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Re: Study of Relative Economics of
Diesel & Slectric Traction on
Indian Ralilways (June'78),

The Railway Board appointed a Committee in
December, 1977 to study the relative economics of
Diesel & TElectric Traction. The Committee
submitted its Report titled "Study of Relative
Economics of Diesel & Electric Traction on Indian
Railways in June 1978 (Raj Committee Report)".

The report was examined by the concerned
Directorates of the Railway Board.

2e On receipt of the comments of the
Directorates the Board constituted a High Level
Committee to go into the detalls of the Report and
the comments received from the Directoragtes. After
carefully examining the Raj Committee Report and
the Reports of the High Level Committee, the Board
have taken the following decision:-

"(i) The original Report made by

- shri J.A. Raj on the relative
economics is aczepted in principle.
As the relative economics
comparison between Diesel and
Electric Praction will continue to
vary from time to time, it would be
necessary to examine each and every
proposal for electrification on its
own merit, The following broad
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principles have to be followed:-

(a) The break-even level for takinzg up
sections for electrification could
vary between 30.00 znd 35,00
million-GTKM per route km. per
annume,

(b) It should be on a route basis, for

" example, our next step should be to
concentrate dn the route from Bombay
to Delhi, with Delhi-Mathura, and
Vadodara-Ratlagm already included for
electrification. The Board felt that
the high density main trunk routes
between the four nmetropolitan cities
of Delhi, Calcutta, Bombay and lMadras
and the routes from Delhi to Madras
and Bombgy to Calcutta would have to
be eventually electrified depending
on the availability of resources.

" (c¢) While prepari+g electrification
schemes, it enould be our objective
to eliminate steam for the smaller
services, suitably replacing them
by Diesel Shunters (7DS6) or
wiring the lines as required. It is
accepted that over g long period,
which would be required to provide
electric traction (being capital
intensive), both Diesel and Electric
Traction have to be developed zand
can be sustained.

(1ii) On the subject of Colour Light Signalling
being included in electrification
project estimates, the Committee's
Report that the cost of electrificatlon
for purpose of comparison with
dieselisation, should not include the
cost of Golour Light Signalling, is
accepted. However, Colour Light

- Signalling should form part and parcel
of electrification, in as much as
electrification projects are being
taken up on high density routes and
there is no question of not providing
Colour Light Signalling.

: contdese/
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(1i1) In the Corporate Plan for the
development of Railways, both
Electric & Diesel Locomotives have
to be provided for in ample measure,
duly phasing out steam traction in
a gradual manner."

3. Coples of Raj Committee Report are available
with CE/RZE, Northern Railway, Allahabad, who is being
instructed to distribute the necessary number of
copies as available to the Zonal Railways.

4, Rallway Electrification proposals may be
prepared keeping in view the details worked out by
the Raj Committee Report and the decision of the

Board thereon, ,
L4 chog

(Ao A, Sahay)
Joint Director,Rly.Electrification(E),
RallWaJ Board.

No.77/RE/138/6 New Delhi, dated 23 -2-1979.

Copy to CE/RE, Northern Railway, Allahabad.
He may arrange to distribute copies of Raj Comnmittee

Report to the Railways,

(47A. Sshay)
Joint Director, Rly.mlectrlfication(E),
Railway Board.

Copy for information to.-

PS/CRB, FC, ME MT, Adv.Fin-n
DRP, DB, DEE, D3T, M Y B pee s Adv.Elec,

Ds&C & DME.



FOREWORD

ELconomic haulage of trains has been under constant study
on the Indian Railways for a very considerable period. With the
introduction of diesel and electric traction in 1950s, the subject
gained mcre importance and caught the attention of traction Engineers

of different disciplines to go deeper into the problems.

The quest led to a "Study of electrification and dieselisation
on Indian Railways" in 1963 commonly known as the Sahal Committee
Report. Subsequently in 1970 the National Cocrccil of Applied Economic

Research conducted a similar study.

The oil crisis in 1973 aggrévated the situation and the need
for a fresh study on the relative economics of diesel and elec:ric
traction attracted attention. The present study is a eequel to this

keenly felt necessity.

This Committee was constituted with men with specialfsed
talents, drawn from the Indian Railways and Planning Commisiion.
The Committee held 12 sittings between January and June, 1978. The
discussions during these meetings were very meaningful and the
exchange of knowledge and ideas was of a high order. The Convener
is th-onkful to all the Members of the Committec for the urstinted

co-operation extended to him in completing the report inm stch a short
tire,

The detailed back-up calculations are in a separate supplement
to this Report,

The active assistance given by Mr. A.A. Sahay in fram:ng this

report 1s gratefully acknowledged.

New Delhi J.A.Raj
17-6-1973 CONVENER
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1.1

CHAPTERS-TI

.

INTRODUCTION

Background - qu%ést due to incrcasing traffic -
both passenger and goods - Indlan Rallways have
had to carry more and more treffic on their
network. Steam engines which hauleé alrost ilhe
entire traffic in 1950-51 ware found unccudl o

the task of haulirg heavier %tralns ¢t ftazxter
speeds. Accordlingly, Indian Kailways ldecided to
progresslively swlteh over to diesel cr eliectricz
traction and to finally abandcn r~rwufacture of
steam englnes altogether from 1971. ard %o

retire the steam engines already running on their
system at the end of thei» econcomic lives, rzplacing
them by diesel and clectric lceomeiivaes., Tiecel
and AC traction cstarted alnost 2t the cz=wv2 tipe

in 1959-60 on Indian Railways. A pDiescl TLocorctiveo
Works was set up at Varanasi, vhlch tcday rk=s a
capacity to manufacturc 1z Drecadld Geugs anil

30 Metre Gauge locouotives per annui. The
Chittaranjan Locomotive %orks which had comnmerced
with manufacture of steam z2ngines 1in 1951, have
changed over to manufacture of electric lccomotives
and diesel shunters and nave a capaclty ¢f manu=
facture of 66 Broad Gauge Electric locomotives

and 50 Diesel Shunters., In 1977, diesel traction
carried 56% goods and 25% passenger traffic,

while electric traction hauled 26% goods and

22% passenger traffic, the rest being on steanm
traction. The changing share of workload amorgs*t



steam, diesel and electric ‘motive powers on Broad
Gauge since 1959-60 for freight and passenger
traffic 1s shown at Graphs G-1 and C-2. 4553 routz
kilometres (15%) out of 30,873 route kilometres on
Broad Gauge over Eastern, South Eastern,/ Northern,
Central and Western Railways are electrified &and
work of electrification is in progress over 948
route kllometres on South Eastern, South Central
and Southern Railways (see Map-l). The growth of
A.C. electrification from its inception is given
in the table below:

TABLE - 1.1:
Progress of Electrification

Plan Year Route Total Route kn Awverage
period km actual electri- exvendi-
elect~- expen~- fled per turc per
rified. ditire aamm. armum,
“(Crores (Average) (Crores
of Fs.) of Eks.)
Second 1956-61 216 52.89 ter: SRR |
connrcel in 1953
Third 1961-66 1755 €o.71 351 6.1
Amual 1966-69 905 35.14 302 12.05
Fourth 1969~T4 956 70,04 191 14,00
Fifth 1974-T78 531 18 133 19.5

Works in progress

Section Likely to be

y comletzd in

1)  Vijayawada - Madras o 1979-89
11) Madras - Trivellore 1979-50

111) Waltair - Xirandul 1980-81



1.2

Choice between Diesel and Slectric Traction

l1.2.1 fThe diesel traction needs comparatively lower capital

l.2.2

!
/,

cost, has flexibility in operation and can be introdu-
ced at short notice on new sections. Sections with
heavy fluctuations in traffic can be best served by
it. However, repairs, maintenance and fuel cost per
unit of traffic are higher in diesel traction as

compared to the electric traction. Thus, while fixed

"cost is higher in the case of electric traction,

variable cost is higher in diesel traction and, there-
fore, electric traction becomes economical only above

a certain level of traffic termed as 'Break Even Level'.
The indirect advantage of electrie traction is
compulsory improvement in the communication system
which results in greater esfficiency in operation. In
addition, provision of colour light signals which can
be introduced on electrified routes at only a slightly
additional expenditure, reliable power supply having
been ensured from the overhead equipment,; results in |

greater safety.

Selection of Routes for Electrification - Although a
numbsr of high density trunk routes may merit
electrification, their priorities are fixed on the
following guidelines: |

(1) High density trunk routess carrying both Goods and
passengser traffic, with an attempt to cover terminal
electrification, eliminating multiplicity in
modes o traction.

(2) Other high density routes carrying coal or iron
ore but not on trunk routes.
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1.4

1.4.1

(3) Routes contiguous to already electrified
territory and required to be electrified for
contintity to avold change of traction for
short distances, resulting in savings in
working expenses.

Proposals for Rallway Electrification according.
to Corporate Plan of Indian Rallways.

The Corporate Plan of Indlan Rallways has envisaged
approximately 4800 route kilometres to be electrified
in the 15 years (1974-89) on routes which would
have traffic densities of above 12 to 13 million
nett tonne kilometres (NTKM) per annum per route
kilometre (33.6 to 36.4 million gross tonne
kilometres per route kilometre based on the ratlo
of GTKM to NTKM of Indian Railways in 1976-77).
These routes have been indicated in Map-1l.
Priorities and phasing of electrification schemes
were considered by a Directors' Committee of the
Railway Board Annexure-l. For period 1979-84,

they recommended an energisation of 1980 route
kilometres and suggested commencement of work on
about 1000 route kilometres to be completed in

the following Plan. The Draft Plan 1978-83 provides
for Rs.120 crbres for electrification in a total
outlay of Rs.3350 crores for the Railways.

Sahal Committee.

In 1963, a Committee with Shri P. Sahai as Convener,
was sBet up to assist the Raiiway Board in formulating
the traction policy. The Committee made a systematic
study of the relative costs of electric and diesel
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modes of traction and submitted its report the same
yearl. The report was based on imported cost of both
diesel and electric loccxzctives and the other relevant

costs existing then.

The train services provided in the study were based on
Amsler Train Schedule computer studies made by the
Research Designs and Standards Organisation, Indian
Railways, Lucknow, and were simulated for comparable
services for haulage by WDM-2 Diesel Electric Locomotives
for all traffic, WAM-l Electric Locomotives for Passeng:2r
services and WAG-1 Electric Locomotives for Goods
services. These locomotives had just then been imporied
and adequate statistical data on their operation, rerairs
and maintenance had not yet been built up. The app:roach
to costs was mainly financial,

On the basis of comparative financial cost, the Schai
Committee established a break-even level between alesel
and electric traction of 6 to 7 million gross tonne
kilonetres (trailing) i.e. excluding weight of eagine
or zpproximately 10% higher, if weight of ehgins is
included) per route kilometre per annum on level and
1:100 graded sections. On heavily graded sections
(1:60) 1like Waltair-Kirandul, the corresponding break-
even level was found to be only 1.91 million tralling
tonne kilometres per route kilometre per annum.
Excluding the duty on diesel oil, the break-even level
was estimated between 20 to 30 million tralling tonne
kilometres per route kilometre per annum.

1 Study of Electrification and Dieselisation on

Indian Railways, Covernment of Indla, 1963.
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NCAER Report 1970 - The next methodical study was
carried out by the National Council of Applied Economic
Research in August 1968-692 This study based on
statistical data collected from the Rallways attempted
both financlal and economlec costs. According to this
study, for the three sections examined, the financlal
and economic break-even level based on prices of
1968-69, were found as below:

TABLE 1.2

Break-even level of traffic
density between Diesel & Electric
traction (Million GTKM* per route
kilometre per annum).

At Financial At Economlce cost

cost Maximum Minimum
1. Durgapur- | 18 ’ 93 63
Mughalsarail
2. Ratlam-Vadodra 13 58 42
3. Durg-Chusaval 7 87 68

Based on economic cost consideration, no section could
have been Jjustifled for electrification.

Economics of Diesel and Electric Traction, NCAER.
August, 1970.

¥ TIncludes welght of engine. All further exercises
have been done including the weight of englne.
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1.7

The wide disparity between the break-even levels of
financial and economic cost was mainly due to high
taxes on fuel 0il. While the cost of rfuel oil with
taxes was around Rs.B800/- per kilo litre, the cost
wlthout taxes was found to be less than Rs.300/- per
kilo litre. The break-even level on the financial
cost basis as compared to Sahal Commlttee rose almost
three times mainly due to general increase in cost of
electrification, inclusion of cost of Railways'
tele~communication cables as a part of electrification
and difference in assumption regarding train weights.
While the Sahal Committee assumed the welight of trains
as 2680 tonnes, the NCAER based its calculations on
actual weights of trains running on electrified route
between Durgapur and Mughalsaral. The average welght
of trains was worked out to be only 1855 tonnes.

Present day situation & formation of the Committee ~

The -o0il crisis of 1973-74 highlighted the monopoly
situation of the oil producing countries in the world
market. The prices of crude and 1its disﬁiilates have
been continuing to rise. On the oth2r hand, the cost
of electrification in the wake of general price risc
has also risen sharply in the period 1972-T4. It

was consldered necessary to review the situaticn
afresh (see Annexure 2 ) and, therefore, the

Railway Board in consultatlion with the Planning
Commission vide their letter No.77/PL/9/2 dated
28.12.77 constituted a Committee to go into the



question of relative economics of electrification
vis-a=vis dleselisation as below:

1.7.1 Composition

Rallways Planning Commission
1. J.A. Raj Convener 1.Dr.M.Q.Dalvi Member
Chlef Engineer U.N.D.P.
Raillway Elect- Adviser.
rification,
Northern Rallway,
Aliahabad. 2.Dr.P.C.Sah Member
) Consultant :
2. Mahesh Kapoor Member Project Appraisal

Joint Director
Corporate Planning
Raliway Board,

New Delhl.

Division.

3. Pratap Narayan Member
Joint Director
Planring-I,
Railway Board,
New D2lhi.

4, Mur.l Pande Member
Joint Director
Mecih.Engg. (Fuel)
Rallwey Board,
New Delhi.

5. K. B. Verma Member
Deputy Director
Stat.Cost Analysis
Rallway Board,
New Delhl,

5. A. A. Sahay Secretary
Joint Director
Rly.Electrification

(Electrical)
Railway Board,
New Delhi.



1.7.2 Terms of Reference

1)

nnllaction of field data for updating the
past studles on remunerativeness of electri-
fication schemes, picking out representative
sectlons.

Furnish guldelines for princlples 1nvolved
in selection of routes.

Make recommendations based on the latest field
data, on the priorities which should be adopted
for electrification commenting on the recommend-
ations cf the Directors' Committee Report recently
approved by the Board.
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CHAPTER - II 10

- SCOPE_AND METHODOLO?Y OF STUDY

Scope of study

The Committee, followlng the terms of reference
have divided the study in thfree parts:

1) Updating the norms and cost.
i1i) Estimate the break-even levels afresh.
1i11) Suggest future plan for electrification
in context of the energy policy, operational
and organisational considerations.
One representative sectlion has been selected to
compare the relative costs of hauling the projected
level of traffic through the two alternatlive modes
of traction. Although results of this study made on
one section canntot be directly applied to other
zcctionc,;, the results arrlved at could assist
selection of likely sections for electrification,
which can then be surveyed and the projects examined
with greater accuracy.

Method of study

In this study, both financial and economic costs
have been worked out. While financial cost 1s
important from the point of view of Railways as
they are a separate Undertaking, a decision on
electrification should be taken from national
angle and from that aspect economic costs are
important. In the study, the comparative cost
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of hauling the projected traffic as well as the
internal rate of return for additional investment
required for electrification have been worked out.
In calculating the comparatlve costs as well as
Iinternal rate of return, DCF tezhnique has been
adopted. The assaumptions made regarding norms,
soclal wage rate, shadow exchange rate, scarcity
value of 01l and pricing for different inputs are
spelt out in detall in subsequent paras. As the
conclusions in the study are based on comparative
costs, such costs which are common to both modes

of traction have been excluded. While a 10% discount ?
factor has been used for financial costs, a 12%
discount factor has been used for economlc costs to
arrive at the break-even levels.

2.3 Choice of Section

2.3.1 Map 1 indicates the heaviest density, routes
proposed for electrification in the Rallways
Corporate Plan. Most of the non-electrifi=sd heavy
density routes lie in Central India. Th2se r-utes
are either on level or are lightly graded 1 in 150
or 1 in 200 only with some short stretches of
1 in 100.

2.3.2 With the limited time at the disposal of the Committee,
it was essential to choose a section for which detalls
of work and costs were available, which lay on a
trunk route having a heavy density and with an
assured growth of traffic, and which could be
accurately projected for DCF calculations. Also
the route so selected should have light grades.
In view of 1its characteristics, the Delhi-Jhansi
Section has been selected for study by the Committee.
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The cost-cum-feasibility survey of this section

was avallable 1n the Ministry of Railways and the
section is on the main trunk route to South and
West. It also connects north with Central India
Coal~fields vlia Bina and has a high proportion of
mall and express trains. The Commltftee also
observed that the Western Railwéy streanm cf traffic
merges at Mathura and to ascertaln the benefit of
running the entire traffic under electric tracticn,
decided to examine the simultaneous electrification
of Mathura-Gangapur City section of the Western
Rallway also.®

Although for Delhi-Jhansi section, cost-cum-
feasibllity survey 1s completzd and the Project
report is available, Mathura-Gangapur Clty section
1s yet to be surveyed. However, as the section 1s
almost level, and contiguous to Delhi-iAgra and
does not pass through heavily bullt up areas affect-
ing the cost of modification to fixed structures,
the Committee considered that a prorata cost per
kilometre of Delhi-Jhansi electrification would
be>accurate enough for the study. The costs used
in the study are the updated costs and not the
original survey estimates.

% The necessity to electrify Mathura-Gangapur City
simultanecusly with Delhi-Jhansi was also
expressed by the Directors's Committee.
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Norms zn? Costs

The norms and costs which affect the relative
economics of diesel and electric traction, are
as under :

Capltal Cost

Electric Traction Diesel Traction

i) Fixed Installations 1) Locomotive Shed
(includes Traction
Distribution, Signa- 1i1) Locomotives.
1ling and Telecommunica-
tion).

1i) Locomotive Shed
iii) Locomotives

"Qgerating Costs

1) Energy consumption. 1) Fuel consumption.
ii) Running & Maintenance 1i) Running & Mainte-

costs of locomotives, nance costs of
i11i) Maintenance of fixed locomotives.

installations. 1ii1) Maintenance of
locomotive sheds.

Costs estimates for fixed installations for
electrification

The cost of electrification varied between
Rs.1.00 and Rs. 1.3 lakh per track kllometre
in the initial schemes. Subsequently colour
light signals, Rallway's pwn communication
cables in place of hiring P & T channels,

and Substatlions were also included as part of
the total work. The inflation partly due

to 01l crisis led to a further increase in

the cost of electrification. Consequently, the
latest works under progress are expected to cost
about Rs.5 lakhs per track kilometre.
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In vizw of the increasing cost of electrification,
the Rallway Board appointed a Working Group3

to examine and recommend areas where economies
could be achleved. The report of the Working
Group was received in 1976 and the Railway Board
have accépted most of the recommendatlons made.
The measures include aluminium catenary in place
of copper, tramway equipment in yards and
secondary lines, reduction in number of spare
power transformzrs, use of solld state equipment
in telecommunication equipment and use of ,
unscreened signalling cables in certain locations.
In addition, savings are also possible in
establishment costs, These measures would reduce
the present day costs from Rs.5.09 lakhs to
Rs.4:30 lakhs per‘track kilometre.* In the

-study the latter costs wlith economies have been

adopted (see annexure 3 for details).

Coiour Light Signals ( CLS)

Both Kunzru and Wanchoo Committees have recommended
use of colour light signals on heavy density routes
as a safety measure lrrespective of the fact
whether the route 1s electrified or’

3. Report & Recommendations of the Working Group
for Reduction of costs of Electrification, Ministry
of Rallways, September, 1976.

¥ British Railways have reported a saving of -
29% on their latest Weaver Jn to Glasgow
Electrification due to economy measures adopted
by them. Railway Engineer, November/December 1977.
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dlecolised. (see Annexnre 4), Earlier
electrification schemes did rnot includs cost of
colour light signals. If this situation is
accepted, the cost of colour light signals should
not be included as part of eleztrification.
However, in the recent past, in view of the
visibility of semaphore signals belng affected
by erection of electrification masts, colour
light signals have been included_as part of
electrificaticn schemes. The latest policy of
the Rallway Board, however, on the subject 1is
not to include the colour light signalling as a
compulsory item for electrification. In view
of the fact that the policy wilth regard to
provision of colour light signalling oh safety'
consideraticns ac part of electrification projects
has been changing from time to time, the Commnittee
have adopted two alternatives for this analysis :
i) including coast of colcur light signalling,
ii) exc.uding cost ol colour light signalling,
to arrive at the rate of return and break-even

levels.

Locomotives

The costs of locomotives have been obtained from
the locomotive production units. Cost of diesel
power pack has been obtalined from Kharagpur
Workshops.

A ratio of 1.2 diesel electric locomotive to-

1 electric locomotvive for Goods, ¥ail & Express
trains and 1:1 for stopping passenger Services
have been taken in the study. In arriving at the
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above ratio, the Committes have taken into account the
higher horscpower and the better usage of the electric

locomotives (Annexure 5).

Operation & Maintenance

Fuel, lubricants and electric energy consumption norms

have been averaged from the 3 years (74-77) actual data

of consumption and performance of diesel and electric
locomotives on the Northern, Central and Western Railways.
In arriving at these norms, the consumption and performance
of electriec DC, dissel bankers and diesel hydraulic

locomotives have not been taken into account (Annexufe 6).

2.7.2 Norms for repairs & maintenance costs of locomotives

2.7.3

2.8

have been based on actual expenditure in the year

1976-77. In regard to running repairs, these are baszd on
the costs of Ratlam Shed (for diesels) and of Vadodra

Shed (for electric). For periodic overhauls, the cstimates
are based on the expenditure of Kharagpur Workshop (for

diesels) and Bhusaval (for electrics) (anncxure 7).

The norms for repairs and maintenance of fixed
installations have been based on Central Railway's figures
of 1976-77 for traction distribution. For signalling and
telecommunication, the costs are based on the latest

section electrifizd - Tundla-Delhi (in January, 1977).

Bascd on a study of Tundla-Ghaziabad section, after
cabling but befors energisation, saving in wagon - days

duz to improved telecomrmnication has been
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taken into coxsideration, for the sections taken

up for study on a prorata basis*. Saving in locomotive
timz 1s already considered in establishing the ratio
of dlesel to electric locomotives. ‘

Since 1974, staff quarters are being constructed
under Capital. Earlier these were charged to Develop-
ment Fund. Credit for rent deducted and non-payment

- of houss rent allowance has been taken for financial

evaluation. In economic evaluation, this does not
apply.

Economic Costs

The following basic approach has been adopted for

" estimating the economic cost of different important

ltems:

Taxes and duties have been eliminated from capital
and operating costs.

Shadow exchange rate - The Project Appraisal Division
of the Planning Commission have roughly calculated

a premium on foreign exchange at around 25%. This
rate has been adopted in working out viability of
Publie Sector Projects. However, the situation

has changed and an exercise in the Planning Commission
is being carried out to ascertain the new rate.

The Committee felt that a 15% premium will be very
reasonable in the currént situation which has been

> Thls comes to Rs.12.55 lakhs per annum for
Delhl-Jhansi Section and Rs. 3.05 lakh per
annum for Mathura-Gangapur City section for
the year 1983-84,
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adopted by thé Committee. It may be emphasised

that this charge %3 not meinly due to improvenment in
the forelgn exchange situation but due to change

in the world prices versus Indian prices.

Shadow wage rate - The shadow wage rate of
seml-skilled and unskilled labour has been taken
as 60% of the market wage rate in view of large
reserve of unemployed o:* under-cmployed in the
country. This 1s agaln based on a study made

by the Project Appraisal Division of the Planning
Commission. For this exercise, all Class IIf and
Class IV staff have been treated as semi-skilled
or unsklilled staff. . ‘

Imported commodities have been valued on the basis
of their C.I.F prices after making adjustments

“for internal transport cost and handling charges.

Tradeable commodities, for which the country 1s
a net importer, have becn valued on the basis of
their C,I.F. prices.

Electric and diesel locomotives and electriclty
have been valued on the basis of thelr real cost
of production.

The capital cost of residential houses has not
been 1included beczuse housing has to be provided
as a part of th= social cbligation.

High Speed Dlesel 01l - The country would continue
to import crude oil and in addition HSD oil,
inspite of important oil strikes including Bombay
High® (see Graph G3). Therefore, dlesel oll

% This 1s also confirmed by Kumar Committee,
constituted in 1977.
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has been valued on the basis of its C.I.F. price
which 1s currently Rs. 898 per kilo litre at
official exchange rate. Shorfage of crude oil in
the whole world 1s likely to be felt in a couple
of decades. The price of crude o0ll per barrel
which increased from $ 2.7 in 1973 to $ 13.60

in December 1977 1s expected to rise further

(see Graph G-U4). Amongst the various distillate
of crude oll, the growth in demand of HSD oil is
about the highest at 8% per annum (see Graphs

G-5 & G-6)., The imports in 1976 and in 1977 were
0.577 and 0.666 million tonnes of HSD oil in
addition to an indigenous production of 6.21 and
6.989 million tonnes respectivel&y_These represent
about 9.5% of country's demand of HSD oil¥

The present energy policy has emphasised the need
for substituting oll wherever technically and
economlcally feasible by other forms of energy.
This has ‘also found a place in the Draft Plan
1978-83 which indicates that use of o1l products
would have to be retained within the manageable
limits and 01l production policy would be
weighted in favour of conservation of our

limited resources (Annexure 8).

4, Annual Reports, Ministry of Petroleum.

The Railways' consumption of HSD o0il in
1976-77 was 0,702 million tonnes.
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The Committee feel that in view of the expected
world-wide shortage of oll, there sheuld be

a premium reflecting this scarcity,although an
objective calculation for this purpose 1s
difficult., The Committee have, however, fzit
that a 107 premium will be a reasonable
assumption to reflect such a scarcity and

cne exercise has been carried out under
economic analysis with this assumption. It

m2y be mentioned that this scarcity value

does not reflect the supply and demand position
of oil in the country.

Copper - According to the demand and supply
projections made by the Planning Commission,

the country will continue to be a net importer
of copper and hence copper has been valued on
its expected C.I.F. price which 1s currently

Rs. 11,870/~ per tonne at officlal exchange
rate, or Rs. 13,650.50 at shadow exchange rate.
Adding the transport cost and handling charges,
the value of copper is estimated at Rs.14,539.50
per tonne,

Zinc - Like copper, the total domestic demand
of zinc 1s expected to be higher than 1ts
domestie production. Hence, rinc has also been
valued on the basis of its C.I.F. price, which
is currently Rs.5,420/- per tonne at officlal
exchange rate, or Rs.6,233/- per tonne at
shadcw exchange rate. Adding the frelght and
handling charges, the value 1s taken at
Rs.6,664/~ per tonne.
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2.10,12 Locomotives - The break-up of the cost of
production of diesel and electric locos is
given in the Table 2.1 below. The basls of
calculation of economlc cost 1s self evident.

TABLE 2.1
COST PER DIESEL LOCO | (Figures in lakhs of Rs.)
-t Ts 0" T T mmne A T "Pinanci<:” Economic Cost T T
:Sizgout: gigy: al :Without :With
-duties : tax.. oSt :premium  :15%
. :& taxes: s : .on for- :premium
‘but WItﬁ° * ‘elgn :on for-
-other - : :exchange zéign
:chargesg : : :exchange
Imported Parts 6.22 2.85 9,07 6.22 7.93
(c.i.f.price) _
Indigenous Parts 21.53 0.81 22.34 21.53 21.53
Labour , 0.48 - 0.48 0.29 0.29
Overhead charges T.41 - 7.41 7.41 7.41
Proforma charges 2.76 = - 2.70 2.70 2.76
Total 38.34 3.66 42,00 38.15 38.96
COST PER ELECTRIC LOCO
Imported Parts- 3.68 1.58 5.26 3.68 4,15
(c.i.f. price)
Indigenous Parts 28,34  1.37 29.71 .  28.34 28.34
Labour charges - 1.25 - 1.25 0.75 0.75
Overhead charges - 5.9 - 5.91 5.91 . 5.9
Proforma charges - 2.87 - 2.87 2.87 2.87

Total 42.05 2.95 U45.00 41.55 42,02
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There has been a2 chronic shortage of electric
energy despite a significant increase in

/ 1nstalled generating capacity from 2300 MW 1n

1950 to 24,000 MW in 1976-77. The Draft Plan

1978-83 has proposed 18,500 KW addition to the

generating capacity in the country and envisages
another 20,000 to 25,0C0 MW in the period 1983-88.
The investment for power in 1978-83- plan is
expected to be Rs.15,750/- crores against

Rs. 7016 crores in the V Plan. With this
investment; the country expects to overcome

the chronic shortage of power by 1982-83%,

The economic cost of production of electricity
has been roughly estimated at 20 paise per KWH
for the new power schemes by the Project Appraisal
Divislcon of the Planning Commission, which has
been adopted though the Pooled Cost of Production
of energy by Electricity Authorities 1is lower

| (Annexure 6).

Norms and Unit Costs of various inputs of .
diesel and electric traction, are glven
in Tables 2.2 & 2.3.

¥ 1Indian Railways consumed 1945 million KWH
in 1976-77 against a total generation
in the country of §924pmillion units.
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TARLE 2.2
S1. Rate
No. Item Unit Diesel §J Electric
1. Estimated gross cost
of fixed installations
a) Vith colour light . Track - Rs.4,30 lakhs
signals. . Km.

b) Without colour light
signals

Fuel/Energy Consumption

e

(a) Goods

(b) Mail & Express

(c) Stopping Passenger

Consumption of Lubricants

Per 1000 3.60 1ltrs.
GTRM

" 4,77 "
" 5.52 "
1.83% Of\

H.S.D
oil.

Rs.%4.12 lakhs

11 . 08 m'!H

19.81 %
25,10 "
0.75 litres

per 100
tnzirve K.



TABLE 2.3
UNIT COSTS

-

PINANCIAL

ITENM Unit _ ECONOMIC COST
COST Without premium ith 15% premium
on Foreign Exchange on Foreign Exchange
(Shadow Price)
R§. ___ . _.Rs, L Bs.
(1) - (2) (3) %) (5) L
. Copper Tonne 23,750.09 12,759.00 14,539,590
. Zinc Tonne 11,000.00 5,851.00 6,664 ,00
. H.s.D.0il@ Kilo 1,292.60% 968,00 * 1,102.70 *
Litre 1,258,60%* 350,90 ** 1,035,60 #**
4, Electricity RWH 24 paise 20 Paise 20 Paise
5. Electric Locomotive
(WAM &) Each 45 lakhs 41.55 Lakhs 42,02 lLakhs
€. Diesel Locomotive
(WDM 2) Each 42 Lakhs 38.15 Lakhs 38.96 Lakhs
7. Power Pack for
Diesel Locomotive Each 17.4 Lakhs 16.04 Lakhs 16.04 Lakhs
. Diesel Loco Shed One Loco 3.66 Lakhs 2.375 Lakhs 2.40 Lakhs
¢. Running Repair of »
Diesel Locomotive Engine Km. 1.417 1.313 1.313
1. Running Pepair of )
Electric Locomotive Engine Km 1.062 0.94 0.%4
11. Periodic Overhaul |
(POH) Electric
Locomotive. One Loco 2.26 Lakhs 2.07 Lakhs 2.07 Lakhs
12, Periodic Overhaul
(POH) of D iesel
Locomotive. One Loco 3.19 Lakhs 2,88 Lakhs 2.88 Lakhs



Q) (2) _3) O R ) T e
12, Lubricating 01l Kilo 7,899,20 * 7,595.38 * 7,595.38 *
Litre 7,863.33 % 7,560.89 **% 7,560,89 **
14, Repair & Maintenance
of fixed installations:
(a) Traction
distribution TKM 3,540 2,336 2,336
(b) Signalling RKM 2,092 1,381 1,381
{(¢) Telecommunication RKM 3,856 2,545 2,545
(d) Civil & Electrical %age of 37 for Civil & 3% for Civil & 3% for Civil &
assets cost of 5% for Flectrical 5% for Electrical 5% for Electrical
works general works general works general works,

% Delhi - Jhansi Section
*% Mathura-Gangapur City Section

@ For ®n,S.p, 01l :
Mote - 1 Economic cost of transport of HSD: Rs.60 per K.Litre for Delhi-Jhansi Section
(Included in economic costs)

Rs.42,9C per (.Litre for Mathura-Cangapur City

Section,
2 Iconomic cost of H.S.D, with 15% nremium on Foreign Exchange and

additional 107 premium as scarcity value is Rs.1,192.50 for Delhi~Jhansi Section
Rs.1,175.40 for Mathura-Gangapur City
Se ction.

&2
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CHAPTER--TITI

STUDY OF THE SELECTED SECTION:DELHI-JHANSI
AND MATHURA - GANGAPUR CITY.

Delhi-Jhansi section (U414 Route Kilometres) forms
part of main trunk route connecting North-South and
North to West (Map-2). The sections being considered
are entirely double track except a length of 39 km
between Tughlakabad and Palwal which has three lines.
Apart from the heavy foodgralns traffic that flows
from North to South, there is substantial traffic of
general goods flowing towards Delhi, both from Bombay
and from cther reglons. A sizeable amount of P.0.L.
traffic flows from Western Railway on Mathura-Delhi
section. Against a density of 13.7 million GTKM in
1967-68 the densities have increased to 26.4 million
GTKM in 1976-77 recording a growth of 10.3% Apar
from the frelight traffic, the section has a very large
number o important mail and express trains connecting
metropolitan citles. The antlicipated traffic on the
section 1s lilkely to be influenced by the movement of
coal from C.I.C., linked to the Power Stations of
Northern Indlia. There will, however, be a decline

in the P,0.L. traffic from Western Railway with
commissloning of Mathura Refinery. This drop in
traffic has been taken in account while projecting the
demand.

Traffic over the Section:

In the event ¢f only Delhi-Jhansl sectlon being
electrified without electrifying Mathura-Gangapur City

Armu

section, the VWestern Rallway stream of traffic 1s assumed

to flow under Jiesel Traction on Delhi-Mathura section,
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as change of traction after 153 kms at Mathura will not be
operationally desirable. With electrification of Mathura-
Gangapur City, the entire traffic on Mathura-Delhl would
work under electric traction. The cost benefilt analysls,
therefore, has been separately done for electrification of:

a) Delhi~Jhansi
b) Delhi-Jhansl & Mathura-Gangapur City.

The detalls of the freight traffic sectionwise for both Up
and Down direction\are given in table below:
TABLE 3.1

Daily Goods Throughput in terms of 4 Wheelers as in
1976=T77 (actual and projected in 1983-84).

Section 1976~77 1983-84_

Loaded Empty Total Loaded Inpty Total

Agra-Jhansi
. P 4y 219 633 530 380 910
DN 733 18 751 1095 25 1120

Mathura-Agra
UP 359 215 574 550 4oo 950
DN 649 15 664 990 160 1150

Tughlakabad-Mathura

(CR) . UP 379 103 482 - 425 670 1095
DN 586 27T 613 1255 - 1255

Tughlakabad-Mathura

(WR) UP 368 360 728 li25 300 725
DN 640 21 661 690 60 750

Bayana-Gangapur City
UP 509 423 932 585 360 945
DN 768 64 832 830 80 910

Mathura-Bayana
368 360 728 425 300 725

DN 640 21 661 690 30 720
Note:

1) Against a past rate of growth of 8.7% on the
Agra-Jhansi section and 6.4% in the Mathura-Agra
section, a growth of 4% of traffic other than coal &
POL has been taken in the period 1976-7T7 to 1983-84.




3.4

2)

3)

)

5)

28

145 wagons of coal on the Jhansi-Delhi section
linked from Central Indiz Coal flelds to Power
Houses 1n Western India in the period upto
1983-84 has been taken.

With commissioning of Mathura Reflneiry a pipe

line for the flow of light distillates in the
Mathura-Delhl section has been assumed. 300

wagons of heavy distillates 1s assumed to move

on the Mathura-Delhl section by rail. 1In the

event of the pipe line not materialising the
projected volume of traffic on Mathura-Tughalakabad
section would increase further by about 300/250
wagons.

125 wagons of POL is assumed to move on the
Mathura-Agra section on commissioning of the
Mathura Refinery.

A growth of 4% per annum in the Dn direction 1.e.
towards Delhl aid 3% per annum in the Up direction
has been assumed beyond 1983-84. No increase in
coal and POL traffic has been included in the
projections beyond 1983-84, TFurther detalls of
traffic beyond 1983-84 are given in the Annexure 9.

Passenger traffic:

The growth of mail and express traffic on Indian Rallways
has been of the order of 7 to 8% per annum in the past.
An annual growth rate of 4.7% has been assumed in the
projections and the number of coaches required at thils
rate over the base year of 1977-78 in terms of coaches
has been worked out. As important mall and express
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trains are to run with 20/22 coaches, this
compcsition is assumed commencing from 3 pairs

" ¢f trains in 1983-84 to 8 pairs in 1993-94, Mo

increase 1n stopping passenger services are assumed.
Details of passenger traffic are also at Annexure 9.

The total number of trains, Up and Dowh, goods
and coaching in different sections are as below:

TABLE 3.2
(Delhi-Jhansi traffic only)

1976-77 1983-84 1988-89 1993-94

(Actuals)
a) Jhansi-Agra
Cantt. 46.3 56.6 66.1 72.3
b) Agra Cantt.-
Mathura 53.9 67.8 76.6 82.2
¢) Mathura-
Tughlakabad 51.7 - T1.8 80.0 84.9

With electrification for Gangapur City-Mathura
section the traffic on items (c) above increase
and the number of trains are:

¢) Mathura-

Tughlakabad 84,0 105.6 115.2 125.3
d) Mathura- v

Bayana 32.3 33.3 38.9 43,2
e) Bayaha- ‘

Gangapur City 38.11 39.8 46.6 52.3

With automatic colour light signals it would be possible

to cater to traffic of 125 UP and DN trains expected
in 1993-94 on Tughlakabad-Mathura section.
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Gradients on the Sectlon:

About 20% of the Delhi-Jhansi section 1s graded
while Mathura-Gangapur City is generally flat
except for a short stretch of 1 in 200. On the
Delhi-Jhansi section, Delhi-Mathura is flat and
ruling gradient on Mathura-Agra and Gwalior-Jhansi
is 1 in 200 and on Agra-Gwalior 1 in 150.

Cost of Project:

Based on the norms and costs discussed in Chapter I1I,
the gross cost of electrification works® including
cost of CLS (including cost of a standard Locoshed
for 100 locos) chargeable to capital, depreciation
reserve funds and revenue 1s estimated as Rs.4366.20
lakhs. The net cost chargeable to capital only
(excluding Loco Shed) both for financial and economic
study has been estimated as below:

TAELE 3.3
(Cost in lakhs of ruvpees)

Without colour With colour
light signals rlight csignals

Delhi-Jhansi Financial 3565.59 3729.29
Economic@ 2772.08 2917.70
Delhi-Jhansi Financial  4800.93 5021.33
and »
Mathura~Gangapur Economic@ 3732.47 3913.83
City.

2 The cost of equipment for the 3rd line between
Tughlakabad to Paiwal has also been included in
the cost of works. ‘ ’

@ Includes shadow price of 15% on Foreign Exchange.
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The cost nf locomotive sheds for both diesel and
electric traction. facilities belng dependent upon the
number of locomotives required, is estimated as below:

) (Cost in lakhs of Rupees)

Diesel Electric

Delhi-Jhansi Financial 333.06 264.88

Total Locomotives: Economic@ 218.40 211,47
Diesel 91 ]
Electric 77

Delhi~Jhansi Finanecial k79.46 378.40
and
Mathura-Gangapur . -~ Economic@
, City '
Total Locomotives:
Diesel 131
Electric 110

\

314.40 302.10

(See also aAnnexure 3)

3.3 Return on D.C.F. Calculations on Financial and
Economic Costs:

3.8.1 The results of the return on Electric traction
over Diesel traction based on financial and economic
study under both the cases of (a) electrification
of Delhi-Jhansi section alone and (b) combined

@ 1Includes shadow price of 152 on Foreign Exchange.

v
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project including Mathura-Gangapur City are as
telow. In the former case Western Railway traffic on
rathura-Delhl is assumed to flow under diesel traction.

TABLE 3.4

Internal rate of retun in ¢

mcononice
Finan- Without With 157 With addl.
clal prerium  premium 107 scarcity
on for- on foreign value of HSD
eien exchange oll ..
exchange
Delhi- Incl.cost
Jhansi of CLS 9.90 10.18 12.40 13.82
section
Excl.-do- 10.42 10.79 13.12 14.42
Delhi- IIncl.cost
Jhansi &lof CLS 10.63 10.66 13.21 14.52
tathura-
Gangapur
City as Excl.-do- 11.14 11.38 13.80 15.01
coxbined
project.

The study assumes a growth of traffic of 2.7% on the
base year 1983-84 upto 1993-34, after which period the
traffic 1s assumed to be constant.

The results indicate that electrification of Mathura-
Gangapur City as part of the project improves the rate
of return by 0.7 to 0.8% for the total investment and
GTKM per route km increases from 31,5 million to 32.37
million. In view of better financlal and economic
return and flexibility in operation, the Committee fez2l
that Delhi-Jhansi and Mathura-Gangapur City sections
should be taken as one project.
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The break-even level between diesel and electric
traction, based on the study of Delhi-Jhansi, Mathura-
Gangapur City at 10% internal rate of return on D.C.F.
calculations on financial cost and at 12%% on economic
cost, 1s as below:

TABLE 3.5

Figures in million GTKM per
route Km per annum,

Costs Including Excluding
cost of CLS. cost of CLS

Financial at lq% I.R.R. 31.25 29.5

Economic at 12% I.R.R.
(a) with 15% premium on 30.25 28.0
Foreign Exchange

(b) with 15% premium on
Foreign Exchange .and
additional 10% as :
scarcity value of 27.00 24,75
diesel oil

The above exercilse is based on the assumption that the
economies in the cost of electrification mentioned

in para 2.5.2 will be implemented. These have yet

to be implemented in future projects. Although the
Committee are not in doubt that these can be implemented,
an exercise with the existing costs has also been done
to ascertain the rate of return on D.C.F. calculations
at the gross capital cost of Rs.5.09 lakhs per track

For economic evaluation in Planning Commission,
this 1s considered as the minimum value of I.R.R. for
national investments.
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kilometre against Rs,.4.30 lakhs with economies. The
results are:-
TABLE 3.6
Internal rate of return in %
Delhi-Jhansl Delhi-Jhansi-

Cost i Mathura-Gangapur City
I. Financial (a) with CLS - 7.92 8.56
(b) Without CLS 8.31 8.96

+II. Economic with 15% premium on
Foreign Exchange
With CLS 10.24 10.79
Without CLS 10.69 11.24

IIT. Economic with 15% premium on
Foreign Exchange and addl.10%
on scarcity value of HSD oil.

(a) With CLS 11.28 11.94

(b) Without CLS 11.84 12.52
The corresponding break-even levels on Delhi-Jhansi and Mathura-
Gangapur City are as below:

' TAHLE 3.7

Break-even level in million
GTIM per route KM per armum

Including Exeluding

Costs cost of CLS cost of CIS
FMnancial at 107 I.R.R. 37.50 36.50
Economic at 12% I.R.R. '
(a) with 15% premium on 36.25 35.00
Foreign Exchange only.
(b) With 15% premium on Foreign 32.75 32.00
Exchange and 10% scarcity value
of oil.

Based on the study of Delhi-Jhansi, Mathura-Gangapur City, the
Committee find that the break-even level with various alternmatives

at the time of introduction of electric traction vary between 24.75
and 37.50 Gross rillion torme kilometres per route kilometre per armm.
It, however, narrows doWn when the scarcity value of oil 1s ignored
and the cost of electrification assumes economies, when it falls
within a range of 28 to 31.25 million.
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CHAPTERS-=IV

CONCLUSIONS AND RECOMMENDATIONS

Break~-Even Level - The break-even levels established
vary from 28.0 to 31.25 million GTKMs per route
kilometre per annum. W&aE® The break-even level
established above cannot be consldered as the point

at which electrification could be introduced on any
section because different sections present peculiari-
ties in the volume of work resulting in variations

in the cost of work as well as in other inputs 1like
cost of electric energy, fuel and nature of traffic
ete. However, this break-even level could be used as
a broad guldellines by the Indian Rallways to ideﬁtify
routes which should be taken up for electrification.
It 1s necessary to study the remunerativeness

of a particular section and to use the above guilde-
lines to carry out cost-cum-feasibility surveys
around brezk-even levels of about 30 million 3GTKMs
per annum (10-11 nett tonne kilometres per annum)

in the projected year of energisation with a growth
rate of 2.7% per annum for the next 10 years.

The study also shows that when the traffic

densitles are about 50 million GTKMs per &nnum

at the time of energisation, the economic return

on the investment 1s as high as 20%.

High Density Sections - As the lead time from survey
to energisation of a section takes about 5 to 7 years,
it 1s necessary to have a long term perspactive plan
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fcr electrification. The PRallways' Corporate Plan
gives perspective for electrificaticn on the Rallways.
~he Corporate Plan envigages growth of freight

traffic on the Indian Rzilways fronm 240 nillicn

tornnes to around 310 =illicn tonnes in the period
1979-84 and to arcuad 370 =illion tonnes in 1688-83.
Trhe Draft Plan 1ssued by the Planning Co—zission
envisages freight fraffic on the Indian Failways to
reach 310 millicn tcnnes by 1983. 1he growth of
traffic on thke high density routes has bteen higher
than the averzge rates of growth cn Indian Rzilways.
Taking thls fastcr into account, the sections which are
currently 1in the traffic density range between 25

znd 30 gross nillion tonnss would be reaching
densitles wvell zgbove the brezk-even levels in the

next 5 yezsrs. Secticns identified for electrification
in the Co-porate Plan (1974-82) detailing the present
and projested levels of traffic are given in Table 4.1.

Recormerdations of the Directors' Co-mittes.- The
Directors' Coz—=ittee which was zppointed to fix

the pricrities for electrification feor thz Plan
1976-24% nd>ted that the existing works 1n progress of
about 65 route kiloretres would be energised 1n the
pericd 1¢79-6% as throw-forward of the Fifth Plan. The
Directors! Cor=ittee considered the traffic densitles,
contigulty with electrified routes, cperational
advantages and flexibility, dispersal of scheres and
availzp’lity of teaxs, to arrive at a phased progra—=e.
They recoz=ended ccr—=encerent of work on about 2000
route xilc-etres in period 1979-84 of which it was
articipated that 1C00 kilczetres would be energised in
the Plan itself while the other 1000 kilozetres would
te a throw-forward fcr energisation in the rext Plan.




TABLE ~ 4.1
TRAFFIC FORTCASTS OF SECTIONS PROPOSED FOR FLECTRIFICATION

sl.

1 []

' Section § Route ! Traffic Density 1 Past ' Anticipated ! Projected rate
No. ! y Fm. § 1o million GTKM | growth | Traffic Density | of traffic growth

! H  per RKI per annum | rate per ; in million GTKM ! per annum,

[} * 1 4 ¢ 9 aXcat 9

’ v 107677, ¢ annun ¢ per FIl1 per

: ' ' ' 1967-68 ! annum in 1930-85 §

H ' ' H to + (as per Corporate!

' ! s ! 1976-77 | Plan) '
1. Clelhi-Jhansi & . ‘

Fathura-Gangapur City 567 25,5 10,3% 42 6.22
2, Vadodra-Ratlam &

Godra-4nand 340 31.7 7.3% 58.0 §.9%
3. Sitarempur-Mughalsarai(*) 357 21.4 1.2 % 43,5 3.62
4. Bhusaval-Nagpur 395 24,6 7.22 41,0 5.5%
5. Jhansi-Bina 151 28,9 12% 42,0 3.82
6. Bina-K&tni-Anupput 429 30.2 102 l’7lo\ * 4.6%
7. Bina-Bhopal-Ratlam 421 25,2 7% 35,0 3.6%
8. Bhopal-Itarsi 91 _ 23,6 7% 49.5 9.1%
9. Sonenagar-Barkakhana(*) 301 16,5 (-) 0.667 54,5 19.2%
13, Durg-Nagpur (**) (@) 265 15.9 3.8% 29.5 7.1%

Alternative:

(a) Bhusaval-Itarsi or 301 27.8 6.2% 45,5 5.2%

(b) Annuppur-Bilaspur(@) 151 11,6 7.3% 25.0 9.6%

(*) Traffic growth anticipated heavy on this route due to saturation of the Ground Chord on Eastern Railway,
(**) Alternative sections could be selected based on the trends in the growth of traffic in the next five years,

(@) Tor continuity with other electrifigd sections.

LE
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Pace of Electrification -~ The Indian Railways in

the past achleved an energisation rate of 350 route
Ikllometres per year during the III Plan period. At
present the rate 1s around 150 route kilometres per
year. Looking at the large number of sections that
would be well above the break-even levels, the
Committee feel that the pace of electrificatior needs
to be stepped up from what has been in the immediate
past. The Committee 1s consclous of the fact that to
increase it suddenly may not be possible and an
attempt has, there{pre, been made to try and cover
the sections which are around 40 million GTKils,
projected traffic density in the year 1688-89 as

the first priority. In dealing with the sections

to be taken up for electrification, the Committee

has not only taken info account the trafflc density
but have also considered operational factors,
continulty with contiguous electrified sections

and problems of change of traction in heavy density
isolated electrified sectlons. Keeping all these
factors in view, the Committee have macde phased
programme of electrification to cover upto year
1988-89. In making out the phased programme, the
Committee have gone through the recommendations

of the Directors! Committee and the phasing suggested
by them in the next 5 years and are in general
agreement with the programme suggested by the
Directors' Committee.

Programme of Electrification

The proposed programme of electrification 1s shown
in the chart at pages 43 & 44, This programme
envisages work to be commenced in about 2150 route
kilometres in the period 1978-83, taking into account
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the throw-forward works from the period 1974-78 and
energisation of sections taken up 1n the current Plan
and energisation of 1500 kilometres approximately.
This will 1involve an outlay of approximately Rs.150
crores as against a provision of Rs,120 crores in the
draft 5 year plan 1978-83. The proposal for the

Plan 1983-88 is to energlse approximately 2000 route
kilometres in that period with outlay of approximately
230 crores. At the end of 1987-88, there wculd be
works 1in progress on sectlons which would have been
initiated in the period 1983-88, about 1100 kms. The
phased programme suggested by the Cormittee envisages
energlsation of about 350 kilometres per annum on
an average for the next 10 years.

In recommending the pace of electrificatlon, the
Committee have considered avallability of teams,
technical expertise, indigenous equipment and electric
energy and other relevant factors. With the existing
teams avallable on the Indian Railways with slight
modification, it should be possible to achieve the
pace suggested by the Committee. ¥While most of the
equipment is now indigenously available and there 1s
likelihood of no shortage of any of the equipment of
electrification, augmentation of manufacturing
capacity of solid core insulators would have to be
ensured. ’

The prograrme would require an additional demand of
about 260 million KWH in 1983-84 and about 1750
nillion KWH in 1988-89. This will be adequately
covered by the extra generating capaclty of 41000 MW
expected by that period (present level 24000 MW).
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The proposed programme suggested by the Committee
can be exg;uted by deploying 4 teams which are
available currently. These 4 teams will be kept
engaged over the indicated - projects over the

next 10 years. Nearly 1/4th of the outlay on
electrification work is spent on wages of men
engaged in the activity. With thils suggested pace
of electrification, it would be possible to susté;n
employment of about 20,000 persons on an average '
for about 10 to 12 years. Thgse include Railways'
and Contractors' staff and provide employment
locally on the section. 1In addition to the employment
during the construction period, regular employment
for maintenance of firxed assets created for
electrification would absorb about 2 persons per
route kilometre.

After having reached a pace of electrification of
about 350 kilometres per annum the Rallways will not
face curtallment of electrification activity in the
year 1988-89, as a few works initiated in the period
1983-88 would be completed in the next Plan. 3esides,
other sections of the Indian Railways would have
qualified for being considered for electrification
in the nineties. Some of the sections which could
be considered would include Ratlam-Gangapur Jity

of Delhi-Bombay route, Bhusaval-Itarsi, Anuppur-
Bilaspur, Belampalli-Vijayawada, Trivellore~-Shoranur,
Lucknow-Amritsar etc. These routes would azcount

for more than 3000 kilometres. It would thus be
possible to sustain the same pace of electrification
in the period beyond 1989.
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No new schemes have been sanctioned in the last

4 to 5 years and unless some works are taken up
immediately, there 1s likelihood of no energisation

in the period 1981-83. The Committee recommend that
decision on sections which have already been surveyed

and which are likely to have traffic above the break-even
levels at the time of energisation, should be taken

cn priority basis.

Requirement of Locomotives:

735 AC electric locomotives now running on 4360 route
kilometres, give a norm of 0.168 locomotive per route
kilometre. For Delhi-Jhansi & Mathura-Gangapur City
section, the corresponding norm works out to 0.15
locomotives per route km. Considering that the routes
proposed for electrification now would have a density
lower than the routes already electrified, a figure

of 0.15 locomotlive per route kilometre appears
reasonable and 1s adopted for assessing the needs for
the proposed electrification programme. Therefore
energisation programme of 1515 route kilometres till "~
1983 will require 227 locomotives besides another

135 needed on additional account on existing electrified
routes. Against the regquirements of 362 locomotives, a
nanufacturing programme of about 330%¥ would be necessary.
In view of the fact that the energisation of the section
proposed would take place in gradual phases completing
in 1983-84, the locomotive production in the year 1983-84
can take care of this gap in the overall requirements.
The number of locomotives needed in the Plan period
1983-88 would be around 460.

* The draft plan 1978-83 envisages a productlon
of 320 electric locomotives.
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The present capaclity to produce electric locomotives at
Chittaranjan Locomotive Works 1is 66 locos and with
marginal inputs, the capacity could be increased to 72.

In order to meet the requircments of clectric lc.omotives
fcr the pace of electrification suggested, i1t would be
necessary to immediately plan the mérginal inputs to

tring the production capacity to 72 in the year 1981-82 }
and simultansously plan to achieve a procduction of 80
locomotives by 1982-83 and 96 locos by 1987-88. The
capacity of production at Chittararijan Locomotive Works
should also take into account the need for locomotives on
replacement account at the turn of the century when nearly
40 to 50 locomotives per year would reach the end of their
econonic life.

Observations

The Committee observe that in dealing with the density of
traffic, if nett tonne kilometres per route kilometre are
considered, it does not bring in its ambit the running

of passenger carrying trains nor does 1t take into account
running of empty wagons. In order to get a correct workload
of the section and the fuel consumed, a more logical norm
would be to take GTKMs per route kilometre. The Committee
has done its exercises only 1in GTKMs.

The Committee observe that based on the recommendations of
the Working Group constituted by the Rallways, a substantial
economy can be achieved in the cost of eleectrification. It
is essential that these econcny measures are implemented

and inputs in both design and research augmented to reduce
cost of electrification further. In addition, the

Committee also observe that items not directly connected
with electrification should not form part of electrification
schemes.

The Committee observe that a firm indication of availability
of funds for the projects sanctioned would permit the
projects to be completed in minimum time. This willl l=2ad

to economy.






PHASING OF ELECTRIFICATION PROJVECTS

(SHEET-2 OF 2 SHEETS)

L

PLAN 75-83 PLAN 83-88
1978-79 J 1979*80.1 1980-81 ;1987»82 Y 1982-83 | 1983-84 '1 1984-85 {!985-86 L!98$-87 1987-88 |1988-89 11989-90 ! 1990-91
[ l [ ‘ ! i I T
C. ENERGISATION : | | | ey ras Y ?_Zf?* | =Yy Vo ot
£) ROUTE KILOMETRE FNERGISATION IN EACH YEAR 151 i 313 | 163 | 321 567 | 340y 502 | 203 544 429 421:,5 566
THROW FORWARDI 48 | ; ; | 3
NEW 567 | | - 5
11) ROUTE KILOMETRE ENERGISATION DURING THE FIVE ’ - 1515 j ‘ 2018 I L 1184 —>
YEAR PLAN. I ‘ | 1 Ty THROW FORWARD
D.LOCO REQUIREMENT | | | ‘ | |
1) PROJECT WISE 20 | a9 49 85 Y 51422 'L 53¢ 3 l 82 iu ~L 63 "'24%2*
N WKRE | MVYRE WKRE | l ]40
11) YEARWISE FOR NEW SECTIONS 20 60 60 | 18 40 45427 l.giytggfgs 27+27 . 4460 |22+450 [15+63 (24+42 |40
! i | 72 | 72 54 . 64 | 72 78 66
111) YEARW/SE FOR SECTIONS ALREADY ELECTRIFIED 35 - i 6 ] 54 | 40 12 20 38 1 29 | 24 /8 30 56
V) TOTAL YEARWISE REQUIREMENT OF LOCO PRODYCTION 55 60 | 66 | 72 80 84 92 %2 | 93 96 96 96 %26
V) TOTAL REQUREMENT OF LOCO PRODUCTION FOR FIvE — W&t | 333 »——T'-————~ R < L S T e A
YEAR PLAN. INPUTS 70 C.L.W. T0 INCREASE ! }
THE PRODUCTION CAPACITY T0O ‘ {
REACH ULTIMATELY 36 LOCOSPER [
E. EMPLOYMENT GENERATION : YEAR WV 128785, ' | ( |
1. TEMPORARY FOR CONSTRUCTION I l 4
APPROXIMATE NUMBER OF MEN EMPLOYED 15760 | 16420 16420 | 22980 |26260 [29550 | 29550 | 29550 | 29550 | 32830
2. PERMANENT FOR MAINTENANCE : | :
1) FOR INDIVIDUAL PROJVECTS ENERGISED DURING THE 302 | 626 | 326 642 1134 | 680 1004 406 1088 | 858 | 1236 | 1132
YEAR @ 2 MEN PER ROUTE KILOMETRE., | ;
1) CUMULATIVE T0TAL. - 928 1254 (1896 |3030 |37t10 |4714 | 5/20 |6208 |7066 |8302 |9434
FH.S.0.0L/ELECTRIC ENERGY REQUREMENT : ®
1.@) 4.5.0.0IL REPLACED BY ELECTRIC ENERGY 1N - — k —_— — — 62.91 | 136-53 | 187-84 | 221.38 | 36615 | 430-56 | 541.27
(000) TONNES ; ? ;
b)COST OF H.5.0.0IL IN CRORES OF Rs. @ Rs. 1080- 18 — ] — — — — 679 | 1475 | 20-:28 | 23.91 | 39.54 | 46-50 | 58-46
.. PER TONNE C.LF. g ’ ,
H. ELECTRIC ENERGY REQUIREMENT IN MILLION KWH. — | — = = s 262.13 |552.01 |765-16 | 90450 |1491-91 |1746-69|2193-57
D (ror Wew scHemEs omy)| ]

NOTE : p INDICATES ENERGISATION OF 4 SECTION
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4,8 Summing up

4.8.1 On the basls of the study, the Committee find that the
break-even level for electrification is about 30 million
GTKM (about 11 million nett tonne kilometres) per route
kilometre per annum. The break-even level (economic) comes .
down when a scarcity value 1s attached for shadow
pricing of diesel oll. On the other hand, it goes up
1f economles suggested in the cost of electrification
are not implemented.

4,8,2 The results of thls study are significantly different
from those of Sahal Committee and the study of NCAER.
The difference is mainly due to change in relative
costs of inputs.

4.,8.3 The Committee recommend that decision to electrify
should be based on the results of the economic costs.
However, in the current situation the break-even levels
are not very different on the financial costs. There 1s,
thus, little conflict in the results between the two.

4.8.4 Since 1t takes about 6 to T years to conduct a cost-cum-
feasibllity survey and complete electrification on a
section, sections whi~h are anticipated to have a
trafflc density of 30 million tonnes or above may be
surveyed for electrification.

4.8.5 The Committee find that economic return (without adding
scarcity value) on investment 1s as high as 20% when
the traffic density at energlsation 1s about 50 million
GTKM per route kilometre per annum. The Committee,
therefore, recommend that there should be no finaneclal
constraint in taking up high density routes.

4.8.6 In the last five years, no new sectlons have been

sanctioned for electrification, as a result of which,there
will be no energisation of sections after 1980-814
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The Committee, therefore, recommend that the sections

for which survey work is ready and will have a traffic
density above 30 million tonnes at the time of prerosed
date of introduction of Electric Tractlion, should be
taken up on a top priority basls so that the overall pace
of electrification 1s not vitiated and there is no.

break in the workload of the existing teams. This will
also be 1in conformity with the Energy Policy of the
Government.
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Directors' Committee Report Jddsgkédtinteatidep EPmRE
o thre 3ixtiriFied .Year Plan (1979-84). i

oL SCTRIFICATION PROGAaMNE IN TH3 SIXTH FIVa Y3aR PLaN.

LTRODUCTION: -

While deciding to include the electrification of
Delhi-Bina section (Phase I) in the Budget, 1977-78, the
Board vide thelr notings at pages 7-8/n of file No.
72/33/161/31 (extracts enclosed as annexure I) had
decided that the strategy for electrification during the
Sixth Plan should be prepared by a Committee comprising
of DRP, DTT, DiB, DF(8) and JDRE(3). This Lote has

accordingly been prepared.

CORPORATS PLaN PROJSCTIONSG
FOR ALICTRIFICATION ;-

2 annexure II is a statement indicating the sections
proposed for electrification during the Corporate Plan
period covering the three Five Year Plan periods (Fifth,
Sixth and Seventh Plans). Of the sections mentioned in
the statement at Anns:ures II, energisation of about 1227
route kms would have been achieved by the end of the
Fifth Five Year Plan as indicated below:-

ection ik

to b n

ised by t

end of the Fifth Five Year Plan.

- e an o e e S Ve e e s e e

(i) Virar-Sabarmati 437

(ii) Panskura-Haldia 69

(1ii) Tundla-Delhi 259
(iv) Madras-Vijayawada
(Partial) 270
(v) Waltair-Kirandul
(Partial) 150

(vi) Madras-Trivellore 42

TOTaL: 17227

Energisation during Fifth
Plan was 200 route kms.

inergised in July, 1975.
Energised in July, 1976.
VigaYawada-Bitrugunta and
Ma

ras-Gummidipundi section.

Kirandul-Jagdalpur section.

Actual energisation in the
Fifth Plan will be 990 RKMss.

contd...
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IN THg SIXTH PLAl:-

3. The Corporate Plan of Indian Railways envisages
electrification of about 4,800 route kms during Fifth,
Sixth and Seventh Five Year Plans. With the energisation
of about 1,000 route kms by the end of the Fifth Plan,
the balance 3,800 route kms would remain to be energised
during the Sixth and the Seventh Five Year Plans. On the
assumption that Zlcctrification during the Sixth and the
Szsventh Plans would be more or less at the same level,
enargisation in each of these periods can be assumed to
be about 1,900 route kms. The suggzested clectrification
programme for the Sixth Five Ysar Plan has been prepared
keeping this target in view.

RaESIDJAL PORTION OF ZLiCTRIFICATION
SCHeMiS aLREADY IN PROGRESS/APPLOVAD: -

4, As indicatzd in para 2 above, only partial energisa-
tion will take place in the Fifth Plan so far as Madras-
Vijayawada and Waltair-Kirandu. electrification schemes,
already in progress, are concernad. Thus, against the
total route kilometrage of 43 kms for Madras-Vijayawada
scheme, only about 270 route zms are likely to be
energised in the Fifth Plan and the balance 163 route kms
would get energiscd in the Sixth Plan. Similarly, out of
a total of 471 route kms for Waltair-Kirandul electrifica-
tion scheme, only about 150 route kms are likely to be
energised in the Fifth Plan leaving a balance of 321 route
kms to be energiscd in tha Sixth Plan. The Board have
already approved electrification of Delhi-Bina ssction
(including (DsL) (Phase I) and this work has been
includ :d in the Budget for -977-78. This would also,
therefore, be a scheme in progress when the Sixth Plan
commences and would get completzd in that Plan. Thus, .
about 928 route kms (163+321+444) would get energised in
the Sixth Plan from amongst the schemes already in
progress/approved. Znergisation of ahotler about 970.route
kms in the Sixth Plan will have to be plannad to achieve
the target (1900 RKMg) for the Sixth Plan. While
identifying the future sections to be taken up for
electrification, it would, however, be necessary to
identify about 2,000 r-ute kms for electrification to
ensure that work is in progress on gbout 1,000 route kms
at ths commencemznt of the Seventh Plan. This 1s necess-
ary to maintain continuity of electrification work on the
Railways so that energfsation of about 350 route kms 1s

%gsured annually in the first few years of the Seventh
an,

contd....
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IDENTIFYING SZCTIONS FOR ELAZCTRIFICATION:-

5. Annexure IIT is a statement showing the likely
traffic density of the szctions proposad for electri-
fication in the Corporate Plan period, excluding schemes
already in progress/completed/approved. These sections
have been arranged in the degcending order of the

likely traffic density by the end of the Corporate Plan
period. This statement also includes a few minor

sections that have been proposed for elechtificabidncon the
ground of continuity of traction.

5.1 From the statement at Annexure III, it would be

seen that the sections that are likely to have the
highest traffic density by the =2nd o7 the Corporate

Plan period are Vadodara-Ratlam/Godhra-Anand, Katni-
Anuppur-Bilaspur, Son Nagar-Barkakana, Bina-Bhopal-Itarsi
and Bina-Katni., Purcly on the traffic density considera-
tions, therefore, these scctions totalling about 1,500
routs kms would qualify for besing coasidered for
electrification in the Sixth Plan. while traffic density
is, no doubt, an important criterian for identifying the
sections to be taken up for elesctrification, other factors
like operational advantages and flexibility, dispersal of
electrification schemes, continuity of traction, number
of working partiss, etec. etc. would also have to be

borne in mind, For example, while it is true that the
likely traffic density on Son Nagar-Barkakana section by
1988-89 would be very high (54.5 million gross tonne per
route km), as explained subsequently, greater advantage
would accrue operationally if electrification of
Sitarampur-Patna-Mughalsarai ssction, which is likely

to have traffic dsnsity of 43.5 million GTKMs/route km,
is undertaken first. It would also be necessary to bear
in mind the fact that electrification projects have long
gestation period of 4 to 5 years, apart from about 2 years
required for planning, survey and finalisation of the
propssals. Yzt another factor which is required to be
taken due cognizance of is that concentration of electri-
fication works on any single Railway/Divisional system
may pose difficulties in execution on account of

nec :ssity of giving traffic blocks and the nzed for
regulation of traffic ete, stc, In this context, therefore,
1t may be preferable to spread out the sections for
electrification to different Railway/Divisional systems.

contd...
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5,2 In the 16th meeting of the Controlling Committee
for electrification with the Railway Board held on
13.7.72, the Board had indicated the  tentative priorities
for new electrification schemes to be taken up during

the Fifth Five Year Pl.n. They had also laid down the
following troad criteria for sel-cting sectizcns for
electrification, in the order given below:-

i) Sections forming part of the important
trunk routes, specially those on the
quadrilateral and the diagcnal connecing
the four main mstropoclitan cities of Delhi,
Calcutta, Madras and Bombay should be the
first preferencz.

ii) Other sections with adegquate traffic density
. and wyhere cheap electricity is available.

iii) Sections contiguous to the electrified track
and carrying heavy traffi: like coal, ore, etc.

iv) Suburban ssctions around metropolitan cities.

TH:4 PROPOSALS: -

6. Keeping in vi:w the various factors mentioned

in para 5 atove, the following programme of slectrifica-
tion/znergisation in the Sixth Five Year Plan is
suggestad:

Prio- Railway- Section. RKMs. Axtent of eacrgisation
rity. V Plan. VI_Plan.VII_Plan.

(&) Schemes in progress/approved

South - Yaltair- 471 130 321 @ -

fastern Kirandul

Southern Macras- 433 270 163 -

& South- Vijayawada

Central

Central Delhi-Bina 444 - 444 -
& (Phase I)

Northern (inc. DAL)

TOTAL (4) 1348 420 028 -

contd. e r 8



51

Prio- Railway. Section, RKMs. £xtent of energisation
rity. V Plan. VI Plan. VII Plan.

(B) Naw Schemes

I WSstérn Vadodara- 338 - 338 -
Ratlam & ’
Godhra-Anand
II Wastern Mathura- 153 - 153 -
Gangapur
City
III sastern/ Gomoha 132 - 132 -
South- Bokaro-
Zastern Ancal Area
1v Zastarn Sitarampur- 557 - 354 203
Patna-
hughalsarai
v Central BShusawal -~ 393 - Y - 323
LIagpur
VI South- Nagpur-Durg 235 - - 265
. SHastern
VII Central Delhi-Bina =51 - - 151
(Phase II)
TOT:L (B) 198¢ - _ 977 _ 1012
TRaND TOTAL 3337 420 1905 1012

With tae programme of electrification proposed
abcve; naw schemss aggregating to 19289 route kilomzires
would bs commenced and energization of 1905 route kilo-
metres would ke achieved in the Sixth Plan. Work on
schisnes aggragating to about 1000 route kilometres would
be in progress vhen the Sixth Plan ends and these schemes
will fructify in the first 3 years of the Scventh Plan.

BRIAF JUSTIFICLTICH ;-

7. Brief justification for recommending the above
section for glectrification is as under:-

contdesee
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7.1 Vadodara-Ratlam & Godhra-anand sections (i.Rlv.)

Amongst all the ney sections proposad for
electrification in the Corporate Plan, Vadodara-Ratlam
section has the highest traffic density at present and
is likely to retain this position during the Corporate
Plan periocd. Electrification of the Bombay-Delhi route
having already been completed upto Vadodara (and also
covering Vadodara-Ahmedabad ssction), electrification of
Vadodara-Ratlam and Godhra-Anand sections would cnable
electrification of all BG services south of Ratlam and
Ahmedabad. The cost-cum-feasibility survey for clectri-
fication of these scctions is already in progress and the
foot-by-foot survey can be ordered straightaway so that
the same survey team could undertake the job. Processirg
of this scheme can be completed in 1977-78 so that it may
be possible to consider inclusion of this scheme in the
last year (1978iZ?) of the Fifth Plan.

7.2 Mathura-GEhgépur City Section kWestern Rly.)

The Board havgealready approved electrificatioa
of Delhi~-Bina section (Phase I) and the same has teen
included in the Railway Budget for 1977-78. With <the
electrification of this section, of the two streams ol
traffic merging/bifurcating at Mathura, the Central
Railway stream would not pose any problems on electri-
fication, but for the stream of traffic to and from
Western Railway, there would be a sarious problen of
change of traction in Mathura Yard, which is a small
transit yard. Besides, change of traction after only
about 90 milss for passenger trains and still lsss for
freight traffic would not be desirable. The alternative
to thas change of traction at Mathura 1is to continue
running dissel-haulcd trains on Tughlakabad-Mathure
electrifizd section for the Western Railway traffic
wiich again is not at all desirable. In the circumstan-
ces, thereforc, a fcasible solution is to electrify
Mathura-Gangapur City scction (only 153 kms) also
similtanzously with Delhi-Bina section (Phasa I).
Incidentally, it may bc mentioned that under steam trac-
tion, the engine run was between Delhi and Gangapur.

It may be further ricntioned that the Survey Team for
Delhi-Bina scction had collected statistics and
factual data for Mathura-Gangapur saction also and,
applying the cost norms for Deolhi-Bina section, had
found the electrification of the same remunerative
(12.58% return as per DCF). Bven from the point of
vicy of traffic density it is ccmparable with that on
Bina-Jhansi section. A detailed study neads, however,
to be ordered immediately to be completed during

contd...
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1977-78, so that work could commence in 1978-79 in
order that energisation of this section could be
synchronised with that of Delhi-Bina section (Phase I).
Incidentally, no separate electrification team for
this section ray be neceszzavy 2v2 the (orlr cou’ld »e

entrusted to the tesm undertaking electrification of
either Vadodara-Ratlam section for Delhi-Bina section.

7¢3 Gomoh-Bokaro-Andal Area (Eastern & South
tastern Railways)

The need for electrification of the Gomoh-Bokaro-
Andal area stems from the consideration of contiguity of
traction. This important steel-coal helt area is at
present served ty diesei/steam traction sorrounded
though it is by electrified 1outes. It is highly desir-
able that in this small area aggregating to zbout 132
route kms, the sams tracticn rardies traffic as is
available on the concernsd adjoining sesctions. Eefore
undertaking this schens, however, a detziled
electrification snrvey wetld he necessary. Electrifica-
tion of this area could be¢ so planned that the team
doing work. on Sitarampir-tfughilsarai cculd alco handla
the same. )

7.4 Sitaramour-Patna-ifurhalearal section (Eastern Rly.

according to th~ Corporate Pian projections,
Sonnagar-Barkakans ssction of zastern Railway 1is 1ikely
to have very high density of traffic (£4,5 miilion GTKMs/
route krm) by the end ci thes Corporate Plan veriod. The
traffic density on thz Main Line section cf 3=astem
Railway from Sitarampuzr ©o Mughelearal ria Patna by the
end of the Corpurate Plan p-rIod has been ascessed as
43.5 million GTKhs/route km. although, iraffic density-
vise, Sonr.zgar-Barkakana section ranks higher than
Sitarampur-lughalsarai section yet operatiorally o
greater advantages are 1likely to resuiv from electrifi-
cation of the latter sccticn as compared to the former. -

The major part of the passenger traffic streanm
between Dslhi and Calcutta 1s routed via the Main Line
of Zastern Railway. Consequently, the same has to be
handled yith dissel/steam iccomotives not only on the
non-electrified ssction but also on Sitarampur-Howrah
elcctrified section in order to avoid change of traction
at Sitarampur. If Sitarampur-Patna-Mughalsarai section
ls zlso 2lectrified, thz entire traffic be@ween .
Calcutta and Delhi can te hauled by elec?rlc tractior
all the yay which is very desirable. Additiorally, .2
an alternative elzetrified rente to the Grand Chord

contd...
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(where capacity is zlready fully saturated and
otherwise heavy investment would be required to increase
the same) will become available. This alternative route
would also be utilized as and vhen rejuired, particularly
when any dislocation of traffic takes place on the Grand
Chord which presently throws the enlire operativ. of the
Jastern Railway out of gear. Operationally, therefore,
electrification of Sitarampur-lughalsarai section will
be morz advantageous than that of Sonnagar-Barkakana
scction. Partial survey for electrification of
Sitarampur-Garhara-Danapur scction has alrcady bsen
completed and if the survey of the balance portion is
ordered immediately, it should be possible to complete
the same in 1978-7S and commence work on this scheme

in the first ysar of the Sixth Pian.

7e5 Bhusayal-llageur section (Central Railway).

7.6 Nagpur-Durg section (South Zastern Railway)

Both these scctions fall on the trunk route
Borbay-~Calcutta., flectrification of these sections wzs
envisaged several yzars 3ack btut the same could not dec
sanctionad due to scarcity of resources. With the
electrification of thsse sections, the entire trunc
route from Bombay to Caicutta will be electrifisé which
is in line with the Board's policy of accordinz jriority t.
to electrification of trurk routes. All the prelimlnary
work in connection vith the electrification Jf cthese
sections like techno-economic and feasibilily survey .
and economic study ctc, has alrzady been ccmplated and
the projects can be sanctioned towards the niddle of
VI Plan (in 1980-81 =2né 19881-82) for enerzization 1In
early VII Plan (1984-85 2n¢ 1985-86).

7.7 Delhi .. Bina .. Phase II

It would be recalled that electrification sarvey/
sconcmic study had bsen carried ont for Deilhi-Bina
section as a whoie ard Phase I of this scheme covering
the portion Delhi-Jhensi has alr:ady been included In
the Budget for 1977-78. it would be necessary. to taxe
up Phase II of the Scheme covering Jhansi-Bina ssction
when Phase I is about to be completsd in or around
1982-23. 4t that stags, electrification of Bina-Itarsl
section can also be considerec so that on the Delhi-
Bombay and Delhi-Madras routes electrification fron
Delhi end could nrogress upto Itarsi.

contd, ..
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- RuaSONS FOR ACCOARDILG LOwW3R PRIORITY

TO SLACTAIFICATION OF KaTNI ~aNJ PPUR-
BILASAUR, KATNI-BINA AND BINA-ITARSI
SECTIONS: -

[

8. wWhile selecting the sections to be taken up for
electrification in the VI Plan, we have given higher .
priority to the sections mentioned above over the sections -
falling on the C.I.C., coal route namely Anuppur-Katni,
Katni-Bina and Bina-Bhopal-Itarsi sections although the
likely traffic densities of these sections (see Annexure
III) are comparatively more than some of the selected
sections. In according lower priority to these sections,
the main considerations that have weighed with us are
explained below:

8.1 The major part of coal traffic from Korea-Rewa
Coal fields is meant for destinations on Western Railway
reached via Bhopal or via Bina moving, wholly or
partially, over Bhopal-Ratlam section. This section is
still a single line section but for small patches of
doubling. Similarly, the newly-commissioned Guna-Maksi
route is also a single line route:s Before, therefore,
electrification from the coal fields' end is extendad
upto Bina, it would be nscessary to determine the pattern
of movement of coal traffic beyond Bina by the two
available routes., It will be equally necessary to go
into the question of the traction to be used for
movement of this traffic beyond Bina on these two routes
since, prima facie, homogeniety of traction on both the
routss is desirable. Ziectrification of Anupour-Katni-
Bina and Bina-Bhopal-Itarsi ssctions without resolving
the problems of movement pattern/traction on Western
Railway system may give rise to other problems. In view
of this, electrification work on these sections, it 1is
felt, can be taken up later.

FInaNCIAL IMPLICATIONS:-

9, Although the exact cost of the now electrification
projects for the Sixth Plan suggested above can be
assessed only after detailed electrification surveys

have been completed, approximately, however, it 1is felt,
that these projects aggregating to about 1963 route kms
would cost about Fse 225 crores as indicated in

Amnexure IV, Work on certain schemes like Madras-
Vijayawada, valtair-Kirandul and Delhi-Bina (Phase 1) .
would be in prograess when the Sixth Plan commences and the
armount of throwforward required to corplete these )
schemes is roughly assessed as ko 56 crores. If electri-
fication of Vadodara-Ratlam/Godhra-Anand, Mathura-

contd,e..
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Gangapur City, Gomoh-3okaro-Andal aArea and partial
energisation (upto Danapur) of Sitarampur-Mughalsarai
sections 1s also completed in the Sixth Plan, another

Bs« 110 crores would be required. To progress the balance
schemes that would fructify in the first 2-3 years of the
Seventh Plan it has been assessed that another #&.55 crorcs
would be required in the Sixth Plan. In all, therefore,
an outlay of R.220 crores (see Annexure IV) would be
needed for electrification schames in the Sixth Plan,

If, howaver, the proposed economiss in the cost of
electrification based on the costs adopted for Bina-
Delhi slectrification cstimates is taken into account,
(updated Dec. 1976), the total requirement of furds in
the VI Plan may be around k. 200 crores.

ORGANISATIONAL STRICTUR®E: -

10. From the atove it would be observed that the
extent of energization proposed in the Sixth Plan
(about 1,900 route kilomztres) would be a consideratle
step up over the actual pasrformance in Fourth Plan

(932 route kilometres) and the likely performance in
the Fifth Five Year Plan (about 990 route kilomestress),
This Committ:c is of the view that in order to
satisfactorily achisve the objective, the organisational
structure for Railway slectrification works would need
to be strengthsned. Revival of the erstwhile R.E.
organisation and its possible bifurcation into 2 or
nore groups, each group being headzd by an officer of
appropriate rank on ths lines of the erstwhile #.3. may
be necessary. .

SUMMARY:-

11. Summarizing, therefore, it is recommended that:

i) Keeping in view the fact that electrification
of about 4,80C route kilometres nas been
envisaged in the Corporate Plaa and also that
the actual energisation of se:tions proposed
by the Fifth Plan end is likely to be about
1,000 route kilomstres, the target of
clectrification in the Sixth and Seventh Plans
may be fixed at 1,900 route kilometres.

ii) Of the slectrification schemes already Iin
progress/approved, there is 1ikely to be a
throwforward of about 928 route kilometres
from the Fifth Plan to the Sixth Plan. To
achiave the target envisaged for the Sixth
Plan (1900 route kilomatres) ensrgisation of
another 970 route kilometres would have to be

1 n'dc
pranne contd..
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1ii) while identifying the schemes whare

electrification works should commence in the
Sixth Plan, about 2,000 route kilometres need
to be identified so that continuity of work
is maintainzd and energisation of about 350
route kilometres per annum is ensured in the
Ssventh Planp also. -

iv) Based on the considerations of trunk routes,

traffic density, continuity of traction and
operational convenience etc. the following
new sections, in order of priority, should be
taken up for electrification: ‘

Railway. Section. RKMS. Remarkse.
Western  Vadodara-Ratlam For energisation
& Godhra-Anand 338 in the VI Plan.
Western Mathura-Gangapur
City 153 - do ==~
3astern/ Gomoh-Bokaro-
S.E. Andal Area 132 - 0 =~
Eastern Sizarampur-Patna Partial mergis-
-Mughalsarai 557 ation(atout 350
kmg) in VI Plan
and balince in
VI Pla’e
Centr Bhusawval- For erargisation
entral Naggu¥ 393 in th( VII Plan.
South Nagiur-Durg %5 e 0 ==
Eastern
Central DzlLi-Bina
(Phese II) 151 -- d¢ --
TOZAL 1,989

v) In order tc impl

tion programm¢, the followin
chart at Annex&re V) would be required @ ?e
adopted for 7ae new schemes to be taken p:

ement the proposaed electrifica-
g tims~tabla (see

contd. ...
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Section. Survey to
be compl-

eted 1in.

Projzct to
be sanct-
ioned in.

Project to
be completad

in.

1.

3e

4,

Vadodara-Ratlam
& Godhra-anand

Mathura-Gangapur
City

Goroh-Bokaro-
Andal Areas

Sitarampur-Patna-
dughalsarai

Bhusawal-Nagpur

Nagpur-Durg

Delhi-Bina
(Fhase II)

1977 =78 *
197778
1977-78
1078~79 @
Already
completed

-G Omm

GO

' 1978-79
1978-79
1979-80

1979-80
1980-81

1981-82

1982-83

1982-83

1931-82

1933-84

1934-85
1984-85

1985-86

1986-87

* Survey in progress. Foot-ty-foot survey to be

conductzd,

@ Partial survey o Sitarampur-Garhara-Danapur
already complcted.

vi)

To implecuent the proposed electrification

progrannz,; about R.200 crores would be neaded
in ths Sixth Plan.

vii)

as the pregramms of energisation in the Sixth

Plan (about 1900 RKMs) would be considerably
higher ttkan tac actual performance of the Fourth
Plan (93¢ RKVs) and the 1likely performance of
the Fiftt Plan (about 990 RKMs), it would be
necassary to strengthen the R.Z.0rganisation
with possiblz bifurcation inte tyo groups,

each group headed by a senior officer of appro-
priate rark cn the lines of the erstwhile R.Z. -

sd/-
D.R.P.
7.6.77.
sd/-
D.F.(B)
7.6.77.

sd/-

sd/-
D.E-B-
7.6.77.

J.D.R.E.(3)

7.6.77.



Annexure - 'I' of Directors' Committes R:vort,

Bxtracts of noting on ﬁages 7-8/n of
File li¢c. 72/RE/161/31.

XXX XXX XXX
! For going tu Planuning Cormission in Doc. 76, we

t may moot DLI-JHS a's a new route for 77/78. For 6tih Plan
! we must prepare a strategy. Same Committee of DRP, DTT,
t Db, DFB and JDKEZ cauld prepare it.

t e

N

R
A

=

“.

Sd/ -
AQI"IOEQEM
24/11.
XXX XXX XXX

1. As proposed.

2, I would also cormmend the suggestion at 'A?
above for urgent action.

sd/ -
F.C.
27.11.76.
C.R.3B,

2/¥11/76

o0 8se o



Annexure -

‘II1' of Directors' Committee Report.

Sections proposed for ilectrification in
the Corporate Plan for the Indian Railways.

e ose o .

10.

11.

12.
13.
14,

15.

16.°

17.

Section.,.

Virara-Sabarmati cee
Par.skura-Haldia oo
Tundla-Delhil , .o
Madras-Vijaywada . coe
waltair-Kirandul .oe
Madras - Trivellore ces
Delhi-Bing (Surveyed) e

Bhusaval-llagpur (Surveyed) ...

Sitarampur-Patna-Mughalsarai
(partly surveyed) Alternatively
Sonenagar-Barkakihnaa (301 kms)

Vadodra-Ratlam &
Godizraannadd (under survey) o..

Nagpur-Durg (surveyed)
Alternatively Katni-Anuppur-
Bilaspur (348 kms)

Gomoh, Bokaro & Andal areas ...

Bhopal-Ratlam eve
3ina-Bhopal-Itarsi o
Bina-Katni oo
Muri-Chandil oo
Champa-Korba cos

TOTAL ;

433
471
42
545
393

557

338

265

132
2e2
230
62
61
45

4721 Route Knms,

O ————————
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annexure - 'III' of Directors' Committee Report.

Sectionsg identificd for electrification in the

Carporate Plan period (excluding sections already
trified or whor tr cat

i Lr d the d ding

order to likely traffic densities by the end of

the Corporate Plan period,

(4) Sections proposed for electrification on
the consideration of quantum of traffic.

S.No. Section. : Route Likaly traftic
Kms. density by the
end of the

Corporate Plan
period (1988-89)
(ir million

— GTKMs/RKM),
1.  Vadodra-Ratlam & Godhra-anand 338 58.00
2. Katani-Anuppur-Bilaspur 348 53.0

3. Sonenagar-Barkakhana 301 54,5

4, Bina-Bhopal-Itarsi 230 49,5

5.  Bina-Katni 62 47.0

G. Sitarampur-Patna-Mughalsaral 587 43,5

7e bhusaval-Nagpur 7 393 41.0

3,  Bhopal-Ratlam 282 36.0

S Nagpur-Durg 255 29.5

(B) Sections proposed for electrification on
the consideration of continuity of traction.

S.No., Section. Route Kms.
1. Gomoh-Bokaro-Andal Areas 132
2. Muri-Chandil 61

3.  Champa-Korba 45
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2
3.

1.

2e

3.

annsxurz - 'IV® of Dircctors! Committee Report.

Statemant showing zstimated cost of

electrification Projects and requirement

of funds in the VI Plan.

62

Schema, &stimated __Likely expenditure in
cost of the V Plan
Project, or VI Plzn. VII Plzan.
—_— - _garlder,

(a) Scheme in Progress/approved.
liaaras-Vijayawada 57.5 43.0 14.5 -
waltair-Kirandul 3345 30.0 3.5 -
D21hi-Bina(Phase 1) 39.0 1.0 38,0 -

(B} New Schemnes.

Vadodara-Ratlam 44,0 0.5 43.5 -
& .
Godhra-nnand
Mathura=-Gaagapur 18.5 0.3 18.7 -
City
Gomoh-Bokaro- 17.0 0.2 16.8 -
Andal Area
Sitarampir-Patna-
Muighalsarai 5.0 - 30.0 20.0
B-usawal-diagpur 43,0 - 34,0 9.0
slagpur-Durg 28.0 - 17.0 11.0
Dslhi-Bina(Phase II) 15,0 = =~ 4.0 11.0
TOTLL (B) 225.0 1.0 164.0 50.0
(a) + (B) 355,0 75.0 220.,0%* ‘O0.0

* This acount may get reduced to about fs.200 crores if
the proposed sconomies in electrification projects is

schieved.

LR B



ELECTRIFICATION PROGRAMME IN THE S/ XTH FIVE YEAR PLAN

-

ANNENURE - L

L

PLAN 74 z T mm
SECTION ROUFE 1977-78 | 1978-79 | 1979-80 | 1980-81 | 1987-82 | 1982-83 | 1983-84 | /1984-85 | 1985-86 | 1986-87
MADRAS-TRIVELL ORE 42 SURVEY & SANCTION  KX\\X
® EXECUTION
MADRAS - GUDUR 141 92
a

VIVAYAWADLA-GUDUR 1293 7/

e
WALTAIR —KIRANDUL ! 172 3 ?I

TOTAL - (948
DELHI-JNANS! AND D A.L. 444 [ ]
VADODARA -RATLAM AND 338 ANNRNANNAN | ,
GODHRA —ANAND. " 1
MATHURA = GANGAPUR CITY 153 fll ANARNRNN !
|
COLLIERY LINES NEAR GOMONH 132 AAARAALRRRNNRRNNNNY —] |
AND BDKARO . [
SITARAMPUR - GARHARA - DANAPUR 354 1
55 7 ) |
DANAPUR - MUGCHAL SARA! 203 AAARARNNRNNRRNNNRNNNE | |
BHUSAVAL - NAGPUR 393 s
|
DURG - NAGPUR 265 r 1
| 1
JHANS! - BINA 1571 : S
)
‘ X SURVEYS NEED T0BE ORDERED IN 1977-78. |
ENERGCISATION

DRG Ko, RBJRE(£) DRG|77/45

!
@ Kom.TOBE ENERGISED IN §TH PLAN.

TOTAL 1905 RAM

AVERAGE 381 RKM/YEAR
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ANNEXURE = 2.

Extract of Parq 19 of Minutes of meéting held betyeen
Ministry of Railways and Planning Commission on 5-12-77.

" 190 bLﬂlCTRIFICATIOI": Secretary-9 Planning Commission,
felt that time had come for the Railways to reassess

the position regarding the economies justification for
electrification vis-a-vis dieselisation. The electrifi-
cation programmes which nad been going on, were based
upon the conclusions of study made sometime back when

the relative prices of oll, coal etc. were considerably
different, It seemed necessary that the Railway Board,

in consultation with the Planning Commission, might
organise a study which would indicate on the basis of
the latest economic prices of oil, coal etc., the density
at which the electrification woul& be preferable to
dieselisation and on that basis, to draw a long term
programme for electrification for the future. Funding

of this programme would then become easier as also as the
stabilisation of locomotive production, The Ministry of
Railways agreed to carry out this study and to draw up

a new programme. Pending the finalisatlon of this study,
a small token provision for new electrification scheme
was fixed. It was also indicated that the Railway Board's
earlier proposal for Delhi-Jhansi-Bina electrification
would have to be re-assessed in terms of its interse
priority of the new programme, to be drawr up."



NSRS - 3.

Cost of Zlectrification

1. Incrzagse in ccst of Tlectrificaticn:
1.1 Initial 2lectrification schemes, work on which

was commsnced in 1958 on sastern and South-Zastern
Railways cost betyzen R. 1.2 to K. 1.231 lakhs pei track
kKilometre. Stud~stations were ovned and maintained by
4lsctricity Boards. The telzcormmunication cablss were
laid by Posts & Telegraphs Department.

1.2 In subsequent =zlectrification works Railways
were required tc lay their own telecommunication cables
ar.d construct and maintain their own sub-stations. In
addition, celour light signalling was provided at all
stations as nart of electrification., This Increas~d the
scope of vork. Alcng with continuing inflation, cost of
electrification of Rourksla-Durg section was R. 2.25
lakhs per track km by 1265-66.

1.3 Prices escalatec¢ sharply between 1972 and 1974
when whole-sals price index rose from 200.7 tec 203.9¥ all
electrification projzcts in progress during this period
suffered du: to this inflation. according to resvised
astimtes -~ Zlactrification of Tundla-Dzlhi is likely to
cost sbout Bse E.14 lakhs.and Vijayawsda-Gudur section

Pse 5.26 lakhs per track km. Thz lattar work has also

. saffered delays for want of funds which has furtasr
ircreased the costs. The rise in costs of electrification

1.

nas bzern shown in Table -~ 3.1

2. seonormy_in cogt of Zlectrificsti-ng

2.1 Dssign rodifications: - The Xecommandations of
the Cost Aszduction verking Greup (Saptember, 1976) for
reéuction of cost of =lectrification, accepted by the
Railiyay Zoard ares-

(i) Use of rsgulatsd tramyvay equipment (without
catenary wire) in yards and sidings. :

(ii) Us=2 of aluminium alloy catenary replacing the
costlizr cadmium copper catenarye.
. Contd...

* Whol> sale price index = 100 for base year [9561-62.
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(iii) Use of painted broad flange beam and rolled
steel joist structures for support of overhead
equipment as against galvanised osnes., Painting
is cheaper than galvanisation even after provi-
ding for perlodic painting every 5 years.

(iv) Usz of single transformer at alternate
suo-statlons, reduc1ng the standby capacity from
lOO/O tO abOLlJ 75/0.

(v) Increase in span of overhead equipment, revert-
ing back to "2 m as adopted in earlier
electrificatipn schemes.

(vi) BReduction iz volume of drawing work of
contractors ty eliminating duplication.

(vii) Use of solid state electronic equipment in
Remote Control, way side station control, repeater
stations ant control office equipment.

(viii) Use of un-sireened signalling cables for inter
cabin slotting in conjunction with A.C.
imminized relays.

(ix) Usz of 300 V instead of 110 V. A.C. supply for.
signal lighsing circuits.

2.2 Further, followingz economies have also bacome
possible: -

(i) Minimm use o Railways' own transiiission lines
as State Zlectricity Boards are now abls to
give power stpply at 132 KV at required locations.

(ii) adoption of.*evised pure gravity foundation
designs, evolved by R.D.S.0. in 1977,

2.3 Geconomy in estallishment charges:- The recommenda-
tions of Cost Reductior Working Group also drey attention

to the great possibilities in saving on account of curbs

in establishment charges. Th:zse tend to increase when
project time extends cr if a large organisation is catered
for. as there is a large measure of subjective thinking

on the subjsct, the Committee examined the expenditure
pattarn of Tundla-Delul Railway 3lectrification. The

trends of increass of such chargss when project time extends
ig evident from the table below.-

contd. ..
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Projects
Tundla-Delhi. Vijayawada-Gudur,

(i) vork commenced Juney1971  September,1972.
(ii) wWork completed Dec,'76 3xp=acted March'80.
(Crganisation

at reduced
strength con-

tinuss)
(iii) Project dura- 5% years 7% years
tion
(iv) Revised
Zstimated
cost ( In
lakhs of Rse) 3341 3723

3 to total Project cost:

(v) Pay and i
allowances 6,55 8,12

(vi) Other General
charges 2.69 2.78

(vii) Total General
charges (sum i
of v & vi) 9.24 15 .90

In item (v) above, after June 1977, l.e. six months
after the complete energisation of Tundla-Dglhl section,
if this organisation had been shifted to a jew pProject,
no major expenditure under General Chargss would have
been incurred on this estimate. The expenditure recorded
has been as follows:

Provision in Utilised till

GBetimgta. June, 1977.
Adninistrative
(Offica2r months) coe 1158 1058
Field aes ceo 1021 o006
Cost of Officers and
Staff (in lakhs of Bs.) 215.89 197. 54
3 of total astimate 6. 55 5,90 %

contd..
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2.4 assuring that if a conscious effort is made

to economize, instead-of adopting a blankat percentage
for such charges according to normal estimating
nrocedurzs; the Committee consider the following
pg{centege of General Charges as réalistic and attain-
able: :

() Office accommodation, tools
& plants and instruments.

(other General Charg:s) 2.7%
(b) Pay and allowances of

Officers and staff 5.8% *
(¢c) Total Genaral Charges 8.54

* Only 0.1% reduction is allow2d for a conscious
effort to reducas this below that recorded for
Tundla-Delhi.

2.5 It should be possitle to economise further br
reducing project tims to 4 to 4% years and ensuring a
raticnalised Railway slectrification Organisation.
Unlike the Cpzn Line Organisation, ilectrification
Organisation is result oriented. Cper Lin2 Orgsnisation
exacutes minor works spread ovar its entire jurisdiic-
tion, while 3lectrification Organisation exscutes a
time-bound project in a particular route. This should
enable lowar direction and genaral charges te be
achisved compared tc that of Open vine. The Comnittze

ave, thar:sfors, adopted a parcentage of .85 for Gensaral
Charges ovzr the total coust for the study.

3. Costs séopted for the Studv:

3.1 The costs, with and sithout the econorxy as
adopted for Delhi-Jhansi section are indicatec 1n
Table 3.2. The gross cost per track kilom=trp adopting
economy mcasures as enumeratsd in para 2 is estimated
at fs. 4.30 lakhs per track km, obtaining a >=duction
of 15.55 over the cost of fs. 5.09 lakhs estimsted
without economy. :

3.2 Certain expenditure is chargeatle O fsvenus,
e.g. cost of compsnsation to P & T DLepartment for
premature surrender of their circuits and shifting of
their t2lcgrsph lines, and is paid out of levenue
axpenditura, Further certain existing assets nead to
be replaced on corndition-cum-age basis while doing
3lectrification. xpenditure on this acccant; 1in any

ctd.es
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case, would have become inevitable in the imnmzdiate
future. Thss= costs need to bea separated from the gross
cost. although the vork is taken up by Zlectrification
team, it is dons undesr replacement account. (Rafer
Board's instructicns in 75/R:/128/2 dat=d 15.9.77 and
Paras 701 and 713 of General Cods - Part I of Indian
Rzilways). vhen these costs are separated, gross capital
cost per track ko comss to Fs. 4.21 lakhs, if cost of
eolour lizht signal is includad and B. 4303 lskhs if
cocst of colour light signal is excdluded. then cost
estimatzs without cconomies ars conszid:rzd the respective
costs cors to Bse 4.99 lakhs and fse. <.82 laikhs,.



TABLE - 3.1

Trends In cost of Railyay Electr 1f1cntion
- (Figs.in lakhs of &.)

__——-—.-.—.—-—..._-_._-—-—...-—--—.—-—-.—-.-—.-————-—-—-—-— o e s ®w Sw emw S E cew v W e

Name of 'RKM. ' TKM ' _As.gsﬁimaiﬂi_.____As_ggmalﬁ%ﬂl—r ‘ost of 'Complation/ 'whole—
section. ! ! Yeer 'Total 'Cost 'Year 'Total 'Cost 'transmissinn 'revisad 'sale
! ! iof lcost 'per 'of ‘cost 'per 'linc¢ original ‘stimg*QL~___[ricg in-
1 ' tsanc="! 'track 'comp-'! Wreck 'ggtimate dices of
J ' "tion ! 'Km, Neti-t 'Km. 'Totzl 'Per 'Total 'Par 'the year
1 1 ' ' J ‘on, ! ! ! 'track ! 'track 'of comp-
1 ' 1 1 1 1 1 1 ' tkm, t Km. letion
1 1 ] t 1 1 1 ) t ) 1 t 'Bas; yr
' t ' 1 1 I ' ' ' ' ' ! 11061 - 62:
e om m e o mm e m et e e em o mm o m o aae m e e e e mm e ap om e o mn e e
Jurgapur- .
Mughalsaral 541 1431 1959 1608.31 1.124 1962 1425,93 0.996 v 104.1
Mughal sarai-
Kanpur 336 905 1962 1153.07 1.274 1967 1160.51 1.232 166,00
Rourkela-
Durg 454 1145 1065 2466, 2,15 1970 2556.36 2.23 . 179.2
Kenpur-Tundla 222 642 1965 1327.09 2.45 1972 1222.40 2.26 156,473 0,289 156,473 0.285 200,7
Virar-
Sabarmati 437 11C5 1967 320%.03 2.90 1974 3488,34 3.156 303.9
Tundla-Delhi 25 650 1971 2337.94 3,60 1977 3341.27 £.14@ 108.00 0,183 141.942 0.244 201.00
(Jan) ~L11.20 L3770 (Decl?9)
119.20 158,712
Vijayawada- 203 708 1972 2228.32 3.15 1980 3722.77 5.267
Gudur (expected)

* Completion cstimatc does not indicate the cost of powcr transmission line separately,
saving under sub-hzad 3610 is mwainly in OHZ work so the completion cost of Tr.line
has bean taken same as the original cost,. ,

@ Ravised cost. Complction cost not received.

0L
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Standard Estimate for Zlsctrification nf Delhi-Jhansi Ssetion
(Figs. in lakhs of 3,)

D BMD EE GED SR Gk SR GPW G D WM e SN WA R lw M A MR G e M GmE  GmR R AME GME  NMe W Al ST TN LM men L emw GBS wme s

Sl. ' Description, 1ITotal estimated ] Cost per t Total estimatad Cost Bor o
No, ! icost of the Project: Track K, _t cost of the 1Track Km.

' ichargeable to 1 On 1 On t Project chargzable t On ' On

t ’capital t gross t nSt ! tQ Canital only, ! gross! net

' 1DRF & Reyenue, v cost 1 cost.r Debit. | Credit, 1 cost.: cost.

! I 1

1 Dehit, 1 Cradit, t ! ) '

- ems my s Em mm e am ce e am Ew e e cSt e Ce ST MR em em S we e e e e em Em @ G Srd e e et Ve G e G e e e e me S A cem - e -

(A) Taking into account
all =conomy measurcs:-

1. Taking into account
cost of C.L.S.works 1366, 20 234,34 4,30 4,07 4269, 58 195,87 4,21 4,01

2., Without taking into
account cost of

C.L.S.works 4187 .48 203. 57 4.12 3.92 4020.,86 180.85 4.03 3.85

(B) without taking into
account various
eConomy measurss:-

1. Taking into account
cost of C.L,S.works 5167.44 247,06 8,69 4,84.1'5071.11 208,59 4,99 4,79

2, Without taking into
account cost of
C.L.S.works 4688,72 216,29 4,91 4,70 4392, 39 193,57 4,82 4,62

NOT3I; Standard Bstimate provides for an Zlesctric Loco shed to
home 100 Locos according to R.D.3.,0's standard drawing.

T
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ANNZXURE - 4,

Views of Kunzru and Wanchoo accident
snquiry Committees on provision of

Colour Light Signals.

KUNzZRJ COMMITTAG:
(accident Enquiry Committee, 1962)

ma7. Provision of Elsctrical Signalling - We consider
that; with the introduction of diesel and electric tractiosn
and running of heavier trains at higher speeds to cope
with the increasing density of traffic, the adoption of
modern electrical signalling in India has now become btoth
essential and inexcapable. We have, therefore, to consi-
der the use of track circuiting, colour light signalling,
automatic block system, power signalling and route-ralay
inter-locking and als> to study for adoption other safety
devices in use in foreign countries after adapting them
to suit our peculiar conditions of operation and traffic.

Colour Light Signalling,- Colour Light Signalling with

two or more aspects with its powerful and penetrating
light provides for better visibility of signals so that
the drivers may see them tetter and act upon their
indicaticns. Such signalling ensures better identification
of signal aspects in adverse atmospheric conditions and
on e2lect ifisd lines where the overhead structurss forn
nunier-us obstructicns. At present colour light signals
are in use on a very mol-st scale, mainly oxn sections
round-atout Calcvtta, Eorbay and Madras and to some
extent near Delhi., In addition, they have been installed
at some selected big stations like Gorakhpur, Varanasi
Cantt, Such 1imitzd instsllation of colour light signals
is hardly adequate. is tha colour light signalling help
the driver in the vital matter of observing sigrnals, we
suggest that this shoulc be progremmed for all electrified
sections, during “ae current Plan and for all suburban
sections by the end of the Fourth Plan.™”

WalvCHOO COMMITTEER:

(Accident inguiry Committee, 1968)
‘BYigibility of signals.

321. Colour Light ﬁighalsu- The imoortance of proper

visibility of signals is hardly a matter which we need
dwell upon. During our tours, it was repeatedly

contd,...
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represented to us that the visibility of colour light
signals is far better than that of the convantional
0il-1it signal lamps. Colour 1light signals throw a2 beam
of 1light of such intensity that their indications are
clearly s=en by drivers from a long distance even in
bright sunshine. The pzsnetrating nature of their beams
makes it possible for the drivers to see the signals and
identify them even in adverse weather conditions. We
recommend that on sections where electric power is
available, colour light signalling should be provided
as rapidly as possible.



ANHESXTRE = S

Requirement of Zlectric Locomotives
Vis-a~vis Diesel Locomotives.

1. 2600 H.P. Diesel-dlectrics vDMo and 3600 H.P.
Electrics Wulg are the oniy mein line locomotivas in the
current range of production. Thzir characteristics and
performance have been considered ty the Committee to
assess their requirements for different types of traffic
required in the Study.

2.1 Through Goods traffic: Having a higher H.P. and

a starting tractive effort of 34 tonnes, the electric
locomotive is capable of hauling heavier trains at
higher spseds. at present, howsver, it cannot be used

to its full advantage du= to old bridge abutments limit-
irg maximum tractive effort to 30 tonnes and limitations
of speeds with the existing goods rolling stock. The
Table below indicates the balancing speeds on the
grades of the two typas of locomstivss:

Tablzs = 5.2

Balancing speeds of ¥WDMs Diassel and
WaMgq 3lectric locemotives.

Kr/h
Balancing speed
WMo WAM4
Loads:
Ae Box Vagons
3600 t on level 65 70
22800 t on 1 in 200 25 42
2400 t on 1 in 1850 23 39
1800 t on 1 in 100 20 35
B. 4-vheelares IS
2250 t on level 65 70
2250 t on 1 in 200 30 43
2000 t on 1 in 180 25 42
1580 t on 1 in 100 23 39

contd., ..
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2.2 On routes identifisd for rumning of hzavier
freight trains of 3600/4500 tonnss, the potential of
clectric locomotives conld be exploited further in
futur=.

263 The Committee have examined the performance of
diesel and eslectric locomotives as found in the Statistical
Returns of four Railways viz. Jatern, Northern, Central
and Western Railways. Tables 5.2 to 5.3 indicate 3ngine
kilometrzs, Gross tonne kilometres hauled (Trailing)

p=r annumn per engine, both 'in use'and 'on line'=*. Tha
Committss have considered both 3Sngines fin use! and

'on line' statistics. Since 'on line' figurss are
affected by locomotives available and not actually used,
the percantage of locomotives under repair and scheduled
maintenance of both dissel and elesctric locomotivas
bzing about the same (Sse table 5.4), the Commitles have
considered sngin:cs 'in useg'! figurss as more reliable
with which to judge the psrformance of loccmotives.

2.4 The above shatistics is further affected by a
large number of 3000 H.P. four-axle aA.C.electric
locomotives of which 3500 H.P.- Wal4 types ccnstitute
only a minority of 30% on the four Railways 2orsiderzd.
In case of dirsels, thc bulk of locomotives zre

2600 H.P.- WMo (or :qually powerful wWDMg). Tnzse form
85% of the total population,

2.5 3lectric locomotives havg also rcecordsd higher
average spseds as compared to dissels.

2.6 Based on tha atove considerations, the Commitise
have adoptzd a ratio of 1:1.2 betwesn WAMg Flsctric and
WDMs Diesel for the Study.

3. Mail and Zxpress trains: For service on the mail
and express traias, against 16 to 17 coaches raulad by
diesel locomotives, electric locomotives can kaul upto
24 coaches. With a plan to haul trains with rore coaches
per train te dsal with longer trains, after the ?erminals
arae developad, the potential of electric locomotivss can
be used more fully. Zven today on Delhi-Howrah route, the
electric locomotives haul 19 coaches on the the

contd, o

x'0n line!' figures indicate the total 1o:omotiv§s .
available on a Railway while thoss 'in use' inclucds
those actually uscd for traffic., The difference
betyseon these ‘'on line' ard 'in use' account for the
locomotives under repairs and maintenance,storsd in
good condition, and thoss available for use, but not
utilisad for traffic.
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Howrah-Kalka Mail. With longer composition of trains
di-sel traction will require double heading. Since tﬁe
terminals are not capatle of taking such trains at
present and the option of using 2 trains as an alterna-
tive also exists in place of double heading on di-gel,
particularly on routss whare caracity is not a problem
the Committee hav: adopted ths same Tatio of 1:1.2 ag |
taken for the goods trains, for mail and axpress
passenger trains.

4, Stopping pasgenzer trains: at present on
dieselised sz=ctions, thssc are haul-d by steam locoro-
tivss but thes: would B3 replaced by dissels gradually
as the steam locomotives are condemnsd. In visy of
this, for stopping passsnger trains, where number of
coaches are less than 17, a ratio of 1:1 batween Diazsel
and Electric has been alopted.

5. * Locomotives adorted for Study: Keeping in viecy
the performance over %tre last few years, the potential
of using higher horse %ower in future and the known
constraints of bridges, rolling stock and the alterna-
tive of two trains vis-a-vis one with double headed
diesel locomotive, ths Committee have adopted the ratio
of 1:1.2 for goods ané mail & axprass trains and 1:1
for stopping passenge? trains.

"sble = 5.2
Dicsel and Zlzectric Locomotives

oncine nerformanea
a) ingine kilomstrcs psr day per engine 'On Ling!:

S e amp n wn e GME v s s S s Eee e e ewm e e dree  Gms e e

Yzars 1>entral * Bastern ' Northern ! Western
2Railwayv t Railway ' Railway ! Raily

Die- 'HBlcoc~! Jie-' slec- Die- 'Zlec- Die- Blec-
————— sel, ttric.! ecl.! tric. 'sel._ 'tric. 'sel. ftric.
1974-75 293 356 190 246 o903 287 .-272 273
1975-76 297 320 218 269 323 312 267 263
1976-77 314 281 2$3 257 305 321 306 286
1977-78 303 302 273 240 o95 9286 290 307

b) Enegina kilometres rer day per =ngine 'In Use':

1974-75 370 455 go2 313 300 346 312 341
1975-76 364 455 260 335 355 365 349 448
1976-77 430 520 524 562 348 365 441 546
1977-78 416 535 525 554 336 326 429 583

JFigur:s taken from innual figurss of Statement 44
(monthly) submitted by Railways to Railway Board.}
' contd. ..
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Table - 5.3

GTKM hauled (excluding weight of engine &
departmental) per day (103)

a) Per Engins '0n Lina' g

— ay  was  Ew e W Nem e o @ ram E] ems dwm e e s Sae Ame e TP e wm G SmA et e e e
Year t Central 1 Zastern t Forthern. t  Westernx
_Railyay _Railway t Railyay o« _ _Railseay

fDie- t Zlec-iDie~- 13lec- Die-1Blec-t Die-1t Blec-

ts2le ¢ tric, 13sl. 1t tric.:sel.xtsic.x sel, s tric.

S MR GNP WED e M Gy WD SV Grat e WA s GER G SUA e e S ~— v sew

1¢74-75 343 433 289 366 412 419 420 405
1075-76 363 381 266 403 464 4c4 428 352
1976-77 389 3486 312 337 441 537 469 376

b) DRer Angine 'In Uge! :

1074-75 432 583 265 460 453 502 484 489
1975-76 444  H42 318 502 508 882 5857 603
1076-77 42¢ 43 627 846 505 824 675 698

NOTlL3: (1) Total GTKiis taken from annual Statistical
Supplemznt of Indian Railways,. Statemsnt 16(Col.
and number of locomotives 'on line' znd 'in use!
taken from annual average of Monthly Statement
44 submitted by the Railways to Railway Board.

(2) Figures for 1977-72 for GIKM ars not available.

v o e e - tE e B 1

e e ot e . Pl e 2 samam e C

5)

o wEpe e

* Complete section on Western Railway energised
in Decembary-1974. "~ -
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Percentage of locomotives uncnr or awaiting

repairs and meintenarnce of total locomtives
holding orn a R=ijway.

— e emR e amp W M s W dmr e i wr s cve rre e SR P G e eme wwe  m mEs EE  GEe e e e —

Year t Centrzl t Sastarm t Fortharn t YVastern
t R2ilyav 1 Bz Iiwvay 1 fzil-av t__Rail-av

tDie ft@lec-1 Dig-1! glzo- 1Die- t3l2c- Die-~ t3lec-
sel., c¢tric. ¢ 321, t tric. 1sel, ttric 1 sel. ttric.

ot MaBex v (eeCe) v f(anCod | MAC)
1674-75 20.2 18.3 13.7 21.4 9.0 15.2 13.0 S¢S
1775-7%6 18.1 15.1 13.0 1S.1 8.7 14.7 15.3 8.8
1678-77 22.1 16.4 23.7 25.0 12.6 13.7 14.5 7.8
1977-78 21.8 21.0 21.% 18.C 12.3 12.7 20.4 7.5

40Tu: These parcentsges hzv. been derived fror the
annuaal curulativz of thc ronthly Statemsats 44
sutmitted by the Reilwzys to Railway Board,
arnd obtained as tcslow:

- - ~ ~ TS

-)lc —- [V SV ._',LJJ . “_‘_""""

Averase total MNo. on l1ne - Averaga To. f’ective for use

v o -

XICOT L
average total nurber on line



ANNZXURE - 6. 79

Fuel and Energy consumption norms

and their costs,.

1. This norm is the rate of consumption of fuel or
energy for the work done by the locomotive in hauling
traffic, The specific fuel/ecnergy consumption is affected
by a number of factors. This includes the load of train,
the topography of ths route, type of stock used, type of
bearings, speeds attained, the number of starts and stops
and number of specd restrictions enroute., It further variazs
from driver to driver and in the case of diessel locomotives,
on the condition of the diesel engine. sven under
controll2d trials for the same type of load and section,
the results obtained exhibit considerable scatter*, The
trials if attempted would need to be extended for a large
period of time with the type of traffic changing all the
timz. Sections with diesel traction ares not available for
trials with electric traction. Reliable long term data of
specific fuel consumption over a dieselised section is not
available.

2.1 The Committee, thercfore, decided that the best
coursc would be to obtain the specific fuel/encrgy
consumption figures from statistical data of the Railways
averaged over a sufficiently long period of time to arrive
at a stable value which could be cquidered valid.

242 As an overall assessment of the specific fuel and
en.rgy consumption, an all India norm including both
passcnger and goods GTKMs over a 10 - yearl period was
attermpted as shown at graph G-7. In arriving at all India
figur:s, accountal of running of diesel engincs of one
Railway over the neighbouring Railway system, and in the
case of 2lectric traction apportionment of energy between
goods and passenger services are not required. 1t is seen
that in 1976-77 the overall specific fuel/energy .
consurption was the lowest aver recorded for both dissel
and elczctric traction,

contde e

% Lotter No. ETL/Policy dated 13.1.78 from Shri K.A.Jacob,
Director General, Research Design and Standards
Organisation, Ministry of Railways, Lucknow to
shri J.A.3a), Convanere.
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é
2.3 Table ~ 1 indicates specific fuzl and electric
energy consumption rates of various B.G. Railwavs from
1774 tc 1977. For comparison, similar norms obtain-d by
Sakai Committee hav: also bsen furnished ir the sare
taetle, It .is noticed that the norms vary from Reilyay to
A.ilway and cven on the same Railway, over a p=riod of time.

2.4 To arrive at relisble energy/fuel consumption norms
for the ssctinns iduntified for elactrification, the
Compitts:z finally decided to take the consumption rates
for Centrel, northern and Western Railways averaged over

a period of 3 years from 1074-75 tc 1976-77 as the Project
takzn for study liss in that area. THis averaging would
yield sufficiently stable and reliaktlz norms.

245 Ir arriving at the norms, it is essenntial to
rzalise that for elesctric locomotives tha traffic hauled
by 2ll the locomotives in the arcas fed by a sub-station
is accounted for against the anergy consumption, whils
for diesel locomotives the work done by a locomotive of
oyning failway and its fuel consumption on the other
Railways hav- to be propzrly apportionad. This has bceen
ensurad,

3.1 While arriving at the spacific fuel/ensrgy
consumption norms for goods traffiz, the traffic hauled
has bzen based on commercial documents although Irdian
Railvays maintain another set of domestic fdgures which
is based on the Vehicle Guidance gilven to the Gusrds,
There is some difference in the GTKMs arrived at bestween
the two szts of figurcs. ThidSon acceunt of approximation
used in are:viag at the waights of trains in the Vehicle
Guidance, On thz other hand chance diversions of trains
through alternative longer routzs are not accounted for
in the | .commercizl:.:- - figures. The Committse, decided
to considsr the traffic figures based on Commercial
Drycumsnts as mors rclisble of the two and have usczd the
same to arrive at thc norms,

3.2 aberrztiong, introducad dus to the foliowing have
also bean removed %rom the calculatiorn:

(i) D.C, traction on Central Failway.
(ii) Diesel Aydraulic locomotives of Cecntral

and Lorthern Railways.

contd...
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(iii) Diesel Zlectriec bankers on Central Railvay.

(These have been obtainad from the Domestic Statistics of th

0 e
concerngd Railways, and substractad from thg figures gf gross
tomne kilometres and energy/fuecl consumption totals).

4,1 The norms which have been arrived at are:-

Specific fuel/ehergy consumption
per 1000 GTKM,

slectric traction Diesel traction

KyH litres of H,S.Diesel.
Pagsenger,
Mail & Express soe 20.71 C 4,77 (Mail & Exp‘)
GOOdS see 11008 3.60
4,2 GTKM for passenger trains include both stopping

passengers and mails & expresses. A further calculation is
roequired to get separate norm for the two types of sesrvices
for Zlectric. Diesels do not haul stopping passenger trains
at presant; and a norm for stopping passenger trains had to
be evolved for diesel locos.

4,3 For Electric Traction, assuming the proportion of
Central Rajilway figures between stopping passengers, mails
and expresses, and goods as 3%, 13.8% and 83.2% respsctively
and assuming the Sahai Committee norm of stopping passenger
trains at 25.1 kwh per 1000 GTKM, the figure for mails and
expresses has been abstracted from the ccmposite cne arrived
at. In case of Diesel Electrics, the norm for stepping
passenger trains has been arrived at in proportion to the
norms arrived at by the Sahai Committee for flat sections.
Th: final figures taken for the purposss of the Study ars as
below: -

Blectric traction Diescl traction

KuwH litres of HSD.
Passengers e e 25.1 5452
Mail & Express se e 19081 4,77
Goods ces 11.08 3.60
4.4 For Electric Traction the above norms include energy™

used for station lighting, colour light signalling and repcsa-
ter stations. Basad on the assessment made in the E.B.Study
7/71, .35% of the total energy arrived at from the above
norms is also assumed as utilised for such purposase.

contdeds

5. Economic benafits of @lectrification at 25 kV sY§tem
on Howrah-Rourkela section of S.B.Railway. Efficiency
Bureau Study No. 7/1971, Ministry of Railways.
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S Comparison with Szhai Committee norms with those
arrivzd at above, reveals that the spread of the norms
for Dissel and Blectric Locomotivss are fairly similar,
Specific fucl cmnsumption figures obtained for Di:secl
Traction are lower than those in thz Sghal Committee,
while thosc for Electric Traction are higher. Such
variations are not unexpected on account of the fact
that, unlike the assumptions in Sahai Committee Rapnort,
the speeds and loaGs are lower, the diescl and

electric locomotives operate on diffsrsnt sections and
electric locomotives, being more powerful, achisve higher
average speads.

Ge In arriving at the above norms for di:szl fuel
consumption, light running between shads and yards,
shunting snroute, consumption in sheds, on trials are
not taksn inbto account. Separation of consumption of
electric ensrgy for similar purposes 1s not possibleg
and therefore the entire anergy consumed has been
assumed for hauling of traffic., This approximation is
not expscted to Influence the results arrived at.

Tel analysis of cost of H.5.D,0il and {(Lubricating oil:
(Financial & Sconomic) 1is given in Table - 2,

72 Analysis ¢f cost of 3lectric snergy (Finesucial &
aconomic) is as undar:

7.2.1 Fipancigl ;- For Delhi-Jhansi power supply will
be required at 6 sub-stations, ons from Haryana, tyo from
U.P., onez from stajasthan and two from M,P.. Basing the
cost of energy on average purchass price from ipril to
December, 1977 for U.P.S.E.B. and ¥.P.2.B., and on high
tension Industrial tariff of Haryana and Rsjasthan at

40% load factor, the cost of energy per kwh is workczd out
as follows:- '

Paise. No,of

Sub-stations.

Haryana State Zlsctiicity
Board oo 15,96 1
Uttar Prad:sh State
3lectricity Board 0o 21,73 2
Madhya Pradesh State
.ilectricity Board Y 21. 16 2 .
Rajasthan State
a1 ectriCity Board ¢e e 21044 1

6
Average rate for the section

"works out to oo 21.52 Palse.
‘ - cntd...
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n=oted at 2 subestations in Rajasthan at 21.44 Paisc
por kwh. Adding the latast leviss on genaeration anc
curchargs on ccal for thermal gzneration only an incraase
in cest <2 lectricity of 2.4 Paiss, & round figurc of
24 Paise p.r kwh has been taken.

Eimilarly for Gargapur City -« Mathura,Powsr supply will

7422 dcononic cost.- The cost of generation for 1276-77
for a few Stat: Zlectricity Boards as availatle from
Central slioactricity authority is given in table - 3,

as the transmissicn and distributibn costs of Stetc
alactricity Boards include the costs incurrad on their
:ntire transmission and distribution nat work which
incluces thz zgricultural and rural linss with high
mainternance costs and linz losscs, thuse are not rsicvant
to costs of transmission at 132 kV at yhich the Reilways
buy thair treection znargy. The cost of an adminijstration
which has only such a nst work should be examined. This
is readily availabls from the Anmal Ieport of D.,V.C, for
1976-77, given in the same table.

If th: some cost as that of D.V.C. for transmission
and distributicn Is taken at 1 Paisa par kwh and acded to
the cost of gencration (as indicatzd in Table-3) tho cost
of alectricity a% Railvways' sub-stations for 1876-77
weuld work out a2¢ under:-

Bedede ?ﬁgfidggi %ggnsmission.
M.P. ces 11.31

Gujra® vos 26.78

Du0 oo 16.95

Bihar vos 16.17

DVC 0o 12,69

owever, taing a most advers2 case; 20 Palse per
kwh has been c-nsicered as the aconcizic cost.



: TABLE - 1
igures of fual/gnvlgy consumption for locomotivss for ths psriod 1974-75

6-72 {3 vears)a .

(From Indian hailways Annual Statlstloel Supplements)

\
(a) Dissel Traction

' Dissel Fuil“ponsumption p-r 1000 GTKM, (in litres.)

Ee—ar-.- '—u:nzx:a-l— K :a-s-t:r:1 T i.-O;tl-’l- -rn_ K -S-o;th ST, ! gouth R ‘,arlit'h T '—w;sge;nt - '—Azl_I;d-l.a-.-
' t t ! ' Central. ' Zastern. ° !

A S SR R R_ 6., P G L P _G_L P G __

74-75 5,18 3.94 5,50 3.42 5.28 3.37 :?5.42 3.37 4.03 3,55 5.46 4,12 5.13 3.68 5,20 3,81

75-76 4,59 5.78 5,22 3,54 5.02 3.33 & 552 3.82 3.67 3.56 5,16 4.04 4.81 3.88 4.88 3,75

76-77 4,25 3,71 5.19 3.24 4.8l

3.24 5 39 3.92 3.22 3. 57 4.1? 3.56 4,95 3,74 4.84 3,57

(b) Hlectric Ttaction

1l:ctric unergy consumptlon_ln KWH/LOOO GTKM (including D.C.)

L

75-76 21.8 19.1 £3.0 11.9 25,3 10{5 } 20,1 13,2 20.1 13.6 22.4 12.§
76-77 24.1 lS.d 23.5 12,1 28,1 9.48 N Lo i 24,0 12,5 21.7 13.6 23.4 11.8
________ e s wes mmw e s wmE waw s s ,—' —_— e e e - .i.. —— Gmm e e W e v .t ewe mme e vme mmp s emm  rew s tum e am nem  wm
NQT&:- P - Pass;nger; Jf G - Goods, |
! 7 Sahal Committes norms
/ .iiDisssl fukl in 1lifres pesr 1000 GTKM
; Passengszar Mail & ,x Tss Through Goods -
Levgl oo 5,73 ‘ 4,96 3.88
GI‘:—:} < S 1:100 s e 7.05 5.?5 4000

ilectric enerey consumntion in KwH/1000 GTKM

Laval cer 25,7 18,80 | 9.92
7I‘ad€‘s 1:100 P 25.1 17.80 12.42

\

\

¥8
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TA3L3 - 2.

Cost of H.3.D. 01l & Lubricating 0il per Kilo Litrs.

I. EFINAMCIal:-

(A) H.S.v. 03}

(sffective fronm

april, 1978.) Delhi-Jhansi Mathura-Gangzrar
Szction. City soction,
—— e i

e —

(i, Dssic rate at main-—7~

——installation porcay 1313.9: 1112.90
(ii) Central Sal:s
Tax @ 47 24,56 44,55

(iii) Freight including

siding charzes 1-3.00 79.00
(iv) DGS&D!s—-Commission 17 il.14 11.14
tivg Handling charg:zs C.00C 1C.CO
o y o
TOTaL: 1222.60 1258.80

- — tp —— - ————— —— -

(B) Lubricating Cil

(i) Basic rate F.0.3. -
Bonbay 740C.0C 7400.00

(ii) Central 3ales Tax
3 47 296,00 296,00

(iii) Frsight assumiag 0/
sugply in drums and

20,4 in tank wagons 112.20 83.33
(iv) DG5S « D's Corzmission 17 74,00 74.00
(v) Handling chargss 10.00 10.00

T ——————————

TOTaLs 7292.20 7863.33

- - - - = o -

contéd...
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II, ACONOMIC:~

(4) H.S.D,.011

S e cwmm  ewn G e amm S e ewn m e e emtemme e e

cost. "Wwithout ' with 154
'premium ! premium
'on ' on
"Forzign ' Foreign
'Zxchange. ' Exchangec.
Pse i Rs. I s
DALHI~JHANST SsCTION: -
(i) Basic price
(C.I.F.valuz) 898.00 898 1032.70
(ii) Duties and taxas 271.60 - -
(iii) Freight charges |
(internal trans-
port) 113.C0 60 60
(iv) Handling charges 1¢.00 10 : 10 |
TOTsL: 12¢2.60 568 1102.70 *

* With 15% premium on Forzign ixchangs plus additional
10% scarcity valus, thsz cost of H.S.D.01il
will be R, 1192.80 per Kilo litr:.

MaTHURa-GANGAPUR CITY S3CTION:-

(i) Basic price

(C.I.F.valua) 898,00 898,00 1032.70
(1i) Duties & taxes 271.60 - -
(iii) Fresight charges 70.00 42,90 42,90
(internal transport)
(iv) Handling charges _ . 10.00 —-10.00 10.00
TOTal: 1258.60 950.90 1085.60 **

#+ With 15% pramium on Foreign ixchange plus additional
104 scarcity valus, the cost of H.S.D.0il will be
Bse 1175040 per Kilo litrs.

(B) Lubricating 0i1; Delhi-Thansi Hathura-Gangapur
section. City section.
[Se Pse
Financial cost 7899.,20 _ 7863.33
Less Salaes Tax 303.82 302,44

Lconomic cost 755,38 7560,82
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I48L3 - 3,

(a) Pooled cost of generation by Zlectricity
authoriti:zs. '

Source:- Central Zlezctricity Authority.

(Paise par kwh)  N.i.: Not. available.

———_—-———.——.-—————-———————————————-

Rajasthan 7.03 7,10 9.76  H.a.

M.P.’ 5.95 8.6 8.06 10.31
Gujrat 6.94 12.62 15.30 15.78
U2 12.23 13.66  N.a. N:A.

Maharastra -

Hydro 2,25 1.99 2.92 N.a.

Thermal 9.83 10.75 13.23 N.A.

DigJ 10. 51 14.36 17.69 15.95

Biher 12.97 1&8.7¢ 16.63 15.17

W.B. 7.80 8.87 13.36 | N.d.

Orissa 5.56 | 7.18 5.90 N.A.

(b) Cost of genzration ,transmission & distribution
of 2lectricity tv D,V.C. for 1976-77. -

Ssurca: - annugl. Regport of D.V.C. 1976-77,

i) Cost of :
generation S.65 9,75 9.98

Otazr costs of transmission & distribution !

ii) Transmission
« distritu-~
tion 1.02 1.04 .92

iii)saux.consum-
ption,
transmission
lossas,purchase
« subsidiary
expanses 1.5 1.81 1. 71

Total (ii) &° 0 , 4 2,85 2.70
(1ii)
Cost of kwh

for sale
(i)+(ii)y+(iii) 11.26 12.60 12,69



88

INAZIRE -
Cost of repairs & maintenance of
Diesel and Electric Locomotives.
1. The expcnditure on account .of repairs and

maintenance of diesel and electric locomotives have conti-
nued to fluctuate from year to year and escalatsd in the
last few ysars. Such fluctuati:ns have also been noted

by Sahai Committee.

2.1 Basically WDMo diesel and WAM4 electric locomotives
are similar in a number of details. They have identical
wheels and bqgies,; similar suspension and drive through
nose suspended traction motors. The two types of locomo-
tives are different only in their means of providing

power to traction motors and the power rating of the motors.

2.2 3lectric locomotives have a current collecting
Pantograph, transformer, tap changer, rectifier and
auxiliary machines e.g. esxhauster and compressors, driven
electrically. The power hardling eguipment,; i.e.
transformers and rectifier are static equipment. The
rotating equipment with wearing parts are relatively
light, 1like tap changers, arno convertor, exhauster and
compressors. Lhs economic 1ife of the locomotive
according to Railways' Code 1is 35 y=ars. :

2.3  The Gissecl electric locomotive on the cther hand
has a 16-cylinder dissel engine which drivss a gzenerator,
producing slectric carrent wvhich is then applied to
traction motors. It has a super-charger and an expressor
mounted on the same shaft. a governor and control gear
which contral ths amount of current to“the tracticn @otgr
form the basic main equipment. "The powsr pack” consisting
of engine and gensrator has an econscmic 1ife span of

18 years vhen it nseds to be replaced. Other comprusnts
of the locomotivzs have an economic 1ife span of 36 yeaTs.
Need for replacement of cylinder blocks dus to deformaticn .
at 10 year time interval has also been felt recently.

3.1 Th> comparison of cost of repairs and maintenance
between the two types of locomotives, therefore, reducss
itself mainly to difference in repairs and maintenance
costs batysen that of prime-mover (the d1§ssl enginc)
generator, controls and the ancillarizs like super-charger
and the 3xpressor on the dissel engins, and the power

contCene
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Egndlingiand agxiliazy eqjuipment of electric locomotivas.
The repairs and mainterance of wheels, bogi I i
mgtors are likely to be about the samé oggbgiﬁ %R% 2;;;210n
Since the power pack of the diesel ~ngins ages at double‘
the rgte of the rest of the equipment of both electric

and diesel locomotives, cost of its repairs is likely to
increase at a faster rate. .

3.2  On account of steep increase in cost of wagas and
materlqls in racent yszars, averaging of costs of repairs
and maintenance over a period of years is likely t¢ give
low figures. It is more realistic to obtain such cists
for the latest year for which complete accounts have
been received, It has also to be ensured that theses costs
are realistic and extraneosus factors such as hsavy
expenditure on account of accumulated overdue repeirs
and acquisition of spares without utilization during the
period are eliminated from the routine repairs a:d
maintenance costs. Costs for 1976-77 tayd been teken.

4, The committes were unable to abstract a conclusive
data on costs of repairs and maintenance fror the availatle
statistical data on account of the reasons dstailed below:-

(i) Statistical data of a Railway fvrnishes the
overall costs. The break up of thas cost amongst
sheds and on ¢iffsrent typ=s cf locomotivas 1is
rot available. sven these bookings at times
ara inaccuratsz.

(ii) In the accounting procsdurs foilow2d ou the
Railways system the detailed hzads of accounts
for itams of works donsz for dizssl and elsctric
locomotives are different. In beooked expenditure
some details of work donz on diesel locomotives
are available, but such bookings for electric
locomotives are not avellable. Furthsr, it is
not possible to separate the cost of normal
repairs and maintenance from that on accumula-
ted work or specizl repairs done, toth for
running repairs and rerisdic overhauls.

(iii) For slectric locomotlves spacial repairs, )
accident repairs, nodifications like conversion
of Ignitrons to Siliccen rectiflers due to
obsolescance ztc, are bocked alongwith the
periodic ovarhauls and termad as workshop
repairs., In addition the costs of_mecban;cal
repairs include rspairs to electric rultiple
units also. In the data published in Indian
Railways annual Statistical Supplement, other

contd...



- 90

costs like repairs and maintenance to track
bonding, plant in generating stations etc.
are also considered part of :lectric traction
and combined with locomotive repairs.

(iv) In diesel traction inaccuraciss in booking
had been obs:zrved in the past on certain
Railways on account of un-skilled shed staff
being booked to Operating expenses (as against
Repairs and Maintenance) and fueling point
staff booked to heads of steam traction.

5. Costs of Repairs & Maintenance

The Committee, therefore, felt that the test
course would be to obtain costs of normal repairs and
maintenarnce from the spending units i.e. Running Shads for
Running Repairs and from workshops for periodic overhauls
for the types of locomotives being ceonsidered by the
Committea. *

5.1 Running Repairs

In regard to running repairs and maintenance costs,
the Committee consgidered the following sheds as represent-
ative from which the repairs and maintenancs costs for
1976-77 were collected to derive the costs on engine KM
basis. These are: Ratlam shed, which homes 122 WDMg diesel
electric locomotives and the ad jacent Vadodara Zlectric
Locomotive shed which homes a total of & WalMg and VCAM;
(similar to WaMg, with additional equipments to maks it
suitable for running both on AC 25 KV and DC 1800 V.
system) locomotives, bota on the Western Railway. It has
been ascertained from the sheds that no sp§c1al woTk has
been egrrisd .out Im thésc twoishsdss The figures as
collected from these two sheds are as below :-

et ae oo

* 3imilar conclusions wzre drawn in Sfficiegcy Bureau,
Ministry of Railways' Study No. 7/1871 = iconomic
benefits of ilectrification at 25 KV system on
Howrah - Rourkela section on S.Z.3ailvay.
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T s BL 3

Locomotive repairs and maintenance costs ]976-77.

LGCO TVPE eoe Diesel. AC 3lectric.
51"13}) b ) e Ratlam, ‘Ifom.yi VadOdarag »I-Rly.
HOLDII\;G H oo @ l\'iaXo - 126 l'faX. - 57
Min., - 122 Min, - 56
Detailed Sxpendit- Datailed axpeqdit-
head of ure in hzad of wure in
account. thousand account, thousand
Tupees. - TUpPESS.
Yages B 2611 3532 x H 2132 ) 6323
Materials B 2611 1630C H 2132 ;
Wages B 2612 258 - )
laterials B 2612 206 - ;
Waées - "~ H 2141(b))
Materials - H 2141(b))
D.Ae B 2413 1167 H 2511 )
(Machines &
Tools) - .
vages B 2631 45 Ha2161 ( 74
Matsrials B 2631 155 H 2161 (
Suparvisor
stgff d - * % H 2001 321
Gffice staff 203 39
21956 6757
ngine Kis in 6361
thousand 15494
Cost per engine
K¥ (In rupess) 1.417 1,062
contdeae

TOTiS:, = * Includus staff at Bandra for running repairs
of Ratlam basad locos.

~-*x Included in B 2611.
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5.2 Workshop repairs:

For P O H of dissel electric locomotives, the
unlit cost of P 0 H for the year 1976-77 of Kharagpur
shops has been taken for the study. at Kharagpur, in
197677, 65 locos were given periodic overhauls. Of
these 49 were WDMo and 15 WDk type and one WDSs. The 15
wnnl overhanled are older engines, but have only
12 Cylinders against 16 of WDMo., 1t is felt that any
distortion to costs introcuced by taking into account
the P O H of WDMj locomotivas will be minor. Xharagpur
Shops do not compute unit P 0 5 cost for different types
of locomotives separately. The unit cost of PQd of
dissel clectric locomotive for 1976-77 1is k. 3.19 lakhs
per locomtive,

For P O H of 2lectric locomotives, therzs are two
workshops, vhich are nominated for overhaul of clectric
locomctives., Of the two, Kanchrapara and Bhusaval, only
the latter is nominated for P 0 H of WaM4 electric
locomotives from which unit cost of P 0 E has bean
obtained. This is B« 2.26 lakhs per locomotive.

In thes study,it is assumed that /6th of.thg
total number of locomotives are given their pe;lodlc
overhaul every year, so that the entire cycle is
completed in 6 y=zars' time.
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ANNZXURS -~ 8,

(A) Energy policy of Government of India and (B) Extract
of Chapter - 10, "Znergy" from Draft Five Year Plan 1978-83.

(A) NATIONAL ENERGY POLICY:.

7.1 Energy 1s one of the basic and most essential inputs
for the economic progress of the eountry, and the weli
being of the people. Accordingly, the development of
various forms of energy has high priority in the country's
overall developmental activitlies. The dramatic changes

in the world energy situation since 1973, and their
impact on the overall economy focussed attention on the
need for an integrated approach to planning and develop-
ment of the energy sector, and formlation of a
comprehensive energy policy to guide the energy economy
on desired lines. The Fuel Policy Committee submitted 1its
report in august, 1974 while considering the recommenda-
tions of the Fuel Policy Committee; it was considered
opportune to devote attention to the general problems of
energy in the country, and formulate a broad outllne of a
ccherent and well thought-out energy policy, which could
make available energy to all sectors of the cconomy in
adsquate quantities, in a reliable manner and at the
cheapest possible price.

7.2 During the year, the Government approved the broad
outline of the national energy policy. The mair
components of the policy approved by the Government were
as follows:=~

(a) To the extent practicable and economic, Coal
shall be the principal source of energy in the
country and, therefore, its exploration,
exploitation and utilisation should be programmed

accordingly.

(b) The poliey for oil shall be to reduce the
‘quantity of imports and to maxilmise indigenous

production.

(c) Use of 0il shall be substituted, wherever
technically and cconomically possible, by other

forms of energy. Contd

* Gxtracted from Chapter - VII, Annual Report, 1976477 ,
Ministry of #nergy, Department of Power.
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(d) The rate of growth of electricity production
should be adequate to mest futurs needs, includ-
ing the additional demands arising from ths use
of electricity in place of oil,

(e) #lectricity production should be based on the
use of hydro-power, coal and nuclear ENergy.

(f) The policy relating to commercial forms of
energy should be reviewed gvery year in the
first instance.

(g) A study of the transport- systems, in terms of
ensrgy needs, should be made so as to plan the
future growth of this sector.

(h) Meeting rural energy needs shall be given high
priority.

(i) A rapid incrsase should be made in the use of
bio-gas,.

(j) The social forestry programme should be implemen-
ted more effectively.

(k) Alternative fuzls to kerosene should be provided
and consumption of kerosene discouraged,
particularly by the use of the price mechanism.

(1) &nargy production and utilisation must be madsz
as gfficient as possible,

(m) The pricing for energy should bz such that at
reasonable level of operating efficiency, an
adequate return to the industry is guaranteed,
and it is gble to generate large funds for
developmant purposes. Prices should also promote
the desired pattern of energy use and promoting
energy consarvation:.

(n) The non-conventional ecnergy s-murcas like solar
and geo-thermal energy, tidal powcr, etc.,
should be developed with the greatest priority to
solar energy and bio-gas.

(0) The R & D programmes ralating to vnergy should be
pursuad vigorously.

contd...
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(p) Implementation.of the encrgy policy should be
adequately monitored and frequently raviewed.

7.3 The i@plementation of the varisus compenants of the
energy policy requires interaction betyeen sazveral
Ministries/Organisations in the Centra. Discussions have
bezsn taken up with the concernad Ministries/Organisations
to work out ths detailzd proposals in regard to implemen-
ting the major componants of the above policy.”

(B) Sxtract of Chapter - 10 "3nergy" from Draft Five Year
Plan 1978-83, * &Y 2 v rea

CHAPTER - 10
By 33GY
X

10.3  Viewsd from ths angle of energy supply, coal will
be tic main source for the next few decad:s whethar through
direct use or th.rmal power gensration. The performance

of the ccal industry in the rzcent past inspires confidence
that it could mset the increasing encrgy dsmand arising

in ths coming years. With its versatility of application
and ease of transport over long distances, the

importance of 2lectricity as a source of ensrgy will
increéase further. sas batween clectricity in its primary
form generatad from hyd:1 and nuclcar source and its
s=ccndary form gencrated from csal, it is thz lattsr which
will Be predominant during the next five ysars. The long
time requirzd for the proper investigation of hydro
projects and thz sven longer times taken for construction
will inevitably mean a relatively slow growth of hydro.
gencration. as for nuclear power, it is the consideration
of costs which will primarily determing its pace of
expansion. Having regard to its rslatively higher capital
rzquirements, creation of new nuclear power generation oo =l
capacity will be restricted to locations where nuclear
power is competitive with coal based power. Till such

tim2 as fast bresder rzactors using our thoriun deposits
become technically dependable and commercially viable and
the problem of dealing with opecrational mishaps and
disposal of spsnt fuel have baen overcome, nuclear power

is unlikely to play a major role in >ur power programme.
Furth:r rise in consumption of 0il praducts-r - will be
kept within manageablz limits through appropriate msasures,

contd. ..

* Planning Commission 18-4-78.
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such as substitution of oil by coal in industrizs for
furnace and steam raising, gradual clectrification of
railway traction and replacement of di.sel pumps sets by
electrical pump sets through an intensified programme
of rural clectrification.

£ X X £ - X X

PATROL TIM
Plan 1978-83, '

10.48 It . is estimated that the consumption of petroleum
products will reach a lavel of about 36 million tonnes in
1°82-83. The demand projsctions for the period 1978-83 are
given below:-

Year Quantity of Product.
S G 1 (2) . - _ =~ ————

, (In million tonnes)

1976<77 (actual) " eee 24,07

1977-78 (anticipated) - ... 25,64

1978-79 coe 28,01

1979-80 ees 30,15

1980-81 oo 32447

1981"82 es e 34. 36

1982-83 e 36,32

e e Gm P S G amn GWe ems GEs MR ADE SN AER A G RS Ee GER  Gme TED M MME Gem VAR GEe  SmE R am

10.49 In the next five years, exploration for oil will
Le intensified; this is necessary not only to ensure an
adequate reserve-to-production ratio to sustain the present
level of production, but also to be able to meet the
country's increasing demand for petroleum in the coming
critical decades when international oil supplies may start
tapsring off or prove prohibitively expensive.

- wm an ws .-



DULHI~JHANST & MaTIlURA~GANGAPUR CITY S3SCTION

Forecast of dally Goods throughput
(In terms of 4 yheelers)

Mt GmD EEF e mm GED G TS WEM SRR LW WSS WA EEE rw ved AR e NS WD WED SED G SN WRE ER GNT AR R MRS SGR Wl MRS G M R WD WD MR e sl SUR  wER e me

‘ ' 1983-84. ! 1088-89 ! 1993-94
S4CTION ave- Loa- 'Zmpty. Totald Ave- Loa- 'Cmpty 'lotal 'Ave- 'Loa=-'ampty, 'Total.
. frage 'ded. ! ' ' rage 'ded, ! ! 'rage 'ded ! J
No.of ! ! ! ' No.of! ! ! Wo.of ! ! !
‘train,! ! ! ' train! ! ! "train,'! ' '

S GNE GUE GMe WW Y e W e ek YR M M G SaR GIE G AT W MER MRS SR VN GER T MES B D MR R GER e G M eer  weh e WD S

4GRa - JHANSI UP 14.6 530 380 910 16,9 610 437 1047 19.4 701 503 1204

MATHURA-AGRA UP 15.3 660 . 400 980 17.3 614 460 1074 19,6 687 529 1216

TUGHLAK4BAD- UP

MATHU R4 gCR) 17.6 425 620 1095 19.2 489 704 1193 21.0 562 743 1305
WR)  11.7 425 300 725 13.1 489 323 812 14.7 562 350 912

DN,
(CR) 20.2 12586 = 1256 22.8 1417 ~ 1417 25.9 1611 1611

(WR) 12,1 690 60 750 14.0 799 72 871 16,3 930 86 1016
MaTHU Ra-BaYaNA UP  11.7 425 300 725 13.5 489 345 834 15.5 562 397 959

DN, 11.6 690 30 720 13.4 799 36 835 15,7 930 43 975
BAYANA-GANGAPUR CITY

UP 15,2 585 360 945 17.5 673 414 1087 20.2 774 476 1250
DN, 14,6 830 80 910 17.1 9267 ©6 1063 20.1 1131 115 1246

NOTE: - (1) 207% increase in traffic other than POL and Coal for every 5 ysar period for
Dn. direction and 15% for Up direction have bean considered in ths forecast
beyond 1983-84,

(1i) No iIncrease 1ig considered for POL and Coal beyond 1083-84,

©
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DALHI.JIANST & MATHUZA-GANGHTUR CITY SACLION

Traffic prOJeCtlonS for Mail & Sxpress trains uaged on annual growth
rate of 4.7 over base year 1977-78.

——————-—_—v—-—-—--—-—-—._—.w.-——————--——---u.-—---w-.-.—._—_.__-u--—-‘“——

Kot S4CTIUN, e I\L.gg o TR - lYe_ar 198889 rRear-1993-94
: ‘ 'Dn/Up' Pass- Othar'rotal 'FEEE‘QGEEZ%ﬂ%ff;I Pusgl Ofﬁg%ﬁTotal §:§§e26%§%?7%§531

: L o__veneety 4 deger! 1 lengex) _ i __ lengerl _ ! _

1. JHANSI-DELHI 5/6 11 2 13 14. 2 16 17 2 19 19 2 21

2. aGRA-DILHI 7/8 13 1 14 17 1 18 20 1 21 23 1 24

3. JHANSI-Niw DILHI 15/16 17 1 18 22 1 23 26 1 o7 30 1 31

4, JHANSI-NZW DALHI 17/18 6 7 13 8 7 15 9 7 16 11 7 18

5, JHANSI-NIZAMUDDIN 21/22 13 2 15 17 2 19 20 2 22 23 2 25

6. JHANSI-NawW DALHI 57/58 13 2 15 17 2 19 o 2 22 23 2 o5

7. AGAa-NgW DALHI  79/80  © ) 11 12 2 14 14 2 16 16 2 18

8. AGRa-NIZAMUDDIN 149/150 11 1 12 14 1 15 17 1 18 19 1 20

S. JHalSI-KIZAMUDDIN 137/138 15 1 16 19 1 20 23 1 24 26 1

10. JHAKSI-NZwW DZLHI 121/122 10 3 13 13 3 16 15 3 18 18 3 21

123/124 12 ) 14 15 g 17 18 2 20 o1 2 23

125/125 11 3 14 14 .3 17 17 3 20 19 3 22

11. Jﬁmsx_x\uzmmnnc(%:3%/13)2 13 4 17 17 4 21 20 4 24 23 4 27

> Agys

\ contd, ..
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.______-—_.-——-———-_—-_--.—-—-—-—-————_——————.—---——————-—.——--r,-————

51, % SLCTIGN, 'Train '__ Year 1977-78 ' Yoar 196384 Year 192280  '__Year 1993-94

No.t NO. ""No.of coach=sg " _Ng.of coaches " lNo.of coaches ' _Mo,of coaches
' ‘Dn/Up 'Pass-'Other'Total'Pass-'Other'Total 'Pass- '0Other 'Total 'Pass-'0thar 'Total
! ! 'engsr! ! 'enger'’ ! ‘eiiger ! ' ‘engar! '
! ! “ L '.... — wen '... - o '_.. — L ‘... - s ! . a— '._ P '. - - I._ - . '.. R '.

12, JHuNSI-NIZAIUDDIN 143/144 14 1 15 18 1 19 21 1l 22 25 1 26

(1 day)
13. JHANSI-NIZaMUDDIN 77/78 14 1 15 18 1 1S - 21 1 22 25 1 26
: (4 days)

Total coach day per week oo 1144 1429 1659 18¢1
Daily average coach day e 163 204 237 269

Probable composition of trains (In terms of coaches)

_Traing Year 1977-78, Year 1933-84, JYear 1988.89, Year 1903.904,
(a) Wwith 22 coaches ... As atove., - 1 6
(b) with 20 coaches se. wedOm- 2 1 -
(¢) with 17 couches e.. —=d0wm 8 9 8
(d) with 14 coaches «s- ~edO-- 2 3 -

TOTsL ho.of Trains (Daily) . 12 14 14

- s o - em - n s @ - - v e e - - o o = am -

T oIU0sY 6 = TV IVT T

66
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DELHI-GsNGaUR CITY 3/4 14

1.
2.
3.
4.

—— m e vEm Ges G e NS WEy GED R m SRR s SR G S RS S e e W

MATHURA « GANGAPUR CITY SZCTION

No. N

‘enger !
1 t | ]

P

DELHI-GuGaPUR CITY 19/20 13

DALHI-GanGAPUR CITY 23/24 . 9

N&w DALHI-G.

(2 days =
(5 days =

JNGAPOR
CITY 25/26 13

Pashchim ZSxp. )
A4.C,sxpress) *

NEW DALHI-GakGaPUR 171/172 12
CITY (2 days)

Total coaches per week: ... 469

Daily average coach day:... 67

(a)
(b)
(c)
(d)

Traing

with 22 coaches
With 20 coachiss
with 17'coaches
with 14 coaches

— . WER em e wmw ca W ww c e e

\

e mme e eme e e T e e e ew -, . -

Iotal No.of Trains (Daily)

VR 83-84 . Yoar 1998-80 | _Year 1003-04 _ [
0.,0f coaches ' ches ‘' MNo.af coaches_ ' _No.of coaches =
'Dn/Up 'Pass- 'Other 'Total ' Pass-'Other 'Total ‘Pass-'0Other 'Total ! Pass- 'Other 'Total b
K] t 1 engerl t 'engerl ] [ engerl t é
R R B B S R ' ' r &
-3 17 18 3 21 21 3 24 25 3 28 P
17 17 4 o1 20 4 24 23 4 27 o
4 13 12 4 16 14 4 18 16 4 w2 B
3 16 17 3 20 20 3 23 23 3 26 L
) 14 15 2 17 13 2. 20 21 2 o3
530 663 763
33 95 103
Probable composition of trains (In terms of coaches)
Year 1977-78. Year 1933-84, Year 1998.-89, Year 1993-94,
.o as above - X o
e . ==dpe= 1 - -
e ~=do-- 2 o )
.-. ——-dO“- 2 3 2
5 6 6 g

* Converted to a daily train in terms of coaches,
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ROUTE LENGTHN OF SECTIONS

SECTIONS ROUTE Kra.
DELHI=MATHURA 145
MATHURA-AGRA 54
AGRA=JHANSI 215
TOTAL : 4/4
MATHURA-84YANA 76
DAYANA-GCANCAPUR Iy 77
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CIF
CLS
CLW
DCF
DLW
GTKM
HSD
IRR
NTKM
POH
POL

RD30

TTKM

ABBREVIATIONS
(Used in_the Report)

Central India Coalfield,
Cost, Insurance & Freight

Colour Light Signals

Chittaranjan Locomotive Works

Discounted Cash Flow
Diesel Locomotive Works
Gross tonne kilometre
High Speed Diesel
Internal ﬁate of Return
Nett tonne kilometre
Periodical overhaul
Petroleum, 0il, Lubricant.

Research, Designs and Standards Organisation,
Ministry of Railways

Route kilometre
Track kilometre

Trailing tonne kilometre
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