TECHNICAL NOTE

Preparing Safety Cases for Operating Outside
Prescriptive Fatigue Risk Management Regulations

Philippa Gander; Jim Mangie; Lora Wu; Margo van den Berg; Leigh Signal; Adrienne Phillips

INTRODUCTION:

Transport operators seeking to operate outside prescriptive fatigue management regulations are typically required to

present a safety case justifying how they will manage the associated risk. This paper details a method for constructing a

successful safety case.
METHODS:

The method includes four elements: 1) scope (prescriptive rules and operations affected); 2) risk assessment; 3) risk

mitigation strategies; and 4) monitoring ongoing risk. A successful safety case illustrates this method. It enables landing
pilots in 3-pilot crews to choose the second or third in-flight rest break, rather than the regulatory requirement to take
the third break. Scope was defined using a month of scheduled flights that would be covered (N = 4151). These were
analyzed in the risk assessment using existing literature on factors affecting fatigue to estimate the maximum time
awake at top of descent and sleep opportunities in each break. Additionally, limited data collected before the new
regulations showed that pilots flying at landing chose the third break on only 6% of flights.

RESULTS:

A prospective survey comparing subjective reports (N = 280) of sleep in the second vs. third break and fatigue and

sleepiness ratings at top of descent confirmed that the third break is not consistently superior. The safety case also
summarized established systems for fatigue monitoring, risk assessment and hazard identification, and multiple fatigue

mitigation strategies that are in place.
DISCUSSION:

Other successful safety cases have used this method. The evidence required depends on the expected level of risk and

should evolve as experience with fatigue risk management systems builds.
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ilot fatigue is a recognized safety issue in commercial

aviation.'* To manage it, the International Civil Aviation

Organization (ICAO) requires States to have prescriptive
fatigue management regulations, including flight and duty time
limits. Countries may also establish regulations that allow air-
lines to propose a performance-based Fatigue Risk Manage-
ment System (FRMS) as an alternative means of compliance
(AMOC)."”® An airline seeking to gain operational flexibility by
using an FRMS or other variation(s) from the prescriptive regu-
lations has to be able to demonstrate to its national regulatory
authority that it can deliver an equivalent level of safety to that
achieved by operating within the prescriptive regulations.

For example, the U.S. Federal Aviation Administration (FAA)
requires airlines to present a safety case for any operation that
does not meet all the prescriptive requirements for managing
pilot fatigue risk (14 CFR Part 117).? The nature and complexity
of each safety case needs to be sufficient to persuade the FAA
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that the airline can use their FRMS to manage the associated
fatigue risk.

This is effectively stricter than the ICAO regulatory frame-
work, which does allow regulators to approve airline requests
for minor variations to the prescriptive fatigue risk manage-
ment rules without requiring the airline to have a full FRMS.™*
Nevertheless, where a regulator does allow variations without a
full FRMS (for example the European Aviation Safety Authority),
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airlines are still expected to provide a safety case to persuade the
regulator that they can manage the fatigue risk associated
with the variation. When multiple variations are in place it can
become increasingly difficult to assess the combined risk. The
point at which an FRMS is required is determined by the regu-
lator after discussions with the airline.'*

This paper presents an approach we have developed for
safety cases that have been approved by the FAA, illustrating it
with an example used to argue for an alternative way of allocat-
ing in-flight rest periods for three-pilot crews. The approach is
consistent with recommendations in the international Fatigue
Management Guide for Airlines.*

METHODS

In this approach, a safety case addresses four elements: 1) the
scope (which prescriptive rules and flight operations are
affected); 2) assessment of the fatigue hazard(s) and fatigue-
related risk associated with the proposed alternative approach; 3)
the processes and mitigations that will be used to manage that
risk; and 4) the ongoing monitoring that will be used to track
fatigue risk in affected operations. The last three elements map
to the components of the fatigue risk management processes
loop (Fig. 1).1
The scope section of a safety case needs to clearly state:

o the part(s) of the prescriptive rules that would not be met by
operations covered by the proposed AMOC;

* why an AMOC is needed, i.e., why the prescriptive require-
ments are not adequate for the specific operations covered
by the AMOC;

» for flight duty period or flight time extensions:

o specify whether the extension(s) will be scheduled or
used only to allow completion of operations with delays
due to unforeseen circumstances; and

o specify the maximum extension(s) requested;

* a detailed description of the operation(s) to which the
AMOC applies.

Fatigue

/mitigation \
Risk Fatigue
assessment monitoring

\ Hazard /

identification

Fig. 1. The fatigue risk management processes loop.'*
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The risk assessment should present a well-substantiated esti-
mate of the likely level of pilot fatigue and the related safety risk
associated with the requested AMOC. The risk assessment
can be supported by (but need not be limited to): available sci-
entific studies addressing the factors that are likely to be causing
fatigue in the operations covered by the AMOC; available data
from previous studies of similar operations; and predictions of
fatigue levels from appropriate bio-mathematical models. The
regulator may also request that additional data be gathered
(a validation study) to support the risk assessment. The FAA
must approve the design of the validation study before they will
grant provisional approval of the AMOC for a fixed period of
time to allow completion of the study.

The risk management section of the safety case needs to
describe in detail the processes and mitigations that will be
used to manage the estimated levels of crewmember fatigue and
the associated safety risk. This includes identifying additional
mitigations that can be implemented if needed. The regulator
needs to be convinced that the processes and mitigations are
functioning effectively.

The monitoring section of the safety case needs to describe
in detail the monitoring that will be undertaken to evaluate the
actual risk. This monitoring must be integrated into the fatigue
risk management processes in the operator’s FRMS (Fig. 1). The
regulator may require a trial phase with more extensive moni-
toring for a specified time period. Agreed safety perfor-
mance indicators collected during the trial phase® can be used
to decide when the operation(s) covered by the AMOC can
revert to routine monitoring.'® The following example illus-
trates this approach.

All pilot fatigue monitoring studies that contribute data to
our safety cases undergo independent ethical review and are
approved by a statutory Ethics Committee. For the studies con-
tributing to the safety case presented below, this was the Massey
University Human Ethics Committee: Southern A, which is a
registered Institutional Review Board (IRB # 00,006,014,
FWA # 00,011,627). Participation was voluntary and data con-
fidentiality was strictly maintained.

RESULTS

Example of a Successful Safety Case

This section describes an example of a successful safety case
that used these methods to obtain regulatory approval for an
AMOC for in-flight rest allocation on flights with three-pilot
crews.

Scope. The AMOC sought an alternative to the rules introduced
in 14 CFR 117 (effective from 4 January 2014) that prescribe the
distribution of in-flight rest breaks on flights with augmented
crews. These state that the pilot flying during landing must have
at least 2 consecutive hours in the second half of the flight duty
period (FDP) available for in-flight rest and the pilot monitor-
ing at landing must have a minimum break of 90 min during
the FDP. The intent of these provisions is to protect the alertness
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of the pilot flying by providing an adequate opportunity for in-
flight sleep and by limiting time awake at top of descent, as well
as ensuring an acceptable level of alertness of the pilot monitor-
ing. However, on shorter flights with three-pilot crews (FDPs
up to about 14 h), these provisions can have the unintended
consequence of requiring the pilot flying the landing to always
take the last of the three rest breaks.

The need for an AMOC was argued on the basis of three
main concerns. First, the third break does not always offer the
best physiological opportunity for sleep, which depends on
when the break occurs in the pilot’s circadian body clock cycle.!!
Second, most of the aircraft used in operations covered by this
AMOC have Class 2 rest facilities (a seat in the aircraft cabin
with a flat or near-flat sleeping position and separated from
passengers by a minimum of a curtain®). Prior to 14 CFR Part
117.17, it was customary practice in the airline for the pilot flying
the landing to take the second break while the pilot monitoring
at landing took the third break, with the captain retaining the
flexibility to alter the break allocation to accommodate indi-
vidual pilot’s rest needs on the day of operation. Anecdotally, a
common reason for the preference for the second break among
pilots flying the landing was that it falls between two meal ser-
vices and thus has the least disturbance associated with cabin
activities. Third, as a mitigation to reduce the workload of the
pilots flying and monitoring at landing, the airline had devel-
oped procedures whereby the relief pilot performs all ancillary
and administrative duties from top of descent (TOD). This
allows the pilots flying and monitoring at landing to focus on
operating the aircraft. For the relief pilot to take this role, he/she
also requires adequate in-flight rest, which limits reallocation of
the available rest time from the relief pilot to the pilots flying
and monitoring at landing.

The airline therefore requested an AMOC as follows: on
three-pilot flights, break times can be calculated such that the
pilot flying the landing can take the second or the third rest
break and be given at least one-third of the available rest time,
but not less than 1 h 45 min. The rest break for the pilot flying
the landing can begin up to an hour earlier than the last half of
the flight duty period, to allow the second break to be taken.

The operations potentially covered by these provisions were
described by providing details on 4151 scheduled flights for
April 2014 which had three-pilot crews and scheduled FDPs
less than 14 h. For each flight, this included information on: the
departure and arrival cities, the number of flights per month,
the aircraft fleets servicing the flight, the maximum scheduled
flight duration (block time), and the scheduled departure time
[local time and coordinated universal time (UTC)].

The maximum scheduled durations of these flights are sum-
marized in Fig. 2. Some flights require only two pilots (14 CFR
Part 117, Table A),> but they have three pilots because the air-
line has a policy of augmenting both the outbound and inbound
flights between a city pair if either flight requires augmentation.

Risk assessment. The risk assessment was based on five sources
of information: 1) previous field studies monitoring pilots in
augmented crews; 2) estimates of the maximum time awake at

6001
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Flight Duration (h)

Fig. 2. Distribution of scheduled duration of flights during April 2014 that
would be covered by the alternative means of compliance.

11 12

top of descent (TOD) for the shortest and longest flights that
would be covered by the AMOGC; 3) an evaluation of the sleep
opportunities offered by the second vs. the third rest period,
grouping flights according their domicile arrival times; 4) lim-
ited data available from three-pilot operations in the airline
prior to the new prescriptive rules; and 5) a validation study
requested by the FAA to confirm the conclusions drawn from
the other sources of information.

Most of the published studies that have investigated the fac-
tors affecting in-flight sleep duration and quality, and the rela-
tionships between sleep history and measures of pilot fatigue at
TOD have focused on four-pilot crews with Class 1 rest facili-
ties, i.e., with horizontal bunks in facilities separated from the
main cabin. In general, pilots report that they find sleeping on
board the aircraft more difficult than sleeping at home. Studies
measuring sleep objectively (using polysomnography) confirm
that bunk sleep is lighter and more fragmented than sleep on
the ground.'®*" In-flight sleep is reported to be disturbed by a
range of factors with the most frequently cited being noise, tur-
bulence, and having thoughts on one’s mind.!”'® Analyses on
combined data from 4 studies (237 crewmembers in 4-pilot
crews, 730 out-and-back flights between 13 city pairs, 1-3 d
layovers) have highlighted that total in-flight sleep varies with
domicile departure time (a surrogate measure of circadian
phase) and increases with flight duration (longer flights provide
longer rest breaks).!” Higher fatigue and sleepiness ratings at
TOD are associated with less in-flight sleep, longer time awake
at TOD, and domicile arrival time (a surrogate measure of cir-
cadian phase).!! Psychomotor vigilance task (PVT) response
speed at TOD also varies with domicile arrival time, but not
with sleep history in the last 24 h.'!

In light of these findings and the intent of the prescrip-
tive regulations to limit the time awake at TOD of the pilot fly-
ing, the safety case provided estimates of the maximum time
awake at TOD after each break on the shortest and longest of
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the 4151 flights in Fig. 2. These calculations are summarized in
Table I.

Compared to the nominal 16-h waking day, time awake at
TOD is relatively short after any of the rest breaks on these
flights if pilots obtain sleep during their break. In addition, 14
CFR Part 117 Table A allows two-pilot crews with no in-flight
sleep to operate flights up to 9 h if their flight duty period starts
between 05:00 and 19:59, i.e., being awake at least 10 h is accept-
able on such flights.

The safety case also included an evaluation of the likely sleep
opportunity in the second vs. the third break on the flights in
Fig. 2, excluding the 1537 flights that did not require augmenta-
tion. We argued that since these 1537 flights could legally be
operated by two-pilot crews, any in-flight sleep obtained when
they are operated by three-pilot crews would reduce the time
awake of the landing crew at TOD and thus offer an enhanced
level of safety compared to operating under the prescriptive
regulations.

The comparison of sleep opportunities was based on labora-
tory and field studies that have identified the times in the circa-
dian body clock cycle when falling asleep and staying asleep are
easier, and times when sleep is more difficult. These times are
visualized in Fig. 3 as resulting from a drive from the circadian
pacemaker to centers in the brain that promote wakefulness.

In summary, it is relatively easy to fall asleep when the circa-
dian wake drive reaches its daily minimum and sleepiness is
maximal (the so-called window of circadian low, or WOCL),
and during the afternoon nap window, when the circadian wake
drive is visualized as plateauing briefly. Conversely, it becomes
increasingly difficult to fall asleep or stay asleep as the circadian
wake drive increases across the morning.! This can truncate the
daytime sleep of night workers, including night cargo pilots.” It
is also difficult to fall asleep when the circadian wake drive
peaks in the few hours before usual bedtime (the ‘evening wake
maintenance zone’). This inhibits falling asleep earlier than
usual and leads to truncated sleep with early duty report times.®

For comparing sleep opportunities in the second vs. the
third rest break, flights in Fig. 2 that required augmentation
(N = 2614) were grouped by their departure and arrival times,

Table I. Estimated Time Awake at Top of Descent on the Shortest and Longest Flights in Fig. 2.*
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based on domicile time (i.e., acclimated time) as a surrogate
measure of circadian phase, using the following assumptions.

1. For outbound flights that were the first in a trip sequence,
acclimated time was assumed to be local time in the depar-
ture city.

2. For inbound flights after 1-2 d layovers, minimal circadian
adaptation was assumed and acclimated time was assumed
to be local time in the outbound departure city.

3. The WOCL was assumed to be between 02:00-05:59 domi-
cile time.

4. For flights that occurred as the third or subsequent flight in
a trip sequence (N = 551), there was no reliable method for
estimating the time zone to which pilots were acclimated.

The remaining 2063 flights for which pilots” acclimated time
zone could be estimated were grouped into five categories,
based on their acclimated departure and arrival times. These
are summarized in Table II.

Group 1 flights (blocks off after the WOCL, blocks on before
00:00) occur across the usual waking day and none of the rest
breaks coincide with the optimal part of the circadian body
clock cycle for sleep. On flights with arrivals later in the evening,
the third rest break will at least partially overlap the evening
wake maintenance zone, when it is difficult to fall asleep. The
AMOC allows the pilot flying the flexibility to take either the
second or third break, provided they are given at least one-third of
the available rest time and not less than 1 h 45 min. This gives the
crew the opportunity to make informed choices based on the spe-
cifics of the flight (airports, en route navigation, etc.), their opera-
tional experience, their knowledge of fatigue acquired through
fatigue management training, and conditions on the day.

Group 2 flights (blocks off outside the WOCL, blocks on
00:00-01:59 or 06:00-08:00) begin and end outside the WOCL,
but end at times when there is still relatively high risk of fatigue-
related impairment at TOD. However, it is not clear that the third
break will always contain more of the optimal part of the circa-
dian body clock cycle for sleep than the second break. On flights
arriving between 00:00-01:59, the sleep on both breaks may be
affected by the evening wake maintenance zone. On flights
arriving between 06:00-08:00, the
increasing circadian wake drive

SHORTEST FLIGHT (7 h 2 min)

LONGEST FLIGHT (11 h 59 min)

is likely to be more problematic

Report time (blocks off — 1 h) 18:13
Blocks off 19:13
Start break 1 (blocks off + 1 h) 20:13
End break 1 21:54
Time awake at TOD' (end break 1 + 20 min) 4h 11 min
Start break 2 21:54
End break 2 23:35
Time awake at TOD (end break 2 + 20 min) 2h30min
Start break 3 23:35
End break 3 (blockson — 1 h) 01:15
Time awake at TOD (end break 3 + 20 min) 50 min
TOD (blocks on — 0.5 h) 01:45
Blocks on 02:15
Off duty (blocks on + 0.5 h) 02:45

for sleep in the third rest break

1806
1906 than in the second rest break.
20:06 On Group 3 flights (blocks
2326 off before the WOCL, blocks
/h 29 min on after 08:00), the second rest
23:26 . 4.
0246 break is likely to have more over-
4[5 © i lap with the optimal part of the
02:46 circadian cycle for sleep than
06:05 the third rest break, which will
>0 min include more of the morning
06:35 . . .
0705 increase in wake drive from the
07:35 circadian body clock.

*These estimates assume that all breaks were of equal length and that pilots woke up 20 min before the end of the break.

TTOD: top of descent.

All but one of the Group 4
flights are scheduled to depart

AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 88, No. 7 July 2017 691

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



PILOT FATIGUE SAFETY CASES—Gander et al.

Hard to fall
asleep

Nap
window

Circadian
wake drive

SLEEP

during the first break on all flights
and with the second rest break
on flights departing earlier in the
group. The third break would be
expected to provide a reasonable
sleep opportunity on all flights.

l Circadian low

Based on these considerations,
it was argued that on these flights,
the flexibility offered by the AMOC
provides at least an equivalent

Most sleepy

Lowest body temperature
Least functional

Fatigue-related error most likely

in-flight sleep opportunity to 14
CFR Part 117, which requires
pilots flying the landing to take
the third rest break. Limited data

Hard to stay
asleep

noon 4 pm 8 pm midnight

Time of day

Fig. 3. Summary of the effects of the circadian wake drive on the ability to fall asleep and stay asleep (sleep

propensity).

during the WOCL and arrive outside the WOCL (12:00-15:00
acclimated time). The exception is a flight with blocks off at
04:25 acclimated time and scheduled blocks on at 15:44 accli-
mated time (maximum flight time, 11 h 19 min). The early
departure times mean that most pilots will have had their sleep
truncated before these flights. This sleep restriction would be
expected to increase sleepiness during the afternoon nap
window, which may occur during some of the flights with later
blocks on times. However, the third rest break, which ends
about 1 h before arrival, overlaps late morning (acclimated
time), when circadian wake drive is expected to be increasing
while homeostatic sleep pressure remains relatively low (assum-
ing that pilots obtained adequate sleep and had not been awake
long before coming on duty). This combination of factors
makes it difficult to fall asleep or stay asleep during this time
period. Thus, the third rest break is not necessarily the optimal
break for sleep on these flights.

Group 5 flights are scheduled to arrive during the WOCL,
with scheduled departure times outside the WOCL (17:05 to
22:30). Unless pilots take preflight naps, they will have been
awake for long periods when they start duty. Arrival times cor-
respond with times of relatively low circadian wake drive and
high risk of fatigue-related impairment at TOD. On these flights,
the evening wake maintenance zone would interfere with sleep

Table Il. Flights Requiring Augmentation, Categorized by Acclimated Departure and Arrival Times.

4 am

were also available from two
previous studies of three-pilot
operations that predate the new
prescriptive regulations. These are
summarized in Table III. Sleep
on all flights was measured by
actigraphy.

The B747-400 flights in the first study occurred during com-
plex 9-13 d trip patterns, with the Japan-Hawaii flights being
the second, fourth, or sixth flights in the trip sequence, and the
Hawaii-Japan flights being the third, fifth, or seventh flights.
Because of their differing positions in the trip sequence, it
was not possible to reliably estimate acclimated time for these
flights."?

The Japan-Hawaii flights were night flights (median depar-
ture 21:10 local time) and only 3% of pilots did not attempt to
sleep during their rest break. In contrast, the Hawaii-Japan
flights were daytime flights (median departure 12:59 local time)
and 23% of pilots did not attempt sleep during their in-flight
rest break (32% who were allocated the third rest break did not
attempt sleep). One contributing factor may have been the
higher levels of cabin noise during daytime flights. Linear
mixed models controlling for the variability within and between
pilots indicated that total in-flight sleep did not vary between
the first, second, and third rest breaks on either the Japan-
Hawaii or the Hawaii-Japan flights. On the Hawaii-Japan day-
time flights (but not the Japan-Hawaii night flights) more total
in-flight sleep was an independent predictor of lower subjective
fatigue and sleepiness at TOD. Fig. 4 shows that pilots flying the
landing used the third rest break on only 4% (1/26) of the
Hawaii-Japan flights and none of the Japan-Hawaii flights.

The second study involved
flights from Seattle-Japan which

8am noon

GROUP  #FLIGHTS  #CITYPAIRS  SCHEDULED BLOCKS OFF SCHEDULEDBLOCKSON  were followed by 7-12 d in Asia
Group 1 299 1 after the WOCL* before 00:00%" with short haul flight duties
Group 2 623 22 outside the WOCL 00:00-01:59 or 06:00-08:00 (crossing no more than one time

(outside the WOCL) zone per 24 h, with two-pilot
Group 3 142 6 before the WOCL after 08:00 (outside the WOCL) crews) and then a return ]apan—
Group 4 670 26 during the WOCL outside the WOCL Seattle flicht. The study con-
Group 5 329 13 outside the WOCL during the WOCL ght. Y

*WOCL = window of circadian low defined as 02:00-05:59.

" Data from four-pilot crews'? and the SAFTE model (Prof. Steve Hursh, personal communication; May 2014) suggest that after

midnight, physiological fatigue risk begins to increase sharply.
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cluded that there was complete
adaptation to Japan time prior to
the return transpacific flight.'?
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Analysis of covariance of

POSITION AT LANDING combined data from all three

MEDIAN FLIGHT _ \cc datd

ROUTE DURATION (H) TIMEZONES FLYING MONITORING RELIEF  time bins indicated that rest

B747-400 AIRCRAFT break number was not an inde-
Japan (NRT, KIX)-Hawaii (HNL) 730r79 +5h 16 28 21 pendent predictor of sleep dura-
Hawaii (HNL)-Japan (NRT, KIX) 780r86 -5h tion [model structure: second vs.

B757/767 ARCRAFT third rest break; flight duration
U.S. West Coast (SEA)-Japan (KIX) 11.92 -70r-8h 7 7 1 (continuous Variable)] For ever
Japan (KIX)-U.S. West Coast (SEA) 941 +70r+8h 5 6 4 ' y

Fig. 4 indicates that pilots flying the landing used the third rest
breaks on only 14% (1/7) of the Seattle-Japan flights and 20%
(1/5) of the Japan-Seattle flights.

Having seen the risk assessment described above, the FAA
requested a validation study to confirm that the third break
does not consistently provide a better sleep opportunity than
the second break. Participants completed one-page surveys on
long-range flights to document their flight start and end
times, break times, in-flight sleep duration and quality if they
attempted sleep, and rated their fatigue and sleepiness at TOD.
For the study, the rest break allocation provision in 14 CFR Part
117 was suspended so that landing pilots could take their pre-
ferred rest break. A full description of the study methods has
been published elsewhere.?! Data were analyzed from 280 sur-
veys completed on flights landing in three 4-h domicile time
bins (Table IV). Flights landing between 22:00-01:59 (Bin F)
were significantly shorter than flights landing in the other time
bins and were predominantly eastward, whereas flights in Bins
A and B were predominantly southward or northward. The
average durations of flights in Bins A and B were not signifi-
cantly different.

There was a clear preference for pilots flying the landing to
take the second rest break (94.9% of flights), and for pilots
monitoring at landing to take the third rest break (94.4% of
flights). The same proportion of pilots (91%) reported obtain-
ing sleep during the second and the third rest breaks. Within
each time bin, there were no differences between rest breaks
in rest break duration, total sleep duration, sleep quality, sleepi-
ness ratings at TOD, or fatigue ratings at TOD (Mann-Whitney
U-tests, all P > 0.1).

1-h increase in flight duration,
sleep duration increased by 12.3
min. This finding using self-reported sleep duration is consis-
tent with a previous study with actigraphic sleep monitoring
(237 pilots in 4-pilot crews, 730 flight segments), which found
10 min of additional sleep for each additional hour of flight
duration after controlling for flight direction, domicile depar-
ture time, and crew position (landing vs. relief crew).!”

In the 3-pilot validation study, fatigue and sleepiness ratings
at TOD did not differ after taking the second vs. the third rest
break. On flights that landed in domicile time Bins A (02:00-
05:59) and B (06:00-09:59), fatigue and sleepiness ratings
at TOD did not differ from those of four-pilot crews with
compliant rest break allocations on flights landing in the same
4-h time bins.

Having reviewed these findings, the FAA requested that
equivalence testing be undertaken comparing sleep duration
in the second and third rest breaks. In general, equivalence
testing is a useful statistical technique when safety cases are
required to demonstrate that an AMOC can provide an equiva-
lent level of safety to operating within the prescriptive regula-
tions. However, equivalence testing comparing sleep in the
second and third rest breaks in the three-pilot validation study
created challenges because: 1) sleep durations in the second and
third rest periods were not normally distributed (they were
bimodal, due to the shorter flight times in Bin F); and 2) equiv-
alence testing requires defining ‘practical equivalence) i.e., the
largest difference in total in-flight sleep that would not pro-
duce a meaningful difference in fatigue at TOD. There were
no appropriate data from laboratory or field studies to esti-
mate practical equivalence for total sleep durations of the lengths
reported (mean for the third rest break = 85 min).

The FAA proposed that equiv-
alence could be defined pro-

100 portionally to total in-flight sleep

90 — duration. We had previously pro-

80 posed that a 30-min difference in

70 total in-flight sleep (15%) was a

% of rest breaks 60 mBreak1 conservative estimate of practical
chosen by pilots 50 [ ] OBreak > €quivalence on ULR flights with
flying atlanding 40 - mean total in-flight sleep of
30 @Break3 335} (measured by polysom-

20 - nography).?’ A 52-min difference

10 - ] - in total in-flight sleep between

0 1 : . . command and relief pilots did not

Hawaii-Japan Japan-Hawaii Seattle-Japan

Fig. 4. Percentage of rest breaks chosen by pilots flying at landing in two earlier studies of three-pilot flights that
predate implementation of the new prescriptive requirements on rest break patterns.
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Table IV. Available Surveys and Average Flight Duration for Each Domicile Arrival Time Bin.
NUMBER OF SURVEYS

ARRIVALTIME  BIN A*02:00-05:59  BIN B*06:00-09:59  BINF'22:00-01:59  NFLYING AT LANDING N MONITORING AT LANDING
N, 2 break 63 39 35 130 7
N, 3% break 61 43 39 8 135
AVERAGE FLIGHT DURATION (h)
9,03 887 805

* Sleepiness and fatigue at TOD were expected to be high in Bins A and B.

TFlights arriving in Bin F traverse the evening wake maintenance zone, which is expected to make in-flight sleep more difficult.

the 3-pilot validation study, 15% of mean total in-flight sleep in
the third rest break (85 min) is 13 min. Using this criterion,
total in-flight sleep was equivalent in the second and third
rest breaks, with 90% confidence intervals of -7 min to
+8 min (pooled method with two one-sided t-tests for
between-group samples). However, this conclusion needs to be
treated with caution, given the nonnormal data distributions
and in the absence of empirical support for the definition of
practical equivalence.

It was concluded that the validation study found no evidence
to indicate that the third rest break provided a better sleep oppor-
tunity than the second rest break in these 3-pilot operations.

Risk management. All pilots involved in the operations cov-
ered by the AMOC have undergone fatigue management
training that meets FAA requirements.” This is covered in five
training sessions (two 45-min basic courses and three 15-min
refresher courses) that they are paid to work through outside
of duty time. Schedulers and others involved in the manage-
ment of the operations covered by the AMOC undergo a
45-min fatigue management training session that outlines
why pilot fatigue is a safety concern, explains the physiology
behind fatigue symptoms, discusses the role of scheduling in
pilot fatigue, and reviews the purpose and processes of the air-
line FRMS.

Additional risk management strategies already implemented
include the provision of a third pilot on flights that can legally
be flown with two pilots (36.7% of the flights covered by the
AMOC), thereby enabling pilots to take breaks and obtain sleep
in flight. As mentioned previously, this is the result of the air-
lines policy of augmenting both the outbound and inbound
flights between a city pair if either flight requires augmentation.
As a mitigation to reduce the workload of the pilots flying and
monitoring at landing, the airline has developed procedures
whereby the relief pilot performs all ancillary and administra-
tive duties from TOD. This allows the pilots flying and monitor-
ing to focus on the actual operation of the aircraft.

Monitoring. As part of the airline’s FRMS, all pilots on flights
covered by the AMOC have received specific training on fatigue
reporting mechanisms. They are advised that, if they encounter
a situation that they consider to be a present or future fatigue
concern, they are responsible for making management aware of
the situation and, if appropriate, removing themselves from
duty or refusing an assignment to duty. Different report forms
are required if fatigue represents a flight safety concern vs. when
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it is not a direct flight safety concern. If a crewmember chooses
to call in too fatigued for duty, they are required to:

* call the Crew Scheduler, if it is prior to sign-in; or

* call Crew Tracking, if is after sign-in; or

o call the Duty Pilot/Chief Pilot Support Centre;

¢ inform the Dispatcher (if applicable); and

o file an Aviation Safety report or alternatively an Aviation
Safety Action Program report (if the event meets the require-
ments of the FAA) if they wish to have their report reviewed
in a de-identified format.

If Flight Operations personnel encounter a situation that they
consider may cause a fatigue-related risk, it is their responsibil-
ity to notify the appropriate supervisor or manager.

All fatigue reports are acknowledged and feedback is pro-
vided to the pilot group on a regular basis. The airline’s Pilot
Fatigue Program Director and the Fatigue Safety Action Group
carefully evaluate and discuss any fatigue reports associated
with the operations covered by the AMOC. They are also
responsible for using FRM processes (Fig. 1) to act on fatigue
reports when appropriate.

DISCUSSION

Performance-based regulatory approaches for managing
operator fatigue are expanding across all modes of transport.®
These often place a requirement on companies to provide
safety cases in support of the systems they propose to imple-
ment to manage operator fatigue, but there is little detailed
guidance on how to prepare such safety cases. This paper pro-
poses an approach with four key elements that map to the
ICAO fatigue risk management processes loop.!* The aim of
the paper is to stimulate discussion around best practice for
making a scientifically based argument for equivalent levels of
safety for operations covered by an alternative means of com-
pliance, compared to operations remaining within the pre-
scriptive requirements.

Safety cases need to be explicit and detailed about the scope
of the requested AMOC, and well-supported by analyses of
both scientific and operational data. The regulator needs to
be confident that the risk management and monitoring pro-
cesses in the operator’s FRMS are fully functional and able to
deliver an equivalent level of safety to that achieved by operat-
ing in compliance with the prescriptive fatigue management
regulations.
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The three-pilot in-flight rest allocation safety case described
here sought to allow pilots flying the landing to choose either
the second or third in-flight rest break on shorter flights, as
opposed to the prescriptive requirement for them to take the
third break. The risk associated with this AMOC was assessed
based on: a review of previous field studies monitoring pilots in
augmented crews (which included primarily four-person crews
in aircraft with Class 1 rest facilities); limited data available
from three-pilot operations in the airline prior to the new pre-
scriptive rules; estimates of the maximum time awake at TOD
for the shortest and longest of 4151 monthly flights that would
be covered by the AMOC; and an evaluation based on scien-
tific principles of the sleep opportunities offered by the second
vs. the third rest period, grouping flights according their domi-
cile arrival times. These analyses concluded that the third rest
break does not consistently provide a better sleep opportu-
nity or result in less fatigue at TOD, compared to the second
rest break.

The FAA requested a prospective validation study on flights
covered by the AMOC to confirm this conclusion and provided
an exemption to enable the study to be conducted. Subjective
reports (N = 280) of in-flight sleep duration and quality, as well
as fatigue and sleepiness ratings at TOD, confirmed that the
third rest break did not consistently provide a better sleep
opportunity or less fatigue at TOD compared to the second rest
break.

The safety case also described how operations covered by
the AMOC are subject to routine fatigue monitoring, risk
assessment, and hazard identification via the airlines fatigue
risk management processes, and the multiple fatigue mitigation
strategies that are in place. The AMOC was approved by the
FAA in 2014.

In this example, the need for the AMOC arose from an
unintended consequence of new prescriptive fatigue risk man-
agement regulations. The requested exemption in fact allowed
the continuation of customary practice, i.e., the preference of
pilots flying the landing in three-pilot crews to take the second
in-flight rest break. Other successful safety cases using this
approach have addressed extensions beyond the daily flight
time and duty time limits in unforeseen circumstances, and the
certification of bunks for Class 1 rest facilities.*

FRMS implementation in commercial aviation is expand-
ing, but many regulators and operators are still on a steep learn-
ing curve. The standard of evidence currently required by the
FAA in safety cases is high, reflecting a conservative approach
that is appropriate, but that may evolve as experience builds.
The required complexity of a safety case should be commensu-
rate with the complexity of the operations that it addresses and
the expected level of fatigue risk. This same principle applies to
the required complexity of an FRMS.
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