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Introduction

o Safety improvement project

 Human elements of system
safety:

Human factors integration
Fatigue risk management
* Practically oriented
e Share common Issues
e Successes

e This visit not part of
compliance program
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Topics

 Importance of managing
fatigue-related risk

Fatigue, safety and
productivity

 Fatigue risk management in
practice

 Achieving compliance
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Your needs and expectations?

How do we
know ]P we-
have ‘s«fe’
hoyrs oF
work ?

whq" sort oF
breaches &

wovr X hours

have Yo be

T2 ov\e.d o
'\\J\Q_ (\g&\l\ ﬂ\“t
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The regulatory context

 Human factors taken
Into account In
SMS development,
SMS operation
SMS maintenance

« Human factors
principles/knowledge
Integrated into
operational and
business systems

National Regulations Schedule 1 Cl 17 %’
national rail

regulator
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Fatigue is one of many
performance influencing factors

Distraction
-/

Fatigue interacts with
and amplifies

other performance
influencing factors

Systems
and
procedures

national rail
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SMS
Regulations:

The regulatory framework
General duty

RSW not fatigue General duty
‘impaired’ (fatigue
FRMP integrated into impairment)

Risk based approach

Fatigue

Specified fatigue hazard & risk Risk Monitoring &
haza_rds to be identification assessment=> R;e‘gft‘?’r;
considered Safe hours of (F:(PI,S &

Monitoring of planned work (SFAIRP)

vs. actual hours

Occurrence reporting
(breaches of scheduling

Hours of work)

practices) Fatigue Risk

Notification of change Management Program

(work scheduling _
practices) national rail

regulator



The regulatory framework

RISSB Fatigue Risk
Management
Guidance

e[nformation on research
and technologies
eCase studies
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saa
----------
...........
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Importance of managing fatigue related risk
Fatigue, safety and productivity



The context of rail operations

o 24/7 operations

e Sustained attention
tasks

e Busy one hour,
monotonous the next

e Systems depend on
human performance

national rail
10 SdiC regulator



Fatigue

« Largest identifiable and
preventable cause of
accidents in commercial
transport modes

e 15-20% of all accidents

* More than drug/alcohol
Incidents

e Often underestimated

Akerstedt 2000

i1



Incident cost — US rail data

Human factors accident — average cost Human
factors
accident
1,800,000 Y 4| (with likely
$1,600,000 fatigue)
$1,400,000 | $1,588,000
average cost
$1,200,000 -
All causes  }!0000% —
accidents $800,000 |
5489000 $600,000 _
average cost |== == == == = — e e e e e o o e = e o
$400,000 I— |
$200,000 +— I I |
SO T T 1

Low fatigue

High fatigue

Source: US Department of Transportation Federal Railroad Administration 2011



Fatigue and risk

Fatigue-

related
incident

><y
national rail
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Sources of fatigue

Work environment
Task dimensions

Social/psychological
factors

Rest environment

Human physiology

Blocks image credit:
www.freeimages.co.u



Sources of fatigue — human physiology

Circadian (body clock)
rhythm effects

Time awake
Sleep inertia

Sleep loss over days
(chronic sleep loss)

national rail
- a2ty regulator



Sources of fatigue — sleep physiology

Circadian(body clock)

rhythm effects
e N\

WAKING

r
[ 23 7 23 7
TIME OF DAY

MODEL OF SLEEP

t(circadian) cyclical alerting process

><y
national rail
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Sources of fatigue — sleep physiology

Circadian(body clock) > ““U[llll"“‘lllll
rhythm effects

Time awake A\

WAKING

r
[ 23 7 23 7
TIME OF DAY

MODEL OF SLEEP

l§|eep process = drive to sleep with time awake

tg (circadian) cyclical alerting process

. regulator



Sources of fatigue — sleep physiology

Circadian(body clock) - ““U[llll"“‘lllll

rhythm effects
Time awake
Sleep inertia

(grogginess)

18

| sleep inertia

N

WAKING

r
[ 23 7 23 7
TIME OF DAY

MODEL OF SLEEP

l§|eep process = drive to sleep with time awake
tg (circadian) cyclical alerting process
&1 Sleep Inertia = transient grogginess

regulator



Sources of fatigue — sleep physiology

A
Day Worker Hameostalic Drive
for Sleep
+— Consolidated
Mocturnal Sleep
Mormal Wakefulngss —s
Sleap Inerba —e
'EI.I}:i AM 3:|]CII FM Q:G[;I P 30080 900 A
B
Night-Shift Worker Homeostatic Drive
for Sleep
Fragmented and —s 7
Shorter Daytime Slegp 4
(circadian disruption) W

v

Impaired Wakefulness During Work Hours
Circadian and Homeostatic Effect

900AM 300PM S00FM 300 900 v
Shift Workers Shift Workers

) Required fo be Aslesp Required lo be Awake
Source: Wright et al 2013

19
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Sources of fatigue — sleep physiology

Combined effect of
circadian rhythm
and extended
wakefulness

%

national rail
regulator



Circadian effects on performance
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Time of Day %’
national rail

Source: Folkard and Tucker 2003
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Circadian effects on incident risk: UK SPADs

3 B Passenger
B Freight
Maintenance

Relative risk

00:00-05:59 06:00-11:59 12:00-17:59 18:00 - 23:59

Time Of day %
Source: RSSB 2010 Research Programme T699 Appendix F national rail

regulator



Circadian effects on train driver sleep
18— urbreuks

16 —
14 —
12 —

10 —

8_
. : :
LT T I 1 T Arbitrary line

- 4 -7 = By - o Y N | R at5hou.rsfor

4 T comparison
2 purposes
0

o = 0 0 o o = 0 o (] N o

T 999 717119 9%9

S 44 b b S A4 LD

O o O O o — — — — — o o~

Time of break onset —~—

Source: Roach et al 2003
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Effect of longer break = more sleep

18- our breaks
16 —
_ 14
S
:g- 12 —
e 10
Q- — . .
$ 8 T = 1~ - Arbitrary line
= 6F T T =0 at 5 hours for
o I | Iy o . e R S I 1 O .
CEAN comparison
purposes
2_
0
L B v @ ©C N = W 0w O N O
77T I 32123119907
S & = 9 b S a2+ DD
O O (@] O -] — — — — — o o~

Source: Roach et al 2003

Time of break onset
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Sources of fatigue — physiology
Chronic sleep loss effects

Performance deterioration Self rated sleepiness
40 -

30

20

1.0

Vigilance Lapses

00

Stanford Sleepiness Scale

-1.0

BL 2 4 6 8 10 12 14
Days of Sleep Restriction Days of Sleep Restriction

\-_"""ﬂ-._.___\-_‘__-

national rail

Van Dongen et al 2003 (Figures from Hursh 2010) regulator



Sources of fatigue — physiology
Chronic sleep loss effects

16 No sleep 4 hours time
14 in bed
12 6 hours time
" 10 in bed
E -
& 8- D
z O
) D " .
4 Palls & o 8 hours time
s & in bed
|
E -.-'":-: = ~ {} v W t:}
0FT 3 o ¢ ¢

2 4 6 8 10 12 14

Days of sleep loss

Source: Van Dongen et al 2003
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Sources of fatigue — physiology
Sleep loss and performance

8000

12 Hours Awake
6000

4000

2000

0 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70

8000
36 Hours Awake

6000
4000
2000

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70

8000
60 Hours Awake

6000

4000

2000

MILLISECONDS MILLISECONDS  MILLISECONDS

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70

8000

84 Hours Awake
6000

4000

2000

MILLISECONDS

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70
RESPONSE NUMBER

national rail
regulator

Source: Van Dongen & Hursh 2010



Number of consecutive shifts and incident
risk: UK SPADs

2.5 | oo
B Passenger
2-0 1_ _.__ Frel.ght ______________________________
Maintenance
=
0
o 1.5 -
=
©
c 10|
0.5 |-
0.0 -

Consecutive shifts
Data source: RSSB 2010 Research Programme T699 Appendix F national rail

regulator



Sources of fatigue — physiology
Recovery from sleep loss

4,50 -
4.25 - 9 hrs I 8 hrs
S 4.00 -
O
£ 375 -
oC
E 3.50
D 3.25
®
@
e 3.00 . ——9-HR
0] 0. :
L 275 - I - 7-HR
= 3 hrs L ;
550 . ——5-HR
"8 ~0-3-HR
2.25 I I I 1 L] L] | ? L] ] I |
B |E1 E2 E3 E4 E5 EB E7 @@
Belenky et al 2003 4' Day '
7 days of restricted sleep recovery sleeps restricted to

8 hours time in bed



Sources of fatigue — task effects

e Time on task

~

~

Faster N

Inverse of
Reaction Time

“~ ~ Sleep Deprived
~ ~
~

l Slower
F

Time on Task

}{V
national rail

- regulator



Continuous hours worked and
mudents UK SPAD data

[} Passenger

B Freight
20 |-

Relative risk

Continuous hours worked

Data source: RSSB 2010 Research Programme T699 Appendix F
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Sources of fatigue — social/psychological factors

HEALTH

Obesity
Shiftwork sleep
disorders
Diseases

SHIFTWORK ’
MENTAL STATE
Sleep loss
: Mood
Unpredictable hours :
Emotional control

Irregular hours Stress
Limited control

Penalty rates Depression i

=~

SOCIAL WELL
BEING
Relationships
Family harmony
Financial security

national rail
32 SdiC regulator



Recap — sources of fatigue

* Physiological factors
Circadian
Time awake
Sleep inertia
Sleep loss over days

e Task and workload
e Social/psychological
Others:

Work environment

Rest environment
Commuting

What controls are in
place for these
hazards?

%

national rail
regulator



Fatigue and risk

MECHANISM

Fatigue-
related
incident

Violations

national rail
:1v regulator



Attention

e Decreased attention
span

e Lapses on attention
rich tasks (eg
monitoring, driving)

 Tunnelling —
narrowing of field of
attention

* Micro-sleeps
e Sleep incapacitation

! national rail
35 regulator
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Cognition (thinking)

 Slower to interpret and
integrate information

e Short term recall,
working memory

Reduced ability to learn

* Decision making
Difficulty weighing up
options
Persist with ineffective
responses

. regulator



Motivation and insight

e Compensatory effort to
maintain performance

e |nitiate tasks ok but then
deteriorates

* Divert attention to
interesting tasks

 Neglect tasks judged to be
non essential

* Less interested in
outcomes

e Less likely to pick up

someone else’s errors >{?
* End goal seduction national rail
38

regulator



Emotional control

 Feeling low and
irritable

e |nability to suppress
responses

e Terse communications

Source: Walker 2009



Summary: fatigue effects on performance

1

Increased Decreased
error error detection
probability and recovery

>{y
national rail

40 regulator



Summary: fatigue effects on performance

1

Short cuts &
violations
more likely

41

Decreased
likelihood of
detecting
problems

>{y
national rail

regulator



Fatigue risk management in practice:
Developing and reviewing the FRMP



Multiple layers of defence

Optimise sleep

Staffing

Work
scheduling

Fitness for
task

Optimise alertness &

performance

Job/task Work
design environment

D »

Fatigue-
related

slip, lapse,
mistake, or
violation

Error

detection  Engineered
and controls

recovery

=
« T\
S N

S
=

\

Investigate incidents and initiate corrective action

*Layers of defence and accident trajectory concepts based on Reason, J 1997. Managing the risks of organizational accidents, Ashgate, Aldershot

Manage errors

43



Scoping the fatigue management

Risks of tasks

Low risk tasks,
low fatigue
exposure
= basic program

program

Scope of
fatigue risk

management
program

Likely exposure
to fatigue

High risk tasks,
high fatigue
exposure
= detailed
program



The fatigue risk management cycle

Establish
the
context

Check ldentify
controls risks

Evaluate
Analyse
and treat .
. risks
risks



Fatigue risk management cycle

Establish
the

context

1. Identify the tasks

2. ldentify the operating context

3. Identify business and
stakeholder requirements

. J




Fatigue risk management cycle

1. Identify sources of fatigue
relevant to job context

2. ldentify the effect of fatigue on
task performance

3. Identify risks arising from
errors and violations

Violations

-
=

47
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Work calls
w tery ?Jf S'Ieap

\\9' Too few workers ¢
% 1 adequale reh‘c{;(( ¢

reorver retwdaa sl
Call outs \&wlc-ﬁ!' hwd
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Fatigue risk management cycle

1. What are the controls for risks
due to errors and violations?

2. How effective are current

controls?
3. What is the current level of Analyse
risk? risks

\




Fatigue risk management cycle

(1_ Are risks tolerable? What eIsQ

could be done?

2. How do benefits compare with

?
\ COosts™ )

Evaluate
and treat

— I\

o

}{V
national rail

regulator



Fatigue risk management cycle
)

Monitor
Review

r
1. Monitor

2. Evaluate

3. Investigate

4. Analyse data and report
G

% Why didn’t these work?

N

fﬁ

Fatigue-

related
incident

—

52



Same approach as for other risks

Establish
the
context

Monitor ldentify
Review risks

Evaluate
Analyse
and treat .
. risks
risks



Fatigue models in risk management

\
R Errors
0
S
t
e : )
- Violations
L 7
e Not valid for individuals

e Different models predict different things

— Fatigue (sleepiness),

— Performance,

— Incident risk
* Generally less predictive if continued sleep loss
e Rostering principles are essential

54



Use of fatigue models

e Distribution of fatigue across business units
 Check staffing levels
* Analyse roster options

Freight National Maneuvre
(night)
Al
(r"_ L] i 1
M
X
E 15 s
-
 FHL
g -

IL‘“_ 2 T g 10 %y 12 13 14 15 17 3 | P13d 34
Train driver plannings
Regional National TG Suburb
(day)
Source: Cabon, Lancelle and Mollard 2009 %ﬁ'
national rail

regulator
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Use of fatigue models

120
. . —m—Night work
100 21:30 to 05:30
Sleep estimate
Use for roster scenario testin
=4.3hrs
80 S —— PeakFA_II_D
score ceiling =
100
Peak /A//A/-
: FAID 60
CH 0D °10'E Score —aA— Night work
ey Py I oH 23:30 to 05:30
- Ll Lie i
170742010 | 22007420010 274072000 | 1A 40 Sleep estimate
100 //‘ Peak FAID
score ceiling =
I i H 20 T& 79
a0
20 1 2 3 4 5 6 7 8 9 10 11 12 13 14
ettt ol (Bt bl il bl e ki Consecutive night shifts
- vl
&£
2 0 25
=
2
._;_3 S0 2 B
(iT]
40 x
2 15
=
30 <
Z 1
20
0.5
10
0
Q Q Q Q Q Q Q Q Q Q QS Q Q Q
- -- - -- - » ¥ » » ¥ » ¥ » ¥ > » ¥ » ¥
s UV R R R RN R IR R O
- S R R R R I N N O R —
Base | DD OB 12 18 00 08 12 18 00 06 12 18 00 ,\9\ Y q/'Q qj/\ .-1’/‘9\ .-1}\ ,ﬁo\ ,]3)\ ,1’/\\ ,f/b\ ,19\ "9\ "b\’\ N4
1]
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Establishing tolerable boundaries for
hours of work (safe hours of work)

o
- ——
—
-~

~~~~~~
SN -
.....
—————
——————————————

Regulation 29: FRMP must specify work scheduling
practices that provide for safe* hours of work

*....hours are work taken to be safe if the effect of
implementing those hours is sufficient to manage risks
arising from fatigue SFAIRP



Example scheme:

Emergency hours

Extended hours

Normal hours

A -
., s, s, .

Tolerable
boundary
for safe
hours of
work



Example scheme:

Normal hours \
e Based on risk of tasks and foreseeable
range of operating conditions

eCaters for leave, attrition, common
delays and equipment failures

- Planned to cover majority of the work

J

\ Normal hours

\




Example Scheme. ﬁtendedhours \
. * Defined infrequent events

* Not foreseeable and no practical

alternate

(eg major equipment/

infrastructure failure, breakdown,

or unplanned leave & no reliever

available)

e Undesirable but risk tolerable if

exposure limited and additional
risk controls /

—emm= h-om;»-/

-
- ~ Tolerable
= -
/’ \\ boundary
,l \‘ for safe
v/ Normal hours j hoursof

work




Example scheme:

Emergency hours

e Extraordinary events (accident or
natural disaster or unusual event that
affects network and multiple trains).
e Life threatening or extreme loss
implications

* High risk due to combination of
degraded human performance and

Emergency hours
Extended hours

Normal hours

technical systems

\Outside risk tolerance /

Tolerable
boundary
for safe
hours of
work




Boundaries determined by risk

Risk assessment has determined: Ol ST S T e e N,
* High task related fatigue ¢* - 4 .,

: ® >
* Unpredictable hours r ‘ ’ ¢_
e Unfavourable work environment " Normal hours '

Unfavourable rest environment l \ /
Commuting long distances w
Systems not error tolerant s ===
Consequences of error are high

Substitution

Decision: narrow envelope for
tolerable hours

Administration

Personal protective equipment




Boundaries determined by risk:

onmmt Extended hours “ * a5y

Risk assessment has determined: _,» AR T e

e Lower risk tasks ..‘ ‘ , o"
e High number of rest breaks # .
e Opportunity for naps . Normal hours r

= wider envelope for tolerable
hours

Substitution

Isolation

Engineering

Administration

Personal protective equipment

LY S
Error tolerant systems -, R
.
Safety assurance processes o, “t‘
R - »
monitoring sleep and performance e e



Monitoring (example)

Monitor
implementation
of additional risk
controls

Monitor exposure Emergency hours
to extended zone
(eg planned vs

Extended hours

actual) A
[ \
\\ Normal hours /'
Sa ’,’
- -~ -_a [ x - -

Tolerable limits



Reporting (example)

Emergency hours

Extended hours
A

\
Normal hours '
V4

Report breaches of

tolerable limits as Notify changes in

Cat B occurrences boundaries of
normal or extended



future ONRSR work

Achieving compliance



Future ONRSR Checklist (draft)

1 RTO consults with workers in
development/review of FRMP

[ Identifies and assesses unique
sources of fatigue:
Timing of work and breaks
Circadian and time awake factors
Time on task and workload
Call outs and on call

Commuting

Changes such as lift up and lay back
Staffing levels and relief

Work environment

Rest environment



Compliance checklist (draft)

1 Assesses risk under normal/abnormal
/degraded &emergency conditions

J Analyses tasks to identify main errors
and violations and associated risks

[ Identifies current controls for fatigue
related hazards and risks

] Evaluates effectiveness of controls

[ Identifies options for improved or new
controls

(] Rejects or adopts controls according
to risk criteria



Compliance checklist (draft)

[ Identifies tolerable boundaries of
work scheduling practices

J Provides adequate staffing/relief
1 Provides education/training to RSW

( Monitors compliance with risk
controls
Planned vs actual hours

Changes due to overtime, shift swapping

1 System to report scheduling
breaches to ONRSR as Cat B

J System to report change boundaries
of work scheduling practices



Resource: www.railroadersleep.org

| f_"; Railroaders’ Guide to Healthy Sleep - Windows Internet Explorer provided by NSWTI ) |5| iil
J‘:@ |£ feovow railroadersleep. org) j @ 5l .",l Google ol
J File Edit View Favorites Tools Help
| | . . . b
I 5.7 Favorites J 2 8| Welcome & | Free Hotmail E’ Google B Google (2) 2 Mew South Wales Weather ... m AUTHORS - MNTC - Mational Rail Safety ...
| p- — = ko
@Railroaders' Guide to Healthy Sleep i Y g=my = Page~ Safety v Tools » .@;.

E'“ilroaci rs’
| Guide to

;H tn :

Getting Sleep Problems? Get on Track

working the Rails 1B Stories ails B The Snoring Sickness: Obstructive Sleep Apnea B

Sleep Tips Ato Zzzz 5.5 Could ¥OU Have Obstructive Sleep Apnea?
Sleep Drive, Naps, & Caffeine [ 0 =T ake Dia Sleep Problems & Their Treatment
Listen to Your Body Clod QUIZ: How Well Do You Sleep? Why Better Sleep tter Health

How to Avoid Sleep Debt [ GAME: Test Your Reaction Time Find a Sleep Center

Yvizion of Sle

A res from e=p Medicine | j o
! T L | @ 7o~ [Rm% -




Summary and conclusions

 Theory of sleep
Fatigue, safety and productivity

 Fatigue risk management in
practice

 Achieving compliance
 Next steps

« Have we met your needs and
expectations?

« Any questions??

national rail
»1v regulator
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