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Preface

This document is part of the Fatigue Risk Management System (FRMS) Toolbox for
Canadian Aviation developed by Transport Canada and fatigue consultants edu.au of
Adelaide, Australia.

The FRMS toolbox includes the following components:

1.

FRMS for the Canadian Aviation Industry: An Introduction to Managing Fatigue, TP 14572E:
introductory material intended to raise awareness about fatigue

EFRMS for the Canadian Aviation Industry: Fatigue Management Strategies for Employees,
TP 14573E: provides the knowledge and skills required to apply appropriate fatigue
management strategies at the individual level

ERMS for the Canadian Aviation Industry: Employee Training Assessment, TP 14574E: an
optional module intended to assess employee competence in topics covered in the
Fatigue Management Strategies for Employees workbook

ERMS for the Canadian Aviation Industry: Developing and Implementing a Fatigue Risk
Management System, TP 14575E: explains how to manage the risks associated with fati-
gue at the organizational level within a safety management system framework

EFRMS for the Canadian Aviation Industry: Policies and Procedures Development Guidelines,
TP 14576E: proposes a policy structure while providing examples and guidelines to
help organizations through the process of designing fatigue risk management policies
and procedures

FRMS for the Canadian Aviation Industry: Introduction to Fatigue Audit Tools, TP 14577E:
provides an overview of tools available to employers to help determine whether sche-
duling provides employees with adequate opportunities to get sufficient sleep

FRMS for the Canadian Aviation Industry: Trainer’s Handbook, TP 14578E: in addition to a
training presentation on fatigue, fatigue management systems, and individual fatigue
management strategies, the package includes background information for delivery of
the workshop, learning outcomes, and questions frequently asked by participants

These documents are available on the Transport Canada web site at www.tc.gc.ca.
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CHAPTER 1

Introduction

The purpose of this guide is to provide an
overview of various tools and techniques
to ensure that work schedules meet the
requirements of a fatigue risk manage-
ment system (FRMS).

An effective FRMS consists of sev-
eral levels of fatigue hazard controls

(see Developing and Implementing a Fatigue
Risk Management System (TP 14575E) for a
detailed discussion). One of the first things
that companies need to examine is whether
the schedule provides employees with an
adequate opportunity to get enough sleep
to be fit for work (Level 1 control).

Hazard-Control Model for Fatigue Risk Management
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Designing a work schedule

In the past, hours-of-service (HOS) rules
have been used to ensure that a sched-
ule provides adequate sleep opportunity
between shifts and does not result in sig-
nificant work-related fatigue. In principle,
this appears to be a reasonable strategy.
However, HOS regulations designed to
be applied generically to an entire indus-
try can be inflexible and ineffective for an
individual organization. They may not
guarantee sufficient sleep opportunity.

In designing an FRMS, it is important to
understand that there is no such thing as
a perfect schedule. Work schedules need
to be structured around competing needs,
such as operational safety and employee
family and social life. For example, the
“family friendliness” of a work schedule is
likely to be determined by how much time
off it provides during times of high social
value (i.e., afternoons, evenings, and week-
ends). The “sleep friendliness” of a work
schedule depends on the breaks it pro-
vides during times of high sleep value (i.e.,
nights between 9 p.m. and 9 a.m.). While
sleep should be the primary concern, other
factors such as the family and social life of
employees should be considered, because
they can have a direct effect on whether
employees are able to use the time off to
sleep. Consulting with employees during
the early stages of implementing an FRMS
can help find a balance between these com-
peting needs.

Providing adequate sleep
opportunity

To determine whether a given schedule
may result in work-related fatigue, calcu-
late the sleep opportunity that it provides.
There are various ways to do this. This
document outlines two methods of man-
aging sleep opportunity:

e Automated  fatigue audit  systems.
Biomathematical modelling software
has been developed that can predict
how much sleep an employee is likely
to getin a given schedule. The software
is able to calculate a fatigue likelihood
score for each employee at any given
point in the schedule.

*  Manual fatigue audit systems. For orga-
nizations with relatively simple sched-
ules or that may not want to invest
in software, manual calculations can
also be performed to generate scores
that provide an indication of fatigue
likelihood.

Fatigue Risk Management System for the Canadian Aviation Industry



CHAPTER 2

Automated Fatigue Audit Systems

Biomathematical fatigue models use algo-
rithms that use the effect of the time of
day (circadian or natural body rhythms)
and the length of time asleep and awake
throughout the overall pattern of work and
non-work periods to predict an average
level of work-related fatigue for a given
schedule. There are currently two kinds of
biomathematical models.

One-step models (OSMs) use the tim-
ing of sleep, time awake, and circadian
rhythms observed in a specific individual
(e.g., through activity monitors, such as an
actigraph) to predict work-related fatigue.
Used this way, OSMs are generally consid-
ered a Level 2 control in the fatigue hazard
control model (see detailed discussion in
Developing and Implementing a Fatigue-Risk
Management System (TP 14575E)) because
they determine risk based on the actual
behaviour of a particular employee rather
than the inferred average behaviour of
an unspecified person across the entire
schedule.

Two-step models (TSMs) use the timing
and duration of work and rest periods to
estimate the most likely timing of sleep,
which is then used to predict work-related
fatigue. TSMs are generally considered to
be less accurate for a specific individual
since predictions are based on estimates

of average behaviour and do not generally
account for individual differences.

Software packages typically provide
graphic representations of the work-
related fatigue produced by a given sched-
ule. Some also provide aggregate statistics
for groups of employees and produce sim-
ple reports that show whether the sched-
ule complies with thresholds established
by the company or the regulator for work-
related fatigue.

There are a variety of programs available.
Two of the most commonly used TSMs are
the Fatigue Audit InterDyne (FAID), devel-
oped by the Centre for Sleep Research
at the University of South Australia and
InterDynamics, and the Sleep, Activity,
Fatigue and Task Effectiveness (SAFTE),
developed by the U.S. Department of
Defense.

Fatigue Audit InterDyne (FAID®)

FAID predicts fatigue, sleepiness, and
performance based on hours of work. The
underlying assumption of this program
is that fatigue results from an imbalance
between work-related fatigue and the
opportunity for sleep between shifts. The
algorithm takes into account factors such
as shift time and length, previous work
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schedules, and break times to produce
fatigue likelihood scores for each shift. The
software estimates fatigue-related risk for
groups of workers in a particular schedule
rather than for specific individuals.

The program can also calculate the poten-
tial effects of travelling through up to three
time zones. The time zone feature uses a
circadian adjustment rate of an average
of one hour per day — slower or faster
depending on travel direction.

The data used in the initial development of
the software was based on workers” own
reports of fatigue, rather than objective
measures of fatigue such as performance.
However, the current version relies on
good empirical data collected from shift
workers over long periods. This software
system is currently being used for sched-
uling purposes by Australian carriers and
agencies such as Qantas, the Civil Aviation
Safety Authority, and the Australian
Transportation Safety Bureau. It is com-
mercially available from InterDynamics
(www.interdynamics.com and www.faid-
safe.com).

The interface is user friendly and the out-
puts are easily understood, provided the
user has some understanding of fatigue
and fatigue risk management. A more
detailed discussion of the actual use of this
program is found later in this section.

Sleep, Activity, Fatigue and Task
Effectiveness (SAFTE), FAST™, and
xsRiskPro

SAFTE predicts performance effectiveness,
a measure that is affected by fatigue and
various sleep factors. The software uses
the idea of a “sleep reservoir” as a way
to model fatigue risk. The reservoir is full

when a person is fully rested and at maxi-
mum capacity to perform. As time awake
increases, the reservoir empties and can
only be refilled by sleep. How fast the res-
ervoir refills depends on the quantity and
quality of sleep. The software determines
overall performance according to time of
day (circadian rhythms) and the level of
the sleep reservoir.

The model can take into account time zone
changes, individual differences such as a
tendency to be a night or morning person,
and sleep quality.

Originally designed for the U.S. Armed
Forces and the U.S. Department of Defense,
SAFTE has also been used by the U.S.
Department of Transportation to evaluate
work schedules for accident risk.

The same developers subsequently created
the Fatigue Avoidance Scheduling Tool
(FAST) and xsRiskPro, which are commer-
cially available (www.archinoetics.com/
FAST and www.fatiguerisk.com). FAST is
intended to help managers and individu-
als design work and sleep schedules that
reduce the risk of fatigue and fatigue-
induced errors. xsRiskPro was developed
to analyze a large number of work sched-
ules to assess their impact on employees’
fatigue levels while on the job.

Originally, SAFTE required the input of
actual sleep data (collected using technolo-
gies such as an actigraph), but the software
now includes a function called AutoSleep
that calculates the likely time of sleep from
work schedules and circadian rhythms.

Using the work schedules, FAST displays
a curve of the change in performance effec-
tiveness over the day, as well as perfor-
mance zones (displayed as green, yellow
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and red). Companies can either use the
default set of performance thresholds or
set their own. A critical threshold is set
at 77.5% of performance, where fatigue is
considered to produce a level of impair-
ment equivalent to a blood-alcohol level
of .05. The performance zones tell the user
at what time during the day performance
falls below acceptable thresholds. Like
FAID, the FAST interface is accessible and
relatively easy to learn, although some
understanding of fatigue is required to
interpret the results.

System for Aircrew Fatigue Evaluation
(SAFE)

Developed by QinetiQ for aviation opera-
tions, SAFE isused by the UK Civil Aviation
Authority (CAA) to evaluate work sched-
ules proposed by airlines. It relies on data
collected during laboratory experiments
and was further validated and refined
with operational data collected during
long-haul flights.

Using the work schedules of flight crews,
the software shows variations of alertness
levels throughout each shift. Alertness lev-
els are colour-coded from green to red to
represent the effect of fatigue on perfor-
mance. The software calculates sleep peri-
ods based on rest and duty periods, but
also accepts actual sleep data. It can take
into account naps and time zone changes,
distinguishing between eastward and
westward travel.

To calculate alertness levels, the program
takes into account time of day (for circa-
dian influences), time since the last sleep
period, and sleep propensity — the ten-
dency to fall asleep (propensity is greatest
at the circadian low, around 4 a.m.).

Outputs require some familiarization. An
understanding of sleep and fatigue is nec-
essary to get the most out of this tool.

QinetiQ has also developed another soft-
ware tool called Integrated Performance
Modelling Environment (IPME) that con-
siders time on task — a factor that may con-
tribute to fatigue on duty. SAFE is currently
used by QinetiQ to provide expert advice
to airlines on schedules and fatigue, but is
not currently available commercially. The
company is planning a commercial ver-
sion of the software for late 2008.

Circadian Alertness System (CAS™)

CAS is used mostly by the trucking and
rail transportation industries. The soft-
ware extrapolates sleep and wake patterns
based on work schedules, and calculates
alertness and cumulative fatigue scores
for an individual employee or group of
employees working a particular schedule.
CAS calculates the probability of accidents
in operations as a cumulative fatigue risk
score for groups of employees over a
period of days or weeks.

In predicting alertness, the system can
take into account some individual differ-
ences, such as a tendency to be a morn-
ing or night person, usual wake-up times,
sleep length, sleep flexibility, and napping
capability. The system does not take into
account the effects of jetlag, exposure to
light, or sleep inertia.

The developer of the software, Circadian
Technologies (www.circadian.com), uses
it in its consulting services. The program
is not available commercially on its own.
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Sleepwake Predictor

Based on a three-process model, the soft-
ware predicts alertness by calculating
the level of sleepiness associated with
variations in circadian rhythms and time
awake (or asleep). This is used to assess
the potential for getting restful sleep and
for an employee to remain alert during a
given time period.

The program evaluates the fatigue and per-
formance effects of work schedules and the
risk level associated with each. The program
has been used — mostly by researchers — to
evaluate schedules for navy, aviation, rail-
way, trucking, nuclear, and military work
environments. The program takes into
account sleep latency (how long it takes to
fall asleep), a factor that varies with circa-
dian rhythms and tends to reduce daytime
sleep. It can also take into account changes
in time zone, whether an employee tends
to be a morning or night person, habitual
sleep length, and difficulties sleeping.

The software uses schedules to calculate
likely bedtimes (sleep onset) and wake up
times (sleep termination) to produce an
alertness curve. It indicates the percentage
of time where sleepiness levels are above
critical limits, providing risk level for a
specific schedule.

Circadian, Neurobehavioral Performance
and Subjective Alertness Model and
Circadian  Performance  Simulation
Software (CPSS 1.2)

This software was developed to predict the
effect of factors such as working at night
and sleeping during the day on circadian
rhythms and on performance and alertness.
Successive studies have refined this pro-
gram, improving its ability to predict sleep

deprivation, impact of time of day, and the
effect of light and phase shifting (jet lag).
Despite its strength in predicting fatigue
and performance, the software’s features
make it of greater interest to researchers
than industry. The program requires sleep
start and end times as well as light ampli-
tude data across a 24-hour day. The effort
required to collect this information makes
it less appealing for companies.

The software is not sold commercially
but is available on the Internet as part
of a software package called Circadian
Performance Simulation Software (1.2)
(http://dsm.bwh.harvard.edu/bmu/cpss).
It requires an advanced understanding of
sleep research and prior experience with
biomathematical modelling, and its lim-
ited interface is intended for use by the
research community.

FAID: Applying a
biomathematical model

This section provides an example of how
one of the programs described above
can be applied within an FRMS. A trial
version of the Fatigue Audit InterDyne
(FAID) is available through Transport
Canada or directly from InterDynamics
(www.faidsafe.com). More detailed instruc-
tions on using FAID are provided in the
user’s manual included in the software.

Defining the scores

FAID assigns fatigue or recovery values
to work and break periods based on four
factors:

¢ length of each work or break period
e time of day when the work or break
took place

Fatigue Risk Management System for the Canadian Aviation Industry



e prior work history of the employee
(seven days)

¢ biological limitations on sleep and
recovery

Based on these factors, the software analy-
ses planned or actual work schedules to
provide a score that reflects fatigue like-
lihood for each shift. This score can then
be compared to the scores of other shifts
or schedules, or against a threshold value
established by the company. For exam-
ple, a standard work week of Monday to
Friday, 9 a.m. to 5 p.m., scores approxi-
mately 40. A standard week of night shifts,
from 11 p.m. to 7 a.m., produces a moder-
ate fatigue score of about 80.

Arecentstudy suggests that scoresbetween
80 and 100 (high fatigue likelihood) are
comparable to the level of fatigue-related
impairment caused by staying awake for
23 to 24 hours following a regular work
week. Multiple studies have shown that
performance impairment at such a level of
sleep deprivation is comparable to blood-
alcohol concentration over 0.05%.

Risk assessment process

Organizations should try to ensure that
work schedules never produce more than
a moderate level of operational fatigue.
However, a risk management approach
can provide some additional flexibility.
Depending on the task risk and the fatigue
mitigation strategies in place, a company
may be comfortable accepting a higher
fatigue likelihood threshold. Conversely,
if certain tasks carry a particularly high
risk, organizations may be more comfort-
able using a more conservative, lower
fatigue likelihood threshold. These deci-
sions should be made using formal risk

assessment processes. For a more detailed
discussion, please see Developing and
Implementing a Fatigue Risk Management
System, TP 14575E.

FAID compliance table

With the information gathered during
the risk assessment, FAID can be used to
review work schedules for adequate sleep
opportunity. Start by establishing risk-
based FAID threshold values to define
“acceptable,” “questionable,” and “unac-
ceptable” fatigue likelihood scores. The
upper threshold (Y) is the limit beyond
which the sleep opportunity is insuffi-
cient and is likely to result in unacceptable
fatigue-related risk. A lower threshold (X,
which is typically 10 to 20 points below
the upper threshold) is then assigned.
FAID scores between the upper and lower
thresholds fall into the “questionable”
zone, and scores below the lower thresh-
old are “acceptable”.

Schedules should be assessed in advance,
and actual hours worked should be
assessed afterwards. At least 97.5% of
scheduled hours and 95% of actual hours
should fall within the “acceptable” zone
(below X, the lower threshold). A small
percentage of the schedule may fall in the
“questionable” zone (between X and Y),
but organizations should not intentionally
schedule work with scores in the “unac-
ceptable” zone (above Y). Unforeseeable
circumstances may sometimes dictate that
some part of actual hours worked falls into
the “unacceptable” zone (up to 1.25% of
total hours worked), but all work in zones
other than “acceptable” should be inves-
tigated and appropriate corrective action
taken where necessary.

Introduction to Fatigue Audit Tools



FAID Compliance Table

FAID threshold Planned hours Actual hours ) ;
Corrective Action
values of work of work
At least 97.5% of At least 95% of None unless one
Acceptable <X scheduled hours hours worked or more controls
zone below the lower below the lower | indicate levels are
threshold threshold wrong
No more than No more than
Questionable 2.5% of scheduled 3.75% of hours Correct if there is
Jone [X-Y] hours between worked between | moderate chance
lower and upper | lower and upper of recurrence
threshold threshold
No greater Act immediately,
Unacceptable 0% of scheduled than 1.25% of rest until fit fory
Jone >Y hours above the hours worked I R———
upper threshold above the upper -
threshold
The principle of this compliance table can Using FAID

be used with other scheduling software
that calculates scores that can be used as
thresholds for fatigue-related risk.

STRATEGIC CONTEXT MAP

On opening the program, first-time users
are taken through an introduction to the
software and its use. Regular users go
directly to the inputs menu. The menu
at the top of the screen (shown below)
shows users where they are in the analysis

process.

Information

SR Work Period

Wark Schedule

Strategic | Wark Schedule |->: Aevailability |-b: Sleep Estimate |-|': Indicative Fatigue | |
Context ' =
Map Fatigue Hazard Analysis =# Tolerance Level |

Fatigue tolerance levels (FTL) for various
types of tasks are established through a
task fatigue risk assessment. Users can
select “no fatigue tolerance level, “one
tolerance level, or “multiple tolerance
levels.” If “no fatigue tolerance level” is
selected, the software will produce only
fatigue scores in the Outputs display with-
out comparing them to a tolerance level.

RESEILS Group Work Schedule

A graph (see following figure) shows the
changes in compliance over time of each
employee and the overall work schedule
with fatigue tolerance levels ranging from
0 to 100.

Fatigue Risk Management System for the Canadian Aviation Industry



For an FTL set at 80, overall compliance is approximately 99%.

Individuals and Overall Compliance

Compliance 100 e
% 90 '

80

7o

60

50

40

30

20
b 4
10
u_;_,—'—— il 30
0 10 20 30 40 50 60 70O 80 90 100
FTL

| Individuals Owerall ———

Tolerance Level ]
i

FATIGUE TOLERANCE LEVEL

Fatigue
Tolerance Level
(Faid® Score)

Tolerance Level 80

SLEEP TOLERANCE LEVEL

Time Minimum Sleep
(hrs)
24 hours | 5
48 hours 12
168 hours 50

Users select the fatigue tolerance level (1), | The FTL chosen is displayed in the bottom
and enter the level in the table cell (2). The | window throughout the program (4).

“save” button (3) is used to keep the FTL
for future use. Studies suggest that FAID scores below 80

are broadly consistent with a safe system
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of work and scores above a 100 are broadly
consistent with an unsafe system of work.
These scores have been independently
scrutinized and accepted as evidence in
accident investigations by agencies includ-
ing the Australian Transportation Safety
Bureau and the Special Commission of
Inquiry into the Waterfall Rail Accident
near Sydney, Australia.

SUBNDDE WY

Time 0300

EJun0T 1200

LS LRSS ERLSR L LS S ot el ot et et e e e e e e

Work schedules can be entered by select-
ing (5) (for the first work schedule), and
either opening an existing file (6), pasting
schedules from a Microsoft Excel file (7),
or manually typing them in.

Task Risk

Start

 2Aun 07 0700 2Aun 071645 Moderale | B
3 Aug 07 0700 3hug 07 1612)  Moderate |
4 Aug OF 0700 44un 07 1600 Moderale
54ua 070700 5Auq07 1648  Moderale |
6 dug OF 0530 BAug 07 1642)  Moderate |
SAua 070630 9Aua071612  Moderale |
104ug07 0630 10Auq07 1718 Moderate |
11 Aua 07 0630 11 Aua 07 1640 Moderale |
124ug07 0630 124ug 07 1706 Moderale |
134ug 07 07000 134ug 07 1600  Moderale |
16Aua 070630 18Au0 071700 Moderale |
17 Aug 07 0630) 17 Aug 07 1754  Moderate

184un 07 0630 18Aua 07 1714 Moderale |
194ua 07 0630 194uq 07 1657 Moderasle |
20 Aug OF DE30 204ug 07 1700 | Moderale |
23Aun 070635 23Aug 071612 Moderale |
24 Aug 07 07000 24 Aug OF 1706 Moderate |
254un 07 07000 25Aug 07 1806 Moderale |
264uq07 0700 26Auq 071824 Moderale |
304ua 070700 30Aug 07 1600 Moderale |
3 Aug 070700 31 Aug 07 1642|  Moderate |
3 g 07 0700 JAug 07 1600 Moderate

4 Aua OF 0700 4 Aug 07 1600 Moderale |
5Auq 070700 54ug07 1635 Moderale |
BAua 071730 7Aug070230  Moderale |
7Aun071730  SAua 070230 Moderste
B Aug 07 1730 9Aug 07 0230 Moderate |
12Au 070700 12Au0 071730 Modersle |
134ug 07 0700 134ug 07 1600  Moderate |
14Aua 07 0700 14Auq07 1600 Modersle |
154u0 071730 164uq 070242 Moderste |
164ug 07 1720 17 Aug OF 0348) Moderate |
17 Aua 07 1730) 18400 07 0306 Moderale
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WORK SCHEDULE 1

Start

2 A 07 0700
3 dwg 07 0700
4 A 07 0700

5 A 07 0700

6 g 07 0630

9 A 07 0630
10 Aug 07 DESD
11 Aug 07 0630
12 Awa 07 D630
13 Aug 07 0700
16 A 07 0630
17 Awa 07 D630
18 Aug 07 0630
19 A 07 0630
20 Aug 07 0530
23 A 07 0635
24 A 07 0700
25 fug 07 0700
26 A 07 0700
30 Aug 07 0700
31 Aug 07 0700

3 Awa 07 0700
4 Awg 07 0700
5 A 07 0700
B A 07 1730

7 dug 07 1730
B A 07 1730
12 Aug 07 0700
13 Aua 07 0700
14 Aua 07 0700
15 Aug 07 1730
16 Awa 07 1730
17 dwa 07 1730

T 1 N YL NI eI Lt 0y Ay ) ) g ) ) Y

¥

2 Aug 07 1645
340 07 1612
4Auq 071600 Moderate
S5Au 07 1648 Modesate
BAuwg 07 1642 Moderate
9Am 071612 Moderate
1040071719 Moderate
11 Auq 07 1640 Moderate
1240 07 1706 Moderate
1340a 071800 Moderate
164w 071700 Moderate
17 A0 07 1754 Moderate
1846071714 Moderate
1940 07 1657 Moderate
204 071701 Moderate
234071612 Moderate
2440071706 Modesate
254071806 Moderate
262007 1624 Moderate
30Aua 07 1600 Moderate
3 Aug 071642 Moderate
A 071600 Moderate
4 Auq 07 1600 Moderate
S5Aw 071636 Moderate
74070230 Modeiate
BAuw 070230 Moderate
94w 070230 Moderate
12400071730 Moderate
134w 071600 Moderate
14 A0 07 1600 Moderate
164 07 0242 Moderate
17 A 07 0348 Moderate
18 Awa 07 D306

Maximum FAID score thresholds can be | and length of the work schedule are cor-

entered in the far right hand column of rect, then click Analyse (11).

each shift (9).

Once the analysis is complete, a summary

Once the data has been entered, use the | of the results is displayed.

Wizard button (10), check that the date

Introduction to Fatigue Audit Tools

11



12

FATIGUE
ASSESSMENT

Work Period
work Schedule
Group ‘Work Schedule |-

FATIGLE RISK
EROFILE

Indicative Fatique A

Total Hours ~ FAID® Green FAID&Yellow FAIDS Red
Wiorked Condition Condition Condition

Green Welow Red

Cumulative Profile by Hours

When one or multiple fatigue tolerance
levels have been set, the Indicative Fatigue
Assessment Results screen displays the
compliance level (the percentage of time
employees worked when their fatigue was

below the FTL) of the schedule. The soft-
ware also displays the number of hours
of worked and how much time was spent
in the various fatigue zones (FAID Green,
Yellow, and Red Conditions).
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The software can also display the results
for each work period of the work schedule.
Click the Work Schedule 1 button (12) and
the program displays the work schedule
along with additional information about
the degree of fatigue likelihood. The FAID

OUTPUT _

=

| weurs | ourputs |
e [_
[_
r_

1D Stast

8.Jan 071200
9Jan 071200
10.Jan 07 1200
11Jan 07 1200
12.Jan 07 2000
14.Jan 07 2000
15.Jan 07 2000
16.Jan 07 2000
17 Jan 07 2000
200z 07 0400
21 .Jan 07 0400
22.Jan 07 0400
23Jan 07 0400
24.Jan 07 0400
26.Jan 07 1200
27 Jan 07 1200
28J5n 071200
29.0an 07 1200
30.Jan 07 1200
1Feb 07 2000
2Feb 07 2000
3Feb 07 2000
4 Feb 07 2000
5 Feb 07 2000
14.Jan 07 1800
15.Jan 07 1800
16.Jan 07 1800
17 Jan 07 1800
18.Jan 07 1800
13.Jan 07 1800
20.Ja 07 1800
28.Jan 07 0600
23.Jan 07 0500
30.Jan 07 0800
31 Jan 07 0600

)
il
B
=]

deddd
WA ENEMUNMAUNANOOHODH OO DGO DODDNS DD OO SO N

BESRSERBURRRERY

Erd

Condition Red column (13) shows the time
worked by an employee above the FTL.
The Peak FAID Score column (14) shows
the fatigue likelihood score for each work

period.

Task FaD®  FAID®  FAl Ped Peak  Nome ‘Work.
Candition Em\inn FAID® FAID® ‘wok
(Groan Yalow Red Score  Condition

BJan 07 2000 High 34 46 160 80
9Jan 07 2000, High 34 46 160 80
10Jan 07 2000 High k] 46 160 80
11.Jan 07 2000 Hiah 34 46 160 &0
14Jan 07 0400 High 48 <32 480 80
15Jan 07 0400 High 56 24 160 80
16Jan 07 0400 High | [ 17160 80
17 Jan 07 0400 High | (] 11| 160 80
18Jan 07 0400 High The 10min. 74 6 160 80
20Jan 071200 High | 59 21 480 80
2Jan 071200 High 6 A4 160 80
22Jan 071200 High Thr Qenin 72 4 160 80
23Jan 071200 High e 13min 78 -2, 160 80
MJan 071200 Hich 2re Berer NI [T] 4 160 80
26.Jan 07 2000 High 36 44 480 8O
27Jan 07 2000 High L] 46 160 80
28Jan 072000 High u 46 160 80
29.Jan 07 2000 High 34 46 160 &0
30Jan 07 2000 High 3 46 160 80
2Feb 070400  High 48 32 480 80
3Feb 07 0400  High 56 -24 160 &0
4Feb 07 0400 High B3 A7 160 80
5Feb 07 0400 High ] 11 160 80
6Feb 07 0400  High e 106nin T4 -6 160 80
15.Jan 07 0600 High | 35 -45 1680 120
16Jan 07 0600 High 65 15 120 120
17 Jan 07 0600 High 30 10 120 120
18.Jan 07 0600 High 110 30 120 120
19Jan 07 0600, High 124 44 120 120
20Jan 07 0600 High 134 54 120 120
21Jan 07 0600 High 138 58 120 120
28Jan 07 1800 High 15 65 1680 120
29Jan 071800 High 2 48 120 120
30Jan 071800 High | 56 24| 120 120
I Jan 07 1800 High Ak 42min 75 5| 120 120
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¢ - T = : = 5 = ‘Work Period
KEY RISK ! ; ; FATIGLE RISK R

INDICATORS Map | : ERCELL Group Work Schedule

FTL Compliance %
‘wiork Scheduls TotalHours  TotaHr» Complarce  FAID®  FAID®  FAID®  Peak
Tolerance [%] Condition Conditon  Condition FAID®
Green % Yellow % Red®  Scoe

BET.4 7.0 93,2 NGRS LR @5

TotalHours  TotalHr > Compance  FAID®  FAID®  FAID®  Peak
Toletance [%] Condition Condition Condition FAID®
Green® Yelow % Red®  Score

185 1 100.0

147 A 100.0

157, 1 1000

13 5 973

13 I 938

157 8.8

gt ]

Clicking the Key Risk Indicators (KRI) and peak FAID condition, based on the
button (15) displays overall and individual | thresholds entered on the input screen.
summaries, such as compliance with FTL
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Individual work periods can be examined
using the FAID Score Plot button (16). Each
line on the graph represents an individual
employee, coloured to represent the peak

FAID®SCORE
PLOT

Deails

FAID condition. Each spike on the graph
represents a single work period, and the
corresponding fatigue likelihood score.

Summary

Resuls

4]

D#
Work S chedule

FAID® Score Plot

Peak FAID® Conditon Fled
FPesk FAD®Scare | ]

120
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A Gantt chart (17) can be used to exam- scores. Each row on the Gantt chart rep-
ine overall trends in the data, such as sea- | resents an individual employee, and each
sonal variations or specificemployees who | square represents a single shift.

have exceptionally high fatigue likelihood

FATIGUE
GANTT CHART

1200007 19Aug07 260907
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CHAPTER 3

Manual Fatigue Audit System

Overview

For organizations with relatively simple
schedules or that may not want to invest
in software, manual calculations can also
be performed to generate scores that pro-
vide an indication of fatigue likelihood. A
fatigue likelihood scoring matrix uses five
scheduling parameters to predict sleep
opportunity. These can be used to estimate
the degree of work-related fatigue pro-
duced by a given schedule:

1.

2.

3.

Total number of hours worked in a seven-
day period. Not surprisingly, as total
hours worked increases, sleep oppor-
tunity decreases.

Maximum length of an individual shift.
As the length of a given shift increases,
the subsequent sleep opportunity
decreases.

Minimum length of a short break. A
short break is defined as a single sleep
opportunity between work periods. It
is typically shorter than 32 hours. Not
surprisingly, as thebreak between shifts
decreases, so does sleep opportunity.

Total number of hours worked between
9 p.m. and 9 a.m. in a seven-day period.
This parameter takes into account late

finishes, early starts, and night work.
All of these will reduce night sleep
opportunity and result in a significant
reduction in total sleep opportunity.

Frequency of long breaks. A long break is
defined as a period of two night sleeps
with a non-working day in between.
Long breaks typically provide a sig-
nificant opportunity to recover from
sleep loss accumulated over a sequence
of work periods. A schedule can be
scored on each of the five parameters
using the following table.

Introduction to Fatigue Audit Tools

17



Fatigue Likelihood Scoring Matrix for Work Schedules

a) Total hours per 7 days <36 hours | 36.1-439 44 -479 48 -54.9
b) Maximum shift duration <8 hours 8.1-99 10-11.9 12-13.9 14+
©)  Minimum short break >16hours | 159-13 | 12.9-10 9.9-8 <8
duration
d) Maximum night work per 0 hours 0.1-8 81-16 16.1 - 24 24+
7 days
¢) Long break frequenc >1in <lin <1lin <1lin <1lin
& 4 Y 7 days 7 days 14 days 21 days 28 days

with a lower score offer a greater sleep
opportunity. The figure below shows sev-
eral schedules scored using this approach.

The points for each parameter are added
up to provide a score between 0 and 40
that indicates the degree of sleep opportu-

18

nity provided by the schedule. Schedules

Fatigue Likelihood Score

Monday - Friday/38 hours

12 hour shifts/4 days on, 4 off

8 hour shifts/5 days on, 2 off

12 hour shifts, 7 nights

Fatigue Risk Management System for the Canadian Aviation Industry



Examples of different schedules scored using the

Fatigue Likelihood Scoring Matrix
Example 1
Day Description Start  Finish

1 Morning 0500 1400
2 Morning 0500 1400
3 Afternoon 1330 2230
4 Afternoon 1330 2230
5 Off 0000 0000
6 Night 2200 0600
7 Night 2200 0600

Using the five parameters, this schedule
would be scored as follows:

1. The total number of hours worked
during the seven-day work period is
52 (4 points).

2. The maximum shift duration is 9 hours
(1 point).

3. The minimum time off between shifts
(short break) is 15 hours (1 point).

4. The total hours of night work sched-
uled for the seven-day period is 23. This
includes 4 hours on each of the morn-
ing shifts due to the early shift starts,
1.5 hours on each of the afternoon
shifts due the late finish, and 8 hours
on each of the night shifts (4 points).

5. The long break frequency is 1 day
within the 7 days of the schedule before
the individual starts the night shift on
Day 6 (0 points).

The total score for the above schedule is

10 points.

Example 2
Day Description Start  Finish
Day 0600 | 1400
Day 0600 | 1400
Off 0000 | 0000

Afternoon 1400 2300
Afternoon 1400 2300
Afternoon 1400 2300
Night 2300 0600

N | NG || W [N -

Using the five parameters, this schedule
would be scored as follows:

1. The total number of hours worked
during the seven-day work period is
50 (4 points).

2. The maximum shift duration is 9 hours
(1 point).

3. The minimum time off between shifts
(short break) is 15 hours (1 point).

4. The total hours of night work sched-
uled for the seven-day period is 19. The
employee works 3 hours on each of the
morning shifts due to the early start,
2 hours on each of the afternoon shifts
due the late finish, and 7 hours on the
night shift (4 points).

5. Thelongbreak frequency is 1 day before
the individual starts the afternoon shift
on Day 4 (0 points).

The total score for the above schedule is

10 points.

Introduction to Fatigue Audit Tools
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Summary

Any work schedule can be run through
this scoring system. For example:

¢ Monday to Friday, 9 am. to 5 p.m.
(40 hours) receives a score of 1

* Monday to Friday, 3 p.m. to 11 p.m.
(40 hours) receives a score of 3

* 4 days on - 4 days off (2 days from
6 a.m. to 6 p.m., 2 days from 6 p.m. to
6 a.m., for a total of 48 hours) receives
a score of 14

* Monday to Friday, 6 am. to 6 p.m.
(60 hours) receives a score of 16

e 7 night shifts of 12 hours, 9 p.m. to
9 a.m. (84 hours), followed by 7 days
off receives a score of 22

Based on a company’s risk assessments,
managers can consider whether existing
work schedules produce acceptable levels
of fatigue-related risk.
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CHAPTER 4

Conclusion

Beyond Level 1 controls

The software described in this document
is intended help managers analyse work
schedules for potential fatigue-related
risk. However, using appropriate schedul-
ing practices is only one component of an
effective a fatigue risk management sys-
tem. There will always be occasions when
employees, intentionally or unintention-
ally, fail to get enough sleep. Even with
sufficient sleep, fatigue-related symp-
toms can still occur if employees get poor
quality sleep or have an undetected sleep
disorder.

Under the five-level model of fatigue risk
management that is at the heart of this
toolbox, companies also need controls to
determine whether employees are get-
ting enough sleep (Level 2) and to detect
fatigue-related symptoms on the job
(Level 3). Organizations also need a pro-
cess to deal with fatigue-related errors
or incidents (Levels 4 and 5) to identify
potential incidents, to learn from mistakes,
and to check the effectiveness of previous
levels of control.

A system with little or no hazard con-
trol beyond Level 1 scheduling tools is
poorly defended against fatigue-related
incidents.

Shared responsibility for
managing fatigue

The responsibility for managing fatigue-
related risk in an FRMS is shared between
employers and employees. The Level 1
controls outlined in this document address
the employer’s responsibility to man-
age schedule-related causes of fatigue.
In Levels 2 to 5, employees are respon-
sible for managing the causes of their
own fatigue, and for reporting situations
where they observe a fatigue-related risk.
The employer is responsible for setting
up clear and fair procedures that enable
both groups to exercise their responsibili-
ties. Policies and Procedures Development
Guidelines (TP 14576E) provides further
guidance as well as examples of policies
and procedures for appropriate manage-
ment of fatigue-related risk.

Introduction to Fatigue Audit Tools
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