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This month’s issue of Flight Safety Digest
presents revised fatigue management recom-
mendations and guidelines, which were devel-
oped by the special Flight Safety Foundation
(FSF) Fatigue Countermeasures Task Force for
corporate and business operations. This final
version is based on comments from the aviation
community and more recent scientific research.

The FSF task force, working closely with the U.S.
National Aeronautics and Space Administration’s
(NASA’s) Ames Research Center, looked at such
issues as circadian physiology, off-duty periods,
duty periods and flight time along with education
and training issues. The FSF task force, which
comprises more than 30 representatives of op-
erators, aircraft and engine manufacturers and
training suppliers, relied extensively on research
from the Flight Management and Human Factors
Division ofthe NASA-Ames Fatigue Countermea-
sures Program.

As in similar Foundation-led accident preven-
tion and safety awareness efforts — controlled
flight into terrain, wind shear and wake turbu-
lence avoidance — the FSF task force has
sought broad industry support and cooperation
in developing these strategies.
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to more than 660 member organizations in 77 countries.

Flight Safety Foundation (FSF) is an international membersh
organization dedicated to the continuous improvement of flight saf
Nonprofitand independent, FSF was launched in 1945 in respons|
the aviation industry’s need for a neutral clearinghouse to dissemin
objective safety information, and for a credible and knowledgeal
body that would identify threats to safety, analyze the problems

recommend practical solutions to them. Since its beginning,

Foundation has acted in the public interest to produce positi
influence on aviation safety. Today, the Foundation provides leaders

ip
pty.
eto
ate
ble
and
he
ve
hip




Table of Contents

[0 12111V 0] o PRSPPI i

1o o [¥Tox 1 o] o [ 1
Twenty-four-hour Requirements of the Aviation INAUSEIY ..........oevvveiiiiiiiiiei e e 1
Challenges to HumMan PRYSIOIOQY .......couvuuiiuuiiiiiiiiie ettt e e e e e e e e e e e e e e eeeeaaneennns Lo
Principles Based on Scientific KNOWIEAQE ..........oouiiiiiiiiiiiiiii e b
Shared ReSPONSIDIILY ......ccoiieiieeeeieeeeeee e e e e e e e e e e e e e e e e s menmeeennnes 1
“Safety” Can Be Difficult to QUANTITY ..........ccooeiiiiiiir e 2..0...
(@ o T=Tox 11V LR PPTRN 2

I O CT=T o 1= = U o T o o[ 2

1.1 Sleep, Awake Time Off and Recovery Are Primary Considerations ..............cccevvvvvvvvvnnifnnn. 2
0 O R 1 o S 2...
1.1.2 AWAKE TIME Off . Y
0 G N =T o{0 )= PP 2......

1.2 Frequent Recovery Periods Are IMportant ............cooovvviiiieeeiiiiiiiiises e eeeeeeeeeeeeeeeenennnn e

1.3 Time-of-Day/Circadian Physiology Affects Sleep and Waking Performance..................|..... 3

1.4 Continuous Hours of Wakefulness/Duty Can Affect Alertness and Performance...........|...... 3

1.5 Human Physiological Capabilities Extend to Flight Crews .............ouviiiiiiiiiiiiiieeeeeeeeeeeenfaees 3

1.6 Flight Crews Consist of INAIVIAUAIS ...........oouiiiiiiiiiie b 3

1.7 Differences and Variability Preclude an Absolute Solution .............cccceeeiiiiiiieeeeeevveeeeeeeiidfuees 3

2.0 Specific Principles, Guidelines and Recommendations ...........coooeviiiiiiiiie e -

2.1 Definition of “Window Of Circadian LOW” ..........cooiiiiiiiiiiiiiiiiiiiiiiiii e .4

2.2 Off-QULY PEIIOA ...ttt e e e e e e e e e e e e e e s ammeneeeeas 4
2.2.1 Definition of “Off dULY” ... ..o .4
2.2.2 Off-duty period (acute sleep and awake-time-off requirements) .........ccccccceeeeeeeen e 4
2.2.3 Off-duty period (following duty during window of circadian low) .......................... .4
2.2.4 Off-duty period (reCovery reqUIr€mMeNt) ...........uuuueuiiiririeeeeeeerreeeeeeeerssennnnneeeeeeeesdeeens 4

2.2.5 Off-duty period (following standard flight-duty period during window of
(o3[ for=To [ F= T I [0 111 ) IO SRRSSSUPRPPPRRSSRSRRY IR 4

2.2.6 Off-duty period (following multiple time-zone change) ..........cccccvcveeeiiiiiieeeeeeeeee, .4
P2 T B 11 A =T 1o o [P 4
2.3.1 DefiNitioN Of “AULY” ...oeeieeiiiiiiie e e e e e e e e e e e eaaeees .4
2.3.2 Definition of “duty Period” ........oeeeiiiiiiiiiei e e e e e e o
2.3.3 DULY PEIIOM ...ttt e e e e e e e e e e e e e et bbb e e e e e e e e e e e e eeeeeeeeenes T.....
2.3.4 Duty period (during window of circadian loW) ...........ccccovvviiiiiiiiiiiiiiiiee e, o 7
2.3.5 Extended duty period: augmented flight Crew ...........cccoeeeiiiiiiiiiiiiee e 7
2.3.5.1 Extended duty period (augmented flight crew — four-hour extension) ..}... 7
2.3.5.2 Extended duty period (augmented flight crew — six-hour extension) ....}... 7
2.3.6 Duty period (CUMUIALIVE) .......uuueiieie e eeee et e e e e e e e e e e e e e e e aan s e e e e e faees 7
P e 1T | 1 0T SRR 7

FLIGHT SAFETY FOUNDATION «FLIGHT SAFETY DIGEST « FEBRUARY 1997 i



2.4.1 Definition of “THght tIMeE” ........ e w7
2.4.2 Standard flIght tIMe ......oeeeiiiiiciee e e 7
2.4.3 Extended flight time (nonaugmented flight Crew) ..., e 1
2.4.3.1 Extended flight time (nonaugmented flight crew — restrictions and
compensatory off-duty Periods)...........ceeeeiiiiieeeeiieeeeeee e .. 8
2.4.3.2 Extended flight time (nonaugmented flight crew — operating during
window of circadian [OW) .........cooviiiiiiiiiic e .8
2.4.4 Extended flight time (augmented flight Crew) ...........ccoiiiiiin ... 8
2.4.4.1 Extended flight time (augmented flight crew — six-hour extension) ....... .8
2.4.4.2 Extended flight time (augmented flight crew — eight-hour extension)....|.. 8
2.4.5 Flight time (CUMUIALIVE) .....coiiii et e e e e e e e eeee e enees 8

2.5 SEANADY ... ——— 8
2.5.1 Definition of “Standby” .........oooiiiiiiiii e ————— o 9
2.5.2 StaNdDY STAtUS .....ccooeeiiiiiieeee e b O..l..

2.6 Summary: Guidelines and RecommeNdatiONS.............uuuuiiiiiieeieeeeeeeeeeeeeeeiir e e e e e e beeeeens 9

3.0 Education and TraiNiNg ...........ueueueiieeeeeeeeeeeeeeeeeeesseussn e e eeeeseeeeeeeeeaesnssnnnnnn s annnns 9...0..

G TRt R o 1 T4 o] =SSP PP PPPU PR 9

3.2 NASA-Ames Education and Training Module on Fatigue.............coovvvvvviviiiiciiiiiiiieee e e 9

3.3 Dissemination of Information by Training Organizations............ccccceeevvvevvivviiiiiicene e o 9

3.4 Other EAUCAtiONAl FOIUMS .......uiiiiiiiiiie e Q..

3.5 QUAIILY ASSUIANCE ... .ceeiieeieeeeeeeittter e e e e e e e e e e e e e e e e et eeataa e s e e e e eaaeeeaeeeeeeessssssnnnnn s mnmmmmnns 9..

IO I o = Tox 1o 1172 o] o | 7= 11 o] o 9.

4.0 Other INAUSEIY SIrat@QIES ......cooiiiiiieiiiiieiiiiar e e e e e e e e e et ettt s e e e e e e e e e eeeeeeeessennnnns 9..|..

4.1 Operational COUNEIMEASUIES........cceeeeeeeeeeeeeeeiiieeiiasae e s e e e e e e eeeeeeeeeearera e aaaaaaaees LT S
4.1.1 Break during dUty aY ........ccooiiiiiieiiiiiiiiss e e e e e e e e e e e e e e e e e aaaaannna ... 10
4.1.2 Predeparture qUAaraNTINE ...........oooiiiiiiiiiiiiiiiiaa e e e e e e e e e eeeeeaeesee s e e e e e eaeeaeeeeeeshenens 10
4.1.3 Preflight planning .........ccoooiiiiiiiee e —————- ... 10
4.1.4 Pre-poSItIONING CIEWS ....cciieeeeeiieeeeeeeeetiiitss s s e e e e e e e aeeeeeeeesaesassns s aaeaeaeaeeeaeeeeeesnnnnes ... 10

4.2 SCheduling PracCliCeS ......cooiiiiiiiiiiiiiiie et e e e e e e e e e e e e ae e ee s 10.....

4.3 Controlled Rest on the FIIGht DECK ...........uuuiiiiiiiiie e e e e e e .. 10

4.4 Other Physiological Stressors Associated with Flight .............cccccooiiiiiicee .. 10

4.5 FUture DeVEIOPMENTS .....coiiiiiiiiiiieiee et e e e e e e e e e e e ee e e e e ennen s 10...|..

5.0 Cumulative Duty and Flight HOUIS .......coooiiiiiiicie e e e e e e .11

6.0 Maintaining Operational FIEXIDIILY ..........coooiiiiiiiiicr e L1

Tables
Table 1. Flight Safety Foundation Fatigue Countermeasures Task Force Overview of
Guidelines and Recommendations for Corporate and Business Aviation .................}...... 5
Table 2. Flight Safety Foundation Fatigue Countermeasures Task Force Overview of
Guidelines and Recommendations for Flight Operations During the
WiINAOW Of CIrCadian LOW ........ccoouuiiiiiiiiiiiiiiiiieee e e e e e e e e e e e e e e e e e 6
Table 3. Recommended Maximum Duty Period and Flight Time Per Week* ..............cccccc..... .11

FLIGHT SAFETY FOUNDATION « FLIGHT SAFETY DIGEST « FEBRUARY 1997



Foreword

This issue ofFlight Safety Digestontains the revised and As aresult of the work by the task force, the draft of “Principles
final version of “Principles and Guidelines for Duty and Restand Guidelines for Duty and Rest Scheduling in Corporate
Scheduling in Corporate and Business Aviation.” This versiomand Business Aviation” was published in the September 1995
discusses human fatigue, including the “window of circadiarFlight Safety DigestThis draft supplied the basis for the
low,” and provides guidance in managing fatigue induced byndustry to maintain the operational flexibility often inhergnt
“back-side-of-the-clock” flights. Other discussions targetin corporate flight departments, while obviating the need|for
cumulative duty periods and flight time, and maintenance ofegulation.
operational flexibility.

Since the draft was published, the information has bgen
Note that these arguidelines and recommendatioriBhe  presented at venues around the world and comments have been
Foundation task force never intended to determine fixed dutsolicited about the draft from a diverse audience. This final
periods and flight times. The information in this document isversion incorporates information from those comments and
presented to enable managers and pilots to make souadditional scientific data.
decisions based on current data.

This document was developed specifically for corporate and
Pressures, whether levied by employers or self-imposed, tausiness aviation and its content is based on a NASA Techhical
continue their duties while under the influence of fatigue catMemorandum (TM), “Principles and Guidelines for Duty apd
cause even the most conscientious pilots to exceed reasonaBkest Scheduling in Commercial Aviation.” Guidelines and
duty limits and thus risk the safety of their aircraft, theirrecommendations that have been included in this document
passengers and themselves. are based on scientific research (Sections 1.0 and 2.0) and

operational practices with empirical effectiveness (Section
Although fatigue is insidious, its effects can be manage8.0). The NASA TM and other scientific information about
successfully. Proper structuring of routines and scheduldatigue can be ordered from:
enables pilots to accomplish their missions and maintain their
quality of life, while improving safety. Fatigue Countermeasures Program

NASA Ames Research Center
In 1994, Flight Safety Foundation (FSF) formed the FSAMS: 262-4
Fatigue Countermeasures Task Force. With the ever-increasimpffett Field, CA 94035-1000 U.S.
number of segments flown by corporate crews in a single day,
with the increased numbers of corporate flight departmentsbelieve that the corporate and business aviation industry has
flying international routes and with the emergence of corporatéeveloped an effective tool to ensure operational flexibility
aircraft capable of 14-hour flight endurance, the Foundatiowithout compromising safety.
believed that human fatigue in these operations should be
closely reviewed. All of us owe a tremendous “Thank You!” to the members| of

this task force of dedicated volunteers (and to their respective
The FSF Corporate Advisory Committee asked one of iterganizations) and to everyone who provided comments|and
members, Capt. Pat Andrews, manager, global flighsupport that contributed to the development of this
operations, Mobil Business Resources Corp., to chair thextraordinary document. Well done!
Foundation task force.

The task force comprised more than 30 representatives of 21 S‘M ﬁa.\\«.-.m& .

aviation organizations — corporate flight departments, aircraft

—

manufacturers, service providers, engine manufacturers, Stuart Matthews
training providers and the U.S. National Aeronautics and Chairman, President and CEC
Space Administration (NASA) Ames Research Center. Flight Safety Foundation
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Principles and Guidelines for Duty and Rest
Scheduling in Corporate and Business Aviation

Flight Safety Foundation Fatigue Countermeasures Task Force

Introduction fatigue resulting from the sleep loss, circadian disruption and
workload engendered by current flight and duty practices|.

Twenty-four-hour Requirements of the Humans are central in determining duty periods and flight times

Aviation |ndustry of pilots in corporate and business aviation. Therefore, human

physiological capabilities and limitations are critical factors
Corporate and business aviation operational demands requifemaintaining safety and productivity in aviation.
24-hour-a-day activities, and growth in global long-haul and
domestic short-haul operations will continue to increase theslg
demands. Shift work, night work, irregular work schedules,
unpredictable work schedules and time-zone changes will
continue to be factors that must be considered. These factdighough research on fatigue, sleep and circadian physiolpgy,
pose Cha”enges to human physiok)gy' and because they C@ﬁﬂ shiftwork schedules has generated an extensive bo jy of
result in performance-impairing fatigue, they are a risk to safetgcientific knowledge, the application of this information to the
Scientific information, as well as practical experience, aboutequirements of operational settings is relatively new.
fatigue, human sleep and circadian physiology can maintain afteknowledgment of this scientific information is increasing,
improve aviation safety. This information also can enhance cre@nd its transfer to operations (e.g., scheduling, regulatory
performance and alertness during flight operations. considerations, personal strategies, countermeasures) offers the
greatest potential benefit. Current U.S. Federal Aviatjon
Regulations (FARs) and industry scheduling practices rarely
Challenges to Human Physiology acknowledge or incorporate such knowledge. This document
outlines scientifically based principles that can be applied to
Aviation, operational capabilities and technology have evolvethe duty and rest scheduling requirements of the corporate and
dramatically, while human physiological capabilities havebusiness aviation industry. This document focuses on guidelines
remained unchanged. Flight operations can engender fatigubat are supported by scientific data; some successful pragtices
sleep deficit and circadian disruption, and these physiologicaif corporate and business operators are included in Section 4.0.
factors can result in decreased performance and alertness
during operations. During the past 40 years, scientific o
knowledge about sleep, circadian rhythms, sleepiness/alertnesiared Responsibility
and the performance decrements associated with these factors
has increased significantly. Scientific research has extendéthere is no single absolute or perfect solution to the demands
its examination of these factors to operational environmentsf duty and rest scheduling in aviation. It is critical that safety
including field and simulator studies. These studies havbe acknowledged as a shared responsibility among all induistry
confirmed the presence in aviators of performance-impairingarticipants. Each component of the aviation system should

rinciples Based on Scientific Knowledge
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be examined for avenues to incorporate scientific informationverall health and well-being. Each individual has
and to apply guidelines and strategies that will maximizédasic sleep requirement that provides for optimal lev
performance and alertness during flight operations. Regulatogf performance and physiological alertness duri
considerations, scheduling practices, personal strategies awdkefulness. On average, individuals require eight ho
technology design are specific components that could bef sleep in a 24-hour period. Losing as little as two ho
subject to such an examination. Each of these componentsat sleep will result in an acute sleep deficit, which w
complex and presents unique challenges. Neverthelessduce fatigue and degrade subsequent waking perform
implementation involves many considerations, such as legalitand alertness. Over days, sleep loss — any amount less
economics and current practice. The intent of this documenms required — will accrue into a cumulative sleep debt. T
is that relevant scientific information be considered in regulaphysiological need for sleep created by a deficit can
operational practices. reversed only by sleep. An individual who has obtain

required sleep will be better prepared to perform after I

“ " - . hours awake or altered work schedules than one wh
Safety” Can Be Difficult to Quantify operating with a sleep deficit.

Determining what constitutes a “safe” operation is a comple>i 1.2  Awake time off
task. Aircraft accidents are such rare occurrences that they may

not provide the best outcome variable to estimate saf@,q e related performance decrements are tradition
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operations. The aviation industry and the flying public demanfeined by declines in performance as a function of time spent

a high margin of safety and redundancy. Among modes Qf,, 5 giyen task. Breaks from continuous performance

transportation, the aviation industry’s reputation for safety "T‘equired task, such as monitoring, are important to main
well deserved. The challenge will be to maintain and, wherg, nqistent and appropriate levels of performance. Theref
possible, to improve safety. Fatigue factors can create Avake time off is introduced here to describe time sp
vulnerability for decrements in performance and alertness th%‘/vake and free of duty. Thus both awake time off and s|

can reduce safety. Guidelines to specifically address the%@e needed to ensure optimum levels of performance
factors can help to minimize such vulnerability. '

1.1.3 Recovery

Objectives

Recovery from an acute sleep deficit, cumulative sleep d
The primary objective of this document is to provideProlonged performance requirement or extended hour
empirically derived principles and guidelines for duty andcontinuous Wakefulness is another important considerat
rest scheduling in corporate and business aviation. In the firftPerational requirements can lead to any of these fact
section, scientifically based principles related to operationgnd it is important that a recovery period be provided to al
issues posed by the aviation industry are outlined. In thEecovery sleep and restoration of normal performance
second section, the principles are applied to guidelines féHertness levels. Two nights of an individual's usual sle
duty and rest scheduling in corporate and business aviatiofgquirement typically stabilize the sleep pattern and res
with specifics provided where appropriate and available. IRCceptable levels of alertness and performance.
the third section, the importance, availability and content of ) ) )
training programs are discussed. The fourth section providé¥equired sleep and appropriate awake time off prom
an overview of other potential corporate and business industRerformance and alertness. These considerations are espe
strategies to address these issues and describes potengf#fical when a person is challenged with extended period
future directions. The fifth section provides guidelines forvakefulness (e.g., extended duty periods) and circag
cumulative duty periods and flight times. The sixth sectiorfliSruption (e.g., altered work schedule). Recovery is impor

acknowledges the importance of maintaining operationdP reduce cumulative effects and to return an individual to u
flexibility. levels of performance and alertness.

1.2  Frequent Recovery Periods Are

1.0 General Principles Important
1.1 Sleep,. Awake Tim_e Off _and Recovery Frequent recovery periods reduce cumulative fatigue
Are Primary Considerations effectively than less frequent ones. For example, wee
recovery periods are more likely to relieve acute fatigue t
1.1.1 Sleep monthly recovery periods. Consequently, guidelines that en

a minimum number of days off per week are necessary|
Sleep is a vital physiological need. Sleep is necessary tinimizing cumulative fatigue effects over longer periods
maintain alertness and performance, positive mood antiime (e.g., month, year).
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1.3  Time-of-Day/Circadian Physiology 1.5  Human Physiological Capabilities
Affects Sleep and Waking Performance Extend to Flight Crews

There is a clock in the human brain, as in other organism§&atigue has its basis in physiological limits, and performance
that regulates 24-hour patterns of body functions. This clocHeficits reflect these physiological limits. Flight crews’ human
controls not only sleep and wakefulness alternating iphysiology is not different from that of other humans.
parallel with the environmental light/dark cycle, but alsoTherefore, it must be expected that the same fatigue-producing
the oscillatory nature of most physiological, psychologicafactors affecting performance and alertness in experimgntal
and behavioral functions. The wide range of body functionsubjects, physicians on call, shift workers, military personnel
controlled by the 24-hour clock includes body temperatureand others also affect flight crews. It follows that scientific
hormone secretion, digestion, physical and mentalfindings relevant to human physiological capabilities and
performance, mood and many others. On a 24-hour basigerformance deficits from fatigue, sleep loss and circadian
these functions fluctuate in a regular pattern with a higtphysiology extend to flight crews.
level at one time of day and a low level at another time.
The circadian ¢irca = around,dies = day) pattern of 1.6 Flight Crews Consist of Individuals
wakefulness and sleep is programmed for wakefulness
during the day and sleep at night. The circadian clockhere are considerable individual differences in the
repeats this pattern on a daily basis. Certain hours of th@agnitude of fatigue effects on performance, physiological
24-hour cycle, that is 0200 to 0600, are identified as a timglertness and subjective reports of fatigue. These differences
when the body is programmed to sleep and during whicextend to the effects of sleep loss, night work and
performance is degraded. Time-of-day or circadian effectgonsiderations of required sleep and recovery time forl an
are important considerations in 24-hour operationalndividual. Individual differences can vary as a function |of
requirements because circadian rhythms do not adjusige, sleep requirement, experience, overall health and g¢ther
rapidly to change. factors. Individuals can also vary in their participation |in
activities that engender fatigue while on duty. In this regard,
For example, an individual working during the night iscommuting across long distances immediately prior| to
maintaining wakefulness in direct opposition to physiologicaktarting a duty period is of concern.
programming to be asleep. Physiological, psychological and
behavioral functions are set by the circadian system to a low,7 Differences and Variability Preclude an
status that cannot be compensated by being awake and active. Absolute Solution
Conversely, the same individual sleeping during the day is

in direct oppo§|t|on_to physiological programming to be?’he aviation industry represents a diverse range of required
awake. The circadian system provides a high level o

functioning during the dav that i ts the abilit twork demands and operational environments. Sections 1.5 and
unctioning during the day that counteracts the ability 10) g highlight the diverse situations and individuals that gre

3'ef_el?t- Thus, I(:ltr_cadlfm d:srupt(;on can Ie_ad tofacute sle compassed by generalized guidelines. This further illustiates
ehicits, cumulative sieep 10Ss, decreases In pertormance agdy, gne set of guidelines cannot cover all personne] or

_zla_lhertniss, ar_1d vz;rlousthf)fla_ltth .prObli?S (e.g.,_gastrtpmt_esgnt erational conditions and that there is no single or absalute
erefore, circadian stability is another consideration in duty ), .o+ thece issues.

and rest scheduling.

1.4  Continuous Hours of Wakefulness/Duty 2.0  Specific Principles, Guidelines and
Can Affect Alertness and Performance Recommendations

Extended wakefulness and prolonged periods of continuoushe following are specific principles, guidelines and
performance or vigilance on a task will engender sleepinesgcommendations to address the 24-hour duty and |rest
and fatigue. Across duty periods, these effects can accumulateheduling requirements of the corporate and business
further. One way to minimize the accumulation of theseaviation industry. These principles and guidelines, based on
effects is to limit the duty period (i.e., continuous hours ofthe general principles introduced in Section 1.0, are intended
wakefulness during operations). Acute effects can béo provide a consistent margin of safety across corporate and
addressed through daily limitations, and cumulative effectbusiness aviation operations. Therefore, they are intended
can be minimized by weekly limitations. There is morefor application to minimum flight crew complements of two
scientific data available to support guidelines for acuter more.
limitations than to determine specific cumulative limitations.

Nevertheless, cumulative limitations (weekly and beyond)o provide specific guidelines, it is necessary to define [the
remain an important consideration for minimizing terms used in the guidelines. Altering these definitions may
accumulation of fatigue effects. invalidate the principles upon which the guidelines are based.

FLIGHT SAFETY FOUNDATION «FLIGHT SAFETY DIGEST « FEBRUARY 1997 3



An overview of the guidelines and recommendations i2.2.3 Off-duty period (following duty during
provided in Table 1 (page 5). An overview of the guidelines window of circadian low)
and recommendations for flight operations during the
window of circadian low (defined in Section 2.1) is providedIt is recommended that following duty during the window
in Table 2 (page 6). circadian low, the off-duty period should be a minimum of
hours uninterrupted within any 24-hour period.

2.1 Definition of “Window of Circadian

Low” 2.2.4 Off-duty period (recovery requirement)

The window of circadian low is best estimated by the hourd '€ general principles outline the importance of recovery
between 0200 and 0600 for individuals adapted to a usu§iinimize the cumulative effects of sleep loss and fatigue.
day-wake/night-sleep schedule. This estimate is calculatégPNSecutive nights of usual sleep is a minimum requiren

from scientific data on the circadian low of performance [© Stabilize sleep patterns and return waking performance

alertness, subjective report (i.e., peak fatigue) and bod@lertness to USL_JaI levels. Two consecutive nights of reco
temperature. For duty periods that cross three or fewer timi€€P can provide recovery from sleep loss. Therefore,
zones, the window of circadian low is estimated to be 0208t@ndard off-duty period for recovery should be a minim
to 0600 home-base/domicile time. For duty periods that cro<d 36 continuous hours, to include two consecutive nights
four or more time zones, the window of circadian low is"€cOVery sleep, within a seven-day period (calculated @
estimated to be 0200 to 0600 home-base/domicile time foi€Ven-day or 168-hour rolling basis). To provide operatio
the first 48 hours only. After a crew member remains mord€xibility, an alternate off-duty period could be a minimu
than 48 hours away from home-base/domicile, the windo' 48 continuous hours, to include two consecutive nights
of circadian low is estimated to be 0200 to 0600 local tim&€coVery sleep, within a 10-day period.

at the point of departure. Recommended guidelines related ) . .

to the window of circadian low should be applied when any?'z'5 Off'dUtY Pef'o‘?' (fOII,OW'ng sta.ndarq flight-
of the following operations occur: landing within the window; duty period during window of circadian low)
flight through both sides of the window; or duty period that

starts at 0400 or earlier within the window. Extensive scientific research, including aviation da

demonstrates that maintaining wakefulness during the win

) of circadian low is associated with higher levels of performar

2.2 Off-duty Period impairing fatigue than during daytime wakefulness. Duty peri
that occur during the window of circadian low will have a high

2.2.1 Definition of “off duty” potential for reduced performance and alertness than thosg

occur during daytime. Therefore, if three or more duty peri
“Off duty” is a continuous, predefined period of within a seven-day period encroach on all or any portion of
uninterrupted time during which a crew member is free ofvindow of circadian low, it is recommended that the stand
all duties. off-duty period (36 continuous hours within seven days)
extended to 48 hours to ensure recovery.
2.2.2 Off-duty period (acute sleep and awake-time-
off requirements) 2.2.6  Off-duty period (following multiple time-zone
change)
The off-duty period should allow for three components. The
first critical component of the off-duty period is an eight-hourln general, the longer a flight crew member is away from
sleep opportunity. The general principles clearly describe th&tome-base/domicile time zone, the more recovery tim
an acute sleep deficit and a cumulative sleep debt careeded for readjustment to home-base/domicile tir
degrade performance and alertness. Also, it should be recognizEderefore, it is recommended that for duty periods that cf
that an appropriate “spin down” time may be required to falfour or more time zones, and that involve 48 hours or mor
asleep. The second component is awake time off, an opportunytime zone away from the home-base/domicile time zon
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to break from the continuous performance of required taskghinimum of 48 hours off duty be allowed on return to home-

The third component is the other activities necessary during drase/domicile time.

off-duty period. These other necessary activities can include

transportation to and from layover accommodations, hotel chec.3 Duty Period

in/out, meals, shower and personal hygiene. Therefore, the off-

duty period should be a minimum of 10 hours uninterrupte®.3.1  Definition of “duty”

within any 24-hour period, to include an eight-hour sleep

opportunity, awake time off and time for other necessaryDuty” is any task a crew member is required to perform
activities. (In the event of extended duty, see Section 2.3.5; fthe operator, including flight time, administrative wor
extended flight time, see Section 2.4.3.) managerial duties, training and deadheading.

D
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Table 1
Flight Safety Foundation Fatigue Countermeasures Task Force
Overview of Guidelines and Recommendations for

Corporate and Business Aviation

Off Duty Duty Period Flight Time
Per Per Weekly, Per
24-hour Per 24-hour | Monthly, | 24-hour Per Monthly,
Period Week Other Period | Annually | Period Week Annually
10 hours | Minimum 36 | 48 contin- 14 hours [ There are 10 hours
continuous uous hours not sufficient
hours, on return scientific There are not
including two | home data to sufficient scientific
consecutive | following provide data to provide
recovery duty specific specific guidance in 0
nights,ina | period guidance in this area; nevertheless, =
seven-day across this area; maximum cumulative Q
period (cal- | multiple nevertheless, flight time should be 8_
culatedona | time zones maximum adjusted downward Q
seven-day cumulative over increasing time o
or 168-hour duty periods frames.
" rolling should be
— basis) adjusted
o or . downward
over
o minimum 48 increasing
O | 12hours continuous 14 hours time frames Upto 12 Maximum
E (following [ hoursina " | hours of four
extended | 10-day (requires cumulative
flight time) | period that landings, [ hours of
maximum extension
cumulative
hours be
restricted,
with
compensa-
tory off-duty m
time) P
- - - —
Off Duty Duty Period Flight Time S
o
3 | 2
= Reclining Q,;
ﬂé seat:
2| 12hours 18 hours 16 hours**
<
%)
° (same as (same as (same as (same as
— above) above) Supine above) above)
a® bunk:
()
o 12 hours 20 hours 18 hours**
o
|_

* Extended operations can involve duty/rest cycles longer than 24 hours.
** Each flight crew gets maximum sleep opportunity with minimum four hours total; maxiumum two consecutive duty periods with 18 hours

off duty.

Source: Flight Safety Foundation and U.S. National Aeronautics and Space Administration
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Table 2
Flight Safety Foundation Fatigue Countermeasures Task Force Overview of Guidelines
And Recommendations for Flight Operations During the Window of Circadian Low
The “window of circadian low” is best estimated to be the hours between 0200 and 0600 for individuals adapted to a
usual day-wake/night-sleep schedule. Guidelines apply to the following operations within this window of circadian low:
1. Landing
2. Flight through both sides of the window of circadian low
3. Duty period that starts at 0400 or earlier in the window of circadian low
Off Duty Duty Period Flight Time
Per Per Weekly, Per
24-hour Per 24-hour | Monthly, | 24-hour Per Monthly,
Period Week Other Period | Annually | Period Week Annually
12 hours 48 continuous | 48 continuous | 12 hours There are 10 hours
hours in hours on not sufficient | (requires :
seven-day return home scientific that landings ;Tfefirc?e:ﬁtnscgientific
period following data to be restricted) data o provide
following duty period provide specifi cpgui dance in
multlple. across sp¢C|f|c . this area; nevertheless
duty periods | multiple guidance in maximunlﬂ cumulative '
in circadian | time zones this area; flight time should be 0N
low (calcu- neve_rtheless, adgju sted downward S
ated on a maximum over increasing time 5
seven-day or cumulative frames o
12 168-hour duty periods ' Q
. . -~
(] rolling basis) should be o
= adjusted
% downward
over
E increasing
time frames.
No two-pilot extensions recommended.
Off Duty Duty Period Flight Time m
g
= D
©
ber) i >
£ Reclfnmg o
) seat: o)
% 12 hours 18 hours 16 hours** Q,;
< (same as (same as (same as (same as (same as
12 above) above) above) above) above)
g Supine
o bunk:
B | 12hours 20 hours 18 hours**
c
|_
* Extended operations can involve duty/rest cycles longer than 24 hours.
** Each flight crew gets maximum sleep opportunity with minimum four hours total; maxiumum two consecutive duty periods with 18 hours
off duty.
Source: Flight Safety Foundation and U.S. National Aeronautics and Space Administration
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2.3.2 Definition of “duty period” 2.3.5.2 Extended duty period (augmented flight crew —
six-hour extension)
“Duty period” is a continuous period of time during which

tasks are performed for the operator; determined from repoft 20-hour duty period requires an adequate sleep facjlity
time until free from all required tasks. (permitting a supine position) that is separated and screened

from the flight deck and passengers.

2.3.3 Duty period
2.3.6 Duty period (cumulative)
To reduce vulnerability to performance-impairing fatigue from
extended hours of continuous wakefulness and prolongetl 24-hour cumulative duty-period limit and flight-time limit,
periods of continuous performance requirements, cumulativeé minimum off-duty period per 24 hours and a specified off-
duty per 24 hours should be limited. It is recommended thatuty recovery period per seven days focus specifically on short-
this limit not exceed 14 hours within a 24-hour period. Thaerm vulnerabilities and considerations. To minimize fatigue
14-hour duty period can be extended only with augmentethat is not compensated by short-term recovery and to reduce
flight crew (see Section 2.3.5). excessive accumulation across longer periods of time,
cumulative duty-period limitations are recommended. There
2.3.4 Duty period (during window of circadian low)  are not sufficient scientific data to provide specific guidance
in this area. Nevertheless, the general principles apply.|For
Itis recommended that this limit not exceed 12 hours within @xample, when determining cumulative duty-peripd
24-hour period. limitations, shorter time frames should be considergd.
Therefore, in addition to 30-day and yearly cumulative duty-
2.3.5 Extended duty period: augmented flight crew period limitations, a two-week limit should also be set. Also,
these cumulative duty-period limitations should be adjusted
Augmenting the flight crew offers the opportunity for eachdownward across the longer time period. Rather than |just
flight crew member to reduce the time at the controls anehultiplying the two-week cumulative duty-period limitation
allows for sleep during a duty period. Consequently, witho calculate the 30-day and yearly amounts, the 30-day amount
additional flight crew and an opportunity for sleep, fatigueshould be decreased a percentage from the two-week amount.
would be expected to accumulate more slowly. In sucfThe yearly cumulative duty-period limitation should be
circumstances, duty periods can be increased beyond thdecreased a percentage from the 30-day amount. This| will
recommended limit of 14 hours within each 24-hour periodfurther reduce the potential for long-term accumulation| of
When an additional flight crew member rotates into the flighfatigue factors.
deck positions, the duty period can be extended, with
specified restrictions. In each circumstance, it is required th&.4 Flight Time
each flight crew member be provided one or more on-duty
sleep opportunities. 2.4.1 Definition of “flight time”

It is acknowledged that an extended duty period withFlight time” is the sum of all flight time, calculated from
augmented flight crew will usually involve operating during plock to block for each flight segment.
the window of circadian low. Therefore, the following
guidelines and recommendations are suggested for ad 4.2 Standard flight time
operations.

To reduce vulnerability to performance-impairing fatigue from
Any extension of the duty period requires all of the following:extended hours of continuous wakefulness and prolonged
a maximum sleep opportunity, with a minimum of four hoursperiods of continuous performance requirements, cumuldtive
total per duty period; a minimum of 12 hours off duty; aflight time per 24 hours should be limited. It is recommended
maximum of two consecutive extended duty periods; and that for standard operations, cumulative flight time should|not
minimum of 18 hours off duty following two consecutive exceed 10 hours within a 24-hour period. Standard operations
extended duty periods. Controlled rest on the flight deck isnclude multiple flight segments and day or night flying.
not a substitute for the sleep opportunities or facilities required
for additional flight crew members. 2.4.3 Extended flight time

(nonaugmented flight crew)

2.3.5.1 Extended duty period (augmented flight crew —
four-hour extension) To provide operational flexibility, cumulative flight time ca

be extended to 12 hours within a 24-hour period to|be
An 18-hour duty period requires a reclining seat for sleeccompanied by additional restrictions and compensatory|off-
that is separated and screened from the flight deck arduty periods. This limit is based on scientific findings from a
passengers. variety of sources, including aviation data, that demonstrdte a

=)
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significantly increased vulnerability to performance-impairingextended, with specified restrictions. In each circumstanc
fatigue after 12 hours that could reduce the safety margin. is required that each flight crew member must be provi
one or more on-duty sleep opportunities.
2.4.3.1 Extended flight time (honaugmented flight crew —
restrictions and compensatory off-duty periods) |t is acknowledged that extended flight time with augmen
o o ~ flight crew will usually involve operating during the windo
If cumulative flight time is extended to 12 hours, the followingyf circadian low. Therefore, the following guidelines a
restrictions and compensatory off-duty periods should bgcommendations are suggested for all operations.
applied:
Any extension requires all of the following: a maximum sle

Work demand: restricted number of landings.Accident data %Jportunity, with a minimum of four hours total per duty peric

and performance- and physiology-based fatigue resear
demonstrate increased vulnerability and risk during critica,

phases of operation, with the highest level occurring durin llowing two consecutive extended duty periods. Control

gescen; a}nd Ihand(;ng. E(?Ch acfldltlonal Iand:jng can INCrease WofKst on the flight deck is not a substitute for the sleep opportun
demand, urther €grade periormance an repre_sgnt a p_er'qdp?ffacilities required for additional flight crew members.
increased vulnerability. Because there are not sufficient scientific

data to provide specific guidance in this area, the general, 4 1 Extended flight time (augmented flight crew —
principles should be applied. If flight time for nonaugmented six-hour extension)
crew operating during the window of circadian low contains a

minimum 12 hours off duty; a maximum of two consecut|
xtended duty periods; and a minimum of 18 hours off d
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single, long and continuous block-to-block flight time (e.g.,A 16-hour flight time requires a reclining seat for sleep that is

approaching the maximum of 10 hours), then it is recommendegparated and screened from the flight deck and passen

that the flight crew perform no other flight duties after landing,

such as repositioning flights or short passenger drop-off flight2.4.4.2 Extended flight time (augmented flight crew —
eight-hour extension)

Cumulative effects: maximum cumulative hours of

extension. Over time, extended flight time can result in An 18-hour flight time requires adequate sleep facil

cumulative effects of fatigue. To support operational flexibility (permitting a supine position) that is separated and scre

and still minimize the potential for cumulative effects, it isfrom the flight deck and passengers.

recommended that flight time can be extended by a cumulative

total of four hours within a seven-day period. For example, therd.4.5  Flight time (cumulative)

could be two two-hour extensions of the standard 10-hour flight

time (two hours x 2 = four hours) in a seven-day period. Thes® 24-hour cumulative duty-period limit, a flight-time limit,

extensions should not be scheduled on consecutive days. Mminimum off-duty period per 24 hours and a specified off-d
recovery period per seven days focus specifically on short-

jers.
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ened

A
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Recovery: compensatory off-duty period.To promote vulnerabilities and considerations. To minimize fatigue tha is

recovery from the acute fatigue associated with an extendéwt compensated by short-term recovery and to reduce exce
flight time, an additional off-duty period is recommended. Theaccumulation across longer periods of time, cumulative flig

subsequent 10-hour off-duty period should be extended fiégme limitations are recommended. There are not suffici
12 hours. scientific data to provide specific guidance in this ar
Nevertheless, the general principles apply. For example, W

2.4.3.2 Extended flight time (nonaugmented flight crew —  determining cumulative flight-time limitations, shorter tin
operating during window of circadian low) frames should be considered. Therefore, in addition to 30;

and yearly cumulative flight-time limitations, a two-week lim
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Itis recommended that there should be no extensions of fligkhould also be set. Also, these cumulative flight-time limitations

time for nonaugmented crew operating during the window oghould be adjusted downward across the longer time pe
circadian low. Rather than just multiplying the two-week cumulative fligh
time limitation to calculate the 30-day and yearly amounts,

riod.
t_
the

2.4.4 Extended flight time (augmented flight crew) 30-day amount should be decreased by a percentage from the

two-week amount. The yearly cumulative flight-time limitatia
Augmenting the flight crew offers each flight crew membershould be decreased by a percentage from the 30-day am
the opportunity to reduce the time at the controls and to acquifkhis will further reduce the potential for long-term accumulat
sleep during a duty period. With additional flight crew and arof fatigue factors.
opportunity for sleep, fatigue would be expected to accumulate
more slowly. In such circumstances, flight time can be2.5 Standby
increased beyond the recommended limit of 10 hours within
each 24-hour period. When an additional flight crew membeFlight crew members on standby provide a critical elemen
rotates into the flight deck positions, the flight time can beoperational flexibility and the opportunity to meet unanticipa
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needs. It is important that flight crew members on standby obtaifhe NASA-Ames education and training module, “Alertness

required sleep prior to a duty period. Management in Flight Operations,” is an excellent resource for
o corporate and business aviation education and training activjties.
2.5.1 Definition of “standby” (Information about this module is available by writing the

NASA-Ames Fatigue Countermeasures Program at the address
A flight crew member on “standby” is required to be availableprovided in the Foreword.) Although this module provides the
to an operator (away from the airport) for assignment to a flighttasis for education and training activities, further materials may

duty period. be developed to facilitate the implementation of these principles
and guidelines and other specific corporate and business aviation
2.5.2 Standby status issues.

Standby status should not be considered duty. Neverthele%s_,s
it is important that the flight crew-member have an opportunity

to obtain sleep prior to an assigned duty period. Two specific
principles should be applied. The flight crew member should i _ _ ) )
be provided a predictable and protected eight-hour slee here_pqssmle, information on fat_lgue should be integrated
opportunity. “Predictable” indicates that the flight crew membefNtO €xisting programs, such as pilot enrichment, advariced
should have prior information (24-hour notice is recommendecﬁ'rmanSh'p’ crew resource management courses, manufactirers
as to when the eight-hour sleep opportunity can be obtained witHtio9rams and others. The format for these courses should be
the 24-hour standby time. The eight-hour sleep opportunit@'lore_d tq the specmp needs of the corp(_)ra_te opera_tor, aviation
should not vary by more than three hours on subsequent dayanization and training programs. This information should
to ensure circadian stability. “Protected” means that therB€ available to all individuals in the corporate and business
should be no interruption by assignment to a duty period. Angwaﬂon industry, mgludlng pilots, managers, flight attendants,
approach that satisfies these two principles may be utilized. S¢hedulers and maintenance technicians.

Dissemination of Information by
Training Organizations

26 Summary: Gu|de||nes and 34 Other Educatlona| Forums
Recommendations _ _ o
Other educational forums, such as professional publicatipns,

Table 1 (page 5) provides an overview of the guidelines angtmnars, conferences and_ mangfactgrers ar_ld operafors
eetings, should be used to disseminate information on fatigue.

recommendations discussed in this document. Table i L -
hese forums may be useful in establishing an ongaing

(page 6) provides an overview of the guidelines and teractive dial ith t fati :
recommendations discussed in this document for fIigh'ln eractive dialogue with operators on 1aligue 1ssues.

operations during the window of circadian low. .
P 9 3.5  Quality Assurance

3.0 Education and Training Current scientific literature and research — not opinion, anecdotal
experience or casual recommendations — should be| the
3.1 Principles basis for these programs. Support literature should be refergnced

or made available for additional reading. Instructors should be

An important first step for the corporate and business aviatioff€!l informed on fatigue-related topics and should be awarg of
industry is to become informed about the extensive scientifit® current literature and scientific findings. During training,
knowledge now available regarding fatigue, sleep an@mple time should be made available for questions and ansjvers.
circadian physiology as it relates to performance and aviation
operations. Training should reflect current scientific3.6 Practical Application
information derived from the study of fatigue, sleep loss and
circadian disruption and provide information about thelnformationacquiredrom these education and training programs
physiological mechanisms that underlie fatigue. Trainingshould be applied daily to corporate and business aviation actiyities
should demonstrate how this information may be applied ténd used to develop strategies that promote individual |and
improve flight crew sleep, alertness and performance; an@rganizational performance and alertness in flight operation.
training should recommend strategies for alertness
management during flight operations.

4.0 Other Industry Strategies
3.2 NASA-Ames Education and Training

Module on Fatigue 4.1  Operational Countermeasures

Education and training programs on fatigue countermeasurésvariety of other strategies for use during flight operations
have been implemented successfully within the aviation industrghould be examined and utilized where appropriate. This
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includes the design and use of technology to promotd.3 Controlled Rest on the Flight Deck
performance and alertness during operations. Varying work

demands or creative uses of flight deck automation could bgcientific data obtained during flight operations ha
developed to maintain alertness and performance. Sevei@monstrated the effectiveness of a planned cockpit
activities in this area are under way, with some successfgleriod to promote performance and alertness

applications currently in use. The following are examples ohonaugmented long-haul flight operations. Controlled r

ve
rest
in
est

strategies that may be useful to address fatigue in corporgtga single operational strategy and is not an answer to all

and business aviation operations. These are provided here fgligue engendered by flight operations. Controlled res

as guidelines but to demonstrate the range of options availald@solutely not intended as a substitute for additional fli
to manage fatigue in operations. crew or appropriate rest facilities, or as support for exten
duty. All possible strategies that maintain or improve saf

4.1.1 Break during duty day should be considered.

For two-pilot crews, when the duty day includes a period of] 4 Other Physiological Stressors Associateo
six hours or greater on standby at an en route stop, pilots should with Flight

obtain maximum rest/sleep opportunity at a local hotel. In such
cases, every two hours of hotel rest might be used to exte
the duty day by one hour (e.g., four hours rest permits tw
hour duty-day extension).

réczasides fatigue, a variety of other physiological stressors
%nown to affect human performance in flight operations. Th
other physiological factors include hypoxia, barometr
. pressure changes, dehydration, vibration, noise, humig
4.1.2  Predeparture quarantine temperature changes and “third spacing” associated with b

L ) pooling in lower extremities. [Lack of movement inhibits tl
For crews anticipating maximum-length duty day, return of blood from the legs and feet through the veins tow

p_redepar_ture quarantine at a local hOt?I hear the ergrt ife heart. The build-up of pressure causes lymphatic and ¢
airport will help ensure that the duty day is initiated with Ilttleﬂu-ds to be squeezed out of the capillaries, “pooling” in tiss
or no accumulated sleep debt. In some cases, preparation

the aircraft by a backup crew may afford additional missio

. hysiological stressors is important to minimize thg
flexibility. rb y g P

contribution to, or exacerbation of, fatigue.

4.1.3  Preflight planning 4.5  Future Developments
For augmented crews, specific preflight planning of the in- . -
flight duty-rest cycle is important. Priority should be given toA number of other approaches to manage fatigue in fli

the landing crew members, and cabin crew members’ neeﬁgberations are in different stages of development. Provoca
should be integrated into th,e plan aboratory studies of several countermeasures are often @

Nevertheless, validation of their effectiveness and safety
operational settings is still needed prior to widespre
implementation. Research continues and may provide fur,

findings on countermeasures relevant to scheduling, pers

When operational needs ex<_:¢ed recommendgd gu'de!meﬁrategies and technological approaches to manage aler
relief crews could be pre-positioned at appropriate Iocatlon-r% aviation operations

along the route. Pre-positioning should be planned to allow
for travel contingencies and should provide opportunity form developing this document, it became clear that a rang

C|rcad|an. adaptation and recommended rest prior sues requires further investigation. Focused research is ng
commencing duty. to more clearly define sleep in reclining aircraft seats vs. onb
supine rest facilities; the relationship of minimum blocks
4.2 Scheduling Practices sleep totaling a certain amount and subsequent perform
and alertness; the relationship between duty period and f
The scientific information available can be particularly usefukime; the effectiveness of operational strategies currently (
in guiding rational and physiologically based schedulingo be applied more broadly as guidelines; and others.
practices. Scheduling is a complex and multi-determined
process. Nevertheless, it is possible and essential to incluéea the corporate and business aviation industry implemg
scientific data on human physiology as a factor foreducation and training programs, information and strate
consideration. Obviously, priorities need to be established arfdr managing fatigue will become widespread. Once this @
cost/benefit considerations are necessary. There are exampiésknowledge and application is established, more spec
of successful integration of scientific information on fatiguematerials and strategies may be developed to support fu
into schedule construction. corporate and business activities.

4.1.4 Pre-positioning crews
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on Table 3
i Recommended Maximum Duty
shPeriod and Flight Time Per Week*

Finally, this document’s principles and guidelines reflect the
current operational demands of corporate and business aviat
and the available scientific information. These principles an
guidelines are expected to change as the demands of the indu
change and as further scientific findings become available.

Duty Period Flight Time
(hours) (hours)

5.0 Cumulative Duty Periods and Standard 82 60

Flight Times Extended 78 60

) ) ) ) o Augmented: reclining seat 72 64
Cumulative 24-hour duty-period and flight-time limits, a o
minimum off-duty period per 24 hours and a specified off-duty Augmented: supine bunk 8 0
recovery period per seven days focus specifically on short-termwindow of circadian low 60 50

vulnerabilities and considerations. To minimize fatigue that i$ n . .
* |n addition to 30-day and yearly cumulative duty-period and

not compensated by short-term recovery and to reduce excesg
accumulation across longer periods of time, cumulative duty
period and flight-time limitations are recommended. There ar

I\‘ﬁ'?ght-time limitations, two-week limits should also be set.

-Cumulative duty-period and flight-time limitations should be

ieadjusted downward across the longer time periods. As a general
guideline, the current industry standard is 100 cumulative flight

not sufficient scientific data to provide specific guidance in thig h e
.. ours per month and 1,000 cumulative flight hours per year.
area. Nevertheless, the general principles apply. For example,
when determining cumulative duty-period and flight-time| Source: Flight Safety Foundation and U.S. National Aeronautics and
limitations, shorter time frames should be considered. Thereforg, Space Administration
in addition to 30-day and yearly cumulative duty-period and
flight-time limitations, two-week limits should also be set. These . .. .
cumulative limitations should be adjusted downward across th@'0 Malr_]ta!nmg Operatlonal
longer time period. Rather than just multiplying the two-week Flexibility
cumulative limitation to calculate the 30-day and yearly
amounts, the 30-day amount should be decreased by a percentge on-demand service orientation of corporate and busi
from the two-week amount. The yearly cumulative limitationaviation operations will present occasional challenges
should be decreased by a percentage from the 30-day amouggpartment managers who will be attempting to adher
This will further reduce the potential for long-term accumulationpolicies that protect the critical rest requirements of cf
of fatigue factors. members in these organizations. This section is intende
provide some operational flexibility but does not negate
The cumulative 24-hour duty-period and flight-time limitationsminimize the critical importance of following establishe
are recommended in the guidelines. Table 3 indicates ttgeientifically derived guidelines for duty/rest scheduling. The
maximum duty periods and flight times per week if simplyprinciples and guidelines, developed after careful considera
determined from the allowable guidelines. of all currently available scientific data on fatigue-relat
performance, should be considered a starting poin
Nevertheless, serious consideration should be given whegasponsibly address crew fatigue management in the abs
approaching these maximums. Standard duty periods and flight regulation. In exceptional operational circumstances, w
times that do not involve the window of circadian low presen@ deviation from these guidelines is considered, sound
reduced risk of fatigue. Augmented duty periods and flighthanagement considerations might include the follow
times will typically involve multiple circadian disruptions in elements: agreement among affected crew memb
both operations and sleep opportunities. This combinatiofepartment manager and next level of managemen
presents a greater risk of fatigue, and this should be @vailable) that the deviation does not compromise safe
consideration in determining weekly limitations for augmentedgrudent operations; a detailed written rationale for
duty periods and flight times. Again, cumulative duty-perioddeviation; consideration of available alternatives; identif
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and flight-time limitations should be adjusted downward acrosgnd planned fatigue countermeasure strategies to be undertaken

the longer time periods. As a general guideline, the currerio mitigate the consequences of the deviation; and poste
industry standard is 100 cumulative flight hours per montltlebriefing. A written policy with an explicit process fg
and 1,000 cumulative flight hours per year. addressing potential deviations is recommensed.
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