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1.0 Introduction

By the size of the network, volume of traffic carried and manpower employed, Indian Railways has not many parallels in the world.  The entire Railway system is Government-owned and is under a common administration. The network has more than 63,300 route-kms of track carrying more than 700 million tonnes of freight traffic per year and around 18 million passengers per day.  Major portion of the network is having broad gauge (1,676 mm) tracks, but some portions are still on metre gauge (1,000 mm) and certain limited stretches on narrow gauge.  High density and suburban routes totalling around 28% of the network is electrified.  Indian Railways employ around 1.5 million staff in the 16 zonal railways, five production units and other ancillary units including the R&D establishment, training institutes etc.

At the time of gaining independence in 1947 itself India had a network of around 55,000 route kms of track and not much of investment has gone into increasing the size of the network, which has gone up only by 15% over the last 60 years.  Rather than expanding the network, the investments have gone into increasing capacity of the existing lines and for modernisation.  Major areas of concentration were: 

· Laying of double/multiple lines within the existing network

· Introducing modern signalling systems

· Improving the track structure

· Replacing steam engines with diesel and electric engines and further upgrading their technologies

· Electrification

· Conversion of metre gauge and narrow gauge systems into broad gauge to achieve a single gauge system for the complete network

Certain allocation is also being made in the annual budgets for replacement of over-aged assets.  However, it was generally felt that the allocations made for asset renewals were far less than the actual requirements, having an adverse effect on the health of the system.  At the same time, some of the investments made for upgrading the signalling systems, modernisation of rolling stock and track as well as replacement of over-aged assets had a certain intrinsic element of improvement in Safety.  But the concept of making investments which specifically addressed the issue of safety was absent for quite a long time.

2.0 Background

Immediately following some of the major train accidents, the Government had set up special committees to go into the entire gamut of railway safety and make recommendations for improving the state of affairs.  The first such committee called “Kunzru Committee” was set up during 1962; followed by the “Wanchoo Committee in 1968, the “Sikri Committee” in 1978 and the “Khanna Committee” in 1998.

These committees did thorough jobs going into various safety related issues that plague the Railway and made several recommendations.  Many of these recommendations were also accepted and implemented.  However, most of the recommendations did not specifically address the issue of finding resources for implementation of these items, and it was generally left to the Railways to manage within the available resources.  In this context, two of the recommendations made by the “Khanna Committee” stood out differently from the other recommendations which were more or less on the similar lines addressing the rules, infrastructure, organisation, material procurement, manpower development etc., as those of the previous committees.  These recommendations made by “Khanna Committee” and the follow-up actions on these recommendations paved the way for recognising Safety as an area which needed specific attention and inputs.  Following are those two recommendations:

· Government of India should provide a non-lapsable one time grant for wiping out the accrued arrears in asset replacement. 

· Indian Railways should have a long term corporate safety plan clearly laying down its safety policy/objectives and strategies for achieving them, including the time frame and investments

Based on the first of the above, an one-time grant to the tune of Rs. 170 Billion (about US$ 4 Billion) called “Special Railway Safety Fund” (SRSF) was approved by the Government for replacement of over-aged assets and for taking up safety enhancement works spread over a five year period from 2002 to 2007.  And based on the second recommendation, a “Corporate Safety Plan” was made by the Indian Railways during 2003 for a ten-year period up to 2013.  This plan not only laid down specific targets for bringing down the accidents and equipment failures over the period, but also addressed the issue of achieving these targets through systematic investments in various safety related areas.  The investments identified in the Corporate Safety Plan were partly linked to allotments made under SRSF.   

3.0 Special Railway Safety Fund (SRSF)

The name of the fund may give an impression that it is intended for improving the Safety scenario by upgrading the existing systems and introducing certain new technologies.   However, in reality major portion of these funds were allocated to replacement of existing over-aged assets only with minimal changes in the technologies involved.

Total amount within SRSF was broadly allocated between asset replacement and safety enhancement works.  A detailed break-up of various works taken up under the SRSF indicates that more than 93% of the funds were allocated to replacement of existing over-aged assets and related works.  The major areas of replacement of assets identified were track, bridges, rolling stock and signalling.  The funds allocated to Safety enhancement works was less than 7%, out of which a major portion was for track circuiting works in station areas.

While identifying the works under SRSF, the total cost has been limited to about Rs. 131 billion against the total allotment of Rs. 170 billion, with the balance being reserved for cost escalation over the five year period.  Details of the funds allocated for various works under the SRSF are as follows:

	Sl. No.
	Item of Work
	Amount (in millions Rs.)
	Percentage of total

	1
	Track renewals
	
48940
	37.4%

	2
	Rehabilitation/Rebuilding of bridges
	
15270
	11.7%

	3
	Replacement of Rolling stock
	
	

	
	· Diesel locomotives
	
5001
	

	
	· Passenger Coaches
	
2763
	

	
	· Wagons
	
12062
	

	
	· EMU coaches
	
7210
	

	
	· Total
	
27036
	20.6%

	4
	Signalling equipments
	
26710
	20.4%

	5
	Safety enhancement works
	
	

	
	· Rolling stock items
	
1974
	

	
	· Signalling works
	
4730
	

	
	· Improved training
	
1168
	

	
	· Other items
	
990
	

	
	· Total
	
8862
	6.8%


Table: 1 – Broad allocation of funds under Special Railway Safety Fund

4.0 Accident Statistics

Number of train accidents is an accepted index for assessing the state of safety of the Railway.  The category-wise break-up of accidents gives a further insight into the areas which need priority attention for bringing about improvements in the safety standards.  This is also helpful in identifying areas which can maximise the benefits of investments made. 

The trend of total number of train accidents on Indian Railways from 1990-91 till 2006-07 along with the category-wise break-up is tabulated below:

	Year
	Collision
	Derailments
	Level crossing accidents
	Fire accidents
	Misc. accidents
	Total

	90-91
	41
	446
	36
	9
	
	532

	91-92
	30
	444
	47
	9
	
	530

	92-93
	50
	414
	51
	9
	
	524

	93-94
	50
	401
	66
	3
	
	520

	94-95
	35
	388
	73
	5
	
	501

	95-96
	29
	296
	68
	5
	
	398

	96-97
	26
	286
	65
	4
	
	381

	97-98
	35
	289
	66
	6
	
	396

	98-99
	24
	300
	67
	6
	
	397

	99-00
	20
	329
	93
	21
	
	463

	00-01
	20
	350
	84
	17
	2
	473

	01-02
	30
	280
	88
	9
	8
	415

	02-03
	16
	218
	96
	14
	7
	351

	03-04
	9
	202
	95
	14
	5
	325

	04-05
	13
	138
	70
	10
	3
	234

	05-06
	9
	131
	75
	15
	4
	234

	06-07
	8
	96
	79
	4
	8
	195


Table: 2 – Trend of Accidents with Category-wise break-up

The accident statistics at Table: 2 above indicate that the major category of accidents has been “derailments” and the total number of accidents tends to be generally decided by the number of derailments.  This is clearly depicted in Chart: 1 below which juxtaposes the trend of derailments against total number of accidents over the period from 1990-91 to 2006-07.
Chart: 1 below also highlights another important aspect on the contribution of derailments in the total number of accidents.  Derailments constituted more than 80% of the total number of accidents during early 90’s, but then it has steadily come down over the years and stands below 50% at present.  The chart also indicates that the number of accidents (both total as well as derailments) have shown a steady decline since 2000-01 itself, even before bringing in the investments under SRSF from the year 2002 onwards.
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Chart: 1 – Total number of Train Accidents and the Number of Derailments

Since the contribution of derailments in the total number of accidents is slowly but steadily coming down, it would be of interest to identify the other areas which are now contributing to the number of accidents.  A look at Table: 2 would point to the other major area as the accidents at level crossings.  The following chart compares the percentage contribution by derailments and accidents at level crossings over the period from 1990-91 to 2006-07.  While the former has steadily come down, the latter has steadily gone up and has now reached a stage where both are almost on par. 
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Chart: 2 – Derailments and LC Accidents as a percentage of Total number of Accidents
Not only by percentage contribution, but also in numbers, the level crossing accidents have shown a generally increasing trend over the years as seen from the following chart.
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Chart: 3 – Trend of Level Crossing Accidents

The reasons for this increase are quite obvious.  There exist a very large number of level crossings on Indian Railways (around 34,000) with all types of vehicles plying across these locations.  Most of these level crossings on Indian Railways are not equipped with any protective systems such as barriers/gates and train approach warning devices (around 18,000).  Combined with this, the road vehicle population is increasing phenomenally.  Further, with new generation air-conditioned vehicles with closed windows, music systems etc. the road vehicle drivers do not get adequately warned by the whistling sound of the approaching trains.  

Even the Corporate Safety Plan had acknowledged the fact that the level crossing accidents are going to be difficult to bring down and had set a target of at least controlling the number of such accidents at a level of around 90 over the ten-year period up to 2013.

The foregoing discussions were based purely on the statistics of accidents, but considering the impact created on the passengers and public at large, train collisions and fire accidents have far more serious consequences and can also cause large number of casualties.    The details of persons killed/injured in train accidents which occurred on Indian Railways during 2005-06 and cost of damage to Railway property in these accidents is tabulated below:

	
	Collisions
	Derailments
	Fire Accidents
	Level Crossing Accidents
	Misc. Cases
	Total

	No. of accidents
	9
	131
	15
	75
	4
	234

	Persons killed
	25
	148
	15
	126
	1
	315

	Persons Injured
	215
	191
	68
	137
	16
	627

	Cost of Damage (millions Rs.)
	109.75
	268.06
	28.21
	2.41
	0.01
	408.44

	Average no. of persons killed per accident 
	2.778
	1.130
	1.000
	1.680
	0.250
	1.346

	Average no. of persons injured per accident
	23.889
	1.458
	4.533
	1.827
	4.000
	2.679

	Cost of damage per accident
	12.194
	2.046
	1.881
	0.032
	0.003
	1.745


Table: 3 – Consequences of Train Accidents during 2005-06 – Persons killed/injured and Cost of damage to Railway Property

From the above sample case, it could be seen that the average number of persons killed and injured are especially high with collisions.  The average cost of damage to Railway equipment is also very high for collisions.  Fire cases should be considered equally serious from the panic and trauma it creates amongst passengers.  Hence, even though their numbers are few, collisions and fire accident cases also need to be given due priority for preventing their occurrence.

5.0 Equipment Failures

Many of the accidents are caused as a result of equipment failures.  While it is not necessary that all equipment failures lead to an accident, these are indications of ill-health in the system and are forerunners to major disasters.  Certain equipment failures such as a wheel or axle breakage, or a large component from rolling stock infringing the track can cause an immediate derailment, whereas failures such as hot axles, wagon spring breakage or rail fracture need not always cause an accident.  

Signalling systems incorporate the “fail-safe” philosophy and their design ensures that the modes of failure cannot cause an unsafe situation.  However, such a philosophy can give rise to large number of failures of these equipments unless the level of maintenance and reliability of all the allied equipment is of a very high order.  In case trains are to be operated under signal failure conditions, the process of ensuring safe running of the trains will need to be taken over manually.  On Indian Railways, operating trains under failure conditions is quite common and detailed rules and procedures to be adopted under such conditions are elaborately laid down.  But, lapses or adoption of short-cut methods during such periods can pave the way for serious consequences.   Thus, these failures should also be treated as safety hazards.

The following table gives the trend of a few selected categories of equipment failures which are considered safety hazards, over the past 10 years, 

	Year
	Rail failures
	Poor brake power
	Train parting
	Coach detachments
	Signal failures

	1997-98
	2672
	2367
	1172
	250
	111014

	1998-99
	3852
	1428
	1135
	200
	100554

	1999-00
	8416
	868
	1034
	169
	118397

	2000-01
	10660
	474
	1081
	230
	132735

	2001-02
	10678
	259
	1013
	194
	121242

	2002-03
	10374
	164
	826
	148
	110640

	2003-04
	8613
	60
	688
	156
	117240

	2004-05
	7162
	56
	688
	142
	123752

	2005-06
	6807
	30
	926
	125
	114587

	2006-07
	5953
	15
	996
	85
	146688


Table: 4 – Trend of Selected Equipment Failures for the period 1997-98 to 2006-07

There has been a steady decline in the Rail failures from 2001-02 onwards.  This is along expected lines as the single largest chunk of allocation under SRSF has gone into track renewals.  

Poor brake power cases have also shown phenomenal reduction over the past ten years.  The inputs provided in this area from SRSF were replacement of over-aged wagons and provision of air-dryers in locomotives 

Train parting cases continue to remain at a steady level except for a brief period of reduction.  No major inputs have been provided in this area from SRSF, except for provision of Locomotive simulators for training the drivers in smoother handling of the trains.  Train parting is a potential safety hazard and inputs will be needed to improve the material/design of couplers.   

Cases of coach detachments due to serious defects noticed en-route have also come down appreciably over the past ten years and the inputs provided from SRSF were quite minimal in the form of replacement of some over-aged coaches.

Signalling equipment failures have not shown any appreciable reduction, in spite of some major funding from SRSF for replacement of over-aged signalling assets.

On the overall, it would appear that the major impact of investments made from SRSF has been on reducing the rail failures. 

6.0 Recommendations for Safety Enhancement Investments

It would be of interest to note that the Corporate Safety Plan (2003-2013) had set targets for bringing down the total number of accidents per year from an average level of 413 during 2002 to 206 by the year 2013.  But, the number has already come down to 195 by 2007 itself, as shown in Table: 1. However if we consider category-wise, derailments have come down much below the expected number, but collision cases continue to be high.  Miscellaneous cases, which basically are accidents arising out of infringements with running trains also remain at a level higher than targeted.  Reduction in rail failures and replacement of over-aged wagons has generally contributed to the marked reduction in derailments. 

Safety enhancement investments should basically address two areas:

· Bringing about reduction in the number of accidents through identification and elimination of safety vulnerabilities

· Improving systems to minimise the damages and casualties even if an accident were to occur

Timely asset replacements should be adequately planned under the Depreciation Reserve Fund (DRF) and should not be treated as a safety enhancement work.   Allocation to DRF from the Revenues should be made in a scientific and systematic manner without allowing over-aged assets to accrue.

The following recommendations are made for investments in improving the safety standards. 

6.1 Level crossings

As already explained accidents at level crossings – mainly at the unprotected ones – is steadily on the increase and is poised to become the highest contributor to train accidents, overtaking the derailments.

From the point of view of bringing down the number of accidents, maximum returns could be expected from the investments made in reducing level crossing accidents.  Investments could be made in the following areas

· In the long term, these level crossings will need to be eliminated.  One of the conventional methods is to provide barriers and man them.  This would involve both initial as well as recurring expenditure.  Since the road traffic at many such locations are limited and construction of normal grade separators could be very expensive, schemes for providing cost-effective limited-use underpasses have already been formulated and are under implementation, wherever these are technically feasible.  

· Till such time the level crossings are eliminated, it would be beneficial to allocate funds for educating the road users through mass media and direct contact programmes.

· Train approach warning systems are being tried out; but a reliable, vandal-proof system may turn out to be quite costly.  Further, there is ample evidence that motorists involved in many of the level crossing accidents were aware of the approaching trains or tried to cross the track in the face of approaching trains, this system does not appear to be an effective mechanism for preventing such accidents.   However, this is one of the options available, if it could be developed in a cost effective manner.

6.2 Prevention of train collisions

Even though collisions may not be very significant number-wise, but considering the seriousness in terms of lives lost and damages caused, it is necessary to eliminate this category of accident.

An “Auxiliary warning system” (AWS) for the train drivers is already provided in a few limited sections.  Further, an “Anti-collision device” (ACD) developed by the Konkan Railway Corporation Ltd. is being tried in a few selected regions.  ETCS-Level-I type train protection systems are also under installation on trial basis in a few other sections.  Investments in an on-board computer system, ACD or ETCS type Train protection system which can effectively prevent a collision is considered worthwhile.

6.3 Improving asset reliability

· Many of the accidents occur during operation of trains under abnormal or failure conditions.  Signalling equipment failures are one of the foremost in this category.  New technologies and equipments that are brought in for reducing dependence on the human element in train operations also are related to signalling.   Efforts are essential to improve the reliability of the signalling equipment so that the vulnerability during operation under failure conditions can be avoided.  Simultaneously efforts to provide vandal-proofing of signalling equipment is also considered necessary since quite a few signal failures are attributed to vandalism or miscreant activities. 

· A certain amount was allocated under SRSF for improving the welding technology and for procuring “Self-propelled ultrasonic rail testing” cars to detect rail flaws.  Since every rail failure is a potential safety hazard and their number continues to be very high, further investments are considered necessary in these areas also.

· Presently most of the equipment maintenance is being carried out on a time-base, which could be resulting in sub-optimal utilisation of the human resources and period of shut-downs.  Investments in predictive maintenance technologies and equipments are considered beneficial for optimal utilisation of the resources and for improving reliability of equipments.  

6.4 Improvements to coaching stock

Except for the anti-telescopic feature, the present design of coaching stock does not take into consideration its ability to minimise the impact of an accident.  There are several features that could be incorporated into the coaches to lessen the casualties in case of a mishap.  These could include the following:

· Present day coaches are so vulnerable to fires that unless the fire is put out at the very early stages, they become uncontrollable very fast and the entire coach burns down.  Investment by way of latest fire retardant materials and materials that do not emit toxic fumes on catching fire for coach construction and furnishing can control the spread of fires and minimise the risk to passengers.

· Use of tight-lock couplers have been suggested for preventing the coaches climbing over one another in case of an accident.  Several other features could also be incorporated in the coach interior design to minimise injuries to passengers.

· Designing coaches to prevent their capsizing after a derailment is being developed elsewhere.  These concepts can be adopted to minimise passenger casualties/injuries.

· As on date no mechanised detection of hot boxes or infringing parts from coaches/wagons have been installed.  There is a dependence on personnel posted en-route to detect such abnormalities.  Investments in such automations can reduce dependence on human element and make such detection more accurate and effective.

6.5 Elimination of four wheeler tank wagons

Many four-wheeler non-bogie type tank wagons are currently being used on the Indian Railways for transportation of liquids, mainly petroleum products.  These wagons with a high degree of rigidity have been identified as derailment prone and on this basis, the Railway Safety Review Committee had recommended its withdrawal from service.  But for want of bogie mounted tank wagon stock, many such wagons are still in service.  Other types of four wheeler wagons have already been withdrawn and replaced with bogie mounted wagons.  Funds allocation from SRSF for replacement of wagons specifically excluded the tank wagons.  These wagons, especially in empty condition, contribute to some of the freight train derailments, but they become a real safety hazard when such derailments take place on double/multiple line sections and cause infringement to adjacent tracks.  Investment in replacing these four wheeler tank wagons will definitely be in the interest of safety. 

6.6 Protection against natural calamities

Tracks getting submerged during heavy rains, washing away of tracks due to flash floods, landslips, boulder falling, trees getting uprooted on to the tracks etc. have caused several accidents. In certain areas landslips occur due to inadequate slope provided for the cuttings on either side of the track.  The basic protection employed to prevent such occurrences at present is through a system of track patrolling by Railway personnel.  These patrolmen walk along the track and watch out for any abnormality.  This patrolling is intensified during rainy seasons or whenever a cyclone or flood alert is received or any other kind of disruption is feared.  In this area, Konkan Railway Corporation Ltd. have employed certain electronic detectors to detect landslips and boulder falling.   

Investments are required for easing the slopes or removing boulders wherever such threats exist.  Increasing the waterways or raising the track/bridges in certain vulnerable locations are required to eliminate the threat of flooding and washing away of tracks.  In addition, proven automation methods could also be employed to detect such incidents rather than depend on the patrolmen.   

6.7 Training

Indian Railways have a large number of training centres for imparting technical and managerial training to various levels of their employees.  In addition to the initial induction training courses, certain refresher courses have been made mandatory for safety categories of staff.  But the training methods are more or less through classroom lectures and limited model room/field exercises. 

Considerable scope exists in this area for modernisation and bringing about changes in the methodology adopted for imparting the training.  More of locomotive simulators for loco drivers to develop confidence in handling various situations and improve their driving techniques is an area worth investing.  Similar simulation models could also be developed for other safety categories of staff directly involved in train operation as well as maintenance of track, rolling stock and signalling equipment.    

7.0 Conclusion

Investments for improving safety should focus more on accident elimination rather than equipment-based.  Depreciation reserve funds should be systematically managed so that timely asset replacement is adequately covered as a matter of routine and safety investments should specifically address areas of safety vulnerabilities and for minimising the damages.  
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