon the C.P.R. system. F i n a l l y , i t would be 

i n t e r e s t i n g to determine whether or not the opening of the 

Connaught Tunnel, with i t s concomitant v a r i a b l e - c o s t savings, 

prompted any change'in e i t h e r the p r i n c i p l e s or the p r a c t i c e of 

C.P.R. ra t e p o l i c y towards trans-mountain t r a f f i c , and whether 

or not any change i n ra t e p o l i c y was envisaged when the 

C.P.R. was contemplating c o n s t r u c t i o n of the t u n n e l . 

There are two i n t r i g u i n g h i s t o r i c a l q u e s t i o n s upon which 

f u r t h e r r e s e a r c h may shed l i g h t . The f i r s t concerns Western 

Canadian a g i t a t i o n a g a i n s t " u n j u s t " r a t e d i s c r i m i n a t i o n , 

p a r t i c u l a r l y through the mountains. Since 1903, the F r e i g h t 

Rates Committee of the Vancouver Board of Trade had campaigned 

f o r r e d r e s s , 2 0 but a f t e r o b t a i n i n g c e r t a i n c o n c e s s i o n s i n 

•1907, 2 1 the Committee had been compelled i n February 1912 to 

accept that i t s case was " c l o s e d and a r g u e d . " 2 2 B a r e l y had the 

C.P.R. commenced c o n s t r u c t i o n on the Connaught Tunnel than the 

a g i t a t i o n r e v i v e d , p r e c i p i t a t i n g the "Western . F r e i g h t Rates 
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Case" of 1914. Analysis of the tran s c r i p t s of the case may 

reveal whether the Vancouver Board of Trade's renewed agitation 

was motivated by awareness that the r a i l improvements in the 

Selkirks would reduce the marginal cost of freight transport 

through the mountains; or whether the r a i l improvements were 

motivated by a C.P.R. desire to pre-empt the agitation in B.C. 

The other h i s t o r i c a l question concerns the C.P.R.'s posture 

towards the Crow's Nest Pass rates on export grain. In 1913, 

these rates applied only to grain exported through eastern 

Canada. The rates were remunerative. It i s possible, however, 

that the C.P.R.'s cool reception towards the prospects of 

exporting grain via the West Coast was prompted by a fear that, 

given the gradient system over which i t was obliged to operate 

between the p r a i r i e s and Vancouver, i t could not hope to 

continue to carry westbound grain p r o f i t a b l y at the agreed 

rates. The investment in the Connaught Tunnel may have been 

undertaken in an attempt to ensure that, i f the C.P.R. were to 

compete for the grain t r a f f i c with the Canadian Northern and 

Grand Trunk P a c i f i c Railways, i t s variable costs for conducting 

the operation would at least be reduced. A l t e r n a t i v e l y , the 

investment may have been undertaken in the hope, or expectation, 

that the federal government would not extend the Crow rates to 

westbound export grain. If the rates were not extended, the 

C.P.R. might hope to circumvent the rates on eastbound grain by 

divert i n g grain westbound; and in order to divert grain 

westbound, i t would require an increment in main-line capacity 

through the mountains, and a gradient improvement which would 

reduce the variable cost of the movement. 
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This i s mere supposition at present, and the evidence 

supporting the postulates i s extremely circumstantial. If the 

hypothesis were to be substantiated, however, i t would suggest 

that the C.P.R. was grievously disappointed in 1925 by the 

extension of the Crow rates to westbound export grain. This 

would prevent the C.P.R., "for perpetuity," from transporting 

grain to tidewater at any point in Canada for a rate higher than 

that p r e v a i l i n g in 1897. 

The t h i r d area wherein f r u i t f u l research might be pursued, 

an area which again receives cursory treatment in the present 

thesis, concerns the influence of competitive factors on the 

conduct of the C.P.R.'s operations through the mountains, and on 

the investment decisions which the Company accordingly made. 

This thesis suggests that both the timing and the objectives of 

the C.P.R.'s decision to construct the Connaught Tunnel were 

influenced by the imminence of competition for Canadian trans-

mountain r a i l t r a f f i c from the Canadian Northern and Grand Trunk 

P a c i f i c Railways. Further research into the manner in which each 

of these r i v a l enterprises viewed i t s competitors might reveal 

the impact which the presence of competition was expected to 

have upon C.P.R. t r a f f i c receipts in the West, and hence upon 

the economics of investment decisions along the C.P.R. main 

l i n e . Moreover, the competition which the C.P.R. faced through 

the mountains was not confined to Canada: i t would be 

appropriate for a review of investments in main-line capacity in 

Canada to incorporate analysis of similar contemporaneous 

investments along the transcontinental routes in the United 

States. 
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The f i n a l area in which further research i s suggested 

concerns previous comparable investment decisions taken by the 

C.P.R. on i t s main l i n e through the mountains. Obvious 

candidates for more intensive study, within a framework similar 

to that employed in the present analysis of the decision to 

buil d the Connaught Tunnel, are the P a l l i s e r tunnel and the 

Sp i r a l Tunnels. The economics of the several e l e c t r i f i c a t i o n 

projects proposed for the mountains would form a study in 

themselves. 

Beyond the confines of the present thesis, the next l o g i c a l 

step i s to bring the analysis forwards in time. The examination 

should be extended to consider the nature of capacity 

constraints experienced by the C.P.R. on i t s main l i n e through 

the mountains after 1916, and to investigate the appropriateness 

of the investment responses triggered by these constraints. 

F i n a l l y , the analysis should be extended geographically, in 

order to consider capacity constraints and the economics of 

their elimination on other routes served by other c a r r i e r s 

through the mountains in both Canada and the United States. 
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FOOTNOTES 

1 In 1913, there was also a large and lucrat i v e passenger market 
in both directions through the mountains. This has no 
counterpart today. 
2 Bury to Shaughnessy, June 17, 1913, op. c i t . 
3 See chapter 8. 

* N. B. McCallway to A. LeSage, Assistant Director of 
Operations, Board of Railway Commissioners, February 28, 1958. 
CTC F i l e 21029.7. 
5 The Junkins (Sidney E.) Co. Ltd., "Report on the d i e s e l -
e l e c t r i c locomotive in comparison with steam and straight 
e l e c t r i c locomotives for operating the main l i n e of the Canadian 
P a c i f i c Railway between Revelstoke and Lake Louise." Vancouver, 
1926. Mimeo., Glenbow Alberta I n s t i t u t e . 
6 Beatty, CP Rai1's Connaught Tunnel, op. c i t . , p. 229. 
7 McCallway to LeSage, op. c i t . 
8 Sullivan to Bury, October 22, 1912, op. c i t . 

' Sul l i v a n to Bury, March 13, 1913, op. c i t . 
1 0 Engineering News, Vol. 71, No. 14, A p r i l 2, 1914, p. 718. 
1 1 Transactions of the Canadian Society of C i v i l Engineers, Vol. 
XXX, 1916, Plate 5, following p. 133. 
1 2 Railway Age Gazette, December 11, 1914, op. c i t . , p. 1084. 
1 3 Reefer, op. c i t . , p. 70. 
1 4 "Tunnels on P a c i f i c D i v i s i o n , " op. c i t . 
1 5 Engineering News, November 10, 1910, op. c i t . , p. 513. 
1 6 Frank Lee, P r i n c i p a l Assistant Engineer, Winnipeg, to F. W. 
Peters, General Superintendent, Vancouver, A p r i l 16, 1917. RCM 
76.15.249-018693. 
1 7 C.P.R. Co., Annual Reports, "Expenditures on Additions and 
Improvements," 1919-1925. 
1 8 "It also eliminated any p o s s i b i l i t y of decapitation should he 
have put his head out the cab window." "Ken L i d d e l l ' s Corner," 
Calgary Daily, Herald, February 22, 1963. 
1 9 CTC Order No. 96567, December 12, 1958. 
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2 0 Vancouver Board of 
2 1 Vancouver Board of 
2 2 Vancouver Board of 

Trade, Annual Report, 

Trade, Annual Report, 

Trade, Annual Report, 

1903-04, p. 19. 

1907-08, p. 12. 

1911-12, pp. 28-29. 
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