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Synopsis of Science & Benchmarking Supporting REGDOC2.2.4, Fitness for Duty: Managing Worker Fatigue

1.0

Background

Human performance is a key contributor to the safety and security of nuclear facilities, so the
CNSC requires licensees to implement and maintain human performance programs. These
programs address a broad range of factors that affect human performance, with the aim of
minimizing the potential for errors that could affect nuclear safety and security. One of these
factors is a worker’s fitness for duty.
Fatigue is widely recognized to affect fitness for duty because of its potential to degrade several
aspects of human performance. Therefore, licensees must address fatigue as part of their
approach to ensure that workers are fit for duty.
REGDOC-2.2.4, Fitness for Duty: Managing Worker Fatigue, specifies requirements and gives
guidance for managing worker fatigue with the aim of minimizing the potential for errors that
could affect nuclear safety and security. Managing worker fatigue encompasses measures to
manage risks associated with fatigue, including measures to manage the level of fatigue that
workers experience at work and to reduce the likelihood and consequences of fatigue-related
errors (1). For the purpose of the regulatory document (REGDOC), fatigue is defined as a state
of reduced mental or physical performance capability resulting from sleep loss, extended
wakefulness, phase of the circadian rhythm, or workload.
The purpose of this synopsis of science and benchmarking is to inform the Commission and to
address a range of comments received during public consultation. The REGDOC has been
modified to address many concerns raised by stakeholders during public consultation about
operational needs and administrative burden while maintaining a basis that is defensible based on
benchmarking and on scientific research about the effects of fatigue on human performance. The
limits on hours of work and recovery periods in Section 4 of the REGDOC have been reviewed
against scientific research, compared to requirements of other regulatory bodies, and tested using
a bio-mathematical fatigue model. Independent research reports commissioned by the CNSC
over several years have been considered in the development of this REGDOC (2; 3; 4).
The following findings regarding the effects of fatigue on human performance form the basis for
the provisions in the REGDOC.
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1.1

Fatigue Affects Human Performance

•

Declines in human performance occur whether fatigue is related to acute sleep deprivation,
cumulative sleep deprivation, or the circadian rhythm.
o Acute fatigue is caused by extended hours awake, with fatigue levels increasing with the
time since the last sleep episode (5).
o Cumulative fatigue is caused by mild sleep restriction over a series of days that results in
insufficient recovery from acute fatigue (6; 7; 8).
o The circadian rhythm of the sleep/wake cycle causes fatigue levels to vary throughout the
day with the greatest levels of fatigue in the early hours of the morning (5).
o Negative effects on human performance increase further when multiple factors that
contribute to fatigue are present, such as working at 4 a.m. after a period of extended
wakefulness and/or consecutive days of sleep restriction (9; 10).

•

As fatigue increases, degradation occurs in many aspects of human performance (11; 12; 13;
14; 15; 16; 17; 18). Examples of abilities affected include the following: vigilance (19; 6;
20; 21; 22; 7; 23; 13); memory (21; 24; 25; 13; 26); decision making (27; 28);
communication (27); anxiety (29; 23); mood (21; 16; 23).
A review of the effect of sleep deprivation on decision-making highlights the following areas
of concern: lack of innovation, inflexibility of thought processes, inappropriate attention to
peripheral concerns or distraction, over-reliance on previous strategies, unwillingness to try
out novel strategies, unreliable memory for when events occurred, change in mood including
loss of empathy with colleagues, and inability to deal with surprise and the unexpected (27 p.
246).
The range of cognitive abilities affected implies that fatigue “impairs some essential capacity
that is basic to cognitive performance in general” (30 p. 654). The fatigue-related change in
cognitive function has been described as “cognitive slowing” (20).
Fatigue “…is not a binary condition in which one is either rested with no negative effects on
performance or fatigued with severe negative effects on performance. There are degrees of
fatigue and degrees of the negative effects of fatigue on performance” (31 p. 12). The “more
sleep is disturbed or reduced, for whatever reason, the more likely an individual will
inadvertently slip into sleep” (32 p. 102).
A review of aviation maintenance events found that the frequency of skill-based errors
follow the circadian rhythm with a peak between 02:30 and 03:00. The authors caution that
“maintenance technicians are at heightened risk of ‘absent minded’ errors involving failures
to execute action plans as intended” in the early hours of the morning (33 p. 1304).
Nuclear workers in Canada experience sleep loss, fatigue and fatigue-related symptoms that
are similar to those discussed in scientific literature (2; 34).

•

•
•

•

•
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2.0

Rationale for Requirements and Guidance in REGDOC 2.2.4

The requirements and guidance in the REGDOC are presented in two sections. Programmatic
elements are in Section 3 and prescriptive limits on hours of work and recovery periods are in
Section 4 of the REGDOC.
Programmatic elements in Section 3 are applicable to the broad population. The broad
population includes workers who have the potential through their work activities to pose a risk to
nuclear safety or security.
Limits on hours of work and recovery periods in Section 4 are applicable to a smaller subset of
workers who fill safety-sensitive positions (SSPs). A SSP is defined as a “position which has a
role in the operation, where impaired performance could result in a significant incident affecting
the environment, the public, the health and safety of workers and others at site, or the safety and
security of the facility”. Most of the limits on hours of work and recovery periods in Section 4
focus on night work and extended shifts longer than 10 hours, which are features of the work
schedule widely recognized to contribute to fatigue.
The rationale for requirements and guidance in the REGDOC is outlined in the following
sections.

2.1

Programmatic Elements

Workplace fatigue is a potential risk that needs to be managed, especially in 24/7 operations that
require work schedules that interfere with sleep (e.g., extended shifts, rotating shifts, night shifts)
(30; 4; 35). In addition to measures that reduce the occurrence of fatigue, additional fatigue
mitigation strategies are needed to reduce the likelihood and consequences of fatigue-related
errors (35; 8; 36; 37). A third-party review conducted for the CNSC recommended that the
effectiveness of hours of work and recovery requirements could be augmented through
implementation of fatigue risk management systems (4).
Even when complying with limits on hours of work, a worker may be fatigued. Since factors at
work and outside of work affect fatigue, workers share responsibility with the employer for
managing fatigue.
Programmatic requirements and guidance in the REGDOC address a broad range of elements
necessary for managing fatigue-related risks (8; 36; 38; 39; 40). The conceptual framework in
Figure 1 provides an overview of multiple barriers against fatigue-related errors that are captured
in the REGDOC (36). For the purpose of the REGDOC, managing worker fatigue encompasses
measures to manage the level of fatigue that workers experience at work and to reduce the
likelihood and consequences of fatigue-related errors.
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Figure 1: Conceptual framework supporting provisions for managing worker fatigue [based on
Reference 36]

Staffing levels, which affect overtime levels, are an important contributor to fatigue (36; 3). A
research report conducted for the AECB cautions that understaffing “is likely the largest
contributor to fatigue levels in continuous operations. An understaffed operation typically
results in high levels of employee overtime, thus reducing the amount of rest days and
contributing to fatigue” (3 p. 14). As part of the programmatic elements, the REGDOC requires
licensees to conduct periodic assessments to verify that staffing levels are sufficient for enabling
adherence to limits on hours of work and recovery periods.
Work schedules established by the organization affect the sufficiency of sleep opportunities
because they define the boundaries for the timing and duration of sleep (41). Key aspects of a
work schedule that affect sleep opportunities are night work and the duration, frequency, and
sequencing of successive shifts. Section 2.2 provides more information about the rationale for
the REGDOC’s requirements applicable to hours of work and recovery periods.
The sufficiency of sleep obtained is also affected by factors outside of work. For example,
certain circumstances or conditions, such as sleep disorders or medical conditions, affect the
quality and quantity of sleep a person obtains, and thus, increase the likelihood of people
experiencing high levels of fatigue (14; 42; 43; 44; 45). The REGDOC addresses the sufficiency
of sleep obtained through processes for identifying and managing fatigue and through
expectations for initial and ongoing training and education.
The workplace environment can be designed to promote alertness and to manage risks associated
with fatigue. For example, in the middle of the night when high levels of fatigue are expected,
5
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additional administrative measures could be implemented, such as increased supervisory
oversight and independent verification. Rest periods that include an opportunity for sleep are an
evidence-based strategy to reduce fatigue levels and improve human performance (46; 47; 48;
36). The REGDOC clarifies that there are no regulatory impediments to licensees permitting
sleep at work as a fatigue countermeasure, as long as appropriate conditions are defined. Section
3.2 of the REGDOC includes guidance related to the workplace environment.
The final barrier in Figure 1 of sufficient alertness behaviour requires supervisors and workers to
be aware of signs of high levels of fatigue in themselves and in peers, so appropriate actions can
be taken. However, self-identifying high levels of fatigue may be challenging because people
may not perceive their performance to be affected by fatigue (7). The REGDOC includes
requirements for training and education and for the process to follow if a worker may be unable
to competently and safely perform his/her assigned duties because of fatigue.
The REGDOC also includes mechanisms for identifying and resolving problems related to
worker fatigue, for determining the effectiveness of the management system in managing the
risks associated with worker fatigue, and for identifying opportunities for continual
improvement.
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2.2

Limits on Hours of Work and Recovery Periods

Work schedules are an important factor when managing fatigue since they define the boundaries
for the timing and duration of sleep. For that reason, the REGDOC includes performance-based
requirements related to the work schedule applicable to the broad population, which are shown in
Figure 2. The time of day when work and sleep occur is an underlying factor that affects all of
the performance-based objectives. The intent of the performance-based requirements is to
ensure that work schedules provide sufficient sleep opportunities.
The prescriptive hours of work limits and recovery periods in Section 4.2 and 4.3 of the
REGDOC specify outer limits applicable to the subset of workers who fill SSPs. The REGDOC
also includes guidance stating that licensees should establish administrative limits that prevent
workers from consistently working the maximum allowable hours of work.

Figure 2: Performance-based objectives supporting provision of sufficient sleep opportunity

The following sections present data supporting each performance-based objective. The
performance-based objectives are based on the following scientific findings:
• Cognitive performance varies with the time of day and is lowest at night;
• Extended wakefulness affects cognitive performance;
• Sleep loss across successive days affects cognitive performance;
• Sleep allows the body to recover from fatigue.
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2.2.1 Effect of Time of Day on Cognitive Performance
•

•

•

•
•
•

•

Circadian rhythms are cyclical changes observed in humans daily across multiple variables,
such as temperature, hormones, sleep patterns, and fatigue (15). The circadian system
includes an internal circadian pacemaker that is synchronized to the 24-hour day by time
cues. A key time cue is light (15).
Time of day has a powerful effect on human performance, alertness, and sleep propensity.
o The “probability of being asleep is highest during the night-time and lowest during the
daytime” (50 p. 654).
o The greatest levels of fatigue occur in the early hours of the morning (5; 21).
o “…the night shift produces the greatest degree of sleepiness relative to daytime work,
evening shifts, and even rotating shifts” (21 p. 785).
o The body’s “circadian system strives to keep us asleep at night and awake during the
day” (49 p. 553). As a result, fatigue during night shifts is caused by a combination of
the circadian low point and obtaining shorter, lower quality daytime sleep than nighttime sleep (30).
The time period from 02:00 to 06:00 is “identified as a time when the body is programmed to
sleep and during which performance is degraded” (51 p. 3). In aviation, this time period is
commonly known as the “window of circadian low” and additional restrictions apply when
work occurs during this time period (51; 52).
Performance is lower at the end of a 12-hour night shift than at the start of a night shift or at
the start or end of a 12-hour day shift (53).
People can experience drowsiness at any time of the day; however, a study of critical care
nurses showed drowsiness and sleep episodes are most likely to occur between midnight and
6 a.m. (54).
There are cumulative effects when the circadian low coincides with a sleep debt and/or an
extended period awake (9).
o A committee reviewing catastrophic events concluded that “inadequate sleep, even as
little as 1 or 2 h less than usual sleep, can greatly exaggerate the tendency for error
during the time zones of vulnerability” (1 to ~ 8 a.m.) (32 p. 107).
The most restrictive requirements in the REGDOC apply to night work due to the increased
risk of fatigue.
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2.2.2 Sufficient Time for Sleep Daily
The REGDOC includes limits on hours of work for a 24-hour and 48-hour period and a recovery
period between shifts. These restrictions are intended to limit extended wakefulness by
providing workers with time for sleep daily.
Daily Need for Sleep
• Sleeping less than 7 hours per night is associated with “impaired performance, increased
errors, and greater risk of accidents” (55).
o Only a proportion of time free from work is available for sleep. In addition to sleep,
workers use time free from work to commute, fulfil family and social obligations, deal
with personal needs (e.g., meal preparation, eating, hygiene), and unwind before sleep
(56; 57).
• Based on a review of published epidemiologic data on sleep, performance, and motor vehicle
accidents, an expert panel established by the National Sleep Foundation Drowsy Driving
Consensus Working Group concluded that “[d]rivers who have slept for two hours or less in
the preceeding 24 hours are not fit to operate a motor vehicle” (58 p. 96). The panelists also
agreed that “most healthy drivers would likely be impaired with only 3 to 5 hours of sleep
during the past 24 hours” (58 p. 96).
• The amount of sleep a person obtains is related to the time off between shifts and the time
when the recovery period occurs (59).
o People obtain more sleep as the time off increases. For example, as time in bed
increases from 4 to 8 hours, so does time asleep (60).
o The duration of sleep is related to the time of day when sleep occurs. Sleep that
commences during the day is shorter than sleep that commences at night (61; 59).
• Quick returns, which are defined as less than eleven hours free from work between shifts, are
associated with insomnia, reduced sleep quality and duration, and increased fatigue (62; 63;
57).
Effect of Extended Wakefulness on Cognitive Performance
• Short-term total sleep deprivation results in “a significant deleterioius effect across most
cognitive domains” (22 p. 384).
o The effect of extended wakefulness can be conceptualized as a build-up of pressure to
sleep that is dissipated during periods of sleep (64).
o The longer one has been awake, the greater the likelihood of experiencing fatigue (5).
• Some studies show that shifts that extend beyond 8 hours are associated with a higher level
of fatigue and a lower level of performance than 8-hour shifts (65; 66). A review of 105
studies focused on the effects of 8 versus 12-hour shifts concluded that only “with
appropriate planning, structuring and proper allowance for rest…may extended work shifts
be considered acceptable” (67 p. 132).
• Studies consistently show marked declines in human performance after approximately 17 to
18 hours awake (68; 69; 70).
o Vigilance tests show increases in performance variability after 18 hours awake with
“normal short reaction times intermixed with both long-duration lapses (i.e., errors of
omission) and responses when no stimulus was present (i.e., errors of commission)” (69
p. 263).
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•

o Failures to respond to stimuli for 30 seconds, which are known as micro-sleeps, begin to
occur after 18 hours awake (70).
o A research report prepared for the AECB states that “there is clear evidence in the
literature on hours of work that obvious deterioration starts to set in after 14 – 16 hours
work. An overtime policy that allowed work to exceed 16 continuous hours would not be
a safe one” (2).
The effect of sleep deprivation is magnified when time awake coincides with the circadian
low point during night shifts (10).

2.2.3 Limit the Build-up of Sleep Debt
When people get less sleep than they require over consecutive days, a sleep debt accumulates.
People tend to sleep less when working night shifts than day shifts, so the sleep debt accumulates
faster when night shifts are worked. Performance declines are proportional to the accumulated
sleep debt.
Effect of Sleep Loss Across Successive Days on Cognitive Performance
• A Joint Consensus Statement of the American Academy of Sleep Medicine and Sleep
Research Society states that sleeping less than 7 hours per night is associated with “impaired
performance, increased errors, and greater risk of accidents” (55).
o People sleep less on work days than on days free from work (71; 56; 72; 73).
o Several studies show many shift workers sleep less than 6 hours per 24-hour period on
work days, especially those working nights and/or extended shifts (74; 75; 76; 77; 78).
• When people get less sleep than they require over consecutive days, a sleep debt
accumulates.
o Performance declines accumulate across consecutive days when time in bed is restricted
to 7 hours or less (7; 6). The declines in human performance are proportional to the
accumulated sleep debt (79; 7; 6; 80).
o A study in which sleep periods were limited to 4 or 6 hours per night for 14 nights found
progressively eroded “effectiveness of psychomotor vigilance performance, working
memory performance and cognitive throughput performance, providing convergent
evidence for the adverse effects of chronic sleep restriction on cognitive functions” (7 p.
124).
• Even though performance declines across consecutive days of sleep restriction, subjective
ratings of sleepiness do not increase across consecutive days (7). As a result, people may
feel they have adapted to chronic sleep restriction even as their performance declines.
• Data shows that injury and accident risk increase with successive shifts for both day and
night shifts (66).
o Longer sequences of consecutive shifts lead to more fatigue (81). The increase in risk is
greater across successive night shifts than day shifts (82).
Effect of Sleep Loss Across Consecutive Night Shifts on Cognitive Performance
• Fewer consecutive nights shifts are permitted due to the increased fatigue that is known to
accumulate when working at night.
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o

o
o

“Sleep loss accumulates and its impact grows over successive night shifts. The result is
a buildup of homeostatic sleep debt combined with the effects of circadian misalignment,
with both having serious implications for productivity and safety in shift workers” (83 p.
785).
“…chronic sleep loss increased the rate of deterioration in performance across
wakefulness, particularly during the circadian ‘night’” (9).
“…sleep debt that builds up after a sequence of night shifts supports limiting the number
of consecutive night shifts to allow time for recovery” (4 p. 22).

2.2.4 Recovery from Sleep Debt
Recovery periods enable people to recover from the sleep debt that has accumulated over
successive shifts. The recovery period following night shifts also accounts for the circadian readjustment required to return to a day schedule.
Recovery from sleep debt
• Minimum recovery periods are intended to provide workers with time to recover from the
sleep debt that has accumulated over successive shifts.
o Recovery from fatigue, particularly recovery of cognitive function, requires sufficient,
good quality sleep (8; 19).
o The amount of sleep a person obtains is related to the free time available for sleep and
the time of day when sleep commences (84; 73).
• If recovery periods are insufficient following nights of sleep loss, fatigue and fatigue-related
performance decrements can remain at the start of a new shift sequence (85; 19).
• Both day workers and shift workers sleep more on non-work days than on work days on
average (71; 56).
o Shift workers are more likely than non-shift workers to sleep less than 6 hours on work
days (56).
• A third-party report prepared for the AECB states that as “employees work overtime as an
alternative to receiving planned rest days, less opportunity occurs to restore ongoing sleep
debts” (3 p. 15). This report also recommended that “a shiftworker should be scheduled to
work no more than seven 8-hour shifts before receiving a day of rest” (3 p. 13).
Recovery from sleep debt following night shifts
• The recovery period following a sequence of night shifts needs to account for the sleep debt
that has accumulated and the circadian readjustment that is required when switching between
night and day shifts (2; 86; 87).
• When Ontario Hydro transitioned to 12-hour shifts, they conducted a study focused on the
effects of a 72-hour recovery period following 3 or more night shifts versus a 48-hour
recovery period (88). The study concluded that “alertness levels after 48 hours off work are
significantly lower than those found after 72 hours off work”. In addition, sleep “records
suggest a sleep deficit remaining after 48 hours off work”. Following this study, Ontario
Hydro adjusted station schedules to include a “72-hour break from work after three or more
consecutive night shifts” (88).
• Permanent night-shift systems do not lead to sufficient circadian adjustments for most
11
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individuals to benefit with respect to health and safety (89).
o “…workers are unlikely to maintain a daytime sleep schedule on their days off” (4 p. 30),
which limits their ability to adjust to permanent night shifts.

2.2.5 Limit Average Weekly Hours
As the hours worked in a week increase, opportunities for recovery decline. Weekly limits, as
well as longer term limits, provide a safeguard against cumulative fatigue.
Limit weekly hours as a safeguards against cumulative fatigue
• People who work longer hours per week are more likely to sleep fewer hours per day (71; 90;
56). For example, Hale found that those who work more than 50 hours per week have an
increased risk of sleeping less than 6.5 hours per day compared to people who work less than
35 hours per week (2005).
• Longer work weeks are associated with an increased risk of
o occupational injuries (91; 92; 93; 94);
o accidents (95; 66); and
o errors (96; 97; 98).
• A study found that those involved in sleep-related vehicle crashes were more likely to work
60-hours per week and/or night work or other schedules (e.g., rotating shifts; long hours for
an extended period of time) than controls who had not been in a vehicle crash (95).
• A research report for the CNSC recommended a rolling limit of 60 hours in a 7-day period
(4).
Longer term limits to weekly hours
• Longer term limits provide a safeguard against cumulative fatigue while allowing some
short-term scheduling flexibility (99).
• A review of hours of work limits for the European Commission recommends “short
reference periods for calculating averages of the exposure to work, in order to avoid any
undue accumulation of impairing effects during times with high workload or extended hours
within the reference period” (100 p. 34).
• The United States (US) Nuclear Regulatory Commission (NRC) noted that security
personnel “questioned their readiness and ability to perform their required job duties
because of the adverse effects of cumulative fatigue” following the attacks of September 11,
2001. A review by the NRC “confirmed that the individuals had been working up to 60
hours per week for extended periods” (101 p. 17135).

2.2.6 Benchmarking Data
CNSC staff reviewed regulatory requirements from nuclear regulators internationally and from a
range of other industries, including aviation, road transport, petrochemical, and pipelines. Direct
contact was made with nuclear regulators from several countries (e.g., US, United Kingdom
(UK), Romania, China, Korea, Switzerland, France, Sweden, Finland) as well as with Transport
Canada and NAV Canada.
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Tables 1 to 3 include some of the benchmarking data considered.
Some trends observed in the benchmarking data are as follows.
• The European Union’s (EU) Working Time Directive includes comprehensive limits on hours
of work and recovery periods that are applicable in all EU countries. Rather than the nuclear
regulators in Europe developing their own requirements related to fatigue management, they
tend to rely on national requirements applicable to all workers. In contrast in Canada, there
is no national baseline standard applicable to all licensees regulated by the CNSC.
• Most jurisdictions require workers to have 8 to 11 hours free from work within a 24-hour
period or between shifts (see Table 1).
• Very few jurisdictions have a limit on hours worked in a 48-hour period. The rationale for
this limit in the REGDOC is preventing two consecutive 16-hour shifts. The US NRC,
which also requires a minimum recovery period of 8 hours between shifts, also has a limit
applicable to a 48-hour period.
• Many jurisdictions have a limit on average weekly hours calculated over a specified period of
time.
o The EU Working Time Directive requires member countries to ensure that “the average
working time for each seven-day period, including overtime, does not exceed 48 hours”
with a reference period for averaging that cannot exceed 4 months. Therefore, workers
in European nuclear facilities have this limit in place or one that is more restrictive (e.g.,
UK Working Time Regulations – 48 hours per week averaged over 17 weeks; Romanian
Labour Code – 48 hours per week averaged over 3 months; France Code du travail – 46
hours per week averaged over 12 weeks).
• A requirement for one day off per 7-day period is common internationally (102).
• Several jurisdictions apply additional restrictions to night work. For example, the EU
Working Time Directive requires that “normal hours of work for night workers do not exceed
an average of eight hours in any 24-hour period” (103).
o The International Labour Organization (ILO) recommends that when shift work involves
night work, “a rest period of at least 11 hours between shifts should be guaranteed as
far as possible” (104).
• The limits on hours of work applicable to pilots in the Canadian Aviation Regulations, which
were published in 1996, are currently undergoing review and update (105). This update will
address the International Civil Aviation Organization’s fatigue management standards and
recommended practices, which were published by in 2011 (38).
Hours of Work Limits Applicable to High-Security Sites from Other Jurisdictions
• Legislation in Ontario, New Brunswick, and Canada require a weekly rest period of at least
24 consecutive hours. However, employment standards legislation does not differentiate
between working days or nights or working standard 8-hour shifts or extended 12-hour shifts.
o While the Ontario Employment Standards Act and Canada Labour Code include limits
on daily and weekly hours of work, the New Brunswick Employment Standards Act
states that “there is no limit on the number of hours an employee may work during any
daily, weekly or monthly period” (section 14).
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Table 1: Benchmarking of daily limits and recovery periods in other jurisdictions
Legislation

Types of Workers

24-hour limit

48-hour
limit

(hours at work)

Recovery Periods
Time off/24
hours

Time off
between
shifts

EU Working
Time Directive

All workers in Europe,
including nuclear

N/A 1

N/A

11

N/A

Code du travail

All workers in France,
including nuclear

12

N/A

11

N/A

Ontario
Employment
Standards Act

All workers in Ontario
(except those exempted)

N/A

N/A

11

N/A

Canadian
Aviation
Regulations
(CARS)

Canadian pilots – large
carriers

14

N/A

N/A

82

Commercial
Vehicle Drivers
Hours of
Service
Regulations

Motor carrier drivers
(Canada, south of 60o)

14

26

10
(8 must be
consecutive)

N/A

US NRC – 10
CFR Part 26

US nuclear workers

16

26

N/A

8

In REGDOC2.2.4

SSPs, high-security sites

16

28

N/A

83

US pilots

9-14 4
(19)

N/A

N/A

10

US Federal
Aviation
Administration
(FAA) - 14 CFR
Part 117

1

N/A indicates that the legislation does not include this requirement
Canadian pilots shall be “provided with an opportunity to obtain not less than eight consecutive hours of sleep in
suitable accommodation, time to travel to and from that accommodation and time for personal hygiene and meals”
3
Guidance in draft REGDOC: A worker should normally be given 11 consecutive hours free from work between
shifts. A recovery period of 8 hours should be rarely used (for example, if necessary to fill a minimum staff
complement position; when the recovery period occurs at night when the body’s circadian rhythm promotes sleep).
4
Permissible flight duty period for US pilots is dependent upon start time and number of flight segments; if certain
conditions are met (e.g., augmented crews, bunks, in-flight sleep opportunities), permissible flight duty periods
may increase up to 19 hours.
2
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Table 2: Benchmarking of longer-term limits
Legislation

Types of
Workers

Hours/Week

Loi fédérale sur le
travail dans
l’industrie,
l’artisanat et le
commerce

All workers in
Switzerland,
including nuclear

49
(temporarily,
otherwise 45)

Code du travail

All workers in
France, including
nuclear

60
(with authorization)

46 hours/week (with
authorization) averaged
over 12 weeks
(44 for nights)

1607 hrs

Romanian Labour
Code

All workers in
Romania,
including nuclear

48
(may be averaged
over 3 months)

48 hours/week averaged
over 3 months

N/A

US & EU Pilots

60 hours 7

47.5 hours/week averaged
over 4 weeks
(190 hrs flight duty time
in 28 days)

N/A

54 hours on average over a
fixed 13-week period or 18week rolling period

N/A

US – 14 CFR Part
117; EU
Commission
Regulation
859/2008 (EU
OPS) Subpart Q 6

60 hours in a fixed 7day period or 120 hours
in a rolling 14-day
period

Short-term
N/A

5

Year
140 hrs
overtime

CNSC –in
REGDOC-2.2.4

SSPs, high-security
sites

US NRC – 10 CFR
Part 26

US nuclear workers

72

54 hours/week averaged
over 6 weeks 8

N/A

Canadian
Commercial
Vehicle Drivers
Hours of Service
Regulations

Canadian motor
carrier drivers

-1-wk cycle: 70 hrs in
7 days (Sec. 26) OR
-2-wk cycle: 120 hrs
on duty in 14 days or
24 consecutive hrs off
duty after 70 hrs onduty

N/A

N/A

5

N/A indicates that the legislation does not include this requirement
Limits applicable to 7-day and 28-day period are also in EU Commission Regulation No. 83/2014 related to air
operations
7
Transport Canada is proposing new limits applicable to pilots that are similar to those of the US and EU (105).
8
US NRC licensees may select a limit of 54 hours per week averaged over 6 weeks as an alternative to the
requirements for a minimum number of days off.
6
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Table 3: Benchmarking of limits on consecutive shifts and recovery periods
Legislation

Type of
Workers

Consecutive
Shifts

Recovery Periods

Limits on Consecutive Night Shifts

Recovery Periods After
Night Shifts

EU Working
Time
Directive

All EU workers
including
nuclear

N/A 9

Uninterrupted rest period of 35 hours
per each 7-day period 10

N/A 11

N/A

14 CFR Part
117

US pilots

30 consecutive
hours free from
duty in past 7
days

N/A

3 nights that infringe on window of
circadian low or 5 nights if rest opportunity
of at least 2 hrs during each night time flight
duty period

N/A

SSPs, highsecurity sites

Up to 6 shifts
>10 to 12 hours

N/A

4 night shifts >10 hrs - 12 hrs

>10-12 hr night shifts:
48 hrs off after 2 nights;
72 hrs off after >3 nights

5 night shifts 8 - 10 hrs

8-10 hr night shifts: 48
hrs off after 4 or more

CNSC –in
REGDOC2.2.4

US NRC –
10 CFR Part
26

US nuclear
workers

-8-hour shifts: 1 day off / week
-10-hour shifts: 2 days off / week
-12-hour shifts: 2 to 3 days off
/wk 12,13 (days off may be averaged
over shift cycle)
-34-hour break in any 9-day period12

N/A

N/A

9

N/A indicates that the legislation does not include this requirement
Table presents restrictions on consecutive shifts and recovery periods that exceed requirement in most jurisdictions for at least 24 hours off / 7-day period.
11
The EU Working Time Directive includes the following restriction on night work: “normal hours of work for night workers do not exceed an average of eight
hours in any 24-hour period”.
12
Recovery period requirements in US NRC 10 CFR Part 26 vary depending upon position (e.g., security – 3 days off; operations – 2.5 days off; maintenance – 2
days off per week averaged over shift cycle)
13
US NRC day off requirements are reduced during outages (e.g., Operations – at least 3 days off in each successive 15-day period; maintenance – at least 1 day
off in any 7 days); recovery period of 34 hours in any 9-day period is applicable at all times
10
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2.2.7 Ranking of Limits on Hours of Work and Recovery Periods
Models that integrate scientific information about circadian rhythms, wakefulness and recovery
periods are available to predict levels of fatigue (106; 107). The “strongest scientific basis of
fatigue models is that they capture important fatigue trends”, so they are a useful tool for
comparing different work schedules for a workforce (107 p. 23).
CNSC staff applied the bio-mathematical model FAID, version 2.2.0.210 (2014), to various
work schedules that are permissible and non-compliant with the REGDOC. FAID, which was
developed by the Centre for Sleep Research at the University of South Australia, is a well-known
model that is widely used, including in aviation in Canada and in rail in Australia (108; 109).
Due to the limitations of fatigue models, the results from the review of work schedules using the
FAID model have been considered as an adjunct to scientific literature and benchmarking (106;
107; 108; 110).

Peak fatigue likelihood score *

FAID software is based on a token economy. Fatigue tokens accumulate during work and
recovery tokens accumulate during non-work periods (111). The fatigue value of work and
recovery value of non-work periods are based on their length, circadian timing and how recently
they occurred (111 p. A62). Using the model, “more recent work/non-work periods make a
greater relative contribution to the overall fatigue score than less recent work/non-work
periods” (111 p. A62). Based on validation activities with data collected in labs and workplace
settings, the FAID model is able to discriminate between more and less demanding schedules
(111).

Permissible

Permissible,
but guidance
highlights this
should not be
routine

Non-compliant

*calculated using FAID software

Figure 3: Rank ordering of limits in REGDOC as tested using fatigue model.
NOTE: The first data point shows peak fatigue predicted from 5 8-hour day shifts. The remaining
data points are for shifts that are 12 hours long, plus 30 minutes for shift turnover. Day
shifts are from 07:30 to 20:00 and night shifts are from 19:30 to 08:00.
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Figure 3 shows peak fatigue scores associated with different shift sequences. The first and
second boxes (green and orange) represent schedules that are permissible within the REGDOC.
Schedules within the second box are permissible, but guidance highlights that these schedules
should not be routine. The third box (red) represents schedules that would be non-compliant
with the REGDOC.

3.0

Conclusions

The REGDOC includes a comprehensive suite of requirements and guidance for managing
worker fatigue. These measures are intended to reduce the occurrence of high levels of fatigue
and to reduce the likelihood and consequences of fatigue-related errors.
The requirements and guidance in the REGDOC are informed by scientific information about the
effects of fatigue on human performance and on benchmarking with other regulatory bodies. In
response to comments received during public consultation, the regulatory requirements have
been modified to increase the focus on the highest risk aspects of shift work: extended shifts
longer than 10 hours and night work. CNSC staff considered requests for revisions to the
REGDOC received during public consultation in light of scientific information and
benchmarking. Requests were also considered based on how they would affect the rank ordering
of limits within the REGDOC, as shown in Figure 3.
CNSC staff will continue to monitor science and regulatory practices related to fatigue
management and will consider any new information for incorporation into subsequent versions
of the REGDOC.
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