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MICROSLEEP

 A SMALL SLEEP, A BIG PROBLEM
An expanded paper based on that presented to the International Railway Safety Conference, Tokyo 2002 by Dennis Bevin, Rail Accident Investigator, Transport Accident Investigation Commission, Wellington, New Zealand.

1.
Introduction

Since June 2000 the Transport Accident Investigation Commission in New Zealand has completed investigations into six rail incidents where a microsleep resulting from fatigue was identified as a major causal factor and is currently involved in another investigation where a potential microsleep may have been a factor, in this case with fatal results.

In five of the six completed investigations the trains were under single person operation while in the sixth both crew members appeared to have succumbed to a microsleep at the same time.

The effectiveness of existing vigilance systems within the locomotive cab environment to overcome a short-term attention deficit in sufficient time to prevent these type of occurrences was also raised in the investigations.  

This paper is based on the reports of three of these investigations at Westmere, Kai Iwi and Middleton where microsleeps by the locomotive engineers were determined as major causal factors and a fourth incident at Mokoia where, although the locomotive engineer did not fall asleep, he appeared to have suffered a fatigue induced microsleep and lost situational awareness while stationary and a collision resulted.

Time did not permit the inclusion of this latter incident into the presentation but it is included here because of the similarities with the other three incidents.   

These incidents resulted in the following:

Westmere
Two locomotives at the head end of a train rolled and five trailing wagons were derailed

Kai Iwi

Ten loaded milk tankers rolled and slid down an embankment.

Middleton
Two locomotives and several wagons were damaged and derailed as a result of a head on collision. 

Mokoia

One locomotive was damaged and several wagons and containers were extensively damaged or destroyed when a following train ran in to the rear of a disabled train. 

Injuries sustained by the train crews varied from minor to extensive but no fatalities resulted.

This paper is based on the reports of the respective investigations published by the Commission.

2.
Background

2.1
What is microsleep?


Associate Professor Philippa Gander, an internationally recognised sleep and fatigue management expert was engaged by the Commission to provide assistance in this area of the investigations.  Her practical definition of a microsleep was “a brief unintentional period of light sleep, lasting from seconds to minutes, during which the eyes may be open but the brain is disengaged and is not processing information.  The causes of microsleeps are directly related to fatigue”.

2.2 
Method for assessing fatigue

Fatigue assessment was based on a method developed by the US National Transportation Safety Board and the NASA Countermeasures Program (1). Bracketed number references used in the paper are included at Appendix 1.

This method seeks information on the following factors known to produce fatigue-related performance impairment:

· extended wakefulness

· acute sleep loss and cumulative sleep debt

· presence of a sleep disorder

· critical times in the daily cycle of the circadian body clock

3.
The rail structure in New Zealand

3.1
The major operator of rail services in New Zealand is Tranz Rail Limited, a public company which in 1993 purchased what was then the New Zealand Railways Corporation from the New Zealand Government.  Tranz Rail was the operator in each of the incidents under review in this paper.

3.2
Rail operations in New Zealand are regulated by the Land Transport Safety Authority, an agency within the Ministry of Transport which is responsible to the New Zealand Government for the enforcement of rail compliance with relevant legislation.  

3.3
The Transport Accident Investigation Commission, which is also an agency within the Ministry of Transport but independent of the Land Transport Safety Authority, was established by Government legislation in 1990 to investigate accidents within the air, marine and rail transport modes where it believes that the circumstances of the accident or incident have, or are likely to have, significant implications for transport safety. The Commission does not have the power to prosecute and investigations are carried out with the purpose of determining the cause of an accident and to prevent it happening again.

4.
Case studies

I will now address the four case studies referred to at the beginning of this paper. Because of the similarities between the first two I have combined them and will cover them only briefly to allow more time to expand on the latter ones.  However, both are included individually within the findings and conclusions sections of this paper.

4.1
Westmere and Kai Iwi

An express freight train derailed when travelling too fast for the first curve encountered descending a 1 in 35 grade near Westmere.  The two locomotives were severely damaged when they overturned following the derailment but the Locomotive Engineer received only minor injuries.

An express freight train derailed near Kai Iwi while rounding a curve about 25 km/h faster than the authorised and posted curve speed of 50 km/h.  Ten fully loaded milk-tanker wagons left the track and came to rest in a gully below.  There were no injuries.

The reason for the excessive speed in both cases was the Locomotive Engineer’s loss of awareness during a microsleep.

Safety issues identified in both cases included the control of Locomotive Engineers hours, fatigue management and the ability of the locomotive’s vigilance system
 to overcome a short-term attention deficit in sufficient time to allow effective corrective action to be taken.

These incidents occurred in unsignalled or dark territory where train movements were authorised by track warrants (train orders) issued by the train controller.   

4.2
Middleton

A northbound express freight train passed Signal 212 at Middleton at “Danger” and collided head-on with a departing southbound express freight train. 

The passing of the signal resulted from the Locomotive Engineers loss of attention and situational awareness consistent with his having fallen asleep.

Safety issues identified again included the control of Locomotive Engineers hours, fatigue management and the ability of the vigilance system to overcome a short-term attention deficit in sufficient time to prevent this type of collision. 

4.2.1
Setting the scene
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Figure 1
Route for Train 951 departing Middleton

(not to scale)


Because of congestion in the Middleton marshalling yard it had been necessary to dispatch Train 951 before Train 828, which was approaching from the south, could be berthed.  The signal box was advised and the route was set and Signal 202 was cleared for Train 951 to depart on to the down main line while Signal 212 on the up main line was held at “Danger” to stop Train 828 until Train 951 had cleared.  

4.2.2
Time sequence of events

The time sequence of events extracted from the locomotive event recorder as Train 828 approached Middleton were:

· 112 seconds from impact - while travelling at 56 km/h the Locomotive Engineer cancelled the locomotive vigilance device by operating the throttle

· 90 seconds from impact - while travelling at 57 km/h Train 828 passed Signal 1712 which was displaying a “proceed with caution” indication

· 56 seconds from impact - while travelling at 59 km/h the Locomotive Engineer cancelled the next cycle of the vigilance device by again operating the throttle

· 54 seconds from impact - while travelling at 59 km/h the Locomotive Engineer entered a microsleep

· 43 seconds from impact - while travelling at 59 km/h Train 828 emerged from under the road overbridge.  The sound of this appears to have started to rouse the Locomotive Engineer

· 20 seconds from impact - while travelling at 58 km/h the Locomotive Engineer has become fully aware of the situation and applied the emergency brakes

Train 828 was travelling at 36 km / h at the point of impact.


4.2.3
Actions of the Locomotive Engineer of Train 828

4.2.3.1
The Locomotive Engineer’s recollections of his journey confirmed that he was awake as his train joined the Main South Line at Rolleston and travelled towards Middleton.  He recalled approaching Signal 1712 and seeing the “caution proceed” (yellow) indication it displayed.  He remained awake for at least another 30 seconds as he cancelled a vigilance alarm activation by operating the throttle before he succumbed to a microsleep.  It is highly likely that the Locomotive Engineer was close to asleep when he operated the throttle to cancel the vigilance alarm, and that his action was a deliberate move to shut off power knowing from his experience that Signal 212 ahead was displaying either a low speed or stop indication. 

4.2.3.2
The sound of the train going under a road overbridge about 750 metres past Signal 1712 probably roused the Locomotive Engineer to semi-consciousness but he was not fully awake and did not regain full situational awareness for some considerable time after that.    

4.2.4
The Locomotive Engineer’s roster

4.2.4.1
The roster system for Locomotive Engineers was built around base rosters designed and compiled with input from both the Company and the Rail and Maritime Transport Union, which represented the majority of Tranz Rail staff.  They were compiled using defined principles of fatigue management, with fortnightly rostered shifts at or about 80 hours (within 76 - 83 was considered acceptable by Tranz Rail).  Relief shifts and standbys were built in to allow for annual leave, sickness and operational demands.  However, while there were controls on the design and compiling of base rosters there was no such control on the maximum mini rostered hours or actual hours worked over a fortnight.  

4.2.4.2
Some week or so before the shifts outlined on the base roster commenced, mini rosters were compiled for each Locomotive Engineer, which included changes to the base roster to accommodate staff availability and operational requirements.  Actual hours worked could vary from these due to late running and other operational factors on the day.

4.2.4.3
For the 11 days before the incident the mini rostered hours of the Locomotive Engineer of Train 828 were about 81 hours which excluded a day off by request at the beginning of the fortnight.  These hours and those actually worked by him prior to the accident are shown in the following table:

	
	Mini - rostered shifts
	Mini - Rostered hours
	Actual hours worked

	Day 1
	Off by request
	Nil
	Nil

	Day 2
	1300 - 1700
	4 hours 
	4 hours

	Day 3
	0820 - 1900
	10 hours 40 mins 
	11 hours 20 mins

	Day 4
	0935 - 1745
	8 hours 10 mins
	8 hours 10 mins

	Day 5
	0935 - 1745
	8 hours 10 mins
	9 hours 5 mins

	Day 6
	1035 - 1925
	8 hours 50 mins
	8 hours 50 mins

	Day 7
	1730 - 2359
	6 hours 30 mins
	7 hours 15 mins

	Day 8
	2040 - 0500
	8 hours 20 mins
	8 hours 20 mins

	Day 9
	2115 - 0650
	9 hours 35 mins
	9 hours 45 mins

	Day 10
	2135 - 0545
	8 hours 10 mins
	9 hours 10 mins

	Day 11
	2135 - 0545
	8 hours 10 mins
	9 hours 25 mins

	Day 12 
	2150 - 0355
	6 hours 5 mins
	6 hours 10 mins 

	Total
	
	86 hours 40 mins
	91 hours 30 mins

	Day 13
	2040 - 0500
	8 hours 20 mins
	

	Day 14
	2345 - 0855
	9 hours 10 mins
	


Day 2 had been a rostered day off for the Locomotive Engineer but he had gone to work for his theory recertification. 


Days 7 and 8 were originally also rostered days off for the Locomotive Engineer but he had worked these in response to requests from the Roster Centre to fill vacant jobs because of a shortage of Locomotive Engineers.


The Locomotive Engineer thus replaced 3 days rostered off duty with 19 hours 35 minutes work.

The incident happened near the end of his shift on day 12.

4.2.4.4
The Locomotive Engineer’s shift on day 12 was his 11th consecutive shift for the fortnight and he was also rostered for night shifts on the two days following the collision.  If he had worked his fortnight without incident he would have worked 13 consecutive shifts in the fortnight, 7 of which would have been night shifts, for a total of about 108 hours.  He had already worked about 91 hours 30 minutes for the fortnight at the time of the collision.  

4.3
Mokoia


An express freight train, Train 531, collided with the rear of a disabled preceding express freight train.   

The collision resulted from the apparent loss of attention and situational awareness by the Locomotive Engineer of the disabled train, consistent with his suffering from fatigue.

Safety issues identified included the control of Locomotive Engineers hours, fatigue management and the fatigue-impaired performance of the Locomotive Engineer.

4.3.1
Setting the scene

4.3.1.1
Train 547 had arrived in Whareroa from north with only the leading locomotive on-line
.  It had not been necessary for the second locomotive to be on-line prior to arrival at the terminal because of the light load of the train and the relatively easy terrain through which it had travelled prior to arrival.  The incoming Locomotive Engineer did a brief handover to the outgoing Locomotive Engineer and told him that the locomotives were performing fine and that there were no problems but did not tell him that the second locomotive, although running, was not on-line.

4.3.1.2
While the train was at Whareroa extra tonnage was added, such that additional locomotive power was required about 5 kilometres south when the first of several steep gradients would be negotiated.  The outgoing Locomotive Engineer did not check the status of the second locomotive before he departed.  

4.3.1.3
Leaving Whareroa Train 547 consisted of 2 locomotives coupled and 34 cars.  The gross train weight was 1114 tonnes and it was 561 metres long.

Figure 3

Schematic diagram of track grades (not to scale)

4.3.2
Sequence of events

4.3.2.1
The single locomotive had no difficulty lifting the train from a standing start as it departed from Whareroa, nor as it travelled the first 5 kilometres of gently descending track to the bottom of the first 1 in 50 gradient.

4.3.2.2
Once the train started to climb this gradient however it was effectively 251 tonnes or 23% overload (including the weight of the second locomotive) for a single locomotive and it was only a matter of time before it stalled, which it did about 500 metres from the top of the grade. 

4.3.2.3
After the train stalled the Locomotive Engineer told train control that he was disabled on the Mokoia Bank but he was unsure of the exact kilometrage.  The Mokoia Bank was a 2 kilometre long 1 in 50 gradient which started in one track warrant section and finished a short distance into the second.

4.3.2.4
The Locomotive Engineer did not check that the second locomotive was correctly configured before advising Train Control that he had stalled.  Had he checked the second locomotive at this time he would have realised that it was not on-line and if he had returned it to power he could probably have lifted his train and continued his journey unassisted.

4.3.3
Actions of the Locomotive Engineer of Train 547

4.3.3.1
The Locomotive Engineer left his locomotive cab and walked forward to find a metrage peg from which he could confirm his location but in the darkness he missed the closest one to his position and he continued walking towards the top of the grade.  Had he located this metrage peg (at the 123.00 km) he would have been able to establish his correct location. 

4.3.3.2
When the Locomotive Engineer sighted the Mokoia track warrant intermediate board in the distance he stopped walking and discussed his location with the Train Controller.  It was agreed that, based on the kilometrage of the intermediate board, the train was stalled at 122.5 km between Mokoia and Manutahi.  The train was actually disabled at 123.39 km, 890 metres north and between Whareroa and Mokoia.  When the length of the train was added the last wagon was a further 516 metres north, putting the train about 1400 metres nearer the northern end of the section from where assistance was to come.

4.3.3.3
When the Train Controller was notified that the train had stalled on the Mokoia Bank he thought from his own local knowledge that the Mokoia Bank was south of the Mokoia track warrant intermediate board.  The train was stalled on the Mokoia Bank but it was on the north side of the intermediate board.

4.3.3.4
The Locomotive Engineer returned to his locomotive cab and contacted the Train Controller by radio.  A track warrant which instructed his train to remain stationary until the arrival of the assisting train, was issued.  The Locomotive Engineer noticed that this track warrant stated his train was disabled between Mokoia and Manutahi and, although he knew that his train was actually disabled between Whareroa and Mokoia, he did not bring the error to the attention of the Train Controller.

4.3.3.5
It was many years since the Locomotive Engineer had been in the position where his train required assistance from the rear and the requirement to provide protection in accordance with the operating rules had slipped his memory.  The protecting of a disabled train, particularly in dark territory, is a basic railroad operational safety requirement 

4.3.3.6
It is probable that the Locomotive Engineer suffered a loss of situational awareness due to fatigue, based on his hours of duty during the previous 10 days, at the time his train stalled.  This would offer an explanation for the following lapses on his part:  

· when his train stalled he did not go back and check that the second locomotive was ‘on-line” and operating correctly.  

· when advising the Train Controller of the location where he had stalled he used the Mokoia Bank but did not clarify between which points he was disabled.

· when the Train Controller issued the track warrant which stated that his train was disabled between Manutahi and Mokoia, the Locomotive Engineer realised it was wrong but did not correct it with the TCO.

· he did not give any thought to protection requirements for his train.

· even though he knew that the assisting train would need to couple on to the rear of his train he made no effort to go back to the last wagon to pilot the assisting train on to the rear of his train. 

4.3.3.7
This was an experienced locomotive engineer who had been driving trains over this route for 30 years and had recently passed his recertification exams with maximum marks.  It was difficult to establish any other possible reason for his impaired performance following the stalling other than it being fatigue related. 

4.3.4
The Locomotive Engineer’s roster

4.3.4.1
In the 10 days before the incident the Locomotive Engineer’s rostered hours on his master roster were 74 hours but his mini rostered hours were 92 hours 45 minutes.  These hours and the actual hours worked by the Locomotive Engineer over this period are shown in the following table:

	
	Mini-Rostered shifts
	Mini Rostered hours
	Actual hours worked
	Base Rostered hours

	Day 1
	0100 - 1030
	9 hours 30 mins
	9 hours 30 mins
	Rostered off duty

	Day 2
	2015 - 0530
	9 hours 15 mins 
	10 hours
	9 hours 15 mins

	Day 3
	2015 - 0530
	9 hours 15 mins 
	9 hours 30 mins
	9 hours 15 mins

	Day 4
	2015 - 0530
	9 hours 15 mins
	10 hours 30 mins
	9 hours 15 mins

	Day 5
	2015 - 0530
	9 hours 15 mins
	11 hours 
	9 hours 15 mins

	Day 6
	2015 - 0530
	9 hours 15 mins
	10 hours 
	9 hours 15 mins

	Day 7
	2015 - 0530
	9 hours 15 mins
	9 hours 45 mins
	Rostered off duty

	Day 8
	Rostered off duty
	Rostered off duty
	Rostered off duty
	Rostered off duty

	Day 9
	2015 - 0530
	9 hours 15 mins
	10 hours 30 mins
	9 hours 15 mins

	Day 10
	2015 - 0530
	9 hours 15 mins
	11 hours 
	9 hours 15 mins

	Day 11
	2015 - 0530
	9 hours 15 mins
	3 hours 15 mins 
	9 hours 15 mins

	Total
	
	92 hours 45 mins
	95 hours
	74 hours

	Day 12
	2015 - 0530
	9 hours 15 mins 
	
	9 hours 15 mins

	Day 13
	2015 - 0530
	9 hours 15 mins 
	
	9 hours 15 mins

	Day 14
	Rostered off duty
	Rostered off duty
	Rostered off duty
	Rostered off duty


Days 1, 7 and 8 were shown on the master roster as rostered days off duty for the Locomotive Engineer but he said that he had worked on days 1 and 7 in response to requests from the roster centre to fill vacant jobs because of a shortage of locomotive engineers. Shortly before commencing duty at 2015 on day 6 he had been contacted by the roster centre and asked if he would start work at 1915 on day 7, to which he agreed.  This was his seventh consecutive nightshift.

The Locomotive Engineer therefore replaced 2 days rostered off duty with 19 hours 

15 mins work.

The incident happened about 3 hours 15 minutes into the shift on day 11.

4.3.4.3
The Locomotive Engineer’s shift on day 11, the day of the accident, was his third consecutive night shift and he was rostered for night shifts on days 12 and 13 also.  The week before he had worked 7 consecutive night shifts (days 1-7) before having one day rostered off duty (day 8) and had commenced night shift again on day 9.  

4.3.4.4
If the Locomotive Engineer had worked his fortnight without incident he would have worked 12 night shifts, with 1 day off duty after the first 7 days, for a total of about 

119 hours.  He had already worked 95 hours for the fortnight at the time of the collision.  His rostered hours for the overlapping fortnight from his master roster were 92.5 hours and from his mini roster were 110 hours.

5.
Factors that increase the likelihood of falling asleep uncontrollably

5.1
Time of day

5.1.1
Biological sleepiness
 waxes and wanes across the daily cycle of the circadian body clock.  There is clear evidence, from laboratory studies, that people are most prone to falling asleep inadvertently in the early hours of the morning and again in 


mid - afternoon(1-6).   This has been confirmed in studies of locomotive engineers.

5.1.2
A German study suggests that locomotive engineers’ vigilance is at its worst in the early hours of the morning (8).  Automatic brakings (caused when locomotive engineers failed to push an alertness device while passing a pre-signal set in the warning position) were most likely to occur at around 0300 and again in the early afternoon.  A similar pattern was found for the warning hooter that sounded when the locomotive engineers failed to respond to a warning light that switched on every 25 seconds, as a vigilance device.  The warning hooter was most likely to sound around 0300 and again in the early afternoon.

5.1.3
The collision at Middleton occurred at about 0400 which corresponds to the time within the daily cycle of the circadian body clock when the biological urge to fall asleep is at it strongest.  The other accidents occurred between 2330 and 0100. 

5.2
Time on shift

5.2.1
The German study also found that how long a locomotive engineer had been on shift affected how impaired his alertness became in the early hours of the morning (8).  The 0300 peak in soundings of the warning hooter (owing to missing the visual warning on the vigilance device) was much more marked among locomotive engineers who were in the 4th to 6th hour of their shift at the time, than among locomotive engineers who were in the first 3 hours of their shift.

5.2.2
At the time of the Middleton collision the Locomotive Engineer had been on shift for about 6 hours while the other Locomotive Engineers had been on shift between 3 hours 25 minutes and 4 hours at the time of their respective accidents.  This time on shift would have contributed to their decreased alertness and increased biological sleepiness.

5.3
Duration of continuous wakefulness


5.3.1
Laboratory studies consistently show that biological sleepiness increases the longer a person stays awake (sleep history).  The accuracy of information on a Locomotive Engineer’s sleep history, which is vital in determining the duration of continuous wakefulness, can be limited by the following factors: 

· subjective reports of sleep duration and timing are not necessarily reliable

· the length of time from the first of the sleep episodes being recalled to the time of the interview

· the length of time between the incident  and the interview by the investigator 

5.3.2
None of the investigations revealed evidence to indicate that there was anything unusual about the sleep patterns of the Locomotive Engineers prior to the shifts on which their collisions occurred. 

5.4
Prior sleep loss

5.4.1
Insufficient prior sleep increases biological sleepiness at all times in the circadian body clock cycle.  To be alert and to function well, each person requires a specific amount of nightly sleep.  If individual “sleep need” is not met, the consequences are increased biological sleepiness, reduced alertness and impaired physical and mental performance (3,5,10).

5.4.2
For most people, getting 2 hours less sleep than they need on one night (an acute sleep loss of 2 hours), is enough to consistently impair their performance and alertness the next day.  The reduction in performance is particularly marked if less than about 5 hours sleep is obtained (11,12).  The effects of several nights of reduced sleep accumulate into a “sleep debt”, with sleepiness and performance becoming progressively worse (10,13).  It typically takes 2 full nights for sleep and daytime functioning to return to normal after sleep loss (11,13,14).  

5.4.3
In general, night workers find it difficult to obtain extended sleep during the day (2,6-9).  Typically, daytime sleep periods are about a third shorter than nighttime sleep periods (2,9).  The more rapid accumulation of sleep debt on night shift is recognised in regulations in other transportation sectors that limit the number of night shifts in a row.  Air traffic controllers are generally limited to 2 night shifts in a row (16).

5.5
Presence of a sleep disorder / quality of sleep

5.5.1
The restorative value of sleep, in terms of reducing biological sleepiness and improving subsequent waking function, depends not only on the amount of sleep obtained but also on its quality.  Sleep that is restless and fragmented by frequent awakenings also leaves a person sleepy and at increased risk of impaired alertness and performance (10).  There are a large number of recognised disorders that can disrupt the quality of sleep (17).

5.5.2
In one case study the effect of a past history of obstructive sleep apnoea in the Locomotive Engineer was evaluated as to whether it was a potential cause of the involuntary sleep onset in his accident.  However, recent sleep and alertness studies conducted while he was not working had identified no abnormal tendency to fall asleep when normally awake and had shown normal breathing during sleep.  It was therefore unlikely that obstructive sleep apnoea was present to any significant degree in the sleep prior to this particular accident and that the excessive tendency to sleep was wholly explicable by the rostered arrangements for work and rest. 

5.5.3
None of the other 3 Locomotive Engineers had a history of a sleep disorder.  

6.
Rostering issues

6.1
Forward rotation and short breaks between shifts

6.1.1
The overall rotation of Locomotive Engineers rostered shifts should be primarily forward, that is consecutive shifts occur progressively later.  This is generally considered to be preferable to backwards rotation, because the circadian body clock has a tendency to run slightly slow, and it is easier to fall asleep later, rather than earlier (9,18,19).  Forward rotations also reduced the likelihood of very short breaks between shifts, which can restrict the time available for sleep, because each new shift starts later than the preceding one.

6.1.2
Breaks between shifts must also contain all the other activities of life, including commuting to work, eating, interactions with family and friends, exercise and other recreation etc and where there is insufficient time available for these activities there could be pressure on Locomotive Engineers to cut back their sleep time.

6.1.3
The amount of sleep that a person can obtain during a break is highly dependent on the time of day at which the break occurs (18).  Short breaks between shifts, particularly during the day, limit the time available for sleep and can accelerate the accumulation of sleep debt across consecutive shifts. 

6.2
Late running

6.2.1
Late running, particularly after night shifts, reduces the time available for sleep and can contribute to the accumulation of sleep debt across consecutive shifts.  Getting off later from the night shift generally restricts the duration of the sleep that is possible in the morning (9).  It reduces the “physiological window” of time available for sleep before the circadian body clock moves the brain and body into “awake mode”, and sleep becomes very difficult.  Shifts that exceed their rostered time also reduce the time available for all other aspects of life away from work, and can have an impact on a Locomotive Engineer’s ability to plan for sleep and other activities. 

Westmere - The Locomotive Engineer’s previous 4 shifts had resulted in each train running an average of 1 hour 36 minutes late.

Kai Iwi - The Locomotive Engineer’s previous 4 shifts had resulted in trains running an average of 55 minutes late.

Middleton - Of the Locomotive Engineers previous 5 shifts 4 had resulted in trains running an average of 38 minutes late.

Mokoia - Of the Locomotive Engineers previous 9 shifts 7 had resulted in trains running an average of 38 minutes late.

Comment - Based on their individual preceding work patterns it seems highly likely that each Locomotive Engineer was experiencing the effects of a cumulative sleep debt at the time of their accidents.

6.3
Working on rostered days off

6.3.1
There can be numerous reasons why locomotive engineers agree to work extra shifts over and above those for which they are originally rostered.  These include:

· remuneration incentives

· loyalty to fellow locomotive engineers at the depot, who may be less well-rested or have important commitments away from work

· concern about possible effects of refusal on relationships with other locomotive engineers, or with the company 

· professional motivation to ensure that the system runs smoothly

· loyalty to the company.

6.3.2
Working additional shifts reduces the time available for all other activities away from work, including opportunities for recovery sleep.  More limited off-duty time may further increase the pressure to sacrifice sleep to meet other time demands such as household and family roles, or recreational activities.

6.3.3
Additional shifts prior to a block of night shifts prevent a Locomotive Engineer from being well rested going into the night shifts.

Westmere - The Locomotive Engineer was working his fifth consecutive night shift when the accident occurred.  The preceding week he had also worked 5 consecutive night shifts.  He was called back on a rostered day off duty between these night shift cycles to work a day shift.

Middleton - The Locomotive Engineer was on his 11th consecutive shift, his 6th consecutive night shift, when the collision occurred.  On the preceding weekend he had worked both of his rostered days off and both of these extra shifts had involved night work.

Mokoia - The Locomotive Engineer was working his third consecutive night shift when the accident occurred.  The preceding week he had also worked 7 consecutive night shifts.  He had been rostered off duty for 2 days between these night shift cycles but had been called back to work on one of them at the end of his first cycle to work another night shift.

Comment - In three of the four cases the Locomotive Engineer had been called back to work on his rostered days off because of staff shortages.

6.4
Opportunities for recovery from sleep debt

6.4.1
For daytime functioning to return to normal after sleep loss it typically takes 2 full nights of sleep (11,13,14).

Westmere -  The Locomotive Engineer had been called back on a rostered day off between these night shift cycles to work a day shift which, although it did not directly restrict his nighttime sleep, would have restricted his opportunities for rest and recovery between the night shift cycles.

Middleton - In the month preceding the collision the Locomotive Engineer had only 1 break of at least 48 hours free from work.  He had been rostered off duty for one 4-day block during that time but had worked day 2 and day 4 of that block and had also been rostered off duty for one further 2-day block but had worked both of these days.

Mokoia - In the month preceding the collision the Locomotive Engineer had one break of 36 hours and one of 34 hours.  Two blocks of 2 days off duty were rostered during that period but the Locomotive Engineer worked one day of each of those blocks.


Comment - In each of these cases the additional shifts worked by the respective Locomotive Engineers prior to their blocks of night shifts meant that they probably began each block of night shifts already in sleep debt.

7.
Findings


The following factors were identified from the four investigations.  The number in brackets indicated the number of investigations to which each identified factor was relevant:

7.1
The Locomotive Engineer lost attention and situational awareness as a result of falling asleep through fatigue (3)

7.2
The Locomotive Engineer lost attention and situational awareness through fatigue but did not fall asleep (1)

7.3
The Locomotive Engineer was probably experiencing the effect of an accumulated sleep debt at the commencement of his shift (4)

7.4
The accident occurred at a time when the Locomotive Engineer’s biological sleepiness would be expected to be increasing rapidly towards its daily maximum (4) 

7.5
The Locomotive Engineer’s increase in sleepiness due to the daily cycle of his body clock would have been exacerbated by his prior sleep loss, and by his being between three and a half hours and six hours into his shift (4)

7.6
The base rostered hours for the Locomotive Engineer were excessive (2)  

7.7
The mini rostered hours for the Locomotive Engineer were excessive (3)

7.8
The actual fortnightly hours which would have been worked had the accident not happened would have been excessive (3)

7.9
The Locomotive Engineer responded to a request to work on his rostered days off duty in the days prior to his accident (3) 

7.10
The current locomotive vigilance system did not provide an effective defence against short microsleeps (3) 

7.11
The operator had no process in place to monitor and control total mini-rostered hours and actual hours worked each fortnight (4)

8.
Summary

8.1
I have not expanded on the issue of the adequacy or otherwise of the locomotive vigilance device, concentrating instead on the human factors in these cases. 

8.2
The Locomotive Engineers: 

· all had extensive train driving experience, ranging from 15 to 32 years 

· all had extensive route experience

· all were appropriately certified for the duties they were carrying out

8.3
The following table compares aspects of the 4 case studies:

	
	Westmere Derailment


	Kai Iwi Derailment


	Middleton Collision


	Mokoia Collision 



	Time of day
	2330
	0105
	0400
	2330

	Time on shift
	4 hours
	3 hr 25 mins
	6 hr
	3 hr 25 mins

	Completed shifts since last 2- night break
	4
	4
	10
	10

	Late running on prior night shifts
	4/4

(average 1 hr 36 mins)
	4/4

(average 55 min)
	4/5

(average 38 min)
	7/9

(average 1 hr 20 mins)

	Rostered days off worked


	1/2  (12 days)*
	0/0 (4 days after returning from leave)* 
	3/4 (11 days)*
	2/3 (10 days)*

	Consecutive night shifts including shift on which the accident happened
	5
	5
	5 night shifts preceded by 5 consecutive day shifts with one late shift between day and night shift cycles
	3 night shifts preceded by one rostered day off duty which was again preceded by 7 more consecutive night shifts


* denotes days prior to accident

Westmere and Kai Iwi - the Locomotive Engineers fell asleep near the top of an ascending grade, and then did not brake. 

Middleton - the Locomotive Engineer fell asleep after passing a “caution proceed” signal, waking as he approached the next signal at “Danger”, but too late to stop his train before it collided with an oncoming train. 

Mokoia - the Locomotive Engineer probably did not go to sleep but he lost situational awareness as a result of fatigue-impaired performance.

Comment - These accidents all had in common:

· they occurred between 3 hours 30 minutes and 6 hours into a night shift that was between the 5th and 10th (with 1 day rostered off duty after 7 shifts) in a sequence of night shifts 

· the preceding night shift had also run late 

· they all occurred at or near the daily peak in biological sleepiness 

· none of the drivers perceived that the events leading up to the incident (either at home or at work) were in anyway unusual

8.4
There are commercial factors which have the potential to increase the risk of microsleeps amongst Locomotive Engineers:

· the introduction of single person crewing with the removal of the second person from the locomotive cab

· the reduction of staff numbers or a general staff shortage which may require remaining staff to perhaps work longer and more often

· the requirement for increased overnight services to match competitors service

9.
Conclusions

9.1
There has been traditionally a low level of reporting microsleeps on the part of Locomotive Engineers of:

· they were unaware they had happened

· fear of the Company’s response

· underating the significance

The frequency of serious incidents in which microsleeps have been a contributing factor has increased within New Zealand with six investigations having been completed and one investigation still open in the 30 months June 2000.

Does this indicate an increase in the number of microsleeps occurring on the railroad network or are locomotive engineers becoming more comfortable with reporting them?

It seems likely, based on the evidence gathered during these investigations, that the number and frequency of non-incident related microsleeps has not declined and that the traditional low level of reporting of microsleeps by locomotive engineers for the reasons outlined still continues.

However, the approach of the operator in acknowledging the problem and taking an educational rather than a disciplinary approach now encourages locomotive engineers who experience the phenomenon to come forward and report the matter and seek help in managing the problem.  

9.2
The phenomenon of microsleeps was discussed with several locomotive engineers during these investigations.  This confirmed that microsleeps were not uncommon on the railroad in New Zealand.  Many of the locomotive engineers gave personal accounts of their experiences with microsleeps while on duty but in each of those cases no operating irregularity or accident had resulted so these experiences had not been reported.  

Based on past experience, it is reasonable to assume that had these microsleeps not had such serious consequences they would not have been reported either.

9.3
For it’s part the operator in New Zealand is taking positive steps towards both educating staff and developing procedures to counter the causes of microsleeps:

· It is developing an improved fatigue management program which it plans to put all Locomotive Engineers through

· It has introduced new processes within the roster centre which will enable rostering staff to monitor mini rostered and actual work hours on an ongoing basis to help roster centre staff better manage call outs, working on rostered days off etc

· In conjunction with the Union a joint working party has designed and implemented new rostering procedures which limits the number of consecutive night shifts that can be worked to three and defined the minimum rest period which must then be enforced.  This pilot scheme is currently being tested in several locomotive depots in the country before being introduced nationwide. 

9.4 
As a result of what we have learned from an investigation perspective the potential for microsleeps or fatigue-impaired performance to be a contributing factor to any operating incidents is now closely reviewed.

9.5
These  incidents have enabled us to establish a database from which to monitor the frequency and effect of serious microsleep incidents within the industry within New Zealand.  The steps taken by the operator, in conjunction with the Union, to educate Locomotive Engineers about the causes of microsleeps and to develop a no-blame culture, will hopefully ensure that more suspected incidents of microsleeps are reported.

9.6
The international industry must acknowledge the existence of this phenomenon and work towards educating staff as to the causes of microsleeps and ensure that factors under the control of the operator, such as rostering, hours of work, working on rostered days of etc, are controlled to minimise the conditions under which microsleeps can occur, 

TO PREVENT THIS………

Appendix 1
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Direction of travel Train 828





54 seconds before impact and while travelling at 59 km/h the LE entered a microsleep asleep  
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Point of impact
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20 seconds from impact and travelling at 58 km/h the LE applied emergency brakes





43 seconds from impact and travelling at 59 km/h the LE had a memory of Train 828 emerging from under overbridge.





56 seconds from impact and travelling at 59 km/h the LE cancelled visual vigilance by operating throttle  





90 seconds from impact, travelling at 57 km/h Train 828 passed Signal 1712 at yellow.





112 seconds from impact, travelling at 56 km/h the LE cancelled the visual vigilance device.











1 in 50 grade





1 in 60 grade





Manutahi





Direction of travel Train 547





Train 547 stalled 





Whareroa


 








� The locomotive vigilance device went through a cycle of a light illuminating every 50 seconds if no locomotive control were moved.  If there was no response to the light within 10 seconds, a buzzer sounded in the cab.  If there was no response to the buzzer in the next 10 seconds, braking was automatically applied and an alarm sounded in the train control (dispatch) centre.  The Locomotive Engineer could reset the vigilance device at any time by either manually pushing the reset button or by operating the controls of the locomotive.


� When locomotives are on line it means that they operate in multiple from the cab in which the Locomotive Engineer is positioned.


� Biological sleepiness is effectively a message from the brain that it requires sleep, similar to hunger indicating need for food or thirst indicating a need for water.  Biological sleepiness eventually becomes overwhelming leading to falling asleep uncontrollably. 
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