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• 
To the Right Hon. HmwEM' MOBRISOlf, M.P., 

Minister of Transport. 

Sm, 

PART I. 

GBIIBBAL RBvl&w. 

1. We were appointed in September, 1929, with the following terms of reference :-
. .. In .view of the progresa which is being made towards widespread availability of 

high ~nsu.m electrical energy, to examine into the economic and other aspects of the 
el~~tlon ~f the railway systems in Great Britain, with particular reference to 
mam line working, and to report their conclusions." 

A further official statement was made to the eJfect that our investigation was not to stand in 
the way of, or atrect, the adoption of any proposed schemes of further suburban electrification 
by the railway groups, including the semi-suburban scl1eme of the Sonthern Railway to 
Brighton. 

2. We have held 31 formal meetings, and taken evidence from 19 witnesaes (See 
Appendix 1) regarding the many technical, commercial, and economic matters involved in 
the general problem, and to these gentlemen we tender our high appreciation of ~be assist
ance tht>y have given to us. We are indebted especially to Mr. J. ,M. Kennedy for the 
remarkable .degree of thoroughness and detail which he devoted to the preparation of his 
comprehenBlve general estinlate and evidence, and the tinle and attention which he and 
his firm have given to its revision and strengthening. We also pay a willing tribute to the 
ad~irable spirit of co.operation and help shown by the General Managers of the British 
Railway Companies and the various members of their statrs, and would mention in particular 
Mr. H. W. H. Richards of the London and North Eastern Railway who has undertaken a 
very large amount of work for our assistance. 

yaluable information has been obtained by Mr. Sherrington of the Railway Research 
ServIOS through the oourtesy of the administrations of the Paris-Orleans Railway, and the 
New York, New Haven, and Hartford Rail Road. The Headquarters of the Swiss Federal 
Railways were good enough to afford facilities to our Secretary to enquire into certain points 
on which their practical and extensive experience of electrification was of much value, and 
to all these Railways and especially to Dr. Huber Stockar, Technical Adviser of the Swiu 
Federal Railways, we desire to express our thanks for their assistance. 

3. After a pre1iminary survey of the general situation of British railways we came to 
the conclusion that, whatever our detailed investigations might disclose, and whatever 
conclusions we might reach, the nature of our analysis and the conclusions should be as con
vincing as possible to those who control the policy of the railways of this country. At all 
times we were conscious that we were dealing with a problem of supreme importance to the 
railway companies, inasmuch as whatever might be the practical value of our work. the 
ultimate applicatiou of it would in the main fall on them. 

lusWlcsUon for Enquiry. 
4. At an early stage it became obvious that the following words from our terms of 

reference give a keynote to the justification in the national interest for this investigation: .. In 
view of the progress which is being made towards widespread availability of high tension 
t'leetrical energy ". In the past the railway oompanies of Great Britain have made varioUB 
investigations into the possibilities of electrifying parts of their systems, but the advent of 
the national scheme of electrical power supply, the creation of the Central Electricity Board, 
and the national grid, introduced such entirely new factors into the problem of main line 
electrification as clearly to warrant a new and comprehensive review of the economic possi
bilities of a change in haulage practice from steam to electricity. 

The British Railwa:r SJlIlem. 
6. A large scale picture is essential to secnre some measure of true perspective in regard 

to the main transport service of our country. Owned ~nd operate~ by !0ur. great ClOrporat~ns, 
tJiere exists in the railways an instrument the .effiClency ~f whIch 18 VItal to our natlOn~ 
welfare, as:providing the primary transport servIce to our IDdnstries and the commUDlty ID 
general. This service is, generally speaking, operated by !Ileali!' haulage! and. the respon
sibility of proposing to change the haulage. sy~tem of such a gIgantic enter~nse whIch, through 
its rates and charges, exercises a substantial infiuen~ on the costs of all IDdU8tri~1 !loo ~her 
products and services and consequently ?I!- commodl~y prices and th~ cost. of livIDg, I8 BB 
obvious as the national importance of realising any savIDgs and economIes whIch the march of 
science may render possible. 

The following approximate figures (for 1~ give an outline of the ~xtent ?f ~ British 
railway system (excluding the London Tube Railways and the Metropohtan District) :-

Issued Capital .............................................................. , ... £1,134.770.000 
Number of Shareholdings ..... _ ................................................... 80,l.OOO 
Number of Employees (Week ended 8th March, 1930) ..................... M6.000 
Total Route Mileage ..................................................................... 20.300 
Total Track Mileage including sidings ............................................. 52.500 
Total Engine Mileage ............................................................ 593,519.000 
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Coal (l()Il81lD1ed by Steam Locomotives and Rail Motors (tons) ......... 13.413.000 
Steam Locomotives .....................•...........................•................... 23.400 
Passenger Carriages (inclnding Rail Motors) ......................•..•........•. 49.300 
Approximate number of Passenger Journeys ........................... 1.347.667.000 
Merchandise and MineraJ Traffic Vehicles ....................................... 700.000 
Goods and Mineral Tonnage transported (tons) ........................... 329.579,000 
Live Stock transported (head) .•.....•.....•....••.•.•.•.....•....•........... 17 ,700,000 
Grosa Receip's .................................................................. £214,661,000 
N~ Receipts ........................................................................ £49,746,000 
Salaries and Wages paid ...................................................... £113,073,000 

6. Any such general utility service to industry and the community ID1lSt obviollllly rely 
[or its future development and prosperity on the general progress of the country, industrially 

• and agriculturally, and broadly speaking the policy of those who direct such a service is W a 
large extent conditioned by the needs and demands of industry and agriculture. In a country 
which is definitely progressive in prodnctivity, it is axiomatic that the transport service must 
be provided on lines which are progressive in method, process, and efficiency, and with the 
high standard of living in this country the necessity for this policy is enhanced. 

7. During recent yes.ra British railway transport has had to face two new and majoc 
phenomena--the growth of road transport both for goods and passengers, and the long spell 
of depression in many British industries, mainly those concerned with primary production. 
The effect of these two factors on the gross and net revenues of the Railway Companies is 
",ell·known and does not need emphasis. On the other hand we have found it impossible to 
form any precise or statistical estimate of their incidence. 

In spite of this rather formidable shrinkage in railway revenues, we do not consider that 
any developments which have yet taken place are likely to displace the railways from their 
position as the main agency for the transport of goods and passengers in this country, or that 
the country's need of rail transport as a primary factor in production will diminish, how
ever the character of the service needed or of the traffic to be conveyed may vary with the 
changing needs of industry. We have therefore approached the qoeetion remitted to us 
constructively, as one vitally affecting an industry which is itself vital to the future progress 
of British enterprise and production. 

Faced with the two handicapping influences of road competition and depressed primary 
industries, it is quite apparent that, apart from the more normal efforts to achieve reduction 
In costs, the railway companies must be on the lcok ont for and examine any more radical 
change in oper .. ting methods, such a8 a ch .. nge in h .. u1age system. Success in this .... rch, 
such ... may be possible, for example, through main line electrification, coupled with a 
revival or lejuvenation of industry, should enable the railway systems to retain for long 
their natural position of supremacy in national transportation. Accordingly, it is in that 
general spirit that we have attacked ollr task, and this task we define as follows: To 
establish as clearly and convincingly as we can, within the time avail .. ble to us, the extent 
to which a change from steam to electric haulage on the main lines of our British railways 
would be economic and justifiable. 

InkrpretllUoD of It KaID LInes." 
8. So far as we have been r.ble to establish. all electrification of suburban railways in 

thie country has been successful from an economic and technical aspect, while in addition the 
service to the community has been substantially improved. Accordingly. it may reasonably 
be assumed that the railway companies will in due course extend the electrification of their 
suburban lines in London and round about important provincial towns. The list of schemes 
in hand. to some extent. bears this out. On the other hand, we have been nnable to find any 
·strong spirit of convictiou in railway circles to warrant a belief that any schemes. comprehen. 
sive or sectional. dealing with main lines are likely to be adopted. It is true that sections 
of the main line haye been investigated by the companies. in some cases in considerable detail. 
but although some of these investigations showed economic possibilities, none of the 
schemes were fiually adopted. Later in this report the difficulties and handicaps associsted 
with such sectional schemes will become more apparent. It is also obvious that no 
general scheme of main line electrification is possible without the inclusion of the admittedly 
helpful auburban linea which are not yet electrified. With these considerations in view. 
we decided to regard .. main lines .. as all railways in this country not yet electrified or in 
process of electrification, with the exception of some spur or branch lines carrying little traffic. 
In regard to the latter we feel that the final decision on the best method of traction would 
require to he left to special investigation. However. as the ratio of soch lines. expressed in 
revenue or ton-miles i8 small. and as it is qnite impracticable to extract from the annual 
accounts the specifio cost of operation and other essential figures from those attributable to 
the whole railway system, we decided in all our conclusion. and estimates to include snch 
lines. so that it is important to note that this procedore rather weights oor figures against 
electrification . 

• 
EmtlDg RaUW&y Elec\r1llcaUoDl ID Grea' BrltaiD. 

9. With the exception of a small section (18 Route miles) of mineral line on the London 
and North Eastern Railway, no main line electrification hIIs taken place iu Great Britain . 

\()3\' • 1 
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On the other hand, substantial progress h68 been made in ~he electrification of suburban and 
metropolitan lines, particularly around London, the total mileage at the end of 19'J9 being 68 
follows (Tube lines excluded) :-

Southern Railway 
Metropolitan Railway ... 
Metropolitan District Railway 
G.W.B. (London area) 
L.M.S.R. CLondon area) 
L.M.S.R. (Lancaehire areas) 
L. & N.E. (Tyneside area) ... 
Mersey Railway... . .. 
Liverpool Overhead Railway ... 

Rout, Milu. 
276 

31 
25 

7 
45 
60 
32 

5 
6 

Total 487 

In addition to these completed schemes, there are lilt the moment under construction or 
approved schemes for the following additional mileage ;-

RoutB M il". 
Southern Railway, Purley-Brighton and Worthing 51 
L.M.S. & L.N.E. Joint, Manchester-Altrincham ... 9 
L.M.S •• Barking-Upminster ... 8 

The Southern Railway's extension to Brighton and Worthing might almost bo regarded as a 
main line scheme, but the grounds on which the Company decided to electrify are that the 
traffic is of a suburban nature and therefore that the additional facilities are likely to induce 
additional traffic. 

On different dates the British railway groups have investigated the economic possibilities 
of electrifying various sections of their- main line Ib"acks, and we have been {nmi.hed with 
particulars of some of these schemes, none of which were actually adopted. The more 
important of these were as follows ;-

N.E. Railway, York-Newcastle. 
G. W. Railway, Taunton-Penzance. 
L. & N.E. Railway, Sheffield-Manchester. 

Existing Electrlflcations abroad. 

10. There are a number of railways operated by electric traction abroad, both in use and 
under construction. The following table gives the approximate Route Mileages electrified 
in various countries ;-

Australia 
Austria 
Canada 
China .. . 
Cuba .. . 
Czecho-Slovakia 
Dutch East Indies 
France 
Germany 
Holland 
India ... 

Route Miles. Route Mile8. 
256 Italy 1.013 
443 Japan -!l15 
40 Mexico 79 
25 Morocco 150 

156 New Zealand ... 14135 
Norway 

3
2

°6 South Africa ... 194 
South America 544 

1,048 S' 370 paID ... 
968 Sweden 726 
84 Switzerland 1,542 

151 United States 1,870 
These figures include both Suburban and Main Line Schemes. 

11. In Europe probably the most outstaniling example is the SwiBB Federal Railway 
system where BOrne 1,100 route miles or 66 per cent. of the total mileage carrying some 85 per 
cent. of the total traffic are operated electrically. (In addition to this the other railways 
in Switzerland have about the same percentage of electrically operated mileage.) A further 
programme of electrification is now in hand. The primary reasons in this case were the 
desire to be independent of foreign countries for supplies of coal and the development of the 
national resources of water power, in addition to which the steep gradients and long tunnels 
are technical factors which specially favour electrification. A very full investigation of the 
economics of electric traction as compared with steam traction, based on 1929 conditions, has 
shown a saving of about £200,000 for the year in favonr of electric traction, after payment 
of all interest and amortisation charges. It Iiliould be noted tbat the capital involved in this 
case includes the cost of the Hydro Electric Power Stations and transmission lines, 8.8 most of 
the Electric supply for the Railways is generated in Power Stations built specially for this 
purpose. In addition to this small but definite margin of profit on Electrificatiop, which it 
is stated is likely to increase in future, 11 number of other advantages have accrued which 
cannot be evaluated in terms of caeh. The increased cleanlineBB and comfort from the 
passenger point of view and the acceleration of both passenger IInd goods ~raills l1avl' proved 
of very substantial benefit in' combating road competition. -
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It may be l'&id that in Switzerland, apart from the above quoted reasons of national policy, 
conditions are mch that Electrifi.cation has proved itself remunerative already, but it is clear 
that the national considerations were the dominant factor in the adoption of the acheme. 

~. In Sweden varioualines, including the Stockholm Gothenburg line of about 280 route 
mile" mostly single track, have been electrified on similar grounds, i.e. use of available wa.ter 
power rather than imported coal. In this case gradients and tunnels are not a. factor of any 
importance. The economics of this latter project (completed in 1926) were subjected originally 
to much criticism on the grounds that the traffic density, which is estimated at about 3.2 
million trailing ton kilometres per route kilometre per annum, wa.s insufficient to justify 
electrification, but a. special investigl\tion into the financial results of 1928, i.e., the third year 
Gf working, has shown that the scheme has covered all capital charges with an appreciable 
margiu, apart from a number of other advantages which it is impossible to determine in terms 
of money, and the financial advisers recommended that a further programme of electrification 
should be prepared without delay. In accordance with this recommendation the electrification 
of the Stockholm·Malmo line is now in hand and others are contemplated. 

18. In Fra.nce the !principal main line insmJIations are those of tIDe Paris-Orlea.ns rail
way, which extends at present from Paris to Vierzon, 145 route miles electrified, and of the 
Midi railwa.y, about 750 route miles electrified. In the case of the Paris-Orleans, apart from 
the high cost of coal south of Paris, the r.ailway electrification scheme was intimately bound 
up with the development of the water power re~ources of central France and the linking of 
these supplies with Paris. This scheme is eminently one of national policy rather than 
railway economics, in fact it appears doubtful on the information available whether in the 
present stage the railway electrification is in itself remunerative. The Midi railway electrifica
tion also is a case of the use of available water power in place of coal from distant sources. 
In this case the Railway Company supplies, from its Hydro Electric generating stations, 
electrical energy for general use over a considerable area, with material benefit to the in
habitants and industries concerned. In a paper read by the Chief Engineer in November 1930 it 
was stated thal the technical advanto ges in Railway operation were very considerable while 
financially the acheme showed a small profit after pa.ying capital charges and taking account 
of the considerable sums realised 6y ~he sale of Electrical energy. Other French schemes are 
at present limited to suburban lines, and mountain sections with steep gradients and long 
tunnels. 

14. The various electrifications in Germany are attributable to a desire to use water 
power or in some cases local coal which is unsuitable for locomotives, also to the existence 
of heavy gradients and tunnels. 

15. III Italy again the extensive electrifications are mainly justified in that they utilise 
available water power in place of imported or costly 0001, in addition to which the existence 
of lonl( tunnels and heavy gradients are factors in favour of electrification. The same con
siderations apply generally to the lines which have been or are being electrified elsewhere 
in Europe. 

16. There are a number of electrified lines in the United States and elsewhere, but 
apart from systems of a suburban nature and city terminals the reason for conversion has 
been either the existence of severe gradients and tunnels, or an urgent need to increase 
traffic capacity, these reasons being frequently combined. 

In this connection attention may be drawn to the impreBBive scheme of the Pennsylvania 
Rail Road, init.iated in 1929, for the electrification of its main lines from Newark, just outside 
New York, to Philadelphia and Washingt{)n. This project will when completed make a total 
of about 800 route miles or 2,700 track miles electrically operated on the Pennsylvania system. 
AmonfJ the reasons which led to the adoption of this scheme are the economy of electrical 
operatIon in dense traffic areas; the increasing density of both goods and passenger traffic, the 
more rapid movement likely to be required, and the advantages of electric traction in new 
city passen~er lermino.ls. 

17. It may fairly be said that the reason .. which have led to the great majority of mlLin 
line railway electrifications abroad are such that they do not apply to the same extent to 
Britislt conditiona, where coal supplies are ample, hydro-electric resources scllnty, and, gener
all:v epeakin/X, there lIl"e few severe gradients or long tunnels. On the other hand we are 
satisfied that there is no adequate foundation for the idea, so generally prevalent, that the 
ocarcity of water power resources in Britain is in itself sufficient to render railway electrifica
tion uneconomical; at present prices of coal it is possible to generate electricity in a system 
of int<'lrronnected steam stations at a ('Qst which compares favourably with that of the 
m&jority of hydro-electric developments. 

British Suburban ElactrlflcatioD. 
18. The general economio succeBB which has characterised the adoption of electric 

haulage for metropolitan and suburban lines may be stated shortly as the ability {)f electric 
haula,.,"l! to handle dense pa88&nger traffic with heavy peak loads morning and evening, and 
thus to pl'Gvide a service to travellers which it is difficult to obtllin by steam haulage. In 
additio:'!, the absence of smoke is &Il amenity of considerable value on lines with a large 
proportion of tunnels, and generally in city areas. Further, it has been clearly established 
that the more rapid and better service has had in every case the effect of hringing about large 

IO~18 Af 



increases in the traffic, better trade has foUowed better service, r. noti~ble feature being 
the growth of the oll peak 100d and the increased inter-anburban traffic. As an example of 
tbis, taking a group of 18 stations on the Southern Railway situated between 9 and U miles 
radius, within four years from the date of electrification, the number of season ticket hold6l'll 
has increased 13B per cent., the number of other tickets issued 50 per cent., and the total 
passenger receipts almost 50 per cent. To attain this result the train mileage has been 
increased almost 100 per cent., but the additional cost of electric operation of this increalMld 
train mileage has been much less than the increase of revenue resulting therefrom. To a 
considerable extem the growth of satellite house building schemes has followed dose on the 
provision of better transport service. 

19. One of the elTects of the development of demand following on improved &el'\'ice 
bas been to make it quite impossible to esta.blish any sound comparison between the co@ts 
of operatio'l of steam and electrical haulage on suburban lines, because in every ca"" the 
adoption of f'lectricity has vitally altered the traffic conditions and no comparisons enn he 
set up. Where eleetrie haulage has been adopted on suburban service, tbe railway rom
panies have found themselves in the position of ha.ving a tn.nsport machine of such improved 
capacity as to seem'e very rapidly an increased revenne. For these reasons we have found 
it qnite impossible t·) obtain any nseful comparisons between steam and electric haulage 
costs of suburban services which might be utilised in regard to our main Jine baulage iorepti
gation, where, of courAe, the possibilities of increased traffic are clearly less, and where 
mineral and goods traffic enter into the problem. 

20. We were informed tha.t the proposals for the Brighton extension of the Southern 
Railway electrification would involve an increase of between 100 per cent. and 150 per rent. 
in paseenger train mileage and that the scheme would be justified fioancially if as a result 
there were an increase of 7 per cent. in the passenger traffic. The goods traffic on this line 
will not at present be electrically operated so that the whole of the capital charges of electrific .... 
tion have to be borne by the passenger traffic. 

21. It may he said that suburban electrification is undertaken with the intention of 
attracting a considerable increase of passenger traffic by the provision of a much imprOVed 
service, the additional cost of which will be substantially less than the additiona.l revenue 
anticipated therefroUl. 

In the case of main line electrification on the other hand, although it is reasonable 
to anticipate that the additional facilities and amenities will in fact lead to some increase of 
traffic, the case must in general rest on the economies to be effected in hlLndling existing traffic 
only, and no such increase can safely be aeaumed in any conservative investigation of the 
oc.onomic ILspect of puch a scheme. 

At the same time we note that :-
(a) the capital cost of suburban schemes per track mile is necessarily high as 

comrared with main lines 
(b) even so, the fixed charges can be borne economicalJy by a proportion only 

of the total traffic, the remainder being still steam-hauled. 
(c) the cost of electrical energy on existing suburban schemes is higher than the 

price ILt which it could be suppJied for a general electrification scheme and 
(d) the average traffic density of typical suburban schemes is bllt little greater 

thB.n that carried on a considerable mileage of main Jines. 
These considerations seem' to indicate prima facie that the economic possibilities of main Jine 
schemes are encouraging. 

Electric Power Supply In Great Britain. . 
22. One of the major elements of haulage cost is necessarily that of energy supply, 

which in steam haulage is represented by the cost of fuel (in Great Britain--coall, and in 
electric haulage the price paid by the railway for electrical energy. It has been pointed out 
that the relative sources of supply and cost of fuel and of available electric energy have been 
potent factors in deciding railway electrification schemes in certain foreign countries. Where 
coal has to be imported and is relatively expensive, and where electrical energy can he 
obtained at reaeonable cost from water power, the case for electrification is oonsiderably 
strengthened. In this country such conditions do not arise, as coal is relatively cheap, and 
availa.ble water power is almost negligible. 

23. Up till 1926 any scheme for railway electrification involved a carefu1 study as to 
the most economical method of obtaining a power supply, whetber the energy should be 
purchased from an authorised undertaker or whether the railway should build and operate 
its own power station. In 1926 a revolutionary change was initiated in Great Britain by 
the passage of the Electricity Act, under which the generation of all high tension energy 
was placed under the control of a new body termed the Central Electricity Board, wbo were 
charged with the duty of inter-oonnecting generating stations through what is now known as 
the National Grid. Under these conditions it has been estimated that high tension energy 
will be produced and be made available in Great Britain at very low coet, certainly at lower 
coets than could be hoped for from individual and independent generating stations. In these 
circumstances it is obvious that no question can arise as to the source of electrical energy 
for any proposed scheme of railway electrifit"lItion. The grid supply will ~ s,vaila,bl~ !I!ld 
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should be utilised. In the Weir Report of 1925 on which the 1926 Act was based, paras. 
100-109 are as follows :-

, .. Railway Electrification.-Although the matter is perhaps not strictly within 
our terms of reference, we could not fail to note the effect which the advent of the 
, gridiron' would have on the possibilities of the electrification of British Railways. 
At the same time we have made no allowance in our calculations for the possible 
demands over and above the present slow rate of growth of the traction demand. We 
definitely recommend that the Board should have power to supply railways direct. 

.. The existenoe of the ' gridiron " the layout of which from the point of view 
of wayleaves must necessarily conform in 81 oonsiderable measure to that of the 
railways, cannot but have a vital influence on reducing the amount of capital required 
for electrification. The availability of ample supplies of cheap energy from the 
, gridiron' would also relieve the railway companies from the neoessity of heavy 
expenditure for power stations. At the same time a railway demand for energy, 
which might approximate to 20 per cent. of the whole national demand for other 
purposes, would most favourably affect the national load factor and thus reduce still 
further the cost of energy . 

.. The position would be eo radically altered that we think thBot if the Government 
adopt our proposals generally, then Bot the same time they should take steps to 
ensure that Railway Electrification is reviewed and reconsidered." 

Influence of RaIlway Electrification on NaUonai Electricity Scheme. 
24. With these considerations in view, we asked the Central Electricity Board to 

give us an authoritative pronounoement on the reactions of a possible railw .. y load on 
national electrical development. Their reply is as follows:-

.. Important beneficial reaotions will result to the general electrical development 
of the country as a consequence of adding railway electrification to the national 
Grid System • 

.. (a) In tbe schemes prepared by the Electricity Commissioners and adopted 
by the Central Electricity Board the growth of the load of authorised undertakers 
alone is estimated to be such that in every area existing selected generating stwtions 
will have to be extended to their full capacity within the next few years, and before 
1940 new generating stations will be required. The addition of a large demand for 
railw .. y electrification will have the effect of conaiderably accelerating the construction 
of such new genera.ting stations and adding materially to their number. A close 
examination of the trend of power station design and the results already achieved 
in this country and elsewhere lead to the conclusion that the cost of energy sent 
out from such new power Bta.tions will be substantially less than the 'present CG6t 
at even the most efficient selected stations. The aoerage cost of production will 
thus be reduced more rapidly than would be possible without railway electrification . 

.. 1'he diversity which would undoubtedly exist between the demands of the 
Railway Companies and those of Authorised Undertakers from the Grid System 
would also have a favourable reflection in the cost of generation for both parties . 

.. (b) The use of the Central Board's primary 132,000 volt transmission system 
jointly for supplies to ra.ilways and authorised undertakers will result in a lowering 
of the Board' 8 charge to authorised undel'takers in respect of transmission and 
administration, for the reason that certain of the main transmission lines now being 
erected wilt not normally be fully loaded for the purpose of supplies to authorised 
undertakers and can, therefore, be used in part for supplies to the ra.ilways, while 
the average cost of primary substations will be improved, since the cost of extensions 
will be less per kiloWBott of demand than was the origin .. 1 cost, as ,the land, and to 
some extent the structures, will be common both to the original and to the extended 
subst .. tions . 

.. (c) The secondary lower pressure transmission system which will be required 
to distribute energy from the Board's main Grid substations to the substations 
feeding the railways could, in many instances, be combined with the Board's second
ary lines supplying authorised undertakers. The cost of secondary transmission to 
authorised undertakers would thus be lower than would be possible were no electrifica
tion of the ra.ilways undertaken . 

.. 1.'hese are important considerations when it is remembered to what extent 
general expansion-and in particular industrial expansion--of the use of electricity 
is aided by every lowering of cost. But quite equally iplportant is the consideration 
that the development of rura1 electrification will be greatly aooelerated, for the 
secondary lines feeding the railway substations oould be tapped to afford general 
supplies in many area.a which, owing to their sparsely populated nature and low 
demand for electricity, could not commercially be supplied if it were necessary for 
them to bear themselves the full ooM of the necessary transmission lines. 

;' The price calcul .. ted by the Board for Railway supply reflects a reasonable 
portion of the economies which would result from the accession of the railway load 
to the N stional Grid oveT the next 10 years. The price is tbus lower than it would 
be possible to achieve if the existence of the Grid had not enabled the railway load 
to be pooled with that of authorised undertakers." 

10311 .1.& 
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Blec&riclty Supply Righta. 
25. The statutory right to supply electrical energy in the area of an Authorised Under. 

taker belong:s to that Undertaker, and the Central Electricity Board may not supply energy 
to anybody m.the area. As we have seen in the Weir Report, it was recommended that in 
the case of Railways the power to supply shonld be granted to the Central Board. Parlia.ment 
did not, however, carry out that recommendation but laid it down that Undertakers must 
pass on a supply, which they purchased from the Board, to a Railway Company at cost price 
plus such charges and allowances on tTansmifllrion lines as are defined in the Third Schedule 
to the Electricity (Supply) Act, 1926. The outstanding reason for the recommendation in 
the Weir Report is obvious, as a Railway runs through the territory of many Authorised 
Undertakers, some small, others large. In a great main line electrification scheme, it is 
clearly impracticable for a Railway Company to make individual Agreements, which are 
necessarily elaborate, with a number of independent Undertakers. Such divided responsibility 
and the difficulties of co-ordination would be definitely harmful to a comprehensive scheme of 
supply. Moreover, it is clear that the demands for electrical energy from the substations 
along a main line will not coincide in time, and were such individual demands to form the 
basis of the charge to be made by each Undertaker the result would be inequitable and un
economie. Nevertheless, any arrangement designed to co-ordinate the several contracts with 
different Undertakers to provide against this would be so complex as to be well nigh impossi
ble. We conclude, therefore, that the original propo88l should be adopted and the Central 
Board be given power to afford direct supplies for railway electrification schemes. 

It has also been brought to our notice that under existing legal provisions, a Railway 
Company taking a supply of energy from a supply authority at any point, is not permitted to 
use this supply for lighting or other auxiliary purposes in any area outside that of the supply 
authority except under special consent of the Minister of Transport. 

We consider, as a corolla.ry to our conclusion above (that the Central Board should have 
power to supply Railways direct) that the Railways should be authorised to nee such 8upply 
for any purpose of their own at any point on their system. 

Arrangementa for Supply to Rallways. 
26. We have considered four schemes in regard to the best method of arranging for 

power supply to the railways. The most extreme suggestion has been that the Central 
Electricity Board or a new subsidiary body working in conjunction with the Central Board 
should provide the transmission lines, sub-stations, and overhead track equipment, and enter 
into a contract with the railway companies for the supply of energy delivered at the pantograph 
of the locomotive or other haulage unit. Such a scheme would result in reducing to a mini
mum the capital outlay by the railway companies and would leave to them merely the supply 
of the electric tractors, necesssry alterations to structures and signalling, etc. On the 
other hand, this arrangement would in practice obviously result in difficult questions of divided 
responsibility and operation, apart from the difficulties of an outside authority working with 
the ra.ilway staffs on ra.ilway property. This suggestion we dismissed. 

The next prop0B8l is for the Central Electricity Board to provide the transmission lines, 
to build. equip, and operate the sub-stations and supply the converted energy to the railway 
companies at the track feeders. The alternative is for the Board to supply the high tension 
energy to the railway companies at the sub-stations, leaving the railway companies with 
the ownership and operation of these suh-stations. 

After careful consideration we have adopted as a basis for our calculations a proposal that 
the Central Electricity Board should provide the transmission lines, build and equip the sub
stations, and supply energy to the railway companies at the Direct Current busbars of the 
snb-stations. but that the operation of the sub-stations (and the control in the case of remote 
controlled sub-stations) should be carried out by railway employees. The evidence before us 
leaves no doubt that such operation and control must essentially be in the hands of the 
railway staff. 

The alternative scheme, under which the sub-stations would be built, equipped and 
operated by the Railways. who would take their supply at the high ~nsion busbars of the 
sub-stations, should not alJect the final cost of electncal energy except 10 such degree as the 
Interest and Sinking Fund rates adopted by the railways may differ from those of the Board. 
It would, however, involve a considerable addition (of the order of £30 millions) to the capital 
expenditure to be undertaken by the railways (arid a corresponding deduction from that to 
be found by the Board) and for this reason we think that the former arrangement would be 
preferable. 

Price 01 Electrlcal Energy. 
27. In view of our conclusion that the supply of energy must be taken direct from the 

Oentra.! Electricity Boa.rd. we instructed our professional advisers that, for the purpose of the 
detailed investigations described hereafter, they should ask the Board to quote the price at 
which energy could be supplied for a general scheme of electrification of the w.hole railway 
system of the country. 

In reply to this request the Boa.rd quoted a price of 0.5 penny per Kilowatt Hour for the 
necessary supply of Direct Current Energy, delivered at the Direct Current busbars of sub
stations, i.e., on the assumption that the Board would provide and instal all necessary 
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transmission lines, substations aud plant, but the Railway Companies would maintain and 
operate the substations. This quotation was subject to a coal clause, to the payment by the 
Railway Companies of local rates on the substations, if any, and was based upon a load factor 
of 50 per cent. On the data available it would appear that a load factor of 50 per cent. ehould 
be obtainable for a comprehensive scheme, on which the daily peaks and nightly ce888tion 
of suburban services should be neutralised by tlie goods and all night traffic of main lines. 

In reply to a subsequent inqniry the Central Board stated that, provided the total railway 
load increased as estimated to a final Bgure of about 6,000 million K. W.H. per annum 
(Substation output) for complete ele~trification in about 20 yeam' time, it might be estimated 
that the price would by that time be reduced to 0.475 pe~ny per Direct Current unit. 

A figure of 0.5 penny has therefore been assumed in the detailed investigations referred 
to below, and a figure of 0.475 penny in our general estimate for complete electrificatioll. 

System of Electrillc:atioD. 
28. We have not considered it necessary to go into technical details in connection with 

the choice of the most snitable system of electrification, in view of the fact that such questions 
were fully investigated by the Committee appointed in 1927 under the Cha.irmanehip of Sir 
John Pringle. This Committee reported in 1928 in favour of two alternative standard sys
tems which are, in substanc&-Direct Current overhead with a maximum pressure of 1,500 
volts and Direct Current third rail with a maximum pressure of 750 volts. The possible use 
of 3.000 volts Direct Current on the overhead system was also admitted; none of the expert 
evidence which has been submitted to us has questioned these recommendations, and We 
have assumed that they will be followed. 

In the investigations made on our behalf our Consulting Engineers and the Railway 
Officers concerned selected the 1500 volts overhead system. 

Alternative SysteD18 of Haulage. 
29. The essential characteristic of electrification as compared with all other traction 

systems is the removal of the generation of power from the train. All other systems 
involve carrying the power generator on the train. Later it will be seen that this 
characteristic is responsible for most oftha advl!ontages and economies arising from electrifica
tion. Before a train can move under electric power a very large addition must be made to 
the capital account for expenditure on transmission lines, sub-stations, and <track equipment, 
all these items being fixed and immovable. It is for this reason that the electrification 
of a railway becomes a problem requiring the most careful considerwtion. T<>-day with stea.m 
haulage it is, of course, open to a railway company to take advantage of any alternative form 
of tractor, such as an improved steam locomotive, a turbine locomotive, an oil engine, or 
an oil electric unit. It is merely a case of substituting one independent unit for another, 
whereas with electrification it is impossible to change the system without rendering nseless 
a large proportion of the capital expenditure. Electrificwtion of an existing system means 
the incurring of a heavy new interest charge on fixed equipment, and then the replacement 
of independent coal burning locomotives by dependent electric haulage units. 

SO. With these considerations in view we have felt it necessary to make some in
vestigation into the value and importance of other alternatives to the existing Bteam 
looomotives, such Be turbine locomotives, unconventional high pressure locomotives, petrol 
units, oil engined and oil-electric units. Without going into details we found that develop
ment is steadily taking place in Itbe steam field and greater fuel economies are likely to be 
realised, but that it is probable that such fuel economies will be offset to a large extent 
by additional repair and maintenance charges and the higher capital cost associwted with 
these new developments. 

The most important alternative to the stea.m locomotive other than electrification is 
undoubtedly the oil engine. Here we have a prime mover of high fuel economy, requiring 
practicalJy no water, while the storage and distribution of the fuel is simple. Unfortunately 
the general speed torque characteristics of the oil engine are inferior to those of the steam 
engioe. In order to overcome this difficulty electricity has been adopted in the oil-eIectric 
locomotive as a means of connecting the oil engine to the wheels. Investigation of the 
use of oil-electric sets on trains discloses, however, that for a line with a frequent service 
it would appear more economical to take the oil engines off the trains and put them i~ 
fixed generating stations supplying electric cUITent to the moving train. This would result 
in a smaller number of oil engines being required on acoount of the improved load factor, 
10 that the first cost would be reduced, the efficiency increased, and the weight of the 
moving train reduced. Conversely, it is evident that where the traffic is light it would pay 
better to put the oil engine and electric generator on the moving train. It is obvious that 
on national grounds preference ehould be given to home produced coal rather than to imported 
oil. to the exten~ that, whatever services ~ ~ opera!-ed with at least equaJ economy on 
coal ehould continue to use coal; moreover, It 18 certain that the coal fired power stations 
feeding the grid can supply power to the substations more cheaply than could oil engines 
located therein. 
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A rurther aItemative which would be lesa dependant on a centralised 8upply .y.tem 
than electrification, would be the employment of battery driven locomotives, but we have 
been unable to obtain any evidence to guide ns as to the prospect of such radic&l improve
ments in battery design as might make this feasible even for ligM units. 

31. From all the evidence we conclude that none of the alternatives to Bteam which 
we hav~ examined is either sufficiently developed to warrant widespread adoption as an 
~ltemative 10 the steam locomotives of ~day, or even holds the probabilities of development 
lOto an effective alternative to electrification for main line purposea. We would say, how
ever, that, in the case of oil electric units, these may be regarded as poBBible substitutes 
for steam on lightly loaded branch lines, and more particularly so in conjunction with B 
gener&l electrifiC8ltion of main lines . 

. 32. SeveraI witnesses have drawn our attention to the advantages of Multiple Unit 
eqUIpment a8 compared with Electric Locomotives, mainly in reduction of total train weight 
and saving in terminal movements and shunting. Although there are certain c1aBS6s of 
traffie for which Multiple Unit eqnipment is inherently nnsuitable, we feel that there is on 
British Railways a very considerable field in which the use of such stock would be convenient 
and economical. This opinion WBe confirmed as a result of one of the detailed investigations 
referred to hereafter and we have baaed our estimate on this Besumption. 

Advantages of Electri1l.catioD. 

33. The direct financial advantages of electrification are expreased in the estimates which 
follow, and the benefits to the national electric supply system are embodied in the statement 
by the Central Electricity Board in para. 24 above. In addition to these there are a number 
of other advantages, mllny of which have a cash value, although it cannot be assessed with 
any accuracy. 

(a) The overload capacity of an electric tractor permits an increased rate of acceleration, 
and an increase of average speed and speed on gradients so that it is poBBible to obtain a 
greater uniformity of speed among different c1aBSes of trains on the same track. In conse
quence of this, it is less frequently necessary to shunt a goods train to IIllow an exprese to 
pass, and as a result the overall speed of the goods train can be much improved while at the 
same time the capacity of the line is increased, thus avoiding possible capital expenditure on 
widenings, quadrupling etc. The same factor provides an increased capacity for making up 
time aud hence greater punctuality. Typical examples, taken from the detailed investigations 
referred to hereafter, show a reduction in the journey time of a stopping passenger train from 
2 hour~ 32 minutes (steam) to 2 hours 8 minutes (electric), and a similar reduction on a fitted 
freight train from 3 hours 48 minutes to 3 hours 1 minute. 

It should be noted that although the speeding up associated with electric traction 
involves increases of average speed we have not contemplated any material increase of the 
maximum speeds already attained by the faster expresses. 

(b) The capacity of terminal stations is increased by the use of multiple unit stock and 
the fact that electric locomotives do not require water, coal or turntable f&cilities. Shunting 
movements and signalling are much reduced and traffic movements expedited. 

(0) The abolition of smoke and steam must have a substantial effect in reducing corrosion 
and dirt and thus on the expenditure on maintenance, painting and cleansing of structures 
and vehicles. Since electrification the SwiBB Feder&l Railways have effected an appreciable 
reduction in cost of maintenance of permanent way in tunnels owing to the safer o.nd easier 
conditions of work therein. 

In large towns the abolition of locomotive smoke would be of considero.ble benefit to those 
living near the railway, and would enhance the value of adjoining property. 

From the passenger's point of view the amenities afforded by the elimination of smoke 
especially in tunnels and the reduction of dirt and noise are an appreciable attraction. 

The same consideration suggests the possibility of the development of .. air rights .. over 
electrified terminal stations, as has heen done in the United St&tes, where large block. of 
office and other bniJdings have been constructed over terminal station areas in places where 
the value of land is high enough to justify the cost. In connection with any reconstruction 
of Charing Cross Station for instance, it seems probable that if the station can be designed 
for all electric working this considero.tion might be of material advantage. 

(d) The even torque of the electric locomotive and the absence of hammer blow together 
with other features of suito.ble design mw it possible to provide an increase of power OD 0. 

limited axle load with the result that it will in BOme cases be possible to avoid renewal or 
strengthening of bridges. It has been found aIso on electrified lines that the maintenance 
of coupling gear has been materially reduced by the even torque of the electric motor. 

(e) The driver of an electric locomotive or motor coac.b has a better view.of the 1me 
ahead, an important &id to safety, while his personal comfort is very lIIlLIeriaUy enhanced. 
It is true that the structures supporting the overhead eqnipment tend to restrict the view 
of eignals, 80 that in any estimate provision must be made for alterations to signals in 
order to ma.intain adequate visibility. 
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(/) Apart from the increased capital burden involved in electrification, the actual opera
tion of train haulage can be performed more cheaply by electric traction than by steam 
&raction, and the operation of additional servicea ia thus more economical with electric than 
with steam working. This applies not only to the provision of additional excursion facilities, 
but also to the provision of a more frequent service of lighter trains on sections where the 
traffic is likely to respond to an increase of frequency. Flexibility of operation ia thus in
creased, and full advantage can be taken of the cheaper cost of electric haulage. 

(g) The avoidance of fires caused by sparks from engines is a minor but definite advantage . 
• 

Disadvantages of Electrl1lcatloD. 

34 (a) Apart from the heavy capital expenditure involved, the disadvantages are, 
comparatively speaking, of a minor nature. The first of these is the fact that a failure in the 
supply of energy may stop a number of trains, whereas Itt present an engine failure only 
directly affects the one unit. Experience on electrified lines proves, however, that any 
extensive failure of supply is an OCCUl'rence of such rarity and such short duration that the 
risk is not a serious one. With the inter-connection afforded by the Grid and the alternative 
sources of supply available, the risk should in most ps.rts of England be even further reduced. 

(b) Although the risk of failure due to accidental causes may be slight, from the national 
point of view it is clear that an electrified system is more open to attack and disorganisation 
by enemy or ill·disp0fled persons than a system operated by self-contained tractor units, and 
this is probably the most serious aspect of the matter. 

(c) The use of an uninsulated return circnit through the running rails involves some risk 
of stray currents causing electrolytic damage to cables, pipes and similar metal bodies iu the 
immediate vicinity of the track. There is also the possibility of inductive interference with 
communication circuits near the line. These points were considered by the Pringle Com
mittee, referred to in para. 28 ahove. who expressed the opinion that safeguards could be 
provided by suitahle bonding and similar arrangements adequately maintained. The elec
trolysis risk would, however, still further restrict the possibilities of steel sleepers with the 
overhead system, and these are in B.ny case impracticable with the third ra.il system. 

(d) In the CBlW' of third rail systems risk of electric shock is involved for permanent way 
men and others whose duties necessitate working on or walking along the lines. Experience 
shows that the cases of this are not frequent, but the extl'a care required does increase the 
time and cost of track maintenance, and it is generally agreed that third rail would be 
impracticable in yards. ,With the overhead system the risk of shock should be negligible but 
the maintenance al!d the time taken to repltir in case of acci,lent are likely to be greater than 
with third rail. 

(e) In both systems the risk of fire caused by a short circuit after a derailment is a 
possibility but hardly a serious consideration. 

The SpeculaUve Aspect. 

35. In considering any large capital expenditure and in estimating the financial results, 
it is essential to bear in mind not only whether sufficient allowances have been made for 
upkeep and depreciation, but whether from tbe point of view of speculative future development 
the expenditure is likely to be an asset of permanent value. The expenditure on electrifica
tion of railways is mainly represented by 'apparatus already of very high efficiency and 
therefore capable of no outstanding improvement in the future. The suh-station machinery 
nnd the motors on the trains have very high efficiencies and obsolescence is there
fore bound to be relatively small. In this respect electrical apparatus is in a different category 
'.'Om either steam or internal combustion plant. In electrification the part of the system 
which must be written down is in the power station, because it may be expected that on 
account of its relatively low efficiency it will he liable to steady improvement. In the case 
we are considering the expenditure on this plant in the power station would of course not fall 
on the railways. Rnd R8 and when improvement takes place. the price of electricity to the 
railways will be gradually reduced. by the adoption of the improved apparatus. 

On the other hand, it is proper to consider the speculative possibilities of alternative 
systems of transport, ss differentiated from alternative systems of rail haulage. We have 
in para. 7 already expressed the view tbat no existing development appears likely to 
displace the railways as our main transport agency, but in expressing this view we cannot 
evade reco~nition of the possibilities of road transport. There are no data to indicate 
the real relative costs of transporting by road or by rail the wide rnnge of traffics now 
dealt with by railways, and it is therefore difficult to form any authoritative judgment, but 
within the bounds of reasonable speculation we cannot anticipate the general ~uperses.ion 
of railways by roads. 

The .nly other speculative development which would .lI .. ct obsolescence in the fixed 
capital expenditure ()n electrification (and which might also affect rosd haulage) might be 
in tbe field of electric storage batteries. We feel that the prospect of such development for 
heavy traction is inherently a remote one, and, as noted in para. 30, the poasibiliti(ls for lighl 
unit. are still quite indetl.nite. 
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PART 11. 

THB ECONOMIO !NVB8T1GATION. 

Field for Savings In Haulage Cost. 
36. Having now established the more general considerations associated with electric 

traction we proceed to the application of them in a definitely economic sense, but we consider 
it essential to indicate in the first place the field of existing expenditure over which any savings 
or economies have to be realised. 

The components of haulage cost directly affected by electrification are in general the cost 
of wages, fuel, water, stores, etc., for operating, maintaining and renewing locomotives; in 
addition to these the wages of guards and the cost of cleaning vehicles afford definite scope for 
a reduction in costs on electrification. 

A number of other items which are mentioned in para. 33 (Advantages), are also of 
rertain financial benefit, but we have not considered it possible to assess definite cash values 
to them and we have therefore omitted them from our estimates, which are to that elltent 
weighted against electrification. 

In 1929 the total of the ahove costs for the steam operated Railways of Great Britain 
amounted to about £54,760,000 or 23.5 pence per engine mile; out of this the most important 
items are:-

Pencil. 
Locomotive and Shed Wages 9.0 or 38 per cent. 
Locomotive repairs and renewals 5.6 or 24 per cent. 
Fuel ... 5.3 or 22 per cent. 
Guards' Wages 1.8 or 8 per cent. 

The balance of 1.8 pence (8 per cent.) comprises maintenance of locomotive buildings, water, 
lubrication, stores and clothing, cleaning of vehicles, National Insurance and miscellaneous. 

All our investigations show that on the item of fuel comparatively little saving will be 
made by the substitution of electrical energy, in place of coal (at existing prices), and even 
though a saving of about 50 per cent. may be realised on the total of 1.8 pence for minor 
items, the net gain will be comparatively small. It i. therefore in the field of locomotive 
ws.ges and locomotive repairs that electricity must establish its economic gain. 

The total of locomotive and shed wages will be largely reduced by reason of the facts 
that an electric locomotive does not require the time spent in lighting fires, raising steam, 
coaling and watering, cleaniug fires. movements to turntable. etc.; and daily cleaning 
alld maintenance services will be considerably reduced for each locomotive, apart from the 
fact that the total number of tractors is likely to be reduced by over 30 per cent owing to the 
much larger annual mileage obtainable from electric tractors. In addition to this, there will 
be some acceleration of many of the slower services. double heading, where necessary, will 
not entail a crew on the second engine, and there will be a considerable extension of multiple 
unit operation on which, with the" dead man's handle" equipmeut, one motorman only is 
required in place of the two men on a steam locomotive. Similar arrangement. would be 
adopted on shunting locomotives and, subject to certain limitations, on train locomotives. 

Considering locomotive repairs, the electric locomotive is, as regards wear and tear and 
ovel'haul requirements, a far simpler apparatus than the steam locomotive; the elimination 
of the boiler and reciprocating parts in particular is a most important factor, and it is well 
established by extensive experience that the frequency and extent of periodical overhauls are 
far les~ with electric locomotives than with steam. 

In the case of the smaller item of guards wages it hIlA been ascertained that the increaR('d 
overall speed of a large number of the slower trains will effect a material reduction in thi. 
charge. 

We should, however, make it clear at this point that our calculations have been baRed 
on existing rates of wages, and, wages items being the dominant factor, any appreciable 
alteration in railway wage rates would modify the reRult of our calculations. 

The Necessity for Detailed Investigations. 

37. In striving to obtain reliable comparative costs of steam and electric traction in 
actual working we have been entirely unsuccessful. In Great Britain the successful result. of 
suburban electrification are, as we have seen, due principally to increased business. The 
foreign figures and experience are affected by conditions which do not apply to. Great Britain. 
Generally we found that each electri6cation scheme differs so mnch from another tIh.t 
generalisation is risky. What can be said with confidence is tbat electric traction has shown 
itself to possess defiuite elements of superiority over steam traction, and that the system is 
being extended wherever it has been adopted. 

Faced with this situation we decided to investigate the possibility of obtaining a 
professional report based on a detailed examination into the electrification of a complete 
Rritish railway system. We found, however, that this would occupy au unreasonably long 
period and would impose an undue amount of work on the railway staff. It will be appreciated 
~hat such an (!xQ.mipatiQn involves, besides a fairly complete survey of the line to ascertain 
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the cost of equipment and alterations, and many other investigations, a very considerable 
amount of work in rearrangement of time-4ables. The time, labour and expense required to 
deal with all these questions in the case of a complete system would be greater than was in 
our opinion practicable. After consultation with the railway authorities, we· decided to 
arrange for Messrs. Merz and McLellan to conduct two professional investigations into 
section. of British railway systems, in full co-operation with the Staffs of the Companies con
cerned, and we desire to express our appreciation of the very considerable amount of work 
they have willingly undertaken for our assistance. 

The first scheme oonsisted at practically all that portion of the London and North 
Eastern Railway which was formerly operated as the Great Nolthern Railwa.y, including 
both heavy through traffic, and light local traffic in sparsely populated districts like Lincoln
wire, and with light average gradients. 

The second scheme covered a portion of the London Midland and Scottish Railway 
ronsisting of main lines with heavy traffic in an area mainly industrial, and with some 
heavy gradiente. 

The conditions on the first of these two systems are fairly typical of the British 
railways as a whole, while those on the seoond system are rather more specialised, and 
include certain features which are usually favourable to electrification. 

38. We laid down in regard to the first investigation that our professional advisers 
were to assume that all other lines were also electrified, i.e. there was to be no question 
of dual working. In regard to the second examination we laid down that the section chosen 
was in itself to be electrified but that it was to be assumed to remain snrrounded by steam
working. In both cases it was to be assumed that the traffic to be handled would remain as 
nt present, but that minor time table alterations and modifications in increase of averBg~ 
speeds and similar methods of handling might be introd uced oto suit electric operation. 

We would note at this point that more radical alterations would probably be introduced 
III actual practice, in order to take the fullest advantage of the characteristics of electric 
operation, but we decided on the foregoing in order to avoid an unduly laborious investigation 
nnd to ensure that the most conservative basis was adopted. 

Electrification of a steam railway, apart from the actual cost of the track equipment 
Hnd tractors, involves a n umber of incidental alterations to way a.nd works such as increase 
of structural clearances, additional protection, conversion of direct current track circuits 
to alternating cW'rent, metallic returns on block and other circuits, alteration of signals. 
etc. In many existing electrification •• where a large increase of traffic is contemplated, 
the signalling and other alterations have been of a very extensive nature designed to deal 
with this additional traffic, and the capital cost has been considerable. In our investigations, 
811 no allowance is made for possible increase of traffic, we laid down that expenditure on 
works of the n8if;ure indicated above should be limited to items which are rendered necessary 
by electrification itself, such as resiting of signals, etc. and should exclude additional works 
whi<:,h might be desirable for handling an increase of traffic. 

Result of Detailed InvesUgatlona. 
39. The reports of the experts are appended, but their main features may be summar

ised as follows :-

Total route mileage 
Total track mileage 
Trailing ton miles per annum electric 
Trailing ton miles per annum steam 

hauled. 
Engine miles (electric) 
Engine miles (steam) 
Traffic density, trailing ton miles per 

rUllning track mile per annum. 

L.N.E. 
492 

1,944 
6,000,000,000 

21,000,000 

4,300,000 

L.M.S. 
193 
843 

2,225,000,000 
395,000,000 

7,950,000 
1,590,000 
4,050,000 

(Estimated compa.rable average density for whole country 3,000,000.) 
£ £ 

Net capital ontlay 8,646,000 5,123,000 
Savings in working expenses 624,600 127,800 
Percentage return on lIet capital ... 7'22% ... 2'5% 

The price of copper (wire barsl h ..... been taken at £70 per ton, and coal has been ta.ken 
at existing prices. A ri.., or fall of Is. per ton in the prices of coal would increase or 
decrease the percentnge return in the case of the L.N.E. investigation by 0'225. 

DeducUons from InvestlgaUona. 

40. "l'he results are at first sight somewhat unexpected, in view of the conditions 
referred to in para. 87 above. The L. a, N.E.R. scheme shows a return of 7.22 per cent .. 
while the L.M. & S.R. scheme, in an area of dense traffic and heavy gradients, shows' only 
2.5 per cent. on 'he net capital outlay. 

IOS18 AS 
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It was clearly necessary to investigate more closely the conditions of the L.M. & S.n. 
scheme. Messrs. Merz and McLellan were therefore asked to examine further the re&80'l1 
for the difference between the two schemes. and they say in their covering letter to the 
L.M. & S.R. Report (Appendix V) :-

.• (i) Although in other electrification schemes electric shunting has proved profit
able. in the present case it was decided. initially. in order to limit the scope of the 
investigation. not to include any arrangements for electric shunting in the main goods 
yards, and to equip only the entrances to the sidings, BO as to enable the train engines 
to haul their trains into the yards. The mileage of track to he 80 equipped, however. 
proved to be much greater than was expected, and the greater part of the sidings had 
to be included . 

• , (ii) The electric locomotives under this scheme would work an annual mileage of 
abont half as much as electric locomotives can do. and actually are doing to-day on 
other systems. This is mainly due to : 

.. (a) The comparatively small size of the scheme. 
" (b) The amount of dual working (i.e. running part of a train journey with 

steam and part with electric locomotives). 
" Thus, while the distance from Crewe to Carlisle is 141 miles, the average length 

of electric locomotive run for booked passenger trains is only 43 miles, and for Roo,)s 
trains 42 miles. The average annual mileage is 35,000 a.!(ainAt a possible 70.000 or 
80,000. Bome of the locomotives, moreover, would lie over between turns for 15 or 16 
hours per day, thus increasing both the number required nnd the cost of the crews. 
The railway officers, as the result of a special investigation, find that the steam engines 
now running, wholly or partially, on the sections to be electrified, cover a total of 
15,800,000 miles per annum, of which about 5,800,000 are on lines outside the ACheme. 
To do this mileage 614 .team eng-ines are now used, of which 379 would have to be 
retained after electrification, and 220 electric locomotives added. Thus, while electri
fication would eliminate 53 per cent. of the steam locomotive mileng'e, only 38 per cent. 
of the existing engines would be released, and the total number of locomotives would be 
reduced by only 2i per cent. If the electrification scheme were more extensive, and 
adjacent sections were included, the looomotives would be used to better effect." 

In other words. a considerable part of the capital outlay mentioned in (i) would be 
practically unremunerative, while under (ii) the expenditure on locomotives (amounting to 
more than half the net total capital expenniture on the scheme) would, under the conclitions 
laid down, only earn about half as much as it should do. 

In the case of the L. & N.E.R. scheme on the other hand it wo. laid down as an 
assumption that all surrounding lines were electrified. In this scheme full use was made 
of the capital outlay and a reasonably high mileage estimated for the new traction nnits. 

41. This explanation raises two questions alIecting factors which are usually of primary 
importance in railway electrification, as in other uses of electric power, viz. the extent to 
which the financial results are affected by :-

(a) The size of the scheme. 
(b) The extent to which the adoption of electric power is oomplete. 

The supply of electric energy or gas is usnally, other things being equal, more profit
able on a large scale than on a small one, and pays better as the variety of nses and the 
amount consumed in a given area is increased. In like manner, the full advantages of railway 
electrification are only obtained when a considerable section is equipped and when practically 
all the traffic thereon is handled electrically. Just as the most profitable conditions for a 
railway to-day are those where it handles all the transportation in its area, instead of sharing 
it with other forms of transport, BO electric traction is most profitable when the traffic on a 
particular section of line is wholly operated electrically. and not partly handled by steam. In 
transportation, as in other cases, when electric power enjoys a monopoly, it is correspondingly 
cheaper and more efficient thau when it divides the work with BOrne other agency. 

To put it shortly, it is clear that the heavy first cost of the overhead equipment. and of 
electric locomotives, is only justifiable where adequate use is made of their capacity. To e<Juip 
sidings and shunting yards for occasional use only, and to employ engines capable of doing 
70.000 to 80,000 miles per annum. for only half that mileage, especially while retaining the 
use of steam locomotives, means all the difference between profit and 10Rs. 

49. The result of these investigations and of other inquiries has satisfied the 
Committee :-

(a) That except where some special conditions obtain, the carrying out, or even 
the investigation of, limited schemes, involving 88 they must the dual working of steam 
and electricity, is unlikely to prove worth while. 

(b) That there is ouly one way by which the full benefit of railway electrification 
can be obtained in Great Britain, and that is by the complete substitution of steam 
haulage by electricity. 

The exteut tQ which any such programmll is economically justified we now proceed to 
examine. 
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EsUmatea for General Electri1l.cation. 
43. With the assistlUlce of the data furnished by the two detailed investigations we re

sumed consideration of two general estimates for the electrification of the whole of the British 
Railway System which had been submitted by Mr. J. M. Kennedy and Mr. H. W. Richards; 
in conjunction with them we had the assistance of an outline sketch by Messrs. Merz and 
McLellan indicating in general terms their views on the application of the results of their 
'wo detailed investigations to the whole of the country. 

In each case it was only possible to work on the M.inistry of Transport figures for the 
whole railway system of the country and it was not practicable to eliminate from the 
estimates the appreciable mileage ef light traffic lines on which electrification would not in 
practice be justified. It must be recognised also that such estimates ca.n only be based on 
broad assumptions. 

,Mr. Kennedy's original estimate, embodied in a most valuable and comprehensive review 
of the question, was prepared in great detail and indica.ted a return of approximately 7.1 per 
cem. This was discussed with various officers of the L.N .E. Railway and thereafter revised 
Bnd resubmitted. Subsequently on completion of Messrs. Merz and McLellan's L.N .E. in
vestigation, which gave us entirely authoritative data of the first importance, the two 
estimates were compared and it was found that the majority of the items were in close accord. 

Mr. Richards' estimate was prepared generally on different lines to the others and this 
also was revised and subsequently compared with the detailed investigation with similar 
results. 

In both cases the final results indica.ted a slightly higher return on the capital cost of 
complete electrification than the 7.22 per cent. which was calcnlated on the L.N .E. scheme. 

44. Although the assumptions and data in these estimates were in the main well sup
ported and appeared to us to be generally reasonable, we felt that it was essentia.l that our 
conclusions must be founded on a most conservative basis and that it would be imprudent to 
include as definite financial credits a number of items on which electrification will certainly 
produce some saving but the magnitude of which saving it is difficult to assess. 

We deeided therefore, that with all these proposals, both general a.nd detailed in front of 
us .. and with all ~urother evidence, we should arrange for the preparation of comPlete general 
estlIllates of call1tal ex~nditure and the relatl~e steam and elec.tric working costs for the 
whole of the BrItish Railway system. We con81der that these estImates, which are given in 
Tables I and 1I,. are on a conservative basis and may ~easonably be regal'ded as being liS 
sound and authontatlve as any overall estlIllate can be WIthout an actual survey a.nd detailed 
professional exa.mination. 

TABLE I. 
ESTIMATBD CAPITAL COST OF ELB01'BIl'ICATION OF ALL STANDABJ) GAUGE S1'BAM QPEllATIID 

RAILWAYS IN UREAT BRITAIN. 

(1) Track Equipment 
(2) Auxiliary Power Cable 
(3) Alterations to Way and Works ... 
(4) Electric Tractors ... 
(5) Running Sheds, Shops, Store., etc 
(6) Spare Parts 
(7) Auxiliary Power supplies 
(8) Interest during Construction 
(9) Engineering Expenses ... 

Oredit 1 tSmII. 
(10) Steam Tractors 
(11) Coal Stocks 
(12) Spare Parts 
(13) Locomotive Coal Wagons 
(14) Passenger Coaches 
(15) Surplus Plant, etc ... , 
(16) Train lighting sets 

Total Credits 

'Iotal gross cost 
.£ millions. 

45.5 
1.38 
4.5 
2.4 
2.5 
4.0 
2.0 

62.28 

Net Capital Cost ... 

(17) 

• 

101119 

Say .£261 millions. 
Additional expenditure on generating iPlant, transmission lines, 

and Bubstations, to be incurred by the Central Electricity Board 
and other Authorised Undertakers, approximately £80 millions . 
The economic return on this sum is included in the price to be 
paid for Electrical Energy by the Railways. 

.£ millions, 
129.7 
13.5 
13.7 

136.5 
4.5 
6.5 
2.25 

12.5 
5.0 

323.16 

62.28 

.£260.87 

.a. I 
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NOTES ON ITEMS OF CAPITAL ESTIMATE (TABLE D. 

(1) Traek Equipment. £129.7 million.-'Ihe toL..! mileage of standard gauge lines noL 
already equipped for electric working is approxiroaLely 36,000 track miles runniug line and 
15,500 miles of sidings. Average raLes of £2,500 per mile for the former and £1,800 per 
mile for the latLer have been taken. These raLes, in addition to the overhead equipment, 
include track feeder. and bonding and 10 per cent. has been added for contingencies. 

An average copper section of 1 square inch has been assumed for each running line 
and the price has been taken at £70 per ton for copper (wire bars). 'I'he quantiLy of copper 
involved for the overhead line alone would be in exce8ll of 330 ,000 tons, ao that 
it is evident that there would be a very substantial saving in capital cost if copper actually 
averaged anything approaching present prices (£47-108. on 13/1/31). It seems possible 
that the use of sLeel cored aluminium cables might be practicable for a considerable portion 
of the catenary and this would no doubt be investigated if the relative prices of copper and 
aluminium justify it. 

(2) Auxiliary Power Cable £13.5 million.-In the detailed investigations it was found 
advantageous to provide auxiliary power cables along the route, fed from all substations, for 
the purpose of supplying power and light at numerous intermediate points. The cost of 
this was estimated at £1,350 per mile, and it seems possible that provision of such cables 
might be desirable on a maximum of half (say 10,000 miles) of the total route mileage of 
the country. 

(3) Alterations to Way and Works-£13.7 million.-This item showed very wide 
variations in rates per route mile in the detailed investigations, depending on physicILI 
conditions, the nature of the route, and the traffic thereon. The rates taken vary from £25U 
to £2,000 per route mile, based on 8. rough assessment of the proportions of rouLe of the 
various categories. 

(4) Electric Tractor8 £136.5 millions.-'Ihe cost of Tractors, including both Electric 
Locomotives and Multiple Unit equipments, has been estimated on two separate calculations 
of the probable annual mileage per tractor of various types. These totals were checked by 
the ratio of the annual ton miles to the cost of tractors found by the L. & N.E. investigation, 
suitably modified for the whole country. The results of the three computations were in 
close accord and the figure taken is the mean of the three and incluues allowance for con
tingencies. The total allows for the provision of about 10,400 Electric Locomotives of 
suitable types and 4,800 equipments for 3 or 4 coach Multiple Uuit sets, and include. 
equipment for carriage heating. In paragraph 64 we indicate the conditions which lead "" 
to think that a substantial reduction may be' anticipated on this total figure. For the pur
poses of this estimate we have assumed that the important question of carriage heating 
would be dealt with on the lines indicated in Messrs. Merz & McLellan's L. & N.E. report 
(Appendix IV). 

Various Items.-'Ihe following are lump sum figures based as far as ia practicable 
on the results of the detailed investigations. 

(6) A sum of £4.5 millions has been included to cover alterations and additions to running 
sheds and repair shops and the provision of any necessary control offices and store.. It 
should be remembered in this connection that the repair requirements for Electric tractors 
are much less than those for BLeam locomotives. 

(6) £5.5 millions has been provided to cover the initial cost of a stock of spare parts 
for tractors, track equipment and substations. 

(7) In order to utilise the general supply of energy for local power and lighting, 
tranaformers, switchgear, wiring and other 1I1Lerations will be required at many points and 
£2.26 million has been allowed to oover the cost of this. 

(8) A sum of ,£12.5 millions is provided to cover interest during construction. It is 
assumed that after the first five years, the average period between payment and beneficial 
use should not exceed 12 months, but that during the first five years the additional CORt of 
dual working will swallow up the savings realised by partial electrification. This assump
tion results in a figure of £15.6 millions gross, from which is deducteu the income tax allow
ance, bringing the final figure to approximaLely £12.5 millions. 

(9) .£5 million is included for general engineering expenses. 

Credit Items. 

(10) Tractor8.-A real problem of substantial importance arises in regard to the best 
method of dealing with the associated questions of New Capital Expenditure and Deprecia
tion (Renewals) of tractors, and a variety of methods of dealing willh this present them
selves and have been examined. The problem is one which is complicated by the variations 
between existing railway practice and tbeoretically correct accounting. From tbe different 
methods, each of which can be defended, we have chosen what we believe to be lIbe. BOundest 
on broad general considerations. On the initiation of a general Electrification pro
gramme the provision of new steam locomotives would cease to be necessary, and the sums 
which would normally be required for this purpose can properly be regarded as 8 credit 
against the cost of the new Electric tractors. On dhe basis of information supplied by 
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the Railway Companies it appears that, taking the extreme case of an assnmed life of 
40 years and the maintenance of the existing average age, a sum of £42,200,000 must 
normally be devoted to Steam locomotive renewal in the course of the next 20 years. 
If the electrification programme be assumed to cover this period this sum can be regarded as 
an available credit, as it would have to be expended by the Railways even if Steam traeiion 
were retained. 

In addition to this there will be a number of part worn steam loocmotives at the end 
of the I!U years, some of which might be saleable, but we have assumed scrap valne only. 
which is estimated at £3,300,000, Plaking a total credit of £45,500,000. 

(11) Ooal Stocka.-The normal stock of coal held by the Railways is valued at about 
£1.380,000, and on electrification this can be used up without replacement, affording a 
corresponding credit to the electrification estimate. 

(12) Spars partB.-The stock of steam looomotive spare parts can be used np without 
replacement. The value is estimated at £4,500,000. 

Various Item8. 

(13) Some .27 ,000 wagons &re at present employed on hauling loocmotive ooal. Assuming 
that 7,000 of these are still required for the (revenue earning) haulage of additional coal 
to the power stations supplying the railway load, the remaining 20,000 will become surplus 
and can be used for other revenue earning traffic, or their renewal can be avoided. The 
credit for these is estimated at £2,400,000. 

(14) In tlie course of the L.N .E. inV'elltigation it was found that an a.ppreciable sa.ving 
of passenger coaches could be effected by the acceleration of services. Applying this in 
proportion to the whole country some 2,800 coaches could be released and used for replace
ment, to meet the increased Suburban train services, or their renewal could be avoided. 
The value of this credit is estimated at £2,500,000. 

(15) The same investiga.tion showed that a considerable quantity of plant, machinery 
and permanent way in workshops, sheds, etc., would become surplus and could, in some 
cases, be used elsewhere, or in other cases the cost of renewal would be saved. The credit 
for this is estimated at £4,000,000. 

(16) On multiple unit equipments, which would be extensively used on short and 
medium distance passenger services, the carriage lighting would be supplied from the 
overhead wire, and the dynamos, batteries, etc., of the existing train lighting sets would be 
available for other stock, or if approaching their term of life, they would not require renev.a!' 
A credit of £2,000,000 is estimated on this item on the basis of the data given by the detailed 
investigations, and assuming that in 20 years' time all stock will be lit electrically. 

In oonnection with all the above credits it is important to realise that the credit may 
arise in two different ways. If the item in question is almost worn out, it would have to be 
renewed under stea.m working, but under electrification this cost of renewal would be 
avoided. If the item has still a considerable useful life, it can be utilised elsewhere and a 
credit is therefore due for its part worn value. Having regard to the ease of transference 
of most of the items, and the 20 years' duration of the electrification programme, there 
seems no doubt that these credits should be fully realisable. 

A number of other items would be rendered surplus such as land and buildings, water 
supply equipment, etc., but the possibilities of financial realisation of these are uncertain 
and no credit has been assumed for them, although some at least could be utilised in other 
ways or sold, and expenditure on the renewal of others could be avoided. 

(17) In addition to this total of .£261 millions on works and equipment of the Railways 
themselves, it would be necessary to provide additional generating plant, primary and 
secondary transmission lines and substations, the cost of which, under the arrangements 
contemplated, would be met by the Central Electricity Board and authorised undertakers. 
As the economic return on these works is covered by the estimated price per unit it was not 
necessary for us to investigate in detail the capital expenditure inv~l,:ed; but to giv~ a complete 
pIcture of the total expenditure, a figure of approxlIDately £80 mIllions may be estimated for 
these items. 

(18) It should be noted that in this estimate of capital expenditure allowance has been 
made for the electrification of every mile of track and railway owned siding in the oountry 
which ~ not already electrifie~. Obviously i~ practice this would not be done. Lightly 
loaded linea would be dealt Wlth by the retentIon of steam haulage, or possibly by the use 
of oil driven coaches, and a reduction in the estimated capital expenditure would be secured 
without a proportional decrease in the savings in operation. On the other hand nothing has 
been ine1uded for tbe electrification of private sidings, and undoubtedly some oonsiderable 
expenditure would have to be incurred under Dhis head if satiafactory transfer arrangements 
are to be maintained. 

10310 ... 10 
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TABLE n. 
ESTIMATB OF COMPABATln: WORKING COSTS, STBAM AND ELIICTRIC. 

(Including onlll ite,"" affected by electrification.) 

1. J.ocomotive fuel or electrical enorgy ... 
i. Locomotive wages 
3. Repairs of Tractors ... 
f. Water for Locomotives 
6. Stores, Clothing and Miscellaneous ... 
6. Lubrication 
7. Maintenance of engine sheds and .hops 
8. Guards wages .,. 
9. Cleansing of vehicles ... 

10. Insurance, Pensions, etc. 
11. Savings on Maintenance of Train Lighting Sets 
12. Savings on Auxiliary Power and Light SlIpplie .... 

SUam. 
£ 

12,310,446 
20,933,42~ 
IO,8ID,Ollt 

883,668 
905,9911 
lI90,4IG 
436,969 

4,296,482 
933,500 
794,250 

Ekelne. 
£ 

11,280,000 
10,778,7111 

4.680,000 

453,000 
102,000 
175,000 

3,8U,46!! 
700,100 
397,150 

SavitJg. 
£ 

1,030,446 
10,154,713 
6,169,0Ii 

883,666 
Ui,99!! 
188,41& 
1161,969 
643,000 
233,400 
397,100 
513,000 
840,000 

Total. ... £52,604,127 32,199,424 21,757,703 

Additional Costs of Electrification:-
13. Maintenance and Renewals of Electric Track 

Equipment. 
14. Maintenance and Operation of Sub· Stations 
15. Increase in Depreciation (Renewals) of Elech'ic 

Tractors compared with Steam. 

Total 

Gross Savings due to Electrification 
Deduct extra costs of Electrification 

Net Saving due to Electrification ... 
16. Additional net Revenue on Haulage of Coal to 

Power Stations. 

21,757,703 
4,461,000 

17,296,703 
264,000 

3,385,000 

1,056,000 
20,000 

£4,461,000 

£17,560,703 - 6'7% on £261,000,000. 

NOTES ON ITEMS OF WORKING COSTS ES'l'IMATE (TABLE 11). 

(Figures of Steam costa are extracted from the Ministry of Tra7l8port returns for 1929 unless 
otherwise stated. The Capital Credit, Item 10, Table I, having been calculated on a 
basis of maintaining the existing average age of steam locomotives, it is assumed that 
the steam operating costa would not "ary to a material extent, and that the 1929 figures 
may be utilised for comparatil1e purposes.) 

(1) Locomotive Fuel.-'rotal cost of fuel + 5 per cent. for cost of carriage on own 
railway. 

Electrical Energy.-Estimated 114,000 million trailing ton mile. at 50 watt hours 
per trailing ton mile, measured at the Direct Current busbars of substations, at 0.475 penny 
per unit. 

No complete data are ava.ilable as to total Ton Miles. The estimated figure of 114,000 
million is based on such data as are available. 

A rise or fall of Is. per ton in the price of ooal would increBBe or decrease the sBving 
due to electrification by about £430,000 per annum. 

(2) Locomotive Wages.-As a result of the detailed L. &: N.E.R. investigation it was 
calculated that .a saving of 53 per cent. would be effected in locomotive and shed wages and 
supervision. This allows for one driver only on mUltiple unit trains, shunting engines, and 
goods trains, but for a driver and assistant on locomotive hauled long distance pasRenger 
trains. The saving is due partly to this and partly to the great reduction in time spem on 
locomotive duties and to the acceleration of the slower trains. A saving of 50 per cent. 
has been assumed on wa.ges and 10 per cent. on superintendence. 

(3) Repairs of Tractors .-The total cost of steam locomotive repairs (excluding renewals) 
has been increased by £450,000 for share of superintendence. The savings on electrification 
are estimated at 57 per cent. 

(4) Water for Locomotiv88.-This item will be eliminated. 
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(5) Store8, Olothing and MiscellaneoUB.-Estimated saving, 50 per cent. 

(6) Lubrication.-A saving of 65 per cent. is estimated. 

(7) Maintenance of Engine Shed. and Locomotit>e WorkBhop •. -60 per cent. saving 
estimated. 

(8) Guard.' Wage •• -Due to acceleration of slower trains and other causes a saving of 
17 per cent. was calculated on the detailed L. & N.E. investigation. For this general 
estimate 15 per cent. saving has been taken, after reducing the .. steam" total to allow for 
existing electric working. 

(9) OleaMing of Vehicle •. -A sa'ring of 25 per cent. is estimated in view of the abolition 
of smoke and steam. 

(10) National17l6urance; Pefllio7l6, etc.-Roughly in proportion to the saving in wages. 

(11) Maintenance of Train Lighting Sets.-These will not be required in multiple unit 
stock and the saving is based on that calculated in the detailed L. & N.B.R. investigation. 

(12) Auxilia", Power and Lighting Supplie8.-The saving on this is based on that 
estimated in the L. & N.B.R. investigation and the estimate is thought to be a conservative 
one. The Baving would not only consist in replacing existing electric supplies by a cheaper 
supply, but also in very many cases the availability of cheap electricity would justify 
replacement of other forms of gas or oil lighting and power, with substantial economy and 
improvement. 

(13) Maintenance and Renewal8 of Electric Track Eguipment.-£50 per track mile 
per annum as an average for both running lines and aidings has been estimated for main
tenance, and to this has heen added provision for renewals, on an assumed life of 50 years 
for most of the items. 

(14) Maintenance and Operation of Substati07l6.-Assuming about 800 substations at 
an average annual cost of '£1,200 each for operation and maintenance plus 10 per cent. for 
contingencies. Many would no doubt be automatically controlled and their cost should be 
much below this average figure. 

(15) Depreciation of Tractors (Renewal8l.-The steam figure is taken at ,£2.53 millions 
for an estimated renewal cost of £84.4 millions with an assumed life of 33, years; the electric 
figure £3.7 millions is similarly based on estimated initial cost less scrap value, and the 
same life. On the completion of the electrification programme it will not be necessary to 
commence provision for renewals of electric tractors until these have reached an average age 
of half their normal life, i.e. for a period of about 71 years. If the electric provision of 
.£8.7 millions be discounted back for this period, the regular annual provision commencing 
in the 21st year becomes ,£2.55 millions. The excess of this figure over the steam figure 
quoted above is .£20,000. 

(16) Additional Ret>enue from Ooal houled to Power Sfatio7l6.-It is estimated that of 
the additional coal required by the power stations to deal with the Railway load about 
2.800,000 tons will be rail borne, and that the additional net revenue therefrom will be ahout 
.£254,000. 

(17) Local RateB.-In view of the proviso attached by the Central Electricity Board 
to tlie estimated cost of electrical energy, we have endeavoured to ascertain the financial 
bearing of local rates on our estimates. 

Aa regards the substations, lWIBuming these are erected and owned by the Central Board 
and maintained and operated by the Railways, the rental being in substance included in the 
price per unit, we understand that if the railway companies are in .. rateable occupation .. 
of the substations, the latter would be held to be within the" cumulo" va.lue of each Railway 
undertaking as a whole. It would appear tha.t, assuming the most unfavourable ease, the 
additional rates would not amount to a figure which would afl'ect materially the estimated 
I18vings, and we have therefore disregarded this point. 

We are advised that capital expenditure on' electric track equipment or electric tractors 
ia not likely to increase the rateable value, except in HO far as electrification results in an 
increaBa in the average net receipts. 

Purther ColI81deratloDl. 

45. Ha.ving regard to the foregoing estimates, both detailed and general, we think it 
may reasonably be anticipated that, assuming general electrification on a !!O years programme, 
and assuming that existing traffics are maintained, there would be a surplus of approximately 
2 per cent. available after meeting interest charges on the new capital involved. This is 
the crudest and most unimaginative expression of the economic situation. 

Such a return taken by itself would not appear from a business point of view to warrant 
the adoption of a scheme of such exceptional magnitude. The margin would, in our view. 
be too narrow for the risk. and contingencies involved. 

10818 .1.11 
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~'his statement of the case is however incomplete. In the case of a change of this 
magnitude, the elements which do not lend themselves to dired monetary assessment are 
of great importance and mnst not be left out of BCOOunt. 

We have. already ~dicated that electrification will enable the Railway Companiee to 
offer the public a speedier and more satisfactory service than is poeaible under conditions 
of steam haulage. The effect of this improvement cannot be put into terms of C88h, but 
should nevertheless be of considerable value, particularly under the present conditions of 
strenuous competition with rival forms of transport. Considerations of an analogous kind 
have undoubtedly weighed heavily in favour of the general improvements which the rail. 
ways have carried out in the past, whether in increasing the comfort of passenger travel or 
in expediting the transport of goods traffic. 

In our analysis we have taken as a basis the existing traffic which is being hauled to.day 
by steam. Any additional traffic carried in the future, either owing to improved service 
on the railway or throug>h the general development of our country, its agriculture, and its 
industry, may be expected, by increasing the volume of traffic, to secure fOf the failways 
increased savings as compared with steam. Diagram I, Appendix n, shows the nature 
of these savings and indicates that, having regard to the heavy fixed charges involved, any 
increase in the volume of traffic tends, other tlhings being equal, to increase the relative 
economy of electrification. 

46. This consideration is of especial importance in connection with suburban traffic, 
and this is the second factor to which we think attention should be drawn. It cannot be 
doubted that such traffic is susceptible of substantial increaBe in volume and revenue under 
conditions of electric haulage, provided an interval service of sufficient intensity is established. 
There are many suburban areas, both metropolitan and provincial, where electrification has 
not yet taken place, and where such benefits could be realised, if suitable services are provided 
as part of a general scheme of main line electrification. 

We have not felt ourselves able to include any allowance under this head in our estimate, 
but the possible financial benefits are substantial and we have endeavoured to assess them 
on very general lines as affecting all areas throughout the country, wherever it seemed 
probable that traffic would respond adequately to an intensification of the service. 

The results of our consideration of this subject are given in Appendix m. They cannot 
be taken as more than a very rough approximation, and this is particularly the case with 
our endeavour to estimate the additional capital expenditure involved. 'Many of the lines 
round our large cities are congested with long distance passenger trains and with freight 
services of all descriptions; to establish an intensified suburban service in such caBeS involves 
heavy expenditure on the provision of additional tracks, on the reo{)onstruclion of passenger 
stations, and on the re·modelling of signal equipment. No reliable estimate of the cost 
involved can be made without detailed investigation which it is impossible for ns to under. 
take. On such material as we have had available we have estimated the additional capital 
expenditure involved at £45 millions. and the additional net revenue at £5.85 millions or 
a return of 13 per cent. In giving these figures we wish to emphasize that the scheme to 
which they have reference is not one of independent suburban electrification, but a scheme 
of general suburban intensification snperimposed on a scheme of general electrification. 

We have treated the question of intensive suburban electrification as a secondary factor 
in the problem which we are called upon to consider, although we have little doubt that it 
·would be the most remunerative portion of a general electrification scheme. The estimates 
of additional expenditure on, and revenue from, suburban schemes are, as we have stated. 
necessarily on even broader lines than those of the general estimate. Any more conclusive 
figures would have entailed a very lengthy period of investigation of the potentialities of the 
various areas concerned. . 

We would note here that it has been suggested that the economic method of carrying 
out a general programme of railway electrification would be to electrify all suburban areas 
in the first place, subsequently linking up the main lines between. The suggestion is attrac
tive at first sight, but in our opinion it should be treated with caution, as it seems probable 
that in many cases the handicap of dual working, to which we have already drawn attention, 
might substantially affect the financial return due to increased suburban traffic. 

47. There is further the somewhat contentious factor of increased revenue on main 
lines through the ability of an electrified system to give to the public a better transport 
service. Apart from suburban services, it seems probable that electric traction would be 
the means of attracting additional traffic to the railways in a number of different direction •. 
We have not thought it advisable to speculate upon any acceleration of the speed of the 
principal express services, but undoubtedly electric traction renders possible a considerable 
acceleration of the intermediate and stopping services, and such acceleration would be a 
powerful factor in favour of the railways in competition with road traction. 

The adoption of electric traction generally would afford to the Railway .Companies 
the opportunity of intensifying their main line and inter.nrban services on more economic 
terms than are. open to them nnder conditions of steam traction. Small multiple unit seta 
could be worked more cheaply than steam trains, and, where traffic conditions permit, 
could be run at regular intervals between the principal express services. In certain case. 
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a multiple unit service ron at frequent intervals might replace completely an existing 
locomotive-hauled service mn at wider intervals. It must be borne in mind, however, that 
the institution of a more frequent service of this kind on busy main lines is very largely 
dependent upon the demands made for other descriptions of service. 

Subject, however, to this limitation, it may be anticipated that such interval services, 
where it is found possible to ron them, will lead to an incre .. se in traffic which will more 
than cover the cost of the .. ddition .. l train mileage. We t .. ke the view that this will 
particularly be the case between l .. rge towns at moderate dist .. nces, where traffic conditions 
permit. It is doubtful, however, whether a more frequent service would contribute materially 
to an increase of tr .. vel between ~ints at a greater dist .. nce, e.g., London-Newc .. stle or 
I..oJldon-Glasgow. In these cases It is hardly to be expected that a more frequent service 
would develop the traffic sufficiently to cover the additional expense, though there is .. t 
least a speculative possibility that with a cheap electric unit this may prove to be the case. 

The possibility of increased net revenue resulting from an inteusified service between 
large towns within, say, 100 miles of one another, is one which should be kept in mind 
as a possible direct advantage of the adoption of electric haulage, but it is not possible for 
us to make any estimate of the additional sum which might be realised. 

Electrification, as we have previously indicated, places in the hands of a traflic manager 
a new machine or system which enables him to offer a more attractive transport proposition 
to his public, and whose special characteristics are capable of extensive development. 

48. Finally, account should be taken of a number of advantages, several of which 
would, in our opinion, prove to be of definite financial benefit, but which we have left 
out of consideration in our main estimate, as being factors which it is impossible to assess 
with any accuracy. However, we think it prudent to draw attention to the very substantial 
additional saving which would be secured through electrification in the event of any increase 
in the basic prices of coal. . 

RIskI and Contingencies. 

49. Having now dealt with certain important considerations which would tend to 
modify the financial result in a favourable direction, we think we should fail in our duty 
if we did not give attention to the risks and contingencies involved in &rriving at any con
clusions based on estinlates. 

There are certain directions in which our estimates, though framed on the most con
servative lines and on the advice of the best technical experts, may prove erroneous, having 
regard to the unprecedented magnitude and character of the scheme under investigation, 
namely, the progressive electrification of 20,000 miles of a most intensively worked railway 
system. 

Firstly our estimate of the capital cost of the whole work may prove inadequate. We 
have examined in detail two considerable sections of line, and we believe that these may 
be taken as reasonably typical of the country BB a whole. On a more detailed examination 
this may prove incorrect, and the error may he such as to affect materially the estimate of 
the first cost of the scheme, in either direction. 

Next, our estimate of the savings to be effected under the scheme has been based in 
the main on a detailed examination of the results to be expected from two sectional schemes. 
The main items of savings are in locomotive maintenance and wages of trainmen. The 
first item cen, we think, be regarded with reasonable confidence. The other must de~nd 
on an estimate of the utilisation of tractors and stock under British main line traffic con
ditions and may prove excessive. 

Further, it has been impossible for us to examine in any detail the question of costs of 
operation during tlhe progreBS of the scheme of electrification, estimated to last over a period 
of 20 years. During this period there will necessarily be an intermixture of steam and 
electric haulage with BOme duplication of expenditure, which will not wholly disappear until 
the completion of the entire programme. The result of the detailed inquiry into the section 
Crewe to Carlisle showed how small may be t'he saving with dual working on a congested 
system of lines such as is to be found in many parts of this country, and it is difficult to 
estimate how far such dual working could be minimised during the carrying out of the whole 
programme. 

This difliculty, and oth&rs of a kindred nature which may arise in carrying out an 
extensive programme, will have the effect of postponing for a longer or shorter period the 
attainment of the full return on the capital expended. We must point out that the picture 
of comparative costs of operation Shown in para. 44 represents the position in the 21st 
year when electrification is complete. During the transition period of 20 years, such calcu
lations as we have been able to make appear to show that although the full saving will not 
be realised at once, the return obtained from electrification should cover the temporary costs 
of dual 'forking and meet the interest charges averaged over lihe whole programme. 

Put shortly, the risks involved in undertaking a comprehensive programme cannot be 
predicted with accuracy. They lie in the fallibility of estimates, in the possibilities of 
reduction in traffic due to further development of road transport, or to' reducOO national 
activity, and finally, in the field of speculative scientific development. . 
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Effect on :aa.uwa:v S\aIl. 

1i0. The estimated reductions in locomotive wage costs constitute the principal item 
in the savings to be effected under electrification. The effect of a comprehensive electrifica
tion programme extending over a period of twenty years on the men serving in the grades 
mostly concerned, i.e. drivers, firemen and cleaners, ia a matter which will call for ~areful 
examination. We have not feU that it was possible at this stage to give the matter the detailed 
eonsideration which it will undoubtedly require before any final conclusion is arrived at. Such 
consideration as we have given, however, leads us to the view that there will be no serious 
adverse effects on the men now occupying these grades, particula.rly hllving regard to the fact 
that any scheme of electrification will include a considerable intensification of suburban 
services and will be favourable to the establisbment of additional train mileage in areas other 
than suburban. Apart from this, tbe pbysical condition~ un~er w~icb motormen. and other 
traction staff will be called upon to work under electrification Will be substantllllly mOl'e 
favourable than the present. 

Effect on NatloDal Coal Output. 

51. The total consumption of coal on steam locomotives in Britain during 1929 was 
approximately 13,400,000 tons, which is about 5.2 per cent. of the total tonnage of coal raised 
in the year (258 million tons). 

In the event of electrification, allowing for an estimated consumption in 1950 of 1.43 Ibs. 
of coal per K.W.H. (Sub-station output), tbe total required for tbe railway load would be 
about 3,650,000 tons, so that the net reduction in coal consumption attributable to railway 
transport would be a.bout 9,750,000 tons or 3.8 per cent. of the national ontput. 

Effect OD Industry. 
62. In view of tbe magnitude of a comprebensive scheme of railway electrification sucb 

as we have indicated, it appeared essential to investigate to some degree the ability of tbe 
British electrical manufacturing industry to meet tbe demand for the electrical apparatus 
involved, and the reactions, if any, on existing suppliers of steam baulage units. In tbis 
investigation we were assisted by tbe four large British electrical manufacturing companies 
who contributed a joint memorandum and who collaborated in preparing evidence given by 
Sir Philip N ash on their bebalf. This evidence was primarily concerned with the supply of 
traction unite. 

The British manufacturing industry appears to have carried out important contro.cts for 
railway electrification in various parts of the world, on a variety of systems covering a 
complete range of voltages and types; this has involved a large number of designs to suit 
different conditions and gauges, and has resulted in the accumulation of engineering know
ledge, development, and experience in this country, which is therefore available for British 
railwa.ys if electrifica.tion schemes are adopted. 

In addition to the actual experience possessed by the British companies, arrangements 
exist between them and the most prominent manufacturers in tbe United Stntes and in 
Europe under which technical information is exchanged, and thus the British knowledge 
is supplemented by the experience of others. Tbe satisfactory results which have been 
obtained on the electrified systems where the work has been carried out by British firms 
indicates a high degree of technical skill and knowledge of tbe requirements whicb may be 
met with in work of this nature, and the fact that tbis work has been obtained in the face 
of world-wide competition is' proof of the Ilbility of Britisli manufacturers to produce the 
nec~ssa.ry equipment of high efficiency at competitive prices. 

Accordingly we conclude tba.t on the score of technical and manufacturing experience 
the industry is well fitted to undertake the task. 

53. In regard to manufacturing capacity, we are informed that the facili ties available 
for dealing with the electrical equipment of locomotives and multiple unit stock for main line 
electrification are greatly in excess of any demand which has hitherto arisen, and it is estimated 
that a ('.omplete electrification .of British railways could be undertaken witb tbe existing 
facilities if the work waa spread over a period of fifteen years. In the past the demand for 
this c1a&~ of equipment has fluctuated widely, and if a comprehensive scbeme were adopted 
it would be of the utmost importance to arrange that there would be a steady load on tbe 
various factories for a definite period of time. Tbis would enable the mnnufacture to be 
carrifd out on the most economic basis, thereby ensuring a minimum price to tbe railway. 
In addition, there would be the great advantage that the workers employed on this class of 
material would have steady employment, and tbey would not be subject to dismissal when 
particular contracts are finished as is the case at present. Tbe importance of having a body 
of skilled workpeople continuously employed cannot be over-estimated. 

In regard to the cable making and wire drawing industries, on which large demands 
woulrl be made, we are authoritativelv informed that no difficulties would be met with in 
supplying the full needs, in tlie main' from existing available facilities. 

While the substitution of electric for eteam tractors in the United Kingdom must of 
nec-essity cause a reduction in the utilisation of that portion of the existing equipment of 
steam locomotive builders which is now devoted to home reqnirements, and of the railways 
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own constructional shops, it is obvious that the existing plant of such manufacturers and of 
the railways cen snd ahould be utilised to provide all the mechanical parts of the electric 
tractors which will be required; and it would therefore be neither necessary nor economical 
for electric manufacturers to undertake the production of the mechanical parts. The cepacity 
of existing mauufacturers to provide these mechanical parts is of course undoubted. 

54. In connection with this aspect of the problem we have been impressed with the 
necessity and importance of simplification and standardi8lltion throughout the technical 
programme. It appears to us that an essential part of any comprehensive scheme should 
be the adoption of a single technical policy common to all the railway groups. If the 
railway companies could in theiJ; pollective capacity formulate their requirements on the 
basis of 1lhe adoption of as few types of tractor as possible, we are informed that the manu
facturers would be prepared to pool their resources in designs, patents, and productive 
capacity with a view to producing the necessary electrical equipment of the most suitable 
design, and in doing so to attain such standardi8lltion as will make possible the fullest 
measure of interchangeability. 

We have dwelt on the manufacturing aspect of the general problem for the following 
important reason. In the estimates of capital expenditure prepared by our advisers, 
particularly as regards tractors, the prices taken have been those of to-day. On the other 
hand, on the basis of a comprehensive programme involving the production of standardised 
units, it is clear that very substantial reductions on such prices could be secured. The 
savings effected through a steady flow of work over a long period, not only on overhead 
charges but also on actual works cost might, in our view, be a8 high as 10 to 15 per cent., 
and this possibility should be borne in mind in relation to the estimate which we have put 
forward. 

55. It is of national importance to note that with the exception of the imported raw 
material, mainly copper involved in the cables, etc., substantially all the expenditure nnder 
a comprehensive programme would be distributed in this country ultimately in the form of 
wages. Assuming a capital expenditure of £261 millions by the Railways and £80 millions 
by the Central Electricity Board and other authorities concerned, the estimated employment 
given to British labour would represent over 60,000 men per annum over a period of 20 years. 
(This is on the basis commonly accepted that £1 million provides work for one year for 
4.000 men, and after making a deduction for a comparatively high proportion of imported 
raw materia!.) 

While it is the case that a substantial part of this would be spent in the electrical 
industry, which at preoont has perhaps the smallest degree of unemployment in the British 
Engineering world, a very considerable part would go to the iron and steel, structural and 
building industries, and to industries ancillary to the electrical industry. In the electrical 
industry itself, the expenditure under the programme would lead to the absorption of men 
at present nnemployed in general engineering and of the machinist or semi-skilled class. 

Further, it is clear that any programme of this nature would greatly increase the power 
of British electrical manufacturers to compete in the world's market due to the steady 
nucleus of work over which to spread their standing charges. 

IMI9 A 11 
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PART Ill. 

SUMMARY AND CONCLUSIONS. 

(ReferenceI are to paragraph number,.) 

We &re Dot asked in our terms of reference to embody in our Report any definite recom
mendations, but, lIB a final result of the foregoing, we have oome to certain unanimoul 
ooncluaionB of major importance which we now summarise. 

(i) The existence of the national scheme of generation of electrical energy and the 
consequent low price and availa.bility of such energy constitute a new and fa.voura.ble footor 
in the economics of further railway electrification in Great Britain. (4). 

(ii) An efficient and progressive railway system is and will continue to be a matter of 
vital importance to the Nation. (6 and 7). 

(ill) In view of the competition of road transport and the existing industrial and agricul
tural depression, it is essential that the railways should examine new methods of reducing 
the costs of railway transportation. (7). 

(iv) Comprehensive electrification of main line railways has not taken place in any 
foreign country except Switzerland, but generally speaking railway electrification is making 
steady progress in many parts of the world. (l0-16). 

(v) The main reasons which have led to the adoption of electric haulage in foreign 
countries, broadly speaking, do not apply in this country, and they have not offered any 
conclusive guide or assistance in our investigations. (17). 

(vi) British railway electrification up to now has been confined to suburban lines, and 
the results, economic and otherwise, have been favourable. (18). 

(vii) The economic success of British suburban electrification is due to the substantial 
increase in revenue following on the much improved service which an electrified railway can 
provide. (18). 

(viii) Suburban electrification provides no sound comparison of actual operating costs of 
steam and electric haulage, but it does present certain prima facie considerations in favour of 
electric haulage for main lines. (19-21). 

(ix) The increased load on the national system which electrification of the railways would 
contribute, together with its high load- factor, would react most favourably on the cost ot 
electrical energy produced for all purposes, while the additional transmission network required 
for railway electrification would do much to accelerate rural electrification throughout the 
country. (24). 

(x) In the event of a scheme of main line electrification being adopted, the Central 
Electricity Board should be given statutory power to supply electrical energy direct to the 
railways for electrification schemes. In addition to this railway companies should be 
entitled to utilise, for purely railway purposes, at any point in their systems, supplies of 
electrical energy obtained from the Board or any other authorised undertakers. (25). 

(xi) In any comprehensive scheme of railway electrification the Central Electricity Board 
should provide the transmission lines, build and equip the sub-stations, and supply the energy 
at the Direct ,Current bus bars of the sub-station, but the operation and control of the sub
stations should be in the hands of the railway companies. (26). 

(xii) In regard to the moSt suitable system of electrification, the report and recommen
dations of the Pringle Committee should be followed. (28). 

(xiii) Improvements in the fuel economy of steam tractors will take place, but such 
economy is likely to be counterbalanced by higher capital costs and maintenance charges. (30). 

(xiv) The most promising alternative to steam haulage, other than electrification, rests 
in the development of the oil engine with electrical transmission to the driving wheels, 
bnt experience of this system is still limited, and it would appear that on well-loaded lines 
this system must always be less economical than electrification. (30). 

(xv) In considering alternatives to the steam locomotive preference should be given 
to systems using coal rather than oil as being in the national interest. (30). 

(xvi) Apart from the direct financial economies of electrification as disclosed in compara
tive costs of operation, electrification offers important indirect advantages associated with 
speed, comfort, amenity, improved service, and increa.se of capacity. (33). 

(xvii) Leaving aside the financial aspects of the matter, the disadvantages of electrifica
tion relate almost entirely to the dependence of the system on centralised sources of electrical 
energy. (34). 

(xviii) The main items of haulage cost which can be materially reduced by electrification 
are locomotive wages and locomotive repairs. (36). 

(xix) Unless special conditions obtain, the electrification of small sections of a main 
line railway system ia unlikely to be economically justified on account of the costs of dual 
working, and the consequent inability to take the fullest advantage of the Dew capital 
expended on fixed equipment or haulage units. (42). 
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(xx) To secure the fullest economic advantage of railway electrification in this country, 
any scheme adopted should be a compre~ensive o~e p~eferably comprising all the non.el~ctri
lied lines, less snch branch lines as detaIled exammatlon may show to be more economICally 
operated by independent haulage units either steam or oil electric. (42). 

(xxi) Assuming that such a scheme is carried out on a comprehensive programme over a 
period of from 15 to 20 years, on a conservative basis and on the assumption of existing 
traffic the new capital involved on the part of the Railways would be approximately 
£261.000,000, and the return on this through the various economies would represent about 
7 per cent. (44). 

(xxii) Apart from the direct return due to these economies other substantial advantages 
could be realised the most important being increased revenue from suburban and inter· 
urban traffic. On a broad estimate we anticipate that schemes of intensifying suburban 
working would yield an additional revenue of £5,850,000 representing a r~tum of 13 per 
cent. on the additional capital expenditure of £45,000,000 which would be lDvolved .. (46). 

(xxiii) The ligure of estimated capital expenditure is likely to be reduce~ du~ to n~)D
electrification of lightly loaded lines, redundant lines, and sidings, and reductIon lD capItal 
cost of tractors, etc., due to large scale production, and a. continuous manufacturing pro
gra.mme. On the other hand ~me a.llowance must be made .for the electr~fica~ion of private 
sidings a.nd priva.te branch raIlwa.ys worked over by the railwa.y compames In the process 
of the transfer of traffic. (44). 

(xxiv) In addition to the expenditure under this programme, there would he a further 
expenditure by the Centra.l Electricity Board and authorised Undertakers of a.pproximately 
£80.000,000 in excess of existing programmes, on which these bodies would earn their normal 
revenue. (44). 

(xxv) The change over from steam to electric traction will not ma.terially affect the 
conditions of railway employees other tha.n those in the locomotive grades. Even in the 
case of these gra.des we anticipate the adverse effect of the cha.nge will he of a limited a.nd 
temporary character owing to the duration of the programme, together with the proba.ble 
increase in suburban and other train mileage. The matter, however, is one which should 
be more closely examined if it should be decided to proceed with the scheme. (50). 

(xxvi) Apart from considerations of finance and railway administration, a comprehensive 
programme such as we have indicated, if it is to be undertaken, Should prefera.bly be carried 
out as a united co.operative scheme by the railway companies, in order to obtain the best 
results from the technical, construction and supply sta.ndpoint. (54). 

(xxvii) From the point of view of technical development and international competition 
the value of such a. programme of domestic electrification would be most substantial to our 
na.tional electric manufacturing industry. (55). 

General. 

The preceding are the conclusions we have formed, and we would bring our report to an 
end with one general observation. The existing railway system is a. vital part of the 
equipment of our countrya.nd its efficiency a.nd economy a.ft'ect the lives of pra.ctica.Uy every 
inhabitant, our industry a.nd our agriculture. A definite decision to alter the haulage system 
on a. comprehensive programme, which in our view is the ouly method of achieving complete 
luccess, would involve a. commitment of ca.pital expenditure· by the railways of about 
£261 millions, a.nd of a.bout .£80 millions by the Centra.l Electricity Board a.nd other 
a.uthorities, a.part from the extra. expenditure necessary in order to realise a.n intensive 
8uburb~n development. The magnitude of this would be unique in the history of world 
enterpnse. 

On the other hand, we feel bound to point out tha.t· without a.ny predetermined 
long term programme, our national expenditure on the construction, improvement a.nd 
ma.intenance of roads in the l8o8t ten years h8o8 proba.bly amounted to the colossal sum 
of £500 millions a.nd is now proceeding at the ra.te of over £60 millions per a.nnum. Road 
h,,:ulage is in direct competition with the Railways for a la.rge amount of traffic but, unlike the 
railwa.y system, there exists for the roa.ds no balance sheet or computa.tion of profit aud loss. 
There is no definite economic test of financial soundness. With this refiection in mind, we 
ba.ve no hesitation in concluding tha.t the mere ma.gnitude of the sum involved in complete 
electrifica.tion of our railways should be no deterrent in itself to the most careful a.nd 
ea.rnest consideration of such a. progra.mme on its economic and social merits. The decision 
involves na.tional, fina.ncia.1 Bnd possibly ultima.te political considera.tions and implications 
which we do not feel it is any parl of our present duty to discuss, but we trust that towards the 
ocnsid~ra.tion of the problem which will no doubt ta.ke place in the minds of those concerned, 
the railwa.ys, the Government and the country, we ha.ve at least made clear the essential 
economic fa.ctolB. 

All 
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From no mere preceden~ or tradition do we pay our tribute to our Secretary, Colonel 
Trench, who has been indefatigable in the interestB of thoroughneaa, inve.luable aB regardB 
the technical aspect and happy in hiB nnfailing eDurteay, and to whom we extend our 
united thanks e.nd appreciation. 

We Ihe.ve the honour to be, 
Bir, 

Your obedient Berve.ntB, 

A. C. TRENCH, 8eCf'eta'll. 

24th March, 1931. 
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APPENDIX n. 

'I'B'\1'I'10 DBHBITY AB Ai'FBC1l'INO ELBOTRln:CATION. 

The important he .. ring which tra.ftic density h ... upon the economics of R .. ilw .. y Electrifica.
tion ia indica.ted in Dia.gra.m I. 

J!'or the purpose of comp .. rison with steam operation, the total cost of electric oper .. tion 
may be divid.d into two portions (a) "haulage coet as described in pa.ra. 36, most of the items 
being I... than the limila.r item. for ateam haula.ge, and varying almost dir.ctly with ths 
number of train miles run, and (b) fixed charges, comprising in~rest, deprecia.tion, ma.in
ten .. nOB and op.ration coata of the fixed equipm.nt; within limita the coat of th ... is fixed per 
track mile and do •• not vary much whether the tra.ftic be he .. vy or light. 

It follows that with a denee tra.ftic the fix.d charg.s per track mile are divided among .. 
I .. rg.r number of trains, a.nd the total cost of .I.ctric ope .... tion p.r tr .. in mil~, i... haulage 
cost plus fixed charges, is reduoed by an incr ..... of tra.ftic. 

Diagram I, where the shaded area repre.ents the fixed charg.s, indicataa that for .. ny tra.ftic 
d.nsity above about S.3 million trailing ton miles per running track mile per annum electri
fication should be prolit .. bl., and that the m .. rgin of profit increa.es with an incr ..... of tra.ftic. 

'i'h. avera.ge tra.ftic density of the railways of Great Britain is estimated at 3 million 
trailing ton mil.s p.r running track p.r annum. The elimination of lightly 10BAled branch 
lin .. qtc. would of cours. incr ..... the average d.nsity of the remainder. Th. average traffic 
density of the L.N.E.R. area investigated by Me .. r •. Merz and McLenan (see M .. p in Appendi" 
IV) was found to be 4.3 million trailing ton mil.s per running track mil. p.r annllllD. 

N .t ... n Diagram I. 

All costa are based on figures of Committee'B estimates for Genera.l Electrification, para. 44, 
and on the .... umption. mad. therein regarding .upply of energy. 

Haulage co.ta, .t.am and electric, includo Items 1 to 10 of Table II (para. (4) with the 
addition of the full cost of renewal. and inter •• t on tracto... Cost of each train mile includes 
ita proportion of .hunting. 

Fixed cha.rge.a, electric, are eatima.ted at £322 peT running tra.ck mile per a.nnum which 
figure includes interest, mainten&nce a.nd renewals of electric track. equipment, intereBt on 
alterations to way and works, and ma.intenanoe and opera.tion of sub-statioDB. Cha.rges on 
oa.ch running tr.a.ck mile include tho.e on it. proportion of siding track. 

Haulage co.ts are ca.lculated for 3,000,000 trailing ton mile. (train ton mil.s plus .hunting 
ton mil.s) per running track mile por a.nnum, and .... umed to be con.tant for oth.r traffio 
den.iti... 'l'hi. is not strictly accurate but as the varia.ble factor. would have a generally 
similar effect on both steam and electric operation, they are disregarded for the purpo.e. of 
thi. illustration. 

P~rman.nt way and similar items common to both systems ar. excluded. 

Total train mile. (1929) by .team traction, 373,000,000. 
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APPENDIX Ill. 

1'0881BlLITmB Or SUIII1II.lI.\lI' ELlICll'BuulATlOH. 

Any scheme for the oomplete el.ctrification of the railway system of tbi. oountry would 
include the electrification of • conriderabl. mileage of lin.s of a suburban character. On lin .. 
of this character p ...... ng.r traffic r.adily r .. ponda to the stimulu. of a. intensified and accel.r· 
ated .. rvice such a. can be ch.aply and r.adily provid.d und.r electric haulage. The addition .. l 
revenne to be earned in this way would undoubtedly be .ubetantial, and should be taken into 
~unt in any attempt to .... e .. the secondary advantages of .. gener .. l scheme of electrification. 

Expqrience show. th .. t, in order to secure and to cater for an additional volume of traffic, 
a hq .. v,er exp.nditur. i. nece .... ry for suburb .. n electrification &e m.&Bured in OOIt per mile of 
track. Additional rolling stock mu.t be purch ... ed, car shed. and siding room provid.d, .tation • 
• nlarged, and signalling modernised. Mor.ov.r extensive wid.ning. and other alterationa of 
running Iin. accommod .. tion ar. frequently found to be nece .... ry. On the ba.is of some r.cent 
caaos which mAy be tak.n &B typical of London &nd provincial oondition. this &ddition&l expendi. 
ture may be put at about £10,000 p.r track mile on the &v.rag.. If the suburban track mileage 
of the country b. taken as &pproximately ',000 mil.s, we arrive at a totaJ additional capital 
e"'Penditur. round about £46,000,000. 

Th. inten.ification of the service &lso involves an incre&aed op.rating expenditure which 
in the cases under notice &mounted in round figure. to £800 p.r track mile p.r annum. If 
these ca ... may b. tak.n ... typical, this item represents an addition of £3,600,000 to the curr.nt 
costs of .uburban op.ration. Some allowance mu.t also be made for the maintenance &nd r.newal 
of additional track., bridges, signals, ete. This m .. y be v.ry roughly estimated at 1 per cent. 
on one-third of the total additional capital oost, Or say £160,000 per annum. 

To mest these extra annual <lOsts .nd to remunerate the additional capital expended, one 
must look to the pro.p.ctive growth in passenger traffic stimulated by an improved and intensi
fied service. It is c1ea.rly & difficult m&tter to frame &n estima.te either ... to incre ..... d volume 
of business or &B to incr ...... d r.v.nue. It m&y b. anticipated that the growth of suburban 
traffic in the neighbourhood of provincia.l centre. would not be 80 pronounced ... it ha. proved 
to b. in the n.ighbourhood of London. Allowance mu.t also be mad. for the probable dqvelop
ment of oomp.ting forms of transit, whethjlr by road or by tub.. An ultim .. te Revenu. incr ...... 
of 80 per cent. may perhaps be taken aB .. conservAtive eatima.te. 

Tb. rev.nu. from .uhuriJan traffic 
.stimated a. £12,000,000. An incr ...... 
revenue of 

Deduct. 
Additional operating expenses 

... a. whole, excluding ar.as alr.ady .l.ctrified, may b. 
of 80 per cent. on this tot .. l would give an incr ..... d 

£9,600,000 

:r.r"ntenance and ren.wa.l of th. addition .. l Track., .tc. 
3,600,000 

100,000 

3,760,000 

Balance ~,850,OOO 

being a. return of 13 p.r cent. on the additional ca.piul of £45,000,000 ... a contribution to 
str.ngthen tb. cas. for the compl.te sch.me of .Iectrification. Th.r. i. inevitably a very large 
amount of conj.cture involved in the .. figures, but on the whole the •• timate may, we think, 
he taken ... a reasona.bl. a.ntieipation of the r.turn to b. obt .. ined from th. additiona.l capital 
expenditure involved. 
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APPENDIX IV. 

RsPOBT BY M.lsBBB. MIma AND MoLBr.r.A1f OK TBB ELBm"BUIOATlOK .,. A POBTION OV TBB LONDON AND 
NOBTH EAB".BN RA,LWAY. 

Oovering letter 
Section. considered 
TraJlio atati.tios 
Traffic working 
Electric locomobi ve. 

TABLE OF CONTENTS . 

• • 

Electrical .yotem and track equipment 
Power .upply and sub.tatioD. 
Auxiliary power .upplie. . .. 
Heating &Ild lijJhting of passenger train. 
Estimate. of ca.pital expenditure 
Number and cost of locomotivea 
Oredit. for relea.ed a .. eta, other than .team locomotive. 
Nett capital outlay ... 
Working expen.e. 
Summary of ecmparative working e"pense. and the financial reault ... 

•.. 

LIST OF TABLES INOLUDED IN THE REPORT. 

I.-Route and aingle track mileage. 
II.-TraJlio .statlstics 

IlI.-Locomotive working (.team) 
IV.-Locomotive working (eloctric) ". 

". 

TABIJI 
TAB ... 
TABIJI 
TABIJI 
TAIILII V.-Estimate. of capital expenditure, excluding expenditure on locomotive. &Dd 

mUltiple-unit train equipment. 

PAGIt 

32 
33 
34 
35 
36 
38 
38 
39 
39 
39 
40 

42 
42 
42 
46 

33 
34 
36 
37 

39 
TAIILII VI.-Number and cost of electric locomotives &Dd multiple-unit train equipment.." 41 
TABUI VIl.-Partieular. and value of .t.am locomotives displaced by electrification 41 
TABIJI VIII.-A ... ta di.placed by electrification 43 
TABIJI IX.-Nett capital outlay 43 
TABUI X.-Oomparati1'8 working expen.e., Iteam and electrio 44 

MAP OF ROUTES OONSIDERED. 



32 

Jut". 1930. 

To 

TaB BIIOBBTAay, 

TaB RAILWAY EUlCTBUIOATlOIf CO .... ItTBB. 

BIB, 
We now have pl .... ure in .ubmitting herewith our report on the electrification of .. portion of 

the London and North Eastern Rlllilway, which we have investigated in accord&Dce with the 
Committee'. instruction.. The .cheme include. a section of the main line from London to 
Donca.ter and Leeds, and several br&nch line. in Lincolnshire. The report sets out in detail the 
traffic on the various line. to be dealt with, the proposed methodl of working the traffio electrieall)" 
estimates of C .. pit .. 1 Outl .. ), on electrification; comparative estimatea of steam and electrio 
operation, and tbe financial relult deduced from thil comparison. 

Summarised very brie8)" the figures are al follows:

Total Route Mileag~ is about 
Total single track mileage, including y .. rdl and siding., about .. , 
Trailing ton miles. per annum. a.re about 

.. nd the Engine 1IlIi1 .. 
The net C .. pita.! Outl .. ), is about 
The saving in working expensel is £6l14,630, representing 7.2l1 per eent. 

on the net Oapi tal Ou tla)'. 

1,9110 
8,000,000,000 

21,000,000 
£8,646,000 

This is .ubject to modification in the event of the price of coal ri.ing or falling from the 
present level, the s .. ving in the working expenses being increased or decreased for each ri •• or 
fall of 11. per ton b)' £19,464, which is equivalent to 0.2116 per cent. on the net capit .. l outla)'. 

From this saving must be deducted the increase, Of .. n)" in the local r"tes payable by the 
Railwa)' Compan)' in respect of the electric .. 1 install .. tion, including the .ubstationl, which, in the 
present circumsta.nces, we h .. ve not attempted to estim .. te. The b .. l .. nce should be lufficient to pa)' 
the interest oharges on the net Oapital, with a small margUn. 

It will be noted that, .. I agreed with the Railwa)" no &&Bumption b ... been made as to an, 
incre .... in the traffic be)'ond that of last ),e .. r. Further, although a large part of the p .... enger 
traffio and ne .. d)' all the goodl traffic would be Ipeeded up, no inorease in the revenue coneequent 
thereon has been .... umed. 

Although the st .. ti.tiOB of mileage and traffic have been sub-divided under four section., we 
h .. ve not attempted to sub-divide similarl), the estimates of Oapital Cost and Working ExpenseL 
The traffic on the v .. riou. sections i., to a certain extent, interdependent, and, if one or more 
sections were omitted from the complete scheme, fre.h estimates would h .. ve to be prepared for 
the remaining sections. The figures contained in the Report shew that the traffio varieo widel), 

.on the different lines. Thu., for example, although the London-Leed ... ction b ... onl)' one-third 
of the tot .. 1 route mileage, .. nd only one-half of the single track mileage, the traffic on tbi. 
section, expressed in trailJing ton' miles, or engine mileo per annum, i. two-thirds of the total. 
The cost of the electrical installation, ap .. rt from locomotives, being approlrim .. tel)' proportional 
to the single track mileage, it might appe .. r that the electrification of this section alone would 
shew a better return on the .... pital expenditure than the complete acheme. As, however, the 
exolusion of an)' section might involve a reduction in the traffic on the remaining sections that 
could be profitably hauled electricall)" it is impoBBible to s")' without a fresh investigation what 
would be the result of elect1'lification of individual sections. 

Much of the m .. teri .. 1 nece .... r)' for such suhdivision is available, and the separate eotimate. 
could without difficult)' be worked out, but would take some time. For the present, we have 
confined our .. ttention to the complete scheme in accordance with the Committee'. instructions. 

We trust that tbe Committee Wlill find in this Report all the information which the)' require, 
but we .. re at their disposal to elucid .. te an)' points on which the)' would like further explanation. 

Your. faithfull)', 
MERZ AND MoLELLAN. 
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LONDON AND NORTH EASTERN RAILWAY. 
REPORT ON ELECTRIFICATION. 

In this report we give the results of our invesbigatioD into. scheme of electrification for a 
conaiderable ... ~on of the London and North E ... tern Railway. The section, which is shewn in 
the ma.p a.ccompanyins this Report, comprises the main line from King's Cross to Doncaster and 
Leeds, the branche. from Grantham to Nottingham, Boston and Lincoln, the line from Doncast6r 
to March vill. Lincoln, Sleaford and Spalding, the line from PeterborO'l1gh to Grimsby and 
Cleethorpe. viii. Boaton, the Mablethorpe and Skegness branches, and the connecting line from 
Cowgsby Junction to Bellwater Junction. 

This group of lines has been selected. with two objects in view. First, the COOlmittee desired 
th .. , the scheme inveatigated should be fairly representative of the British Railways aa .. whole, 
and not merely 0. scheme for electrification of a. particula.r section OD whrich, du(' either to very 
denBe traffic or to the ""istence of .teep gradients or long tunnels or to other local conditions, the 
conversion to electric working would present obvious advantages. Second, it was important to 
baee all calculation. on atatiatics as to traffic and working expenses which could be taken out from 
actual record. woithout having to make more aS8umption. than was abeolutely nece .... ry to allow 
for the continued running of eome of the traffic hy steam and the retention of eome running sheds, 
coaling plant, watering arrangements, etc., for the maintenance and operation of steam locomotivell. 

TABLE I. 
ROllTB AN» SINGLE TRACI< MILEAGE. 

Single track Single Track Mileage. 
.; ~ mileage . 

'" ;, . ~ ~ ~ .; 
Z j 0 

Sidings = "Cl a :s= . ~ ;8.9 ";; 

" ::ii OD s'" .... Q 0 m ~ ~ ~ 

0 Description. .9 ;j g . clear of Run- 'fraffie :g ~~ "Cl ..... ~ ~ .~ §J ..... ; m" 0 

-:l ning Lines. Sidings. a:I.!S ~ C\3._ gm .. 
3 ~ g g " ~ ~~ ~ • c g 

~ ~~ ~~~ o g m 
ci t= :a '" = ES·~ 3 cSl:I~ P! o ~ ~ I>l iiiP:; ~ .. ~ ~ ..... ..3.!~ 

0 E:; ~.~ ~ 

'" ,-
I King'. (Jro88- I King'. Cross ... 22·39 

Leed., ox- Holloway ... 3·74 
oluding linea Finsbury Park 14'21 
already in- HarriDgay ... 17·10 
eluded under HorDaey ... 9·61 
thoSuburban Wood Green ... 2·76 
Scheme from Hatfield ... 4·60 
King's Cross Knobworth & 
to Welwyn Langley ... 4·04 
Garden City 166'1* 644'8 22·3 Hitchin ... 6·63 

Arlesloy ... 2·38 
Biggleswade ... 8'81 
Sandy ... 2·46 
Buntingdon ... 3·60 
Flotton .... 1'95 
Peterboro' & 

Now England 36·66 
Grantham ... 4·77 
Newark ... 4·24 
Retford ... 4·44 
Doncaster ... 84·10 
Wrenthorp(' ... 8·80 
Ardsley ... 11'20 

201'62 60·89 83·20 73'81 369·42 

I Maroh- Lincoln ... 10'87 
Doncuter .,. 98·2 210'98 7·41 Whitemoor (5 

reception 
roads ooly) ... 2·11 

Gaiosborough 2·66 
----

16'63 27·37 3·87 4·90 61'77 

3 Grantham- Colwiok ... 46'27 
Nottingham. Sleaford ... 3·29 
Grantham- Boston ... 17·20 
Linooln- ----
Boston ... 18·7 160·88 6·57 66·76 19·20 10'61 8'27 99·84 

, Peter boro'- Spolding ... 
I 

4·70 
Grimaby- Cleethorpee ... 2·83 
CI •• ~horp .. Skcgneaa ... 6'19 
and braochel. ----
Li n'loln- 12·72 48·31 6·67 '63 ' 68'23 
Booton ... 156·0 296·\0 6·63 I 

'92'0· 1812'71 42'91 !I ! 296'631165'77164-25 82·61 1689'26 

I 
• Not including Kina'. Crou to Wehr1n Garden City, a distance of 20-6 milea. 



J!oth these objects have been fullilled in the ... leet.ion of linea deal~ wi~hin thi. Report. The 
trallio between London and Doncaater is very heavy, whereae on several of the lin .. in Linooln8bire 
tbe trallic is very light. The seet.ion. included conatitute the bulk of the old Great Northern 
Railway, and are still for moat purpO&8l worked aa a self-cont .. ined group. 

The maximum gradient on any part of the scheme i. 1 in 80 on the Doneaater-Leed. section, 
but on the majority of the lines the gradients are eaaier than this. For example, on the main 
line between King'. Cro88 and Doncaater, apart from short stretohea of 1 in lOO, the maximum 
gradient is 1 in iOO. 

We have been .. dvised by the Railwa.y aa to the good. yards which, for bailie .. nd other reaoono, 
should be COllsidered aa forming a. part of the Scheme, the most important heing King'" Cro88 and 
others in the London .. r .... Peterborough, Colwick, Doncaator and W renthorpe and Ardsley in the 
Leeds area. Certain other yards adjacent to the oection are emitted from the Sch_e. An example 
of this is Whitemoor, where half of the reception road. only have heen included. 

In a.ccordanoe with our instruction. we have &BBumed th .. t the suburban service. from King'. 
OroOl to Welwyn Garden Oity have already been electrified, and that no provision need be 
,;ncluded in the pr .. ent .. heme for working thi. tralli. or for the equipment of the linea or for 
the power Bupply arrangements neoe ..... ry for the suburban .. heme. We have therefore only 
.. lIowod in our eatimates for the equipment of those tracks in the London are .. which are net. 
required for .uburban working, and for the additional plant in the .ubetation. nece .... ry for the 
m .. in line tr .. lIic and the work in the good. yard .. 

The rout. and Bingle track mileage. are given in Table I. 

Traffic Sta"",'c,. 
For the compilation of the trallic .tati.tics on which the comparioon of .team and electric 

operation h ... been worked out, particulars of all trains were taken out from the record. for 
certain we.ks in the ye .. r 1929, which were seleciled by the Railway Officer. aa being typical of the 
conditions at diff.rent se.oons. From the figure. BD obtained the total. for the year were compiled. 
The statistic. are Bet out in Tabl. H. 

TABLE II. 

TBAWIO S ... TISTICII. 

Summary 0/ TrIJ.;ling Ton Mileage,. 
--- ------ -------

Peterboro' , 
Grimsby and 

London-Leeds Grantham- CI.ethorpeo 
(excluding Nottingham 8kegne81 

Suburban Doncaster- and branch, 
Section. Traffic as far March. Grantham- Mablethorpe Total. 

as Welwyn Lincoln and Loop, 

Garden City). Boston. Linooln-
BOlton, 

Coningsby-
Bellwater. 

STEAM. 
PA88BNGBa. 

Loaded ... ... . .. 1,440,461,816 116,286,021 84,048,366 115,480,058 1,816,216,260 
Empty ... ... . .. 51,454,605 3,488,580 2,521,452 5,264,401 62.728,938 
Shunting by train engine ... 1,820,850 860,350 611,800 2,428,100 6,221,100 

Total ... . .. ... 1,493,137,170 120,184,951 87,181,618 183,172,559 1,884,226,298 

GOODS. 
Loaded and Empty ... 2,302,959,681 900,825,887 336,868,938 281,061,164 3,827,705,570 
Shunting by train engine ... 26.724,852 6,909,122 8,624,708 6,761,125 43,020,401 

Total ... . .. ... 2,328,684,433 907.135,609 840,483,646 293,822,289 3,870,725,971 

SHUNTING BY SHUNTING 
ENGINBS. 

Passenger ... ... . .. 28,396,350 980,200 237,800 363,460 29,967.300 
Goods ... ... . .. 107,992,178 13,235,554 19,917,688 14,361,044 155,507,064 

Total ... ... ... 186,389,128 14,215,754 20,154,988 14,114,494 185,414,364 

SHBD SHUNTING ... ... 64,748,250 15,618,850 4,554,300 4,559,400 89,380,800 
BALLA.8TlNO ... . .. ... 14,479,761 2,618,300 2,022,891 2,534,442 21,655,400 
DBPABTHBNTA.L ... ... 8,608,650 449,660 849,150 632,800 10,439,850 

Total ... ... . .. 4,046,647,292 1,060,673,014 465,246,599 499,435,784 6,061,902,689 

ELECTRIC. 
All Sgur .. except " Shed , 

Shunt,jog" as abovf>. -
SHBD SBUNTING ... ... 6,474,825 1,661,886 455,430 455,940 8,938,080 

Total ... . .. ... 3,988,273,867 1,046,706,049 461,147,729 495,332,324 5,981,459,969 
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Traffic W 0,.kin9. 

In general, passenger trains may be worked electrically in two alternative ways, V'L, by 
locomotive·hauled trains and by multiple·unit trains consi.ting of self·propelled or motor coach.s 
and trailers.. There are advantages in each method. Where trains bave to run for long distances 
at high speeds (up to 76 and 80 miles per hour on British railways), and may have to run over 
.ections where electric worki,ng is not in force, it is advantageouB, if not actually n~, 
to use locomotives. There are, however, on all sections & number of pusenger trains which 
stop frequently and have only .. limited l.ngth of run, and for such trains the multiple-unit 
ayatem is well adapted by r.a&On of ite elasticity in op.ration and the improv.d acceleration at 
.taning. 

The division between these two alternative methods of working the traffic on the sections 
under consid.ration ha. been carefuiry examined by the Superintendent, who h ... given us a 
list of the tra.ins th .. t are not suitable for multiple·unit working. The use of multiple-unit 
trains would be much more extensive on the brlJlllch linea than on the main line from London tQ 
Le~d.. This is clearly sh.wn by the stati.tic. of pa •• enger train mileage in Table IV. Th. pro· 
portion for the main line is about 66 per cent. locomotive·hauled to 36 per cent. multiple-unit, and 
for the branch Iin •• 16 per cent. locomotive-hauled to 85 per cent. multiple·unit. 

In accordance with inatruction8, we have a.Bumed no acceleration of the long-distance 
p ..... nger trains hauled by locomotives. For the multiple-unit trains advantage has b!>On tak.n 
of the rapid starting which is a feature of thi •• yatem, 81ld the .. verage .peod h ... b.en increased 
by 10 to 20 per cent. compared to present .team timing.. For example, a train from King'. Cross to 
Peterborough, stopping at 16 interm.diate stations, now tak •• 2 hou .. 32 minutes; tha electric 
timing, allowing for the sa.me atops, would be 2: hours 8 minutes. Similarly, a train from 
Grs'ntham to Boston, stopping a.t 6 intennediate stations, now takes 62 minutes; the electriq 
timing would b. 4& minutes. The motors would be d •• igned for .. maximum running .peed not 
exoe.ding 60 mile. per hour. 

Apart from the regular pa.ssenger train&, there a.re from time to time 8. number of excursion 
tr .. ins. Th ... would be hauled by electric locomotive., and, as .pecially high .pe.ds .. re not 
essential, the stof'k of passenger locomotives would, BO far &s nec888sry, bp supplemented by 
locomotive. of a diffar.nt claBB normally employed in hauling express goods. These locomotives 
would be suitable for a maximum sp.ed of 80 mile. p.r hour, .. nd the average speed for a 12-coach 
train on .. non-stop run, for example, between Peterborough and Kinll'. Cro •• would b. about 
60 mil •• per hour. 

We have giv.n c .. reful con.id.ration, with the officers of the Railw .. y, to the working of the 
good. and min.ral train. in ord.r to ... how fOor the adVltntage. off.red by electric operation cOon 
be r.ali.ed under the sp.cial conditions prevailing in this country. Thes. advantag.s ari .. from 
the pra.ctically unlimited locomotiv. power which can b. provided without exc •• ding the 
restrictions which limit the dimen.ion., the weight p.r axle and the concentr .. tion of weight of 
the locomotives, and, but for oth.r r.strictions, would enable heavier tr .. ins to be bauled at gr.atly 
increased Ipeeds. 

So far &8 train weights are concerned, it is not considered advisable, on account of the strength 
of the st .. ndard draw gear, to make any incre.... in the maximum loads now hauled. Th. 
majority of trains are, however, much below the maximum in weight. and in 80 far a8 this is 
due to the limited ... pahility of the steam locomotives now in uoe it would .eem practicable to 
iner ..... the average weight and ther.by r.duce the numb.r of trains. Thi. ha. been done in various 
schemes of electrification already carried out, e.g., in South Africa. and India, with consequent 
gain to the working co.ts. W. understand. however, that on the L.N.E.R. the weighte of good. 
trains are settl.d partly by the l.ngths of refuge siding. and partly by the inconveni.nce or 
difficulty in delaying the despatch of trains from the marshalling yards until full load. have 
been m .. de up. Our calculations have therefore heen b .... d on the pre .. nt .ervice so far a. train 
weighta and Dumber of trains are conoerned. 

By realOn of the sam. characteristic of electric traction, viz., the practically unlimited 
locomotive power available, it is po .. ible to increase considerably the spe.ds of good. and mineral 
Lrai.... In practice th.re are various fa.ctor. which make it inadvi.abl. to run unbraked train. 
at more than about 35 mile. p.r hour, e.peci .. Uy the liability for axle boxes to b.come over. 
h.atad. and the difficultv of .topping train. wh.n running down gradi.nts by the braking power 
of the locom~tive and the brake van .. lone. It i., how.ver. quite practica.bl., given oufficiently 
powerful locomotive., to haul train. up the gradient at a much higher spe.d than is f.a.ible to-day 
with steam locomotive.. We have therefore .... um.d. with the concurrence of the officers of the 
Railway, that all unbraked good. trains would be hauled up the ruling gradient on each .. ction at 
about 'JfI to 118 mil .. per hour, and that the speed on the l.vel would be limited to about 33 mile. 
per hour. Down the rulinp: p:radient the .pe.d would be reduced to oucb a value that the train 
oowd be brought tr a .tandstill within the di.tanc. between the point where the distant signal is 
lighted and the home signal. With a min.ral train of the maximum weight this apeed would be 
about 26 mil .. por hour. The averag<! sp .. d for all non-atop unbraked good. and mineral train. 
would thus be about 30 miles per hour. Thi. may be compared with the preaent-day speeds for 
trains of different cl ...... s between London and Peterborou"h a. follow. :--CI .... A. 23 to 24 mile. 
per hour and Cia .... B. and C. 17 to 10 mil .. per hour. 

The limitation. IIMIntioned abo ... do. not apply to exp .... goods trains composed of wap:ons 
fitted with continuouo brak .. and oil-lubricated ..,.1. box... The pr ... nt practi"" is to run th ... 
tr";ns at •• peeds not exoeedin", 60 mil .. per hour for No. 1 ExpreBB good., which consi.t only of 
br .. ked vehicle .... nd 411 mile. per hour for No. !I Expre.s goods. which contain only a certain pro
portion of braked vehi.I... In onr calculations we h .. ve adhered to the .. figurea. For the No. 1 
Expre .. goods the electri. timin"s would be the ... me ... at present. but the average .psed of the 
No. II ExpreBB goods would be Bomewhat increaaed. 
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Fresh timings in accordance with tbe foregoing particulars hav. b .. n ... ork.d out for train. 
of all cl ...... (except th. long-distance locomotive-haul.d p ...... ng.r traina) on all _tion.. Witb 
the .. timings the Superintendent'. D.partment bave prepar.d a now .. t of time tabl ..... hicb form 
the basil for tb. calculation of .. veral item. in the .stimates of Capital Outlay and Working 
Exp.n.... It i. interesting to remark tbat the .. new time tabl ... h ...... n .. nnu .. 1 &aving in the time 
on journ.y (taking into lLCOOunt ..... k-days only) of 24,087 houn (or 18.78 p.r cent.) for multiple
unit paaaenger train., .. nd 116,833 bours (or 18.0 per cent.) for gooda .. nd min.ral train •. 

The mileage worked by steam and electric looomotivea are .. t out in Tabl. Ill. and IV. A. 
explained b.low, witb the locomotives proposed all trains would have sufficient haulage power to 
run to scb.dule times witbout assista.noo. Th.re would, th.refor., he no nacessity to include in tbe 
figure. for engine mileage any allowance for" Assisting required." Th ... figure., ther.fore. have 
been omitted for electric working of both pa .. enger .. nd gooda tr .. ffio. 

Tbe figur .. for "sbunting hy sbunting engin.... "hallasting" and "departmental" .. re 
unaltered. bllt th.re would b. .. suhstantia.l reduction und.r .lectric working of the .... hed 
munting." A Ia.rge psrt of this work under pre .. nt conditions is the movement of locomotive 
coal wagoDs; the rE"ma.inder is the movement of U dflad " engines. The former would, of courae, 
be compl.tely .liminated; and tbe latter con.iderably reduced. partly hecau.e .bed work with 
.lectric locomotives i. much I ... than with .team engine •• and partly bscau.e electric locomotive. 
generally move about under their own power. W. have, therefore. with tbe agreem.nt of the 
Railway. reduced tbe trailing ton mile. and the engine mil •• under thi. b.ading to 10 per cent. 
of tb. steam figures. 

TABLE Ill. LocoMOTIvB WORKINO. (Steam). 

Summary of Engine Mil ... 
~-. 

I 
Peterboro'-

Grimsby aDd 

London-Leed8 Grantham- Cleethorp .. 
(excluding Nottingham, Skegn ... 

branch 
Section. Surburban Donc8ster- and Mablothorpo Total. Traffic 8S far as March. Grantham-

Welwyn Garden Lincoln and Loop, 
Lincoln-City). Boston. BOlton, 
Ooningaby-

BoUwater. 
_. 

-~ 

PASSENGBR. 

Train ... ... ... 5.223,505 642,889 657,521 1,107,918 7,631,333 
Shunting by tl'a.in engines 36,417 7,207 12,236 48,662 104,422 
Light .. , ... ... 206,961 10,221 46,961 66,764 329,918 
AB8isting required ... 84,447 - 66 2,036 86,631 
Assisting not required ... 6,060 660 - 4,805 11,525 

Total _ .. ... 5,557,390 660.~77 715,779 1,280,084 8,168,780 

GOODS. 

Train ... ... ... 4,446,290 1,684,615 126,946 608,862 1,413,718 
Shunting by train enginos 381,901 102,579 53,811 100,318 638,664 
Light ... ... ... 389,478 16,220 96.228 51,882 618,253 
Assisting required ... 11,158 611 11 - 11,786 
Auisting not required ... 491 10,421 205 2,840 18,963 

Total ... ... 5,228,318 1,824,458 871.196 161,407 8,691,879 

Shunting by shunting 2,904,496 293,785 414,980 309.608 8,922,869 
engines. 

Shed shunting ... ... 431,666 103,459 30,362 80,896 595,872 
Ballasting ... ... 144,798 26,188 20,229 25,344 216,654. 
Departmental ... ... 170,171 8,991 16,988 12,662 208,797 

TOTAL ... ... 14,436,828 2,917,353 2,075,529 2,369,491 21.799,201 

Electric Locomotiv ... 

For hauling the heavy long distance p&8l8nger e"prea ... we mould propoee a locomotive ... ith 
four driving axle. and a leading and trailing truck, having a total weigbt of about 110 to 11& ton., 
of which 72 tons would be on tbe driver.. Thi. locomotive would be suitable for a normal maximum 
operating speed of 75 miles per hour. and at this speed would be capable of exerting a tractive 
oflort of about 7.000 lb., or a dr_bar pull (when running on the level) of 4,&26 lb. It would be 
equipp.d with motors baving an aggr.gate capacity (on the one hour rating) of about 2,400 h.p. Aa 
the centre of gravity would be comparatively high. all running parte oomplet.ly balanced. and the 
motor. fully .pring borne, tbi. locomotive would be easi.r on the track than Any existing steam 
locomotive. It would be capabl. of working the heavieat trains to tb.ir pr_nt timing> with a 
comfortable margin in hand to meet traffic delay .. or bad weather condition.. It would be ratber 
more powerful than neco ..... 'y for the lighter expr ..... of 8ay 350 tons. but we do not think there 
would be any economy in providing two difler.nt cia ..... of high speed p ..... nger engine sa tbe 
.light extra oost of making them all alike would be oflset by the better utilisation of the one 
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TABLE IV. LoooJ(()T1V11 WOBltIlfG. (EI,ctric). 
Summa,." of Engine M il ... 

, 
i Peterboro' I 

I 
Grimllbyand 

London-Leeds Grantham- Cleethorpel 

(excluding I Nottingham, Skegne .. 

Suburban I Doncaster- and branch, 
Section. Traffic as far 88 I March. Grantbam- Mabletborpe Total. 

Lincoln and Loop, Welwyn Garden Lincoln-City). BOBton. BOBton, 
•• Coningaby-

Bellwater. 

i I 

I 
PASSBNORB. 

I I 
Train. 

Locomotive ... . .. 3,414,036 140,191 47,4M 222,203 3,8~3,884 

M uitipie unit ... . .. 1,809,469 602,198 610,067 886,716 3,807,449 
Shunting by train enginel. 

Locomotive ... . .. 24,000 1,670 1,836 9,700 37,108 
Multiple unit ... ... 12,417 6,637 10,400 38,862 67,316 

Light ... ... . .. 136,000 2,240 3,300 13,600 164,140 
Assisting not required ... 4,000 140 - 960 6,090 

Total ... . .. 5,398,922 661,976 673,067 1,171,030 I 7,694,985 

GOODS. 

I Train ... ... . .. 4,446,290 1,634,615 726,946 606,86~ 7,413,713 
Shunting by train en- 381,901 102,679 63,811 100,373 638,664 

gines. 
Light ... ... . .. 389,478 76,220 96,223 61,332 613,263 
Assisting not required 491 10,427 206 2,840 13,963 

Total ... . .. 6,217,160 1,823,841 877,185 761,407 8,679,693 

Shunting by shunting 2,904,496 293,786 414,980 309,608 3,922,869 
ellgine .. 

Shod shunting ... . .. 43,166 10,346 3,036 3,039 69,685 
Ballu.stiug ... . .. 144,798 26,183 20,229 25,344 216654 
Departmental ... . .. 170,171 8,991 16,983 12,652 208,797 

Total ... . .. 13,878,712 2,815,121 2,005,470 
I 

2,283,080 20,982,383 

.1 .... which enable. the number of locomotives to be k~pt down to the minimum. Advantage might 
bo taken of this ext.· .. power either te accelerata the lighter trains or to put in aeveral intermediate 
stop. while maintaining the pre.ent overall timing. For example, .. tr .. in which now run. non· 
stop from King'B Oro .. to Peterborough in 83 minutes could step for 2 minutes .. t 4 intermediate 
stations, and still keep time. The electrical control of the motorB would provide for several running 
speeds, and the locomotive could, if desired, work intermediate trip. with goods t.·ains of any 
cl ... up to about 600 ton. in weight at the speed. for which the vehicles are Buitable. 

Tbe weight. of gOodB train are BD various, including the heavie.t minerals and the lighte.t 
pick·up goods, that it would be uneconomical te provide only one cia .. of gooda locomotive. For 
unbraked goods, the weight of the locomotive available for braking must be sufficient te hold 
tbe train on a famng gradient, and bring it te rest a.t any signal aga.inst it. The heaviest train, 
consisting of loaded mineral wagons have a weight of 1,220 tonB. For such trainB a locomotive of 
144. tons would be .uitable te provide fot· the .peeds mentioned above. Such a locomotive would 
have eight a.xles with 18 tons per axle, and each wheel would be fitted with two brake blocks. Thi. 
would enable a 1,220-ton train, running down the ruling gradient of 1 in 200 at 26 miles per hour, 
to be brought to re.t in 1,000 yards, even in wet weather. 

According te the figures taken out for the ... tion. considered the great majority, vis., 79 por 
cent., of goods train. are le.s than 600 ten. in weight. Of the remaining 21 per cent., more than 
half do not ""ceed 900 ten.. In order te deal economically .-with this diversity of tra.ffie, we pro
pOl. that two .1 ...... of lo.omotive Ihould he provided, Vii., 01 .... A having two 4-wheel bogie., 
and Ola •• B having two 8-wheel bogiel. In both .Iaaae. all ""Ies would be driving ""le., and the 
weight per axle would be 18 ten.. Locomotives of ClUB A would be designed for multiple-unit 
working, and two auch locomotives coupled together and controlled by a single driver would be 
uaed for traina of more than 900 ten.. Trains not exceeding soo tens on sections where the ruling 
gradient i. not ateeoper th .... about 1 in IlOO would be hauled by single CJ.asa A locomotivea; train. 
weighing from 600 te 900 tens, and lighter train. on sections where the gradient. are more SlIvero 
than 1 in 200 would be hauled by single 01_ B locomotive.. Alllooomotiv .... of both cl ....... would 
be equipped with the aams motor, which would in all .. aential detaila be identi081l with the motor. 
of the pa .. enger locomotives. 

Th_ Cla .. A and Cia .. B locomotive. would not be .uitable for working ""pre .. good. tr&ino. 
Thoy would not be designed for any higher train .p.ed than 36 miles per hour, and would not bo 
equipped with vacuum pump. for the operation of train brakes. We would propoee, therefore, 
that tho expre •• good. trains Mould be hauled by modified Cl .... B (6-axle) locomobives, referred te 
below U Cl .... Bl, the modification. conaisting only lin an alteration te the ratio of the gearing 
between the moters and the driving axl.., and in the proviaion of an electrically driven vacuum 



pump. The.. modified loeomotivea would be Buit&ble for a maximum train speed of eo miles 
per hour, and would have sufficient tractive ~ffort for all express good. t~&ina &I n~w mad~ up ~n 
all eectiona. Some of them, Il8 already explalDed, would be ueed for hauhng excura.on tra.n .. and 
when neC8le&ry would be fitted with boilers for heating the coach ... 

There are throughout the system a considerable number of shunting locomotives employed in 
the goods yard. at or near the principal stations and for shunting p .... nger traina. W. have 
made a careful study of the question how to carry on thia work most economically under electric 
conditions. At most places there are some tracks which are very aeldom uled by aDy locomotivr. 
and in order to avoid unnecessary expenditure on the overhead line equipment for auch tracu the 
suggestion has been made to employ a suffioient number of battery locomotives Buitable for taking 
power from the overhead line when running on equipped traeb and from the battery when on tracks 
without overhead equipment. Such lOCCWDotives are, however. cOltly and compa.ratively inefficient, 
and in the condition. preva.iling in the yards included in the preoont acheme we consider it 
preferable to equip all tracks on which locomotives may have to run, however oeldom, and provide 
only electnc shunting locomotives of the simplest design. The .. would be of the four·axle double
bogie type, wsighing about 60 tons, and equipped with four 160 h.p. motors, giving a tractive 
effort of about 20,000 Ibs. The control and grouping of the four motors would enable the loco
motives to work economically at the speeds usual in shunting yard., and also at the higher 
speeds necessary when hauling trains from one yard to another, or from the carriage aiding. to 
the termine.l atation •. 

Electrical SIIII..,. and Track Bguip1Tleftt. 
In accordance with the recommendation of the Milllistry of Transport Committee on Electrilica

tion we have aaeumed that. the 1.500 volt. direct curreut system would be adopted. and that the 
track equipmeut would consist of overhead wires with the running raila bonded for tbe return 
cirouit. 

For all running lines the overhead equipment would be of the catenary d .. ign. witb a copper 
section dependling on the di.tance between sub.t .. tions. the number of tracks. the density of the 
traffic .. nd the gradients. The accommodation of the live linea in tunnela and under low bridge. 
has been tbe subject of special study by the Engineer on information wbicb we have supplied We 
are linformed that there are no insuperable difficultie., and his e.timate for the neceasary 
e.lteration. is included in the Capital Eatimates. Table V. The equipment of track. in yard. 
would be of a simpler .. nd cheaper design. aa in such places working .peeds .. re alwaya low. 

Tbe structures supporting the overhead line tend to obscure the view of the 8ignals. especi .. lly 
on tangent track. where the track equipment aa seen from the driring cab of the locomotive 
appears a. a sort of tunnel. Experience on some electrified railways sbows that very little 
alteration to the signals has been neces.ary. but. it i. considered advisable for this electrification 
scheme, on account of the sbort. block sections and the high running speeds, to r .... odel all main 
loine running signus and fit them with Lebby signal lights and on tb. le .. important brancbe. to 
carry out such alteration. and relocation. as might be found nece .. ary. 

As the running rails would form part of the circuit for the traction current, it would no 
longer be possible to use the pre .. nt system of direct current track circuiting. All relaYI and 
littings would therefore be changed for otbers .uitable for operation with alternating current. 
The .upply of powe .. for tIDi. purpose would be provided at the aubstations and distributed by an 
insulated cable. 

All communication circuits which now work with an eartbed return would have to be changed 
over to .. n insulated return. otherwise the traction current returning to the subatationa by the 
rails and the earth would cause serious interference. Apart from this. no extensive alter .. tions. 
such as cabling all the oircuite. would be necess .. ry. a. there would be no high voltage alternating 
current overbead line. along the track. and the ripples in the direct current carried by the contact 
lines would be so sme.ll that there would be no appreciable interference with the transmis.ion of 
speech or signals. It may be mentioned. as be .. ring on tIDia point. that in the m .. in line 
electrification .ch ...... in India and South Africa. in both of which tbe direct current .y.tem i. 
in u .. , it has not been found necesaary to cable the communication circuits which run parallel to 
the electrified lines. The Engineer haa prepared an estimate of the cost of c .. rrying out the 
neceBBary alterations, and his e.timate is included in the item" Alter .. tiona to Ways and Works" 
in Table V. 

Power Supplll and SubBtatio .... 
In accordance with the Committee's instructions. we have assumed for the purpose. of tbi. 

report that the R .. ilway would purchase from the Central Electricity Board all power for traction 
&8 dlirect current at 1.500 volts. and for other purpose. as three-ph a .. or single-phase alternating 
current at 6.600 volte. or other .uitable pr .... urea. and the Board have requested us to base our 
calculations on .. r .. te of O.5d. per unit. subject to the Railway being responsible for the main
tenance and operation of the substations. ...d fM the payment of local ratea, if .. ny. therecn. 
This figure is gUven on tbe &a8umption that the load factor of the total demand would be not 
less than 50 per cent. Our experience with other electric railways shows that ouch a load factor 
would he obtadned. The supply agreement would contain a coal cl .. use providing for .. n increase 
or decrea .. in the price per unit corresponding to a riae or faU in the price of coal; the effect 
of any 8uch adjustment is referred to below on page 46. 

We h .. ve carefully considered the .. rrangements th .. t will have to be made by the Railway for 
m .. intenance and operation, under the .... umption. to wbich we under.tand the Bo .. rd agree, th .. t 
all substation. would be equipped with automamc and remote control apparatus. The complete 
electrified section would be divided into several areas, and in each area ther" would be .. Power 
Control office from which any oonverting set in any substation in the .. rea ",ould be aiarted np or 
.hut down and any feeder switch opened or closed. Each of these offices would be in charge of 
Power Controller. working in sbJifta, and would be connected by pilot circuita to all oubatations 
a!ld track """tioning switch cabin. in the area controlled tberefrom. and by telephone with tbe 
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other olli.... of the organisation and of the trallic control. The pilot circuite would not only 
enable the Power Controller to carry out all DeCeBB&ry operations, but would also indicate to him 
the condimon of the various converting sets and the pOllitions, whether open or closed, of all 
switobea. In the event of any trouble OOOIlrring, the Controller would communicate at once with the 
maintenance steJf. 

A. uziZiary Power 8111'1'1 .... 
Apart from the main converting sete which deal only with the supply of direct current at 

1,Il00 volte for traction purpoooe, each subotation would b. equipped wath one or more static 
transformers for the supply of power for auxiliary purposes, 8uch &8 signalling, station and 
yard ligbting, capstans, cranes and pumping. An insulated cable, running the whole length of the 
track on the m .. in line and on all branch .. would be connected to the auxiliory transforme .. in 
the substations, and would be tapped 'Wherever necessary for the new signal lights and track 
circuit., and for lighting and power purpo.e. at intermediate station •. 

At many place. electric power i. already provided, at other. gas and oil are in u... In the 
former few altsrations would be n ..... ary to adapt the installation to the new supply. In the 
latter, the .tations would have to be wired and the neCOBS&ry switchge ... and fitmngs inst .. ned, 
and in some placea where on the present system the consumption of gas or oil is very small, and 
the annual cost is very low, it would bo dillioult to prove .. ny financial advantage by the conversion. 
This matter has been investigated by the Electrical Engineer for the purpose of this Report, 
and his e.mmatea are included in the Tahles of Capital Outlay and Working Expense •. 

H eal'''1I ana Li,lht,,,,l 0/ PaIBenller Tra ..... 
In all .chemes for the el .... trilication of main line railways, it is neceBB&ry to take into 

aocount the provialon of me .. ns for heating p ..... nger coaches in place of the ste .. m previously 
8upplied by the locomotive boiler. The most natur .. 1 method is to fit all eo&che. with electric 
he .. tors, and this i. alwaY8 done on multiple-unit trains. It would, however, be aj long time 
bofore all main line .tock could be so fitted, ... , due to interchange of tr .. flic on different lines, 
there are on many trains coache. from othe~ railways. There i. &Iso the poesibility that 
coach.. normally in U88 on the eleotrified sections m .. y h .. ve to run on to Lin.. ..here 
there is not enougb traffic to justify electrification. It is cl ... r, therefore, that provision must be 
made for .upplying steam for heating, and the present heate .. must bo ret .. ined on all the 
Company'. ooaches which may still at times be hauled by .team locomotives. 

All electric locomotive. uaed for hauling passenger train. would, therefore, be fitted with a 
boiler of suitable capacity. Such a boiler may be fired by coke or oil fuel, or may be electric. 
The latter is rather more expensive in running -cost, but un view of its advantages in rega.rd to 
cleanliness, simplicity and abaence of fire risk, it is, in our opinioD, to be preferred. The alterna.
tive would be to attach to the locomotive during the winter months a apeeial wagon :fitted with 
a ooke, or oil-fired boiler, but this would be very inoonvenient from the trallic point of view, 
especially at terminal Btationa. 

FOl· the multiple-unit atook which does not run off the electrified iJinea, .. nd which always has a 
8upply of power available, there would be no objection to electric heating, a.nd provision is made in 
the estimates for wiring and fitting all multiple·unit eo ... h .. with Bu.table heaters. 

For the lighting of passenger trains we should propose to retain the present .ystem exoept on 
the multiple stock which would bo wired for t .. king supply from the motor coaches in accordanoe 
with the usual practice. I 

Item. 
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TABLE V. 

EBTIJUTBS 0" CAPITAL EXPKNDlTURB. 

E:r;c/utlinll S"'Pendit ..... on Locomoli" .. "rod Multiple Unit Train Bqu'pm ... ". 

Description. 

Track equipment of 1856·62 milea of running track. and 
589,26 mile. of aiding., including bonding, Bwitch 
cabins, feeder connections, auxiliary power cable and 
pilot and telephone lines. I 

Alterationa to Way. and Worka: 
B, Tunnel., bridge. and structures 
b. Telegraph> and Talephonea .•• 
c. Signall ... ... •.. ... 
d. Track circuita... ... . .. 

Alterationa to running ahedl and repair shopa .•• ... 
Control and maintenance officea, electrical stores depots 

anJ ltaff quartere. 
Spare parte and material for locomotives, mUltiple-unit 

train equipmenta, t.raclr: equipm8n~ and aub-stationl. 
Alteration. to .ziating au:r.iliary power and lighting 

installation .. 
Contingencies, eDgineering up8nle8 and interel" on 

capital during construction. 

Total 

Estimated Cost. 

165,028 
49,689 

286,48~ 
87,200 

£ 
5,542,400* 

688,349 
118,000 
48,500 

246,000 

119,074 

756,000 

£7,417,828 

• Th" eatimate ia calculated on a basis price for copper of £70 per ton, and is lubject to adjustment 
at t.be rate.1 £13,800 for every £1 per ton by which the basis price differ. from £70. 
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Bat;".,.' .. 01 CaplUJl B~erJd'w.r .. 
The estimates of capital expenditure, excluding that on locomotivea .... d multipJ.uni~ t.r&in 

equipment.&, are set out in detail in Table V. In the following paragrapha are given notes on 
the· various li1iemL 

Item 1.-Tracl: equipment.-Full particularo of the lin .. to be equipped have alrea.d7 been 
given in Table I •• and we have prepared our eatimatee on this baois, uaing eohedu1e ratea taken 
from recent cantracto for aimilar work of large magnitude. adapted for the conditiona of manu· 
facture and erection in thia country. Adequate allowancea have been made for the speoi .. 1 work 
at all junctions, bridges, eto. The cost under this item includea the overhead line. Itructurea and 
foundations, tracl: bonding. the feede .. from the .ubstations, the tracl: aectioning .witch cabina 
.. nd connections thereto. the auxili .. ry power dJistributing cable. and tbe pilot .. nd telephone 
line. for power OOJltrol. 

Item lI.-Alter .. tions to Waya and Works. The eatimates set out in Table V. are tho .. supplied 
to UB by the Engineer. 

Item B.-Alterations to Running Sheda and Repair Sbopa.-Minor alterations would be re
quired at the Doncaoter locomotive worb for dealing with electrical repaira of tb.e locomotivea 
during heavy overbaul. and certain running sheda would b. adapted for inspection and ligbt 
repaira of locomotivea during tbe lie-over p.riod.. Proviaion would have to be mad. for 
inapecbion and m .. intenance of the multiple-unit traina. and w. have included an allowance in 
the eatimate under this item for two new running sheda suitable for thie cl .... of rolling atock. 

Item 4.-{lontrol and Maintenance OfIioes, Electrical Storea Dep6te and Staff Quarter .. -
New office buildinga would be required at tbe headquartera of the orgBoniaation inatituted to take 
charge of the maintenanoe Bond operBotion of the .ubatationa Bond the maintenBonce of the tra.clt 
equipment. In theee buildinga there would be accollllJlodBotion for the oontrol awitchboard. 
offices for the engineers and th.ir technical Bond clerical stall. me.. room. and .tore.. Othor 
buildings would be required at varioua centrea to hou .. the track equipm.nt Bond Bubatation 
spares ... nd a proviaional sum ;.. included for stal! quarters in ca .. adequate housing accommo· 
dation i. not availBoble at all the pointe wh.re tbe n.w stall will be .tation.d. 

Item 6.-Spare PBorte and M .. terial for Locomotiv ... Multiple-unit Train Equipment.&, Track 
Equipment and Substations.-All material used for maintenance ie ehargeable ag .. inat revenue. but 
tbe initi .. 1 atooks whieh are provided muat ba included in tbe capital eatim .. te.. We h .. ve therefore 
included under this item tbe cost of .pare p .. rte for the electric locomotive. and trains. 
materials sucb ... inBulaters, fittinga. oopper and steel wire ... nd a number of standard atructur ... 
bonds, etc.. for the maintenance of the track equipment, and spare parte for the aub.tetions, for 
tbe moAotenance of whieh the Railway will be responaible. 

Item 6.-Alter .. tions to Exiating Auxili .. ry Power and Lighting In.t .. llation .. -The eatimate 
under this item hao been worked out for this Report by the Electrical Engineer. 

Item 7.-{lontingencies. Engineering Exp.n .... and Intereat on Capitel during Oona£ruction.
Undar this item an allowance of £280,000 ia included te provide for unforeeeen expenditure. a 
sum of £220.000 for engineering and adminiatr .. tion coats, and £260.000 for inter .. t at I'> per cent. 
per annum on capit .. 1 outlay during the construobion period balore each part of the complete 
acheme come. inte beneficial use. 

Tot .. 1 Oro .. Oapital Expenditure.-Tbe total gro88 capital expenditure excluding that on 
locomotive. and multiple-unit train equipments. '. £7.417.323. 

Number and Co.e DJ Locomoei" ... 
It ha. frequently been stated in regard to &ehemea for mBoin line electrification thet the coal 

of tbe electric locomotivea required should not be included in the capital expenditure, on the 
ground that they would merely diapl .. ce .. number of ateam looomotive. of approximately equal 
total value whieh could be tr .. naferred te otber aection. of the Railway and utilieed thore te 
meet the dam&nda of growing traffic. or to take tbe place of other locomotives due for .. rapping 
under the normal renewal programme. It i •. not aafe to make this aBBumption witbout inv .. tig .... 
tion of the circumatancee in eeeh case. In 80me &ehemee for which sueh inveatigation haa been 
m .. de. tbe estim .. ted credit value of the steam locomotiv .. haa been greater then that of the 
electric locomotivea. 

The number of electric locomotives te ba included in an electrification aeheme liB lOI111etimea 
estimated on the baais of the mile .. ge whicb such locomotive. can work per &Dnum. It ie well 
known, from practica.l ezperience, that electric locomotives can do, OD the average, mileageB of 
70,000 te 100.000 per annum. Such a method of calculation ia. however. too general to be sati .. 
factory for an1 particular echeme. We have. therefore, arr .. nged with the Railway thet the 
numbers of electric locomotivea of tbe dillerent c1aseea and multiple-unit trains required for 
actual service. sbould be eBtimated from the revised time tabl ... to whieh reference haa been made 
.. bove. 

Thia haa been done by the Superintendent's Department wbo have prepared new engine work
ing. and calculated therefrom the number of locomotivea of each cl ..... adding tberete the number 
required for spacials, excuraion traans, and trains ron in duplicate. To the number 10 obtained 
we have added the n ....... '1 aIlow .. nce for apares, inBpection and running repairs, .. nd heevy 
repairs, auch .. lIowance being b .... d on the experience of electrified r .. i1w .. ys already in operation. 
The number of shunting locomotives required for aervice hao been agreed with the Railway. and 
for ballaating and departmental train. we have .. lIowed 16 electrio againat iO ateam looomotivea. 
A complete list ia given in T .. ble VI. 

Tbe prices for the locomotives of eeeh c1aaa and of the multiple-unit equipment. have beeD 
eatimated by us, on the experience of recent contracta. talring into account the dilferonce between 
prices for the home market and for export ... nd the ef!oct on manufacturing ooata of tbe I .. rge 
number required. The latter is an important considerabion. eapeciaUy if. sa we propoae. 
st .. ndardi ... d deaign. ..re adopted for all locomotivee in respect of traction moters, control 



apparatuB and auxiliary machines mch as exbausters and oompreasorL For uample, OD the 
locomotiv .. enumerated in Tabl. VI., ""eluding the ebunting lOOQIIIotive., there would be 1,'90 
tractiou moton identical in all _ntial respecte, about 8,500 unit awikheo, and 10 OD. Assuming 
that this eobome i. only one section of .. general electrilication of the Railways in thi. DOuntry, 
it .... ould be poeaih\e to arrange for """nomical method. of manufacture of the large quantitiea 
required. n i .... umed that the mechanical portions would be bwilt in the Railway'l 10C<llllOtive 
workshop., and that the eleetrical equipmenta would be purchaeed. As a check on our own 
eatima,""- pri .... have been obtained fr<llD e1eetrioal manuf&etnre.., and we think the estimatea 
can be acoepted ... reliable. 

The lilt of steam locomotivea releaaed in conaequence of electrification i. given in Tabl. VII., 
together with the total amount to he pro",ded for their renewal in accordance with the Chief 
Accountant'. calculation., namely, £3,998,298. Comparing this figure with the total in Table VI. 
for electric locomotives, riL, £5,50'1,090, and assuming that it iB correct to regard the renewa.l 
value of steam locomotives as the credit value (taking into account the fact that steam locomotive. 
of an average age of between 21 and l!!l years would he replaced by new electric locomotive.), 
there would be a balance of £1,508, '191! Capital Expenditure chargeable against electrification. 

TABLE VI. 

NlIlIBBB AND CoaT O. ELlm'RIC LoooJlOTlVE AND MULTIPLB UNIT TRAIN EQOIPIOINTS. 

Item. Number. Description. Rate. Total. 

--r-- ---
£ £ 

1 SS PU8S8nger locomotives ... . .. .. 16,250 568,750 
1 S58 :Motor coach equipments .. , ... (il 5,130 1,323,540 
S 516 Trailer coach equipmenta ... ... (ii) 420 216,720 
4 178 Class A goods locomoti vas ... ... 7,860 1,399,080 
5 32 CI ... B do. do. ... .. , 11,570 370,240 
6 28 Class B1 mixed traffic locomotives ,.. 11,490 321,720 
i 14 Cl ... Bl do do. do. with 12,000 

I 
168,000 

boilers. 
8 75 Shunting locomotives for goods yards 7,080 531,000 
9 63 do. do. for p888enger train 7,780 490,140 

8hunting. 
1(1 16 CIa.. A locomotives for bnllasting and 7,860 117,900 

departmental trains. 
. . 

Total ... ... ... .., £5,507,900 

NOT8.--(i) This price includee the E"xtra cost of providing motor bogies instead of ordinary carriage 
bogies, and wiring and fitting coaches for electric heaters. 

(H) This price includes the cost of alterations to the coach bodies, and wiring and fitting 
coaches for electric heaters. 

TABLE VII. 

N11JIBB, TYPII, Aaa AND EeTlJlATBD NB'IT IIBNBWAL VOLUB OP STBAM LOCOMOTIVIS D1BPLACBO BY 
ElEl'lUrtCATION. 

----_._--

Number. Type. Average Age. Estimated NC1tt ReDE'wal 
Value. 

35 4-6-2 Tender 4·96 years 
23 4-6-0 .. ~O'23 .. 
80 4-4-2 .. 23·66 .. 
96 4-4-0 27'28 
2 2-8-1 4·50 .. 

133 2-8-0 .. 11·98 
82 2-6-0 .. 8'64 .. 
27 0-8-0 .. 23·03 .. 

2'.13 n.6-0 .. 22·82 .. 
1 Steam Rail Motor 1·08 .. 
8 4-8-0 Tank 11·50 .. £3,998,298 
I 4-8-2 .. 15·31 .. 

18 4-4-2 .. 2A'IS .. 
II 2-6-4 .. 13·80 
9 0-8-2 .. 24·08 .. 
1 0-&-4 .. 24·83 .. 

17 0-6-2 .. 12'46 
169 0-8-0 .. 31·34 .. 

t 0-4-4 .. 119'41 .. 
926 

- .. --



42 

An alternative method of consideramon i. to baae the 81timate of credit on the annual 
e"'penditure by the Company on complete renewals of locomotives. The number renewed &Dd the 
cost of such renewals during recent years are aa follow.:-

Year. 1925. 1026. 1021. 1028. 1929. 

Number renewed 148 ll6 126 160 110 
£ £ £ B f) 

Expenditure OD renewals, including 678.450 446.849 406.61; 592.970 (48.8RO 
proportion of Bupervision and shop 
expen.sea. 

-- ------
On the .. ver .. ge during the y.ar. 1926 to 1929 inclusiv •• 132 locomotives p.r &DDUm have been 

renewed .. t a. cost of .£514,761, this number r'preaanting 1.8 p.r cent. of the total stock of .. bout 
7.400. It may b. a .. umed th .. t the el.ctric locomotives will begin to displ .. ce .team 10000000tiv •• 
two y ..... after the start of construction, and that all the 926 steam locomotive. will have been 
displaced three y ..... lat.r. During the .. three yea .. there will be an .",penditur. of £1,83&,607 
per annum on .I.ctric locomotives and nothing on ren.wals of .team locomotive.. Failing 
.l.ctrification the usual .xp.nditur. on renewals, viz., £514.767 p.r annum, would continu •. 
Assuming that obsole""""ce or scrapping of steam locomotive. in .. rvice continue. a.t tb. rate of 
132 p.r a.nnum. tb.r. would b. no need to begin ste .. m locomotives r.n.wals .. ga.in for 7 y.ars. 

Allowing compound interest at 5 per cent. the s .. ving of this annual amount for 1 yea .. i • 
• quival.nt to .. aaving of £1.094,000 per annum for 3 y.a.... Th. n.t expenditure on locomotiv.s 
is, th.refor., £741,697 per annum (i.e., £1.836.697 minus £1,094,000) for 3 y.ars, i.e., a total of 
£2.225.090 charg.abl. against electrification. 

It will be noted that the av.rag. r .. te of r.n.wal of steam locomotiv ... Vii., 1.8 per c.nt. p.r 
annum is a good deal le .. than the rate based on the .. ccepted life of 331 yeara. i. .... 3 per cent. 
If the I .. tter figure w.r. worked to, the numb.r r.placed annually would be about 222. and .... um· 
ing the .am. av.rag. price per locomotiv. the annu .. 1 .xp.nditur. would be £866,000. At thi. 
rate renew .. l. would begin ag .. in a.fter 4.16 y ..... , .. nd on this ba.sia the amount chargeabl. againat 
electrific .. tion would be about £2.000,000. 

Opinions m .. y differ as to which of these methods of estimation should be adopted, but w. 
think that taking all the circumstances into account it would be reasonable to debit the electrifica
tion scheme with a capit&1 expenditure of £2.000,000 in re.pect of the electric locomotive. and 
'llultiple-unit train equipment •• 

Vredit. lor Relea.ed .;1,,01. oth .. than Steam Locomotw ... 

Electrification will result in the r.lease of certain building., plant and machinery. and other 
a ... ts now required in connection with .team operation. and the Cbief Accountant ha. supplied 
us with their value.. Some item. would be wholly dlispen.ed with, .... for exampl ••• tocD of coal 
for locomotive purposes. but other •• e.g., locomotive workshop. and running shed., would .till be 
utilis.d, though to a amaller extent, under electric conditions. In such c ... es we have made the 
necessary adjustments to the figures. and the firat column of Table VIII. show. the value of the 
portion of e&cb item which would b. releaoed, after allowing for the r.quirements of the electric 
serwces. 

The item. may be divided into three group&-(a) tho •• which are reali.abl. to their full 
value, (b) those on which .om. proportion of their book value or renewal value i. recoverable. nnd 
<c) those for which no practicable amount would he reali .. d. Th. total of group (a) i. £51&,IlOO. 
ana this amount must be credited in full. The total of group (b) i. £329,000. We have oonsidered 
with the Chief Account&nt what credit value should be taken for each of the item. in thi. group. 
and the figures are given in the second column of Table VIII., the total being £266,000. The total 
of group (c) is £287.000, but we see no reason to assign any credit value to any of the item8 in 
this group. 

The figures include a credit for 1.296 locomotiv. coal wagons which would be rele ... ed for uoe 
in other services. There would &lso be sorne reduction in the number of companies' and traders' 
wagons due to the saving in running time which lLlDount. to 4,900,000 wagon bour. per annum. 
It is. however, difficult to make an actual estimate of this reduction, and no credit h .... therefore. 
been taken on this acoou ut. 

Net Uapital Outla1/. 

Addling to the gro .. c .. pital outlay as given in Table V .• the amount chargeable for loco
motives, and deducting the credit .... set out in Table VIII., the net capital outlay i. obt&ined. 
The figur •• are contained in Table IX .• which shows that the net total is £8,646.323. 

W or"intJ E.", ....... 

The working expense. with steam operation are set out in the first col umn of Table X., and 
are in accordance with information supplied to us by the Chief Accountant. The figures are 
ba.sed on the actual costs for the year 19119, with an incr ..... of 2i per cent. on the wages to 
correspond with the rate. now ,;n foroo_ The costa under Item I, Locomotive fuel. are calculated 
on the present price of coal .. nd are .ubject to variation .. s the prioo vari8l; for each ahilling 
per ton ri .. or faU the total under this item would b. increased or decreased by £;10.012. The 
various items of working expen ... with electric operation are set out in the ...and column of the 
same Tabl.. The foUowoing notes will explain how these estimates have been prepared. 

Item I.-Electric Power.-The cost of power is the largest item in the working expen_ with 
electric operation, and it is therefore import&nt that the figure. should b. accurately estimated. 



TABLE VIII. 

LIBT .urn V ALUBI! ow Assms DIBPLACIID By ELBUl'BIPICATIOIf. 

I Book Value 
Item. I Description. or Credit 

i Replacement \' alue. 
Value. 

i 

£ £ 
GROUP 95 coaches released by acceleration of service ... ... 85,000 85,000 

(a) 1,296 locomoti ve coal w':gon. ... ... . .. ... . .. 168,000 168,000 
Locomotive Bpare parts ... ... ... . .. ... . .. 200,000 200,000 
Coal stock ... ... ... . .. ... . .. ... . .. 62,000 62,000 

515,000 515,000 

GR01JP Surplus plant and machinery in locomotive workshops ... 95,000 85,000 
(b) Plant and machinery in Burplus running aheds and pump· 48,000 43,000 

houses. 
Surplus permanent way at locomotive workshops ... . .. 4,000 1,000 
Permanent way at surplus running aheds ... ... ... 41,000 7,000 
Coaling appliances ... ... ... ... ... ... 20,000 18.000 
Train lighting Beta ... . .. ... ... ... ... 113,000 102,000 

321,000 256,000 

GROUP Land at locomotive workshops (portion) and 8urplua running 25,000 -
(c) abed .. 

Locomotive workshop buildings (portion) ... ... . .. 49.000 -
Surpiu8 running ahed buildings ... ... ... ... 124,000 -
Surplus pumphouaes, water-tank., water mains, etc. ... 77,000 -
Turntabl .. ... ... ... ... ... ... ... 12,000 -

287,000 -
Total Credit ... - £771,000 

TABLE IX. 

N..., CAPll'AL OUTLAY. 

GroBS capital outlay (exoluding locomotives and multiple unit train equipments), 
Table V. 

£ 
7,417,323 
2,000,000 Charge for locomotive. and train equipmenta ... 

L ... credit Table VIII 

Net capital outla, 

£9,417,323 
771,000 

£8,646,323 
______________ .. ______ --1-____ _ 

The principal b&8i. of the calculation i. the a .. uwed tractive resi.tanoe for each cl&S8 of roll'ng 
stock, locomotives, p&S8enger coaches, and wagons with va.rious tares and loads, under the 
different condition. of .peed appropriate to each cIa... We ha.ve made a .pecial study of tbi. 
subject in the last i6 years, during which we have been connected Wlith various railwa.y electrifica
tion schemes, and have collected a l&l'ge amount of information, partly from special teata and 
operating experience on tbe •• railway. and pn rtly from published nnd unpublished records of 
experience OD other railways. We are confident, therefore, that -the assumptions we have ma.de are 
aubstantially correct. On the baaia of theae figures, aa applied to tbe statisbica of engine mile. 
and trailing ton mile., we bave oalculated the annual energy consumption, and bave added allow
ance. for unbocked traffio delaye, for bad weather conditiona and for beating and lighting the 
p ...... ng.r train.. Tbe coats in tb. Table a .... derived from th ... calculation. by mUltiplying the 
number of untita by the price per unit referred to above and, &8 already mentioned, are subject 
to variation in the price of coal, a riae or fall of one shilling per ton corresponding to an increase 
or decrease in the tot&! for thi. item of £lO,CiIi6. 

It will he noted that tbe co.t of power for pa880nger and goods train. i. bigber than tbe ooot 
of locomotive fuel, but that for shunting and departmental traffic there i. a considerable B&ving 
by .Isctrification. Thi, difference i. partly accounted for by the large reduction in abed 
sbunting, but mainly by tbe economy of operation of electric .hunting engine. in good. yard. and 
passenger aidings &a compared wdth the low efficiency under such conditions of steam IOOOlIlotivee. 
Tbe .. ar ... of oourae, no complete record. of the actual work, in ton mileag ... carried out by 
shunting locomotive.; and in ord.r that there .hould be no room for criticism of the calculated cost 
of electrio energy for this "rork a special investigation was made at our request &8 to the average 
load moved, the aver!'ge length of shunt, and the average speed, of several enginel in yards 
aelect"d aa representatIve of all the good. yards on the system. Th. r .... lts of this investigation 
ha.v. been ueed ... the baoi. for the caloulation of ton mileage for goods sbunting by ahunting 
eogin ... 



TABLE X, 

COIlPARATIVII WORKINO Ex ..... sB8. STllAM A"D ELIIOTBIO, 

--1----- - ---

ltem·1 ~ __ Steam. 
~-,------______ I ___ .-

1 Locomotive fuel (,including haulage 
handling) or electric power:

Pa8880ger traffic 
Goods traffic ••. 

aDd £ 

171.683 
247,918 
106,368 

£ I £ £ 

I 261,000 

2 

3 

5 

Shunting and departmental traffic 

Water for locomotive purposes:_ 
Psuenger traffio 
Goods traffic ... 
Shunting and departmental traffic 

Lubricants for locomotives:
Passenger traffic 
Goods traffic ... 
Shunting and departmental traffic 

Locomotive stores, clothing and miscel-
laneou8:

Passenger traffic 
Goods traffic, .. 
Shunting and departmental traffic 

Drive-rs' and Firemen's wages aod allowances, I 
including relief and shed drivers and 
holidays:-

Passenger traffic 
Goods traffic ... 
Shunting and departmental traffic 

Locomotive cleaning, boiler wBshing shed 
and yard services:

Passenger traffic 
Goods traffic ... 
Shunting and departmental traffic 

7 Supervision :-
Passenger traffic 
Goods traffic ... 
Shunting and departmental traffic 

8 Locomotive repairs:-

9 

10 
II 

PaB8en~er traffic 
Goods traffic ... 
Shunting and departmental traffic 

Maintenance of engine sheds, watering 
a.ppliances, etc. :

Passenger traffic 
Goods traffic ... 
Shunting and departmental. traffic 

Maintenance of train lighting sets ... 
Wages of guo.rds, including allowances:

Passenger traffic 
Goods traffic ... 

12 National Insurance, workmen'a compensa-
tion, snporannuation and pension •. 

la Maintenance and operation of 8ub .. tatioDS 
14 Maintenance of track equipment 
15 Auxiliary power .upplies and mainten-

16 

ance:
Electric power 
Ga •.. , 
Oil 
Hydraulic .. , 

Depreciation !
LocomotiveB ... 
Track equipment 

Total 

.~. 

Difference in favour of electrification ... 

12,200 
17,600 
7.808 

4,2~3 
4,M5 
2,121 

16,321 
17,334 
10,021 

149,1l50 
305,894 
215,821 

41,674 
44,168 
25.488 

10,786 
11,119 

6.490 

136,076 
209,697 
93,020 

5,442 
5,794 
3,296 

40,201 
128.944 

63.196 
42.676 
5,l1S 
2.500 

55.965 

524,869 

37,108 

10,909 

43,676 

671.665 

111.220 

28,395 

438.693 

14532 
17,028 

169.146 
82,218 

103,487 

55.965 

£2,258,910 

2~3,830 

42.900 

300 

1,770 
1,680 

680 

8,740 
9,270 
6,450 

84,406 
125,089 
108,969 

11,570 
17,800 
10,200 

7.000 
7,200 
4,2()O 

77,480 
75,670 
34,270 

2,170 
2,310 
1,320 

34,722 
100,670 

72,750 
81.150 

686.620 

300 

3,880 

23,460 

818,464 

89.670 

18.400 

187.420 

5.800 

140,302 
14.900 

85,800 
97.880 

57,994 

103,900 

£1,634.280 

£624,630 



Item I.-Water for Locomotiv. Purpo ..... -Th. expenditure on water for loeomotive purpoee. 
app.aring in the .team working co.to includ .. th. ooet of water purchaeed, and th. workiDg costa 
and r'pairs and r.new&l. of the Railway-own.d pumping stations and plant. It &Iso includ.s 
th. lI ...... ary .xp.nditur. on water oranes &Dd ~olumns. T~ tigur .. !.Iate to water for locomotive 
purpo ... only, &Dd do not includ. any suppl., .. for ~rnag •. wash~ng &Dd other pur~oa... :rh. 
only water requir.d for locomotiv. purpose. w,th .lectrIC worklDg WIll be that for heat,ng tram •. 
Thi. wall 6. a r.lativ.ly amall quantity, and could b. tak.n from th. sam •• ources as that for 
oarri&ll' ... ashing, .tc. Pr .. ctically th. whol. of the .xpenditur. on w .. ter for locomotiv. purposes 
... ould thus be .liminated. 

Item 3.-Lubricante.-The costa und.r this item bave been .stimated from experience with 
.I.otric locomotiv.s of .imilar de.igns, and mulbiple-unit traiDs, 011 .. number of railways that 
have beell in operation for .om. year •. 

Item 4.-Loeomotiv. Stores, Clothing and Miscell&D.ous.-The locomotiv. stor.s are tho ... 
r.quired for cleaning looomotives, boiler washiDg, tirelighting, and tub. cl.aning, eng,;ne lamps, 
tools and tittings and s .. nd. . Th.re ... il~ b. r.d~~ion. in re~pect of c1.aning material, lamps, ~ol • 
.. nd tittiDg., &Dd boiler w .. shIDg, .~., w,ll be .hmm .. ted. W,th .. reduced perooDll.I the expend,ture 
on clothing should be correspondmgly reduced. 

The item .. mi.ceUaneoul" includ .. lighting of running sheds on which th.re should be .. 
• ubetanti&l reduction as ... number of the existing sheds would no long.r be us.d, and other 
gener .. 1 ch .. rges ... hich would not be mat.ri .. lly alter.d. 

Item !I.-Driv.rs' .. nd F'r.men's Wages.-The .. COlto have be.n estimated by the Superin
tend.nt in con.ult .. tion ... ith the Chief Accounta.nt from the r.vised time tables showing .lectric 
working. Allowances have been included based on actu&l r.sulta with steam workiDg adapted to 
electrio condition., for overtim., relief and sh.d drivers, and holiday.. With the elimination of 
the coal-tir.d boil.rs, there ... ould no long.r be any n ..... ity to provide two men on each loco
motive; the equipment requires no attention during running, &Dd one ma.n is sufficient for the 
auti .. of driving. It i. alr.adr cu.tomary to put one man in control of multiple-undt electric 
train., and on electrified m .. in hne. on the Oontinent the principle i. being extend.d to .. n trains 

'excepting the long di.tance pas ... ng.r expre..... To aafeguard the train 'n the ev.nt of the 
motorm .. n or driv.r being taken ill, a. "d.ad ma.n handl." would be provided, wbich would 
automatioally cut off the po .... r .. nd apply the brak... Thi. device i. ..vailable in different 
de.ignl ,.uitable for Buburb .. n multiple-unit trwin., .. nd for .lectric locomotives. The .stimates 
h .. ve been worked out on the ... sumption that there would be a single driver on .ach multiple
unit tr .. in, good. train .. nd .hunting locomotive, but that there would be two men on each 
looomotive~hauled p8.BAenger tra.in, though the second man need not necessarily be on the locomotive 
the whole of hi. time. 

Item G.-Locomotive C1e .. ning, Boiler Washing, Shed and Yard Services.-We have worked out 
the estimate for W&lle. for cleaning electric loeomotive. which will be substantially les. than the 
oorreaponding co.t for steam locomotiv •• , p .. rtly on account of the reduced number (the multiple
unit train requiring nothing .peci .. l apart from the ordinary carriage cleaning), .. nd partly 
due to the eilimination of coa.! and steam. The boiler waehing will be eliminated. Th •• h.d and 
ya.rd service8 include wages in connection with engine lamps and tools, sanding expenses, stores 
iBSuing, regulation of enginemen's duties, a.nd general labour, on all of which there will be some, 
though not conliderable, reduction. 

Item 7.-Supervi.ion.-Under thds item are included the wage. and expense. at looomotiv. 
running sheds of in.pectors, foremen, clerk. and time-keeper.. With .. reduction in the number 
of shed. in u .... nd in the number of drivers and tiremen, there will be .. proportion .. te aaving 
under thi. head. 

Item 8.-Locomotive IWp .. ir •. -There is a copaidera.ble body of information ... to the co.t of 
electric locomotive repair .. a good de&l of which h ... not been publiahed, but h .. s been given to u. 
priv .. tely. On the b ... i. of this information we have m .. de .. careful estimate for the pre .. nt 
aoheme, and have included under this item materials, labour, supervision, shop expenses and 
upkeep of pl .. nt, for runniDg repair. and for periodical heavy overhaul. Provision has been 
m .. d. for the renewal of parts .ubject to we .. r or deterioration thoughout .. n assumed life of 
33i y ...... 

Item D.-Maintenance of Engine Sheds, Watering Appliance., etc.-Under this item are 
included the co.t of w .. ges .. nd materia.! for the maintenance of the civil engineering portion of 
engiDe .heds, workshops, turnt .. ble. and other locomotive f"ciliti.... Due to the reduction in the 
number of locomotiv,,~, and t~e sm .. ll.r .amount of rep .. ir work neossaary with electric working, 
.. n~mber of sh.ds w,ll be ~,.pen.ed WIth, .. nd some p .. rt of the ~orkshop. will no longer be 
reqUIred. The turntable. WIll no longer be neoesaary, as the elect",c looomotiv8B can be driven 
equally well in either direction. Taking the.. con.ideration. into account, we have made an 
e.tim .. te on the b ... i. of the COlt of steam working of the figure for electric workiDg. 

Item IO.-M .. intenance of Train Lighting Set •. -With the oonversion of .. l .. rge number of 
paaaenger ooaches for operation in multiple-unit train., the expenditure on the maintenance of 
the dynamos and acoumulatora on th ... ooacbe. would no longer he incurred. 

Item n.-w .. g .. of Gu .. rda.-Due to the speeding up of the I ... important passenger train. 
and the gobds trains, there would be .. aaving ID r .. poet of guard.' wag... The cost. under electric 
workiDg ha.ve been estimated f"" u. by the Superintendent iD conauitatiOlD with th<l Cbief 
Accountant, and are given in the Table ... reoeh"d. 
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Item a.-National Insurance, Workmen'. Oompenoation, Superannuation and P.naio .... -The 
expenditure und.r thi. item i. in connection with driv.r. and 6 ....... n, all atall employed 011. th. 
maintenance of eoginea, whether in th •• hode or in the workabopa, and guards. W. have baled 
the estimate for electric working on the expenditure for .team working, taking into aoeoun' the 
reduction in the number of men required. 

Item lB.-Maintenance and Op.ration of Subotation •. -W. have worked out the complete 
organioation for tbe mlllintenance and operatioll. of the .ubBtations, and have estimated the .up.r· 
vision and labour costa from information ao to .tandard rates of pay .upplied to u.. We have 
aloo included a lib.ral estimate of the coat of materials required for maintenance purpo .... 

Item H.-Maintenance of Track Equipm.nt.-Similarly for the track equipm.nt we have 
work.d out a switable organisation based on ""perience gathered from a number of electri6ed 
railways, and have calcula.ted therefrom the cost of supervision and labour. The amount of 
material required for maintenance i. normally quite emall, but we have thought it prud.nt to 
make allowa.nce for the complete renewal of all the contact wire. every 110 years. These are the 
only wires subject to wear and tear. 

Item 16.-Auxiliary Power Suppliea.-Information ba.o been compiled for us ao to the power 
required for auxihiary purpose., including the installations (railway station and yard lighting, 
cranes, capstan.. etc.), where electricity is already employed, and for others where gas, oil 
and hydraulic pow.r are now ueed, and which would b. converted. The maintenanoo cosle under 
this item have been estimated for us by the Electriea.l Engineer'. Department. 

Item 16.-Depreeiation.-We have calculated th. annual amounts to b. set asid. for depr.cia
mon of the track equipment and electric locomotives on a sinking fund hasil, ta.king compound 
interest at 4. per cent. per annum, as assumed by the Chi.f Accountant in preparing tbe 6gure. 
for stea.rn working. 

For the electric loeomotivee and multiple-unit trlllin equipmenle we have ta.ken a life of 331 
years (the same as aosomed for steam locomotiv.s), and this requires an annual payment, on the 
basis mentioned above, of 11 per cent. on the first cost, leas ecra.p v&lue. 

For the line equ'pm.nt, consisting mainly of copp.r wir.s, steel atructur.s, copper rail bonds. 
and a sma.ll amount of insulated cabl •• w. have aosumed a life of 110 y.ars. i. •.• 0.66 p.r oont. on 
tli. :first cost I ... scrap value. For the track sectioning switches we have t8.ken a life of 331 years. 
i .•.• It per cent. on the 6rst cost, the scrap value of this item being negligible. 

SU1J'IA1IQA"1I of OompartUwe Wor"img g.,pem", and the F ..... ncial Ruull. 

It will he seen from Table X. that the total of the compara.ble item. of working expen888 
with steam operation ia £2.268,910, and with electric working £1,634,280. The annual saving due 
to electri6cation is therefore £6~630. This is equal to 7.211 per cent. on the net capital 
""penditure of £8,646,323. and i. a.vailable for payment of interest and any addlitional loca.l ra.tea 
for which the !tailway mal' he Ii&ble in respect of the substa.tion. and the track equipment. For 
any vari&tion in the price of coal from present rate .. the &Dnual oaving will be affected to th. 
extent of a.n increase or decrease of £ 19.464 for each shilhing increase or decreaao in the prioo 
per ton, equiva.l.nt to 0.226 per cent. on the net capital expenditure. 

In carrying out thia investigation we have kept throughout in cloae touch with the offic .. r. 
of the !tailwa.y, who. a.t the expense of much hard work, bave prepa.red &11 neee .. ary statistics 
of traffic. estimates of altera.tions to W&ys and works. steam working oosts and valuamon of aaaele. 
They have aloo dra.wn up revieed time tables for electric working. have calculated for us 011. the 
baois of this revision two important items of the electric working costa, and have a.dviaed u. as 
to the number of .Iectric locomotives of dlillerent classes nOOO8sary for dealing with the traffic. 
We wish to expreaa our appreci&tion of the way in which thi. work has been done. 

MERZ AND McLELLAN. 
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Tu SBCRBrABY. 

RAILWAY EUlCl'BDICATION COIUIITnIIL 

SIB. 

We beg to submit herewith our Report on the electrification of a portion of tbe London. 
Midland and Scottish Railway. which we have investigated in collaboration witb the railway 
officials in accordance with the Committee's instruction.. Tb. ech.me .... Bugg •• ted by tb. Oom
pany'. repreaentative. and approved by the Committee. includes tbe main lin~ from Cre .... to 
Carlisl •• the line from Weaver Junction to Lime Street. Liv.rpool. and oertain loops aDd minor 
branches conn.cted with tbe main lin.. This section is one ... itb oertain rath.r heavy gradient. 
and has a traffic density above the av.rage-both factora usually favourable to electrification. 

The Report give. full particul .... of the traffio to be dealt with. the 8ub-division between 
steam and electric working of the traffic on the electrified sections, the proposed acceler .. tion. for 
.. 11 cl ..... s of tr .. ffic. estimates of gross and nett capital outlay on el.ctrification. comparativ. 
estimates of steam and el.ctrical operation and the financial r.sult based on these figures. 

Summarised very hriefly. the figures Itre ... follows:
Total route mileag •• about ... 
Total Bingle track mileage. including yards and sidings. about ... 
Trailing ton miles. to be worked electrically. per annum. about 
Engine miles •• l.ctric. p.r annum. about 
Nett capital outlay 
S81Ving in working expenses 

representing 2.6 per cent. on the nett capital outlay. 

193 

2,225,000,000 

7.947.000 
£6.123.370 

£127.766 

From this saving of £127.766 p.r annum. must be deducted the incr ...... if any. in the local 
rates pay .. ble by the Railway Company in r •• pact of the track equipment and the substations. 
which in the pr •• ent circumst .. ncas ..... h .... not attempted to estimate. 

It will be Been from the foregoing figures that the ... "ing resulting from electrification under 
the conditions laid down is not suffici.nt to p .. y the interest charges on the n.tt capital outlay, 
l'his result, in view of the conditions mentioned in the first paragrapb. calls for some .xplana
tion. We have. therefOl·e. in accordance with your ... isbes. made a furth.r analysia of the oon
ditions of operation. the results of which are lI8t forth in our Report. The mar. important are 
.s follows:-

(1) Altbough in other electrification schemes electrio shunting h ... proved profttable. in the 
preoent case it ...... dacided. initially. in order to limit the scope of the inva.tigation. not to 
include any arrangements for electric shunting in the main good. y .. rdo. and to equip only the 
entr .. nces to the sidings. so as to en .. ble tbe tr .. in engines to haul their trains into the yards. The 
mileage of track to be so equipped. however. prov.d to be much greater than ...... expected. and 
tbe gre .. ter p .. rt of the siding. had to be included. 

(2) The electric locomotives und.r this scheme would work an annual mileage of about halt 
... much ... electric locomotives can do. and actually are doing to-day on other systems. This is 
mainly due to :-

(a) The compara.tively small sise of tbe scheme. 
(b) The amount of dual working (i .•.• running part of a train journey with steam and parb 

with electric locomotives). 

Thus. while the di.tanee from Crewe to Oarlisle is 141 miles. the .. verage I.ngth of electric 
loeomotive run for booked paasenger trains is only 43 miles. and for goodo trains 42 miles. Tb. 
av.rage annual mileage i. 30.000 against a poBBible 70.000 or 80.000. Bome of the locomotives. 
moreov.r. would lie over between turns for 15 or 16 hours per d .. y. thus increasing both the number 
required and the cost of the crews. The railway offioers .... the result of a speci .. 1 investigat.ion. 
find th .. t the steam engin •• now running. wholly or partially. on tbe sections to be .Iectrified. cover 
a total of 16 800 000 miles per annum. of which about 5,800.000 ..... on lines outside the echeme. 
To do tbis milea~e 614 steam engines are now used. of ... hich 379 would bave to be retained after 
electrification, and 220 electric loeomotives added. Thus, while electrification would eliminate 
63 p.r cent. of the steam locomotive mileage. only 38 per cent. of the existing engines would be 
released and the tot .. 1 number of locomotives would be reduced by only 2i per oant. If the 
electrifi';"tion scheme were more extensive. and adjacent section. were included. the locomoti .... 
would be used to better effect. 

We trust that the Committee will find in this Report the information that they require, but 
we .. re at their disposal to elucidate any points on which they would like fnrther information. 

Yon .. faithfully. 
MERZ AND MoLELLAN. 
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LONDON, MIDLAND AND SCOTTISH RAILWAY ELECTRIFIOATION. 

This report deals with an investigation into a sch.me of el.ctrification for a portion of the 
London Moidland and Scottish Ra.ilway. The eections which are included in the scheme are 
shown ~n the map in Plate I a.coompanying this report and comprise ~e line between Crewe ":,,d 
Carlisle (including the Winwick-Golbourne and Whell.y loops), the hne from We .. ver JunctIon 
(16 miles north of Crewe) to Lime Street, Liverpool, and the br .. nch linee to Winder.mere, Over 
.. nd Wh .. rton Garston and Morecambe (N.W.R.). It has also been found necesaary m order to 
provide for dnter-running to include in the sche~ the line fro'." Lancaster to Mor?cambe and 
Heysham. This is at present p .. rtly. worked electrically, on .. smgle ph .... alternating current 
system, and would be _uipped to conforlD with the other s.ctions. 

The selection of theee lines was m .. de with three eonsid.r .. tions in view:-
(1) It was desired, princip .. lly, that the sch.me should oonsist of ma.in. lines carrying 

he .. vy traffic in an area mainly industrial. 
(2) It was consid.red advantageous to include lin.s with heavy gr .. dients on which 

substantial economies might be expected due to the speci .. 1 fe .. tures of electrical operation. 
(3) It was to b. assum.d that .l.ctroc working w ... limited to the lines considered, i.e., 

that the sch"",. was not to be r.gardsd as part of 3 g.ner .. l .I.ctrification of the railways 
in this conntry. 

In regard to tbeee consideration., it should bsremarked that, although the traflic on the 
section. selected is fairly heavy, the ton mileage per mile of route is a good deal less than on 
some other sections of the Railways in this country. The gradient. on the mne are comp .. ratively 
.. vere, there b.ing a str.tch of • mile. of 1 in 75 between Teb .. y and Shap Summit; th.re .. re 31so 
long stretch.s of 1 in lOO, 1 in 125, and other gradients steeper than 1 in 200 on .. 11 parts of the 
line, the av.r .. ge over the 31 miles between Sh .. p Summit .. nd C .. rlisle being 1 in 190. 

In regard to the thdrd consider .. tion, it was thought th .. t on the sections selected only .. small 
proportion of the traffic would still have to be worked by steam, and that there would be little 
alter .. tion to existing working arrangem.nts by r .... on of the change over from steam to electric 
locomotive. -at the termin .. 1 points. Aa the result of investig .. tion, it has been found th .. t this 
antioipation bas only partly been reilised, ... will be 888n from the particular. of tr .. ffic in 
T .. ble. II and III. Th. change of 10cOllDotive at the t.rmin&l points has its eff.ct on the .xtent 
to which the .Iectric locomotives c .. n be fully employed, and -ap .. rt from this there ar. a number 
of intermedia.te points where 8. aimil&r cha.nge ia necessary if an excessive amount of steam 
workJing on the el.ctrifi.d Unee is to b. avoid.d. 

In ord.r to limit the .cope of the inv.stigation, it w .. s decid.d initially not tc includ. in the 
el.otrification scheme .. ny arrangements for shunting lin the main goods yards by electric shunting 
locomotives, and to equip only the entra.nces to the va.rious sidings BO as to en·able train engines 
to h .. ul their train. into the yards and leave th .... there to be brok.n up or marsh .. Ued hy existing 
steam shunting locomotive.. The Railw .. y Offic.rs dndioated to u. which tracks in the shunting 
y .. rd. and stations should be electricaUy equipped. The mil.age of track to be .quipped i. much 
greater th .. n we anmcipated, in fact, the great.r part of &11 the sidings .. t the terminal and 
principal interm.di .. te stations (except in the Liv.rpool area) would h .. ve to be included. As &n 
exwmpl. of this it may be mentioned that at Crewe, which is r.g .. rded only a. a terminal point 
where electrio locomotives m .. y pick up or deliver thelir trains and run to and from the engine 
shed, track equipment is provided for '73 miles of running lin~s and sidings. The result of this 
d.cision is, therefore, that, .. Ithough the goods y .. rds are to .. considerable extent equipped for 
el.ctric working, advantage has not been t .. ken of this to realise the economies resulting from 
the use of el.ctrio shunting locomotives. 

The route and .ingle track mil.age. are given in Table I. 

TABLE I. 

RoU'l'll ANn SINGLB TaACl[ MILBAGIL 

ROUT. MILB4QBB. 
(1) Crewe-Carlislo 
(2) Winwick-Golbourno Loop 
(3) Wbelly Loop 
(4) Over and Wharton Branch ... . .. 
(5) Morecambe Branch (formerly L. '" N.W.R.) 
(6) Heyaham-Morecambe:-Lancaster Branch 
(7) Windermere Branoh ... 
(8) Weaver Junotion-Liverpool 
(9) Garaton Branch ... . .. 

Total .. . 

SINOL. TRAOK Mu.B.l.G ••• 
Running linea and sidings in runlting linea ._. 
Traffic aidinga ... .., ... ... ... 
Trader.' Bidingl .. . 

• 
Total ... 

141·0 
8·3 
6·5 
1·0 
1·7 
8·9 

10·8 
19·4 
1·8 

193·4 

646·8 
191·1 

5·4 

848·8 



TABLE 11. 

TBAWlO STATI8TICB. 

Summa,." 0/ Trailing To .. Mikag ... 

Present. Prop..oo. 

--
I Steam. Steam. EI..,tric. 

-- -_ .. - --------.---. ._,-"------

Passenger ... ... ... . .. 1,140,970,966* 212,618,314 • 928,362,642-
Freight ... ... ... ... . .. 1,413,141,678 169,866,082 1,243,776,646 
Departmental ... ... ... ... 61,895,760 11,165,940 40,229,820 
Shunting by train engines ... ... 14,512,616 1,960,215 12,662,401 

-
Total ... ... ... . .. 2,620,021,010* 396,109,601 2,224,911,609* 

* Includes 8,507,576 ton miles on the Barlham-Morecambe line worked by electricity. 

TrafjU: SlaUII<C •• 

P .. rticul .. rs of the tr .. ffic on the sections to be electrified have been taken out from the record. 
and careful inveltig .. tion hae been m .. de .. s to which tr .. ins running over the equipped linel Ihould 
be electric .. lly hauled and which should continue to be worked by steam. The principle followed 
in making this division is, in general, that trains to or from pointe off the electrified section which 
only run for a short distance on the electrified lines would continu. to be worked by lteam. All 
otlier trains would he worked .Iectric .. lly. 

A summary of the trruiling ton mil.agea is giv.n in Tabl. 11., in the firlt column of which ar. 
the total ton mil.ag.s for the diff.r.nt cl ..... s of traffic which ar. worked on the linel in question 
at present. In Oolumns 11 and 3 these figures are sub-divided acoording to the proposed method 
of working, .and it will be 888n that, for the passenger tra.ffic, nea.rly 20 per cent. of the trailing 
ton miles would continue to be worked by steam, and for fr.ight traffic about III psr cent. 

Traffic Worki .. g. 
After oonsultation with the officers of the Railway, it wae decid.d that p ..... ng.r traffic con

dJitions were not suitable for the u .. of multiple-unit train. (apart from the eristing electric 
eervioe on the Heysh .. m-Mor.cambe-Lancaeter Branch), and that all p ..... ng.r train. to be worked 
.lectrically should he hauled by electric locomobiv.s. For the goods traffic there i. no question 
in this investigation of any alternative m.thod of working than by locomotive. Th.r.for., the 
electrification scheme in this instance consists in the substitution for .team of .I.ctl'ic locomotives 
of types suitable for the working conditions of the v .. rious clae ... of traffic. 

Advantag. has be.n tak.n of the possibility of providing locomoflives of gr ... ter power than 
the ate&m locomotives in general us., to speed up all cia .... of traffic with el.ctric working. Thi. 
is .ff.cted by rai.ing the average speed due to falter running up the gradiente, but without any 
incre .... iil the maXJimum speeds. Th. limiting speeds for the various cl ...... of train (eee note. 
to Table Ill.) ha.ve been tak.n as follows:-

Pae .. ng.r tra.inB 
Fitted :freight No. I 
Fitted freight No. 2 
ExpreBS fr.ight 
Through freight 
Empty wagon 
Mineral 

Mil .. ptr Hour. 
7~ 

~~ 

DO 
40 

3~ 

30 

2~ 

A comparison of the present net running times b.tween Cr.we and Oarli.le with thoee propoeed 
under the new conditions i. given in Table Ill. Revi .. d time tables have been prepared for the 
traffic on the el.ctrifi.d sections, which take into account all the traffic conditions. Th.y show 
that in Bome inltances the actual saving of time on the journey i8 much greater than the laving 
calculated from the pr ••• nt and propceed Itandard net timings, while in other in.t .. nces it is leBS. 
Ex .. mple8 of the actua.l saving are given in the lalt column of Table Ill, which mu.t be compared 
with the I ... t column but on.. Th ... time tabl.s h .. ve been u .. d to determine the numher of electric 
locomotives required, and to calculate the wage. of the electric locomotive crewI (ae given in 
T .. ble VIII). 
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TABLE Ill. 

OOIlPAIlIBOIf or PRBSBlIT ST1IAII AIID PllOPOBBD NBT R1JJ1NlIfG TIJIBB. 

Present Proposed 
Proposed Actual Acceleration Cl ... of Train. Standard Standard 

Timing. Timing. Acceleration. for Sample Trains. 

Crewe to CarliBle. hrs. mina. hrs. mina. mins. mina. 

Pauenger limited load (I), • 2 44 2 23 21 { 29t. 17. 21 ... ... 25. 27, 25, 22 
P ..... ng.r full load ... . .. (1) 2 68 2 23 35 39l. 28 
Fitted fr.ight No. 1. ... ... (2) 8 48 3 1 47 -
Fitted fr.ight No. 2 .. . .. (3) 8 66 3 12 44 66,68 
Espr ... freight >l- ... . .. (4) 4 41 4 16 26 166, 54, 139, 96 
Expresa freight ... ... . .. (4) 6 10 4 29 42 33,80 
Through freight or empty wagon (6) 6 66 4 33 83 83 
Mineral ... ... ... ... (0) 6 43 6 66 48 -

Carlisle t.o Crewe. 
Paeaonger limited load ... . .. (1) 2 66 2 20 36 38, 41, 36, 34 
Pa880nger fun load ... ... (1) 3 8 2 20 48 43, 41, 44 
Fitted fr.ight No. 1 ... '" (2) 3 65 3 2 53 26 
Fitted fr.ight No. 2 ... ... (3) 4 0 3 11 49 106 
Expr ... freight >l- ... . .. (4) 4 42 4 21 21 105, 35 
Exproas freight ... . .. . .. (4) 6 18 4 30 48 -
Through freight or empty wagon (6) 6 2 4 37 85 120, 76, -8 
Mineral ... ... ... . .. (6) 6 44 6 64 50 -

(1) Pn.asonger trains Cl limited load" include most of the long distance express tra.ins. The 11 full load" 
trains are 10 to 15 per cent. heavier and somewhat slower. 

(2) Fitted freight trains No. 1 must be piped tbroughout for automa.tio brakes, and the brakes must be 
operative on not less than half the wagons and the brake van. Vehicles must have close couplings and 
oil axle boxes. 

(8) Fitted freight train. No. 2 must contain at least. 50 per cent. of vehicles on which the automatic 
brakea are operative. The remainder of the train may consist of loase coupled unpiped vehicles, hut the 
train muat have oil axle hoxea throughout. 

(4) Exprees freiaht trains eODsi,t of general merchandise, and have no automatio brake except those 
marked +, which have' 4 fitted vehioles next the engine. 

(5) Through freight train, contain general merchandise, aud have ,no automatic brake. Empty wa.gon 
trains need have no automatio brakes. 

(6) Trains consisting of 000.1, iron, atone, aand, grain, potatoes and similar loads are cJa89-"d as mineral 
train.. They have no automatio brakes. 

The engine mileag .... team and electric, for the diff.r.nt cia •••• of traffic, are set out in d.tacil 
in Table IV. It will be noted that the total engine mileage on the electrilied aections is about 6 per 
cent. le88 than under existing conditions. This difference is due to 81 reduction in the assisting 
r.quir.d mileage and con •• quently in the light mil.ag.. With the el.ctric locomotiv •• proposed, 
there should be no .... i.ting at all for pas •• nger tr .. ins, and for goods traffic only BUch banking a. 
i. called for by the r.gulation .. which lay down that und.r certain circumstance. th.re must b. 
&n engine at the r .... of the train. It will be seen also that th.r. i. no differ en .. in the resp.ctivlt 
ligur •• of train mil.ag., neither coaching nor goods. In regard to the coaching traffic this call. 
for no comm.nt, but it might b. expeeted that som.thing could b. done in the way of increasing 
the av.rag. load of the good. trains, which i. 421 tons, and th.r.by r.ducing the number of train. 
Itnd consequently the cost of working. This matter ha. been car.fully considered with the Railway 
Offi .. r., who have pointed out after"", inv.stigation into a typic.al day'B workiing th .. t .practic.ally 
all train ... r. limit.d in w.ight, nDt by .ngin. pow.r, but by otb.r consid.r .. tion. which are no' 
affected by .I.ctrifica.tion. For .xampl., mlM1y trains vary in weight during th.ir journ.y by 
picking up and dropping numbers of wagon. at interm.diate points, so that altbDugh during 
part of the journey the weight of the train may b. as higb a. tb. drawg."r will p.rmit, tbe 
average w.ight i. compantiv.ly small. It was deeid.d th.refor. that DD attempt should be mad. 
to revise the ba.is of good. train worKing exc.pt. a. alr.ady m.ntioned, in re.p.et of the spe.d 
Df tr .... l. 

Electric Lo"""",I'''''' 
On .. c .. reful examination of the requir.m.nts of the p ..... ng.r traffic and the train load .. 

we have DOme to the conclusion tha.t two claSHeS of electric passenger locomotive would be requiTed. 
For the principal expre .... b.tween Orew. and Oa.rlisle which may have & tare weight of 495 
tons we should propDae a looomotive with four driving &,,1 ... and & leading and trailing truck, 
weijthing about no to 115 tons. Thi. would be equipp.d witb motors having a total cap""ity of 
1,4.00 horae pow.r, and would be capable of hauling the h.aviest trainB up the 1 in 75 gradi.nt 
without .... i.taD .. , and of maintaining .. steady speed of 70 mil .. per bDur on the level. For 
lighter trains up to 380 ton. tar. weight & le .. pow.rful, and I .... xp.nsiv., locomotive of 1,800 
hor .. power capacity would b. suitable. Tbi. would be capabl. of tb. same p.rformance with the 
lighter train. aa the 1,400 ho .. e power locomotive with the h.avie.t trains. It would also be used 
for tltted freight train., and both cl ...... of paseeng.r locomotive would b. uaed aa conv.ni.nt 
for IpecialL 

A. alreltdy mentioned, the w.ights of good. trains vary between wide limits. From & careful 
.tudy of the record. wo Bhould propose that .""pt for & f.w _all locomotiv .. for banking and 
hauling departmental train., one cia .. of good. locomotive should be provided for all train. 



exeept fitted freight No. 1 and No. I. The small looomotive, referred to below ... Clau A would 
he of the four-axle double bogie type, with a .. eight of 'It tonl and a capacity of I !lOO hona 
power. The goods IOOOlllotive, referred to ... 01 .... B, would &!80 be of the double bogie' type, but 
each bogie would have three driving axles and 8-3IMl hOrl. power moto .... making .... aggregate 
capacity of 11,100 horae power. Tbe total weight woul~ be 108 tonl. 

Elec/ricaJ Sy""" and Tracl. Equipnunl. 

We have asoumed that the reoommendation of the Miniotry of TraDoport Committee on 
Electrification would be adopted and that all lines would be equipped with overhead wires for 
distribution to the trains 01 direct current at IMO volts, and that tbe running railo would he 
uaed for the return circuil 

TABLE IV. 

LooolloTIVII WoaluNo. 

Svmmary 0/ Engine Miles. 
------- ----------,-------- -------- --- ---------

Existing 
Conditione. Future Condition •. 

___________________ '-__ B_tes_m_. __ +-__ B_te_a_m_. _J_ EI.c~riO:~ 
COACHING. 

Train ... 
Shunting by tra.in engines ... 
Light ... 
Assisting required 
Aasisting not required 

GOODS. 
'llrain 

Total 

Shunting by train engInes ... 
Light ... 
Assisting required 
AHi6ting nOot required 

Total 

BALUSTlNG 
OTBEB DSPABTMBNTAL 

Total 

5,174,037* 
19,422 

311,636t 
124,702 
126,620 

976,174 
3,327 

60,102t 
22,603 

4,197,~63* 
16,006 
87,187t 

24,443 121,906 
------~1--------1-------

5,756,417* 1,086,649 4,423,141* 

8,334,688 
201,032 
4al,678t 
167,856 

64,090 

4,199,344 

130,198 
20,966 

10,106,926* 

376,654 
26,681 
48,75Bt 
14,380 

7,239 

473,662 

27,994 
4,847 

1,593,152 

2,958,034 
174,401 
165,Ba8t 
55,000 
51,894 

3,405,167 

102,20' 
16,119 

7,946,631* 

* Includes 116,011 miles on the Heysham-Morecambe-Lancaater Branch worked by electricity. 
t Including If Engine and V &n IJ miles. 

The overhead equipment for aJI running lin .. and for a proportion of the aidings would 
be of the catenary design; ",here practicable a aimpler design would be adopted for group. of 
sidings where the conditions of working do not justify the higher cost of the more elaborate 
system. In many plac .. slight alterations to existing structur .. would be Dece88&ry to provide 
sufficient space for the overhead -lin .. ; these alterations would involve the reconstruction and 
lifting of bridgea, the lowering of tracks at a few points, and the removal of amoke bORrds. 
This matter has been examined in detail by the Chief Engineer, and bis estimate of the coat of tbe 
altsrations is given in Table VI. helow. 

It is important that witb high speed working tbe overhead line atructuree should not obecure 
the signals. It is not always possible, even if it were desirable, to deoign the .tructures 80 &I to 
permit a clear view of the signals from an adequate distance, and it would he neceaaary to 
provide speci&! daylight electric sign&! lamps .. t many points. An eetimate for tb ... , for the 
alterations to existing signals and gantriee, and for tbe provision of route indicators at junctionl 
bas been prepared by the Signal and Telegraph Engineer, and i. included in Table VI, The 
present system of direct current track circuito would have to be altered to the alternating current 
syetem, as the raila would be used for the return in the main circuit. Alteration. would alllO b. 
required to tbe telegraph and telephone circuits to prevent interference with the new power 
lines. Th ... would involve the provision wherever neceaaary of an insulated metallio .... turn and 
the removal of earth connections from the rails; eorne of the present wires would have to be moved, 
and others at croBBings cabled. The estimated coot of these alterations ia given in Table VI. 

Pow ... Supply and SW./a/io .... 

In accordance witb the Committee's instructions, we have assumed tbat power for all purpo ... 
connected with tbis acbeme would he purehaaed from the Oentral Electricity Board, who would 
provide the substation ... nd wherever neceBBary, the secondary tran8llli .. ion linel between them 
and tbe grid substations, the Railway operating and maintaining tbe traction lubetationl and 
paying the local rates thereon. The supply would thna be given by the Board for traction purpoeea 
as direct current at 1600 volts, and for other purposeo ... three phaae or aingle pbase alternating 
current at 6600 volts or other suitable preesuree. The terms for the supply would be the IUbject 



531 

OIl negotiatOolllland, wuuldnaturally depend OD. .. ",,,mbe. of conditionsl but> we" a ... authorilEd by 
tbe Board. to sIBta that thr' pri"" 'Would not b.I ..... than, O.5d. p ... uait. Fa. ,tho'purpol& of ,tbi •. 
report 'we have used this figure" in our: caJ.cu.latione. 

Th. traction aub.tations 'Would be located at· intervals' of' about' 12 'mile., and would b. 
equipped with converting plant Bnd 8witchgear for automatic opera.tion ·on the BUpervisory 'Control 
system. We should propose to arrange them.in two groups, ea.c.h group being connected to a 
control o1liee at & convenient point neaz the centre.. All switching .op~rationll ~n...._the substations 
and in the tr&ek sectioning switch cabinB-between the Bubstations. would.be carried out by the Power. 
Controll.r. at th ... two pointa by mee.ns of pilot circuit., ,which would. al ... """.e .to indicate 
tha position, whether open or.- closed, of every Bwitch .before _and., after any 8witohing op~ration. 
Th •• e pilot drcuite, together with two or three pai •• of tel.phon. wiDe. to· enable the Power Con-, 
trailers to communicate with the mainte ... nce stall and .the,Traffie.Controller ... would be carried 
on the .tructures of the overhead track equipment . 

.A.=iliary Power Suppliu. 
With power at 0.6 penny p.runit available at aU 'points 'nn the .. lectrified. eactions, it would 

he prolitable to utilise this supply for many auxiliary purpoaeswhich now take power from various 
lources, and to convert many ateam, gas and oil installations to electric working. For this purpose, 
all Bubstationl would contain two auxiliary power tra.nsformers, ODe for continuous service and 
one a8 a standby, and three-phase· or single-phase -alternating cnrrent at 6600 volts· or other· 
convenient pressure would be distributed to all points on the electrilied lines by an insula.ted 
cabl .. Mu.pended ftom the track .tructur •• or laid along the track. This cable would he tapped 
wherever necessa.ry.for the supply to the new signa.! lights, _the alternating current track: circuits,. 
&nd .. for i'lighting and power purposes at the various sta.tions and ~goods, YlLrds. The, estima.ted 008' of alteration and con .... ion has been worked out by the Eleatrical· Engineer in oonsultation 
with the Chief Accountant, who have. also. given I,U8, the' c01l8umption under 1 the new) conditions, 
and ~he present and revised costs of maintenance. 

H",fIing 0/ Pa8lenger Train&. 
Provision must be made for heating passenger trains during the winter months, _and for & 

comparatively small scheme as this is, there is clearly no alternative to the system of steam 
h ... tinS which i. in use th.oughout the Ra.ilway. It is nece .... ry th.refore to provide a boiler 
for each electricaUy hauled passenger train of sufficient capacity to heat the coaches to a reason
able temperature in the caIdest weather_ Thi. boiler can, be carried .either on the electric loco
motive or on 81 special truck; it can be either coke or oil fired or electrically fitt~d. ' Taking _ all. 
the circumstances into account, simplicity of working, cleanliness, and freedom from fire risks 
in CaB. of accident, we should .,ecommend that anele.trio boiler shouLd_be includ.d in.the equip
ment of eaeh passenger locomotive, and ,provision is made for.~thia .in. It-he . .estimates. 

EBtimat .. of Capital' Elrpendieurll." 
The estimate. of capital expenditure are set out in detailln Tabl~. Vrand VU: TIle former 

shows the expenditure on, and connected with; electrincati'on, apart frmn locomotives Rnd inultiple
unit train equipments; the latter give. the net capital outlay including the charge again.t the 
soheme for locomoti.es, a. shown in Table V:, and taking into account the credits for plant and' 
other a8.et8 released. 

D.,..ling lirat with the charge for looomotivea as ·se$. out in . Table . V, the estimated oost 
per locomotive of each type has been worked out on the experience of recent contra.cts, with. an 
allowance for the difference 'between pr;c •• for 1;be home market 'and for .xport; a.suming that 
the complete equipment would be purchased from electrical manufacturers, and that the mechanical' 
portions would bo built by the Railway in their own ahops-

The number of electric 'locomotives required has been deduced from the engine working on 
the electrili&d .ections with the revi .. dtim. tabl .. , with an allowance in each claas for 'spar .. , 
inspection and running repairs, and, periodica:l overhaul. It will be seen ·that in addition to 
the three motor and trailer coaeh equipments required' ·to replace those now in' service on' the' 
Heysham-Morecambe-LanOll.8ter Branch the numb.r of electric locomotive. required would be 0120. 
On comparing thia with the annual engine mileage for all classes of traffic,. viz., 7,830,120, it will 
b. seen that the. average annual. mileage worked. by e .. ch .engina i80nly 31;,000. This ·Iow.ligure 
i. not· due to any oonditil>n. inherent in the looomotivOL It i. well known from practica.l. 
experience tha.t electric locomotives are capable of working more than twice this mileage. We 
have therefore analysed the traffic conditions which determine how the locomotives are used. 
WG find that there are & great man1 short 'runs for which electric engines must be provided; thus, 
although the distance from Crewe to Oa.rlisle i. 141 mil .. , the average length of journey for 
booked electric passenger trains is only 43 -miles, and for electrically hauled goods' trains 42 miles. 
It is clear therefore that, &s the electrification scheme is restricted to the sectioDe detailed 'above, 
there must necessarily be a grea.t deal of lie-over time during which electric locomotives are wait
ing ·fOT trains.' Such a st&te of affaira would not;..arisa if the,electrificatioD·'were'more,exteBMv8 
and inoluded all, or "practically all, ,theUne. 'o.er a large ....... as longer 'engine ·runa oouldba 
arranged, and there would be a better diversity in the incidence of traffic. There are, for instance, 
a number of electric loccmotivel which aa pan :0£ their. regula.r .routine lie-over ··bet.ween turns for 
1~ or .16 hours per da.y. If adj""ent .ections were brought into the .lectcifioation.schem .. a Jarge 
part of the additional traill.· could be dealt with by using the locomotives provided for the 
present scheme during their periods of lying Over; 

In order to determine the .number of steam engines released, the Radlway Officers examined 
all the workings of, engi~es running -either wholly or. partially. over the electrified sections. 
These include aD enp;lne mlleage of about Ib,800,OOO, about &,800,000 being on $ections Dot comprised 
in the electrifi~tion. scheme, and .uD:du'I" existing "Conditions of operation 614 engines are 1"equired. 
Although electr1licatlOn would ehnn~at.o r.3 percent. of this steam worked engine mileage only 
23& engin ... or 38 per cent. of 'the exuting number, would be rel."",,1l 
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The ... conditions are illuatr&tod by the di&grBm in PI&ta n. Thia aho ... engine runa f ... 
... rt&in of the through pa .... nger tra.ina hut ia alao typical of the arrangements for good. train 
working. Ea.cb composite line represents a continuous engine run under present conditione, 
and shows how the various ruD.B would be divided under the new conditions, the red portion. 
indicating electrio working and the hlack the curtailed steam working. 

The total cost of the electrio locomotives &Dd multiple-nnit equipment. i. £1l,830,4lIO. The 
replacement cost of the ~m locomotives !eleased, as given to u. by the Cbief Accountant, i. 
£1,094,222. Aa the expendIture by the Ra.llway on completa renewal. of locomotives i. of the 
order of £1,000,000 per annum, &Dd as the purchase &Dd construction of electrio locomotiv .. 
would be .pread over at least two year .. there is no reason why the full value of the released 
locomotive. should not be t&ken &8 a credit. Th. net charge against the electrification acheme on 
account of loc<mlotives is, therefore, £1,'136,228. 

TABLE V. 

NUKBKB AND COST 0lI Locol<anvu ANn MVLTlPLa UNIT TBAIl'I EQUIPJlEIIT8. 

Item., Number. Description. 

1 57 
2 64 
8 91 
4 8 
5 3 

Heavy Passenger Locomotives 
Light " ,. 
Clas8 B locomotives 
Claaa A locomoti vea 
M.otor aDd trailer coach equipment. 

Total 
Le" 

235 Steam locomotives released 

Net charge for locomotive. 

Rate. 

£ 
16,250 
11.400 
12,000 
8,000 
6,200 

Toh!. 

£ 
926.250 
729,600 

1,092,000 
64,000 
18,600 

£2,830,460 

£1,094,222* 

£1,786,228 

* This figure include. the value of a motor coach equipment. from the Heyaham-lIorecamb_ 
Lancoster branch. 

All other expenditure connected with the scheme is set out under the various item. in Table VI .. 
and the following paragraphs will provide .uch explanation 88 i. nece .... ry. 

Item l.-Track equipment.-Particular. of the linea ineluded in the scheme for which equip
ment i. required have already been given in Table 1. The estim .. te oia based on certain rate. per 
mile for material, labour and supervi.ion with allowance., decided on after personal inspection 
of the line., for .pecial work at junction., .t&tion .. and goods yard.. The whole of the overbead 
line is provoided for, together with the track bonding, the cabins between aub.tation. with t.rack 
.. c!.ioning switche., the main power connection .. to the overhead Line from the substationa and 
the "witch .a.bin.. tbe connections from the substations to the tra.ck rail., the auxiliary power 
cable and the snpervisory control and telephone line .. 

Item 2.-Alterations to W .. y and Works.-Aa already expla.ined, certa.in altera.tiona would 
be required to Bridges and Structure., .. nd also to the Signalling ay.tem and Telegraph and 
Telephone line.. The estimate. for the .. items have been supplied to u. by the Chief Engineer 
and the Sign .. 1 and Telegraph Engineer. 

In working out the revised time-tabl .. for electric operation, the Ra.ilway officer. have found 
that addibional f .. cilities for changing engines would be required at Crewe and Preston, and 
they have supplied us with the estimate of the nece .... ry expenditure. 

Item a.-Alterations to Running Sheds and Repair Shop •. -Certain minor alterations for 
the accommodation and running repairs of electric locomotives would be required at nine 
engine sheds, and some additional equipment would be installed in the locomotive works for the 
periodical overhaul. For the former we have a.Jlowed £1,000 per shed, and for the l .. tter £10,000. 

Item 4.-Control and Maintenance Office., Depots and Quarters.-Two control oIIice. would 
be required with accommodation for the supervising engineers, power controllers and a portion 
of the m .. inten .. nce staff. Other small depots would be distributed over the electrified sections 
for housing spare ma.teri .. 1 for track equipment, bonds, etc. A prow.ional sum of £8,000 ha. 
been included to provide quarters for inspectors and other maintenance men at pointa where 
housing accommoda.tion is not available. 

Item 6.-Spare Parts.-Under this item are included the following amounts: £96,000 for 
locomotive spare .. £20,000 for spare material for the track equipment .. nd £16,000 for substabion 
spares.. 

Item 6.-Alterations to Auxiliary Power and Lighting In.tallations.-Thi. estimate has been 
worked out by the Electrical Engineer. 

Item 7.-Contingencie., Engineering Expenaea and Interest on Capital during Construcbion.
Under this item we have included £185,000 for unforeaeon expenditure, £110,000 for engineering 
and administration costs during the construction period, and £120,000 for intereat on capital 
expenditure before the scheme come. into beneficial u ... 

Total Gro .. Capital Expenditure.-Tbe total expenditure on works connected with the elee> 
trification sch ..... , excluding the charge for locomotives, is £3,666,760, or oineluding the charge 
for locomotive.. £5,392,978. Against the latter must be put the eYedi' for plant and othe, 
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aaeta rele"""". The list of tbMe aaeta and their values, as given to us by the Chief Accountant, 
is set out in Tabl. VII., th. total credit being £269,608. Tbue the n.t capital expenditure on 
th. ..h.me is £6,1113,370. 

TABLE VI. 

EBTlIU'l'II! ow OAPITAL El<PBRDITlIBIL 

B ... /,uding B:epen&iltw • .... Lot:MllOlitlu and Mull."l. u ... , T ....... Bguipmenu. 

Item., Description . I Eotim",ted Coat. 

• £ £ 
1 Track equipment of 646 a 8 miles of running track and 196·5 miles of 2,519,550· 

sidings, including bonding, switch cabin., feeder conoectiQnB, auxiliary 
power cable, and pilot and telephone lines. 

2 Alteration. to Way. and Works:-
(a) Bridgea and Struotllru ••• ..• .n .•• .0. ... .. . 150,635 
(b) Telegraph. and TelephoDea, Signala and Track Circuita ... .. , 270,230 
(c) Alteratiollll at Crewe and Preston in connection with engine workir;tg 62,585 

473,450 
8 Alterations to running sheds and repair shops ... ... ... ... 19,000 
<I Oontrol and Maintenance offices, eleotricalatorelll. depots and staff quarters 24,750 
6 Spare parte and mater •• l for locomotives, multiple unit. train equip- 130,00.0 

menta, traok equipment. 'and lub-atatioDI. 
6 Alterations to existing aU.::liliary power and lighting inatallation:8 ... 125,000 
7 Oontingenoiea, engineering expenses and interest on, o,apital. during 366,00/1 

oonstruction. 
Totsl ... ... £3,656,750 

* Thi. estimate i. caloulated on a basis price for copper of £70 per ton, and i~ 8ubjecC; to adjustment 
at the rate of £6,328 for e.ery £1 por ten by which the basis pric. differs from £70. 

TABLE VII. 
NBI' CAPITAL El<PBNDITUIIB. 

rOBl capital expenditure (exoluding locomotives), Table VI G 
N 

... 
et oharg~ for looomotiveI, Table V ... ... ... ... .. . 

Total ... 
Lell. Credits. 

Steck. of Coal and Steres ... ... ... ... .. . 
Spare parta for looomotives, work in, progreu, etc. ... 
Water troughs ... ... ... ... ... ... ... 
Auxiliary power inatallationa ... ... ... .. . 

Net capital expenditure 

W or";nll B.,p ...... , 

£ £ 
... ... 3,656,750 ... .. . 1,736,228 

... .. . £5,392,978 

... . .. 80,646 ... .. . 104,520 

... .. . 2,486 

... .. . 131,956 
269.608 

... ... £5,123,37(1, 

Th. comparative annual costa of the traffio that. would, wh.n. the achem. is put. into op.ration, 
be worked electrically, are •• t out in Table VIII. The steam. l4!ures have heen supplied to ue by 
the Railway OO .. rl, and w. have oureelv .. estimated the varioue items of electrio working ocat. 
(ex .. pt the items for wag ... of locomotive orew. and auxiliary power supplies wmch are ref.rred 
te later) ba.ing our .. timate on the operation of limil&r equipment. on .I.ctric railways elsewhere. 

Before dealing in d.tail with the various item., w. would paint out that sin .. this ia only 
a partial electrification, and sin .. th.re will b. many ateam trains atill in use on the section and 
many steam locomotiv .. stationed at the variou. abed., it. has heen n ..... ary to leave in .. rtain 
COlts which would have been .liminated had the el.ctrification heen ocmpletB. Sp.aiing g.nerally 
th ... are th. coata deaig .... ted by the Railway Aooountanta ..... non-variabl." coeta, a.nd· they 
apply, as pointed out later, to upens .. in connection with ooaling and watering faailiti .. , and 
.ngine abed •. 

It.m 1.-Locomotive fuel or eleotrio pow.r.-The COBt of fuel for th. steam .. nice i. b .... d 
on tbe present prl .. of coal, and includ .. carriage, not at the full publio rate, but at the rate 
which it is eetimated coven the actual cost to the Ralilway for p.rforming this ao .. i ... 

The cost of .electrio pcwer i. heaed on the total ton mileage of each cl .... of tra.ffi.c and on the 
estimated consumption of energy per ton mil.. This estimate tak .. into a ... 11,Il~ the tractiv. 
resistan... of the diRer.nt kinds of rolling otock, includOng the loocmotiv .. , at the normal 
working speeds, the gradients, the av.rage weather conditionB, puaong.r train h.ating, aud the 
10_ in the ov.rh.ad line and rail.. The annual colllumption ..... rtain.d in this mann.r has 
been charged at the rata of o.&tJ. per unit, the total COlt heing £242,710. 

Itam I.-Water for locomotive purpo .... -The water required for w .. shing down rolling atock 
has not heen includ.d on either lid., and the coat for .team working i. that for boil.r water for 
.teaming .nB washing out. The only requlremeuta for watar for the electric eerrice will be for 
the mall tl'&in heating boil .... and this amount i. ID small as to he almoat n.gligible. A figure for 
this hu been included, but tIte hulk of the £4,996 which appeara in the table is due to .. non
variable" chargee DU water!ng appliancea which, although they will not he required for the 
electrio ensines, mUBt be retaIned for the operation of the l"eDl .. ininB ateam 18 ...... over the Lin •• 



Item. 

1 

2 
S 
4. 

5 

6 
1 
8 
9 

10 

11; 

12 
18 

14 

!i6 

TABLE VIII. 

COlfPARATlVB WORKING Ex"",s88, ST&I.Jf AH1I ELIIaI'RIO. 

Locomotive fuel (including haulage and 
handling) or electric power. 

Water for locomotive purposea ... 
Lubrioants for locomotives 
Locomotive atorea, clothing and miacel

lanoous. 
Drivers' and firemen'. wages and anow

anDeS, including relief and shed drivers 
and holidays. 

Locomotive cleaning 
Otber sbed staff 
Loc.omoti ve repair.' 
Sbunting at shods ... 
National inaurance and workmen's 

compensation. 
Maintenance and' operation of sub

stations. 
Maintenance of track equipment 
Auxiliary power supplies and main

tenance. 
Depreciation :

Locomotives 
Track equipment 
Sub-station. 

Total ... 

£ 

31,871 
292 
492 

Steam. 

£ 
222,496 

14,116 
6,916 
8,106 

143,144 

13,467 
24,178 

203,431 
6,127 
6,216 

1,647 

1,162 
117,640 

32,665 

£800,190 

Difference in favour of electrification 

£ 

36,976 
14,722 

Electrio. 

£ 
242,110 

4,990 
1,600 
4,860 

106,631 

6,600 
17,800 
86,800 

600 
4,000 

10,800 

43,100 
82,946 

61,697 

£672,424 

... £127,766 

Item 3.-Lubrica.nta.-The quanbity of oil for lubricating the electric engines haa been 
estim .. ted from figures in our pOSBeBBion relatilll! to experience on a number of electrmed railw.aya. 

Item 4--Locomotive Stores, Clothing, Miscellaneous.-Under this heading are a number of 
Items such aB DlIloterialB for cl .... ning, boiler washing, fir. lighting, engUne i_ps and tools. Som. 
of these will b. elimina.ted, and 80me r.duced. The cost of clothing will 1'180 be les&, not only 
on &COOunt of r.duced personnel, but on account of the cl .... ner nature of the work. 

Itelll' 5.-Drivers' and Firemen's WageB.-The cost of these wages for the steam service was 
ascertained by the Chief Accountant, and the cost for the electric service was estimated by the 
Chi.f Genera..l Superintendent'. Department. This satim&.te waa worked out in detail from the 
revised time tables, applyilll! the same wage ratea aa for the present Btea..m service. 

Although the speed of the electrically hauled tr .. ins of .. 11 clasBsa is substantially higher than 
the preeent speeds; this is not relleotedtoarry marked extent in the wage. of the enginemen. This 
is aue tG: the fact,libat owing to the em .. llJle .. of the section, and the ahortne .. of the average engine 
run ·to·which we' h .. ve referred &bove, the arr .. ngement of creWB liB not .. s economic .. 1 as could be 
deeired j . and. the actu&! cost of the Bteamand electric working (asauming tbe .. me number of men 
to be on· tb& engine in, both cases) is not very diff.rent. With the elimination of the coal·llred 
bailers, there would, ll'O 101ll! .... be any neceBBity to provide two men on each locomotive. The 
equipm.nt requires no attenmon during running, and one DlIlon is au1licient for the duti .. of 
driving. It·is already cnatemary to·put one man in control of multiple-unit alectric trains, and 
OD'electrifi.d main line .. ·on theOontinent tbe principle i. being extended to all train. excepbing 
th., long di.ta.n... paaaenger· expr ..... : To aafeguard the train in tbe event of the motorman or 
driver being tak_ ill, a .. dead man handl." wonld b. provided; wbicb would automatically cut 
off the power and apply the braksa. This device ia avail .. bl. in different designs .uitable for 
snburban multiple·unit trains, and for electric locomotives. The estim .. tea have been worked 
out on the assumption that there would he ... single driver on e&cb multipl&-unit train and goods 
train, but that tbere would be two men on each locomotive-hauled paasenger train, though tbe 
second DlIlon need not neceasarily be on the locomotiv. the whole of his time. 

Item e.-Locomotive Cleaning.-With the elimination of coal and .team, tbe expenditure on 
st .. 1I for cleaning engines would be considerably reduced. The figure included in Table VIII bas 
been estimated on the basil of the staff employed elsewhere for similar work. 

Item 7.-other Shed Sta.ff.-BCJiler washing will be eliminated in the case of electric engines 
(except for a amall amount in connection with the train h .... ting boiler). The remainder of the 
oost under this item refe .. to foremen, oilers, and cleriC&) u.d other labour at the BhedL In vi .... 
of the. fact tbat the electric engines visit the shed at much longer intervals than the atea..m 1000-
motivOB, the staff required would be materially reduced by electrification. 

Item a.-Locomotive Repair .. -The fignre for electric working includes all the work of 
repairs' whether light or heavy and whether carried ont at the running shed or the repair .hop. 
We have made .., special' study of the coat of such work under various conditione and we are 
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confident that our estimates can be realized in pracmoe. For the h nOD-variable JI portion of 
workBhop expens .. wo have taken the figure included in the coste for stsa.m working although we 
consider that thi. is rather larger than would be necessary if the scheme had been part. of a general 
electrification of the railway". This has already been referred to above. 

Item D.-Shunting at Sheds.-Shunting at sheds includes a great many movemente mainly 
concerned with the ooalong and watering of engines. With electric working the amount of &bed 
&bunting i. very substantially reduced. 

Item 10.-National Insurance and Workmen'. Compensation.-Tbs ""penditure under this 
head relate. to engine crews and to all men in workahops and in engine sheds, and has been 
estimated on the same basis a. the cost for stsa.m working. 

Item H.-Maintenance and OperatiQll of Substations.-An estimate of the stall reqmired for 
this purpo .. has heen made and the costs are ba .. d on this, with an allowance for mainten .. nce 
material •. 

Item lll.-Maintenance of Track Equipment.-In this ca .. aOO we have worked out .. complete 
organiaation haaed on what has proved to he necessary elsewhere, and the costs include the salaries, 
W&geS and other expenses of this organisation, and the necessary maintenance materia.l. In estimat
ing the expenditure on material, we have considered it prudent to provide for the replacement of 
the oontaot wire (th. only part subject. to wear) at the end of 110 year8. 

Item 13.-Auxiliary Power Supplies.-Information has been supplied to us &8 to the pre&Bnt 
cost of electricity u.ed for auxiliary power purpose., and the co.t of electrdeity, oil, gas or other 
fuel used for lighting and heating. The.e oosts, together with the maintenance expenses of the 
various installations are included in this item for steam working. At our request the Electrical 
Engin.er and the Chi.f Accountant have e.timated the annual consumption of electricity for 
these services as well as the maintenance exrpen ... which would be ineurred if the power were tak .... 
from the traction lub.tations. The total annual cost, on the basis of 0.5d. per unit, is included 
in thil item for electric working. The capital oost of the change-over bias been included in Table VI. 

Item X4.-Depreciation.-For the electri. locomotives we have taken an assumed life of 
33i year.. For line equipment, which consists m .. inly of stsel structurea and copper wires, we 
have allowed a life of 50 years, and for the switchgea.r in the sectioning cabins a life of 33l years. 
Scrap v .. lue, where this is appreciable, has been deducted and the depreci .. tion worked out on 
origina.l cost le •• scrap value, on the basis of .. 4 per cent. per annum sinking fund. 

Summa"" of (Jompaf'ati~e Working E:r:pMl.e. and the F ....... cW R .... Zt. 
The total of the oomparable items of working expenses with steam operation is £800,190, 

and with electric working £672,424. The annual aaving due to electric working is therefore 
£19'7,'766. ThiB is equivalent to sus per cent. on the net capital expenditure of £6,123,370. From 
this Baving of £1117,766 per annum muat be deducted the amount payable lin local rates on the 
substations and track equipment, and the ba.lan08 would go toward the payment of inter.om on 
the net capital outlay. 

In conclusion, we would like to express our appreciation of the assistance which has bean 
given to us by the officers of the Railway who have spent a great deal of time in stUdying the 
problem and in pr'paring the dnformation which we required for our calculations. 

IIERZ AND MoLELLAN. 
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