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Aircrew and lonizing

Radiation

By Capt. Amilton Camillo RUAS*

flight crew member is exposed to several sources
of ionizing radiation during the course of their duties,
including cosmic radiation. This can potentially
cause crew members to be exposed to an
effective dose of between 1.46 and 3.37 mSv/year,
according to simulations we performed with the flight
schedules of two Brazilian companies using the FAA
(Federal Aviation Administration) application CARI-
6. Noteworthy though is that this estimate has not
taken into account additional sources of radiation
such as solar storms, lightening, TGFs (Terrestrial
Gamma Ray Flux), airport security procedures and
others, which may further increase the base line
figures mentioned above.

In order to establish a useful understanding of
this radiation exposure, we compared the dose
received annually by flight crew, flying about
800 hours/year on jet aircraft to that received
on a chest X-ray (about 0.1 mSv) and reached
an equivalent dose value of between 15 and 34
chest X-rays.

Worldwide, there are various estimates on
meaningful dosage limits. One such limit is that
from the United Nations Scientific Committee
on the Effects of Atomic Radiation (UNSCEAR),
which has set limits between 1.2 to 7 mSv/year.
Meanwhile, ICAQO, IATA and IFALPA have average
figures of 2 mSv/year for domestic or short-haul
fights and 5 mSv/year for crews engaged in
international long-haul flight schedules.

The dose of cosmic radiation received by a flight
crew member varies with altitude, latitude, solar
activity and flight duration. Whilst the Earth’s
atmosphere offers some protection from cosmic
rays, above 25,000ft; the effective dose doubles
for every 6,000ft of altitude gain.

The Earth’'s magnetic field also offers some
attenuation of cosmic rays and at the poles,
where the field is smaller, the dose is 3 to 5 times
higher than at the equator for a similar altitude.
For this reason, flights crossing the poles must



comply with a series of regulations to protect the
occupants of an aircraft from high radiation doses
in the event of solar flares.

It is worth mentioning that the received dose
of ionizing radiation is cumulative, i.e. it only
increases and does not reach a limit, and nor
does it decrease over time. Over the course of
30 or 40 years, these dose values can become
significant, thus increasing the risk of adverse
somatic and genetic effects. It is important
to note the difference between ultraviolet
rays (UV-A, UV-B), that we can attenuate
with sunscreen, and the highly energetic
and penetrating cosmic radiation, which is
present day and night and for which there is
no technically feasible protection mitigation
readily available to flight crew.

lonizing radiation can damage our DNA and generate
free radicals, increasing the risk of developing cancer,
cataracts, cardiovascular disorders and genetic
defects in future generations. Medical insight is
increasingly attributing the etiology of various
diseases to free radicals and in this case, zero-risk
can only be achieved with zero dose.

However, whilst there are likely some minor variances
in acceptable risk exposure levels between individual,
we do know that some factors increase the risks,
such as pregnancy. For this reason, It is essential
that pregnant women have information about the
risks, which can lead to miscarriage in the first
weeks or cause malformations in the conceptus.
For this reason, the law in Brazil (CNEN) stipulates a
maximum limit of 1 mSv throughout pregnancy and
the ANAC (Brazilian Civil Aviation Regulator) even
suspends the Medical Certificate of pregnant crew

members as soon as the pregnancy is declared by
the crew member.

Science has no explanation for why some people
exposed to radiation develop cancer and some do
not. The fact that a person is exposed does not
necessarily mean that he/she will develop a disease.

FAA  Document DOT/FAA/AM-03/16, What
Aircrews Should Know About Their Occupational
Exposure to lonizing Radiation, presents several
tables of somatic and genetic risks from radiation
exposure and is recommended reading for all
crew members.

Research into radiation exposure has produced
many scientific papers and many of these can
be accessed through the relevant websites of
the FAA, NASA, IATA, |IAEA, UNSCEAR, ICRP
and other for more information. In the medical
field, papers detailing research into aircrew
and radiation can be accessed through the US
Government’s PUBMED network.

In our book about this subject, “O Tripulante de
Aeronaves e a Radiacao lonizante”, we list about
70 references to facilitate further studies in the field.

Since the 1990s, many countries and international
organizations have recognized the occupational
exposure of ionizing radiation upon flight crew. In
Brazil, the body responsible for validating which
professions are exposed to ionizing radiation is
the National Nuclear Energy Commission (CNEN).
In its rules and provisions CNEN does not explicitly
acknowledge the risk of radiation exposure flight
crew, however they also do not exclude it.

In order to rectify the absence of flight crew from
CNEN’s considerations, a group of organizations
made up of ASAGOL, SNA, ATL, ABRAPAC and
ACR Consultoria Aeronautica requested the CNEN
improve the regulatory framework regarding the
matter. This claim led to the creation by CNEN, in
2018, of a working group to suggest a regulation on
radiation protection for Brazilian flight crew.

The four organizations representing aircrews
(ASAGOL, ABRAPAC, ATL and SNA) participated
in this group, which was called CTAero, and ACR
Consultoria advised them, with the participation of
ANAC, ABEAR, DCTA/IEAv, as well as scientists from
the CNEN itself.

GTAero completed the work in October 2018,
recommending the adoption of a Brazilian Aircrew
Radiological Protection Regulation, in the form of a



regulatory position for the existing CNEN Standard.
This recommendation is expected to be formalized
in 2019.

In conclusion, exposure to ionizing radiation is part
of the life of flight crew and due to the nature of
the highly energetic and penetrating radiation and
particles received in flight like neutrons, there is no
way to shield the aircraft. It is technically impossible,
for example, to block the approximately 2,400
neutrons/per second/per sgm we receive at the flight
altitudes of today’s aircraft. To reduce this dose by
only 20%, we would have to add to the aircraft a

shield of about 300 kg/sgm, which, obviously, would
make the flight unfeasible.

Nevertheless, although in other areas there is a
tendency to decrease exposure, this does not apply
to commercial flight and to flight crew. In contrast,
aircraft are increasingly able to fly higher and further.

Recommendations to flight crew are that they should
choose equipment or flights with less exposure,
should plan for an early retirement (something quite
difficult), should avoid X-ray exams (in particular CT
scans) and develop healthy lifestyle and eating habits. ¢
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Prevention and Automation:
Revisiting the SHELL Model

By Margareth Hasse and Mauricio Lorenzini Coelho*

‘t is without doubt that the introduction of new

technologies in aircraft cockpits has provided
major improvement in safety systems, efficiency,
navigation, and savings in operations. However,
it is noted that at the same time, the introduction
of new technologies imposes costs on operations
that are often manifested in conflict with modes
of operation (DEHAISA, CAUSSEA, VACHONB,
TREMBLAY, 2012), or as errors or omissions
(pilot fails to act and intervene when necessary)
(KOEPPEN, 2012) and even as surprises with
automation (SARTER, WOODS, BILLINGS, 1997;
DEHAIS, PEYSAKHOVICH, SCANNELLA, FONGUE,
GATEAU, 2015).

Thus, it is with the observation of these hardware-
software conflict manifestations in socio technical
automated systems that we can better understand
human functionality in the system, the operation of
new technologies in aircraft and also how we can
improve the preventitive and mitigation processes.

Part of the interaction of the human element within
automated systems is the process by which the
operator elaborates an intention, plans their actions,
acts on the interface, perceives and interprets the
system feedback, and measures whether the
objective has been achieved (NORMAM, 1986). In
not achieving the desired objective, the operator
shall redo the whole process to identify the problem
and solve it. In this way, the operator interacts with
the system performing two processes, one cognitive
and the other physical. The former is cognitive
because it involves the entire human information
processing mechanism, and the latter is physical
due to the perceptual-motor interaction with system
interfaces (Figure 1).

This perspective of the operator’s relationship with
digital artifacts, in which automated systems reside,
comes from the human-computer interaction.
This discipline studies the implementation and
evaluation of computer systems for human use,
together with phenomena related to this use
(HEWETT et al, 1992) and from the SHELL model
perspective, is equivalent to positioning the human
element (Liveware) in interaction with automated
systems (Hardware and Software), most of the time

in monitoring the technological equipment aboard.
In the existing relationships in these interfaces, the
demand for cognitive skills specific to monitoring
may not be adequately or safely met with regards
to the operation of the systems and, consequently,
to the safe flight of the aircraft.

Woods’ (1994) studies on flight simulator use confirm
that, once tasks have been delegated to automated
systems, the human ability to monitor them is
often insufficient to detect problems and often to
understand the state of the system. In discussions
carried out by Sheridan (1988) concerning the
concept of supervision of semiautomatic control
systems, it is mentioned that for each sequential
supervisory function, a mental model is assumed
and a computer decision aid is suggested, but some
problems may arise with the models for human
attention allocation in supervisory control.

In the operation of automated systems, attention
is a mechanism of paramount importance for their
monitoring, as it enables the selection of important
information as well as to focus, at any given time,
on certain aspects of the scenario, leaving aside
what is unnecessary.

However, for attention to be effective, the level of
vigilance and alertness required of the operator
must be appropriate and proportional to the cockpit
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Figure 1 - Human element interaction with automated systems

(adapted from Norman, 1986, p. 42)

workload, which can vary significantly at different
stages of flight (HAKKINS, 1987). Alertness can
both contribute to and impair attention and cognitive
processing. Thus, in order to be able to manipulate
attention and focus awareness on noteworthy
events and even on some special features that are
deemed important, an adequate level of alertness
must be maintained (COSENZA, 2011). Accordingly,
it is important to understand that the nervous
system has centers that regulate the process of
information selection that allows us to consciously
channel attention to certain stimuli while ignoring
others. There is also the adaptation to a prolonged
stimulation by the sensory receptors, which fail to
perceive the stimulus arriving at them.

When establishing the alertness versus flight phase
relationship, it should be considered that the required
workload varies depending on the task difficulty, task
priority, and situational contingencies (takeoff/climb;
en route; descent/landing). It also varies according
to cognitive demands for maintaining attention and
resources to support the processing of information,
such as perception, memory updating, planning,
decision making, and response processing.
In addition, this relationship is modulated by
individual differences, such as individual skill set
and experience (SALVENDY, 2012).

Once the proper alertness is established, attention
can be regulated from “bottom up” and “top down”.
In the first condition, also called reflex attention,
peripheral stimuli and their respective characteristics,
such as novelty or contrast, play an important role
in the neural processing of information. When
regulated by the “top-down” central aspects of
brain processing, voluntary attention relies on
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internal aspects of the organism, the personal choice
established by a specific context or a goal to be
achieved (GUERRA, 2011).

In applying a human error perspective to accident
and incident data, analyzes indicate that the errors
observed in incidents and accidents are not the
same. In particular, there is evidence that failures at
higher cognitive levels (e.g. goal setting, planning
failures, problem solving, decision making) are
more lethal than failures at lower cognitive levels
(e.g. detection or action) (JENSEN, BENEL, 1977;
O’HARE et al., 1994; WIEGMANN, SHAPPELL,
2003).

Even though there are several features for its
regulation, the human attentional mechanism does
not perform as well when attention is divided by
the use of different sensory channels, causing
the loss of important aspects of information. This
behavior occurs mainly if the demand on one of
the channels increases (WAR, 2000). When trying
to divide attention, the brain will always process
information better one at a time.

An example of this attentional mechanism can be
found in the accident report for Flight AF 447 (Air
France Airbus 330-203 on June 1, 2009) which
Identified crew insensitivity to audible warnings
(PARASURAMAN, RILEY, 1997; DOLL, FOLDS,
LEIKER, 1984 apud BEA, 2012, p. 105). This was
attributed to a heavy workload and a possible
conflict between these warnings and ongoing
cognitive tasks.

The ability to draw attention to this information is very
exhausting as it requires the use of cognitive resources



that are already involved in the task being performed.
The performance of one or both tasks (problem
solving or attention to the warning) would be affected.
(WICKENS, 2008, apud BEA, 2012, p. 105).

The AF447 crash report provides that, due to piloting
being a highly visual activity, it has led operators to
a hearing insensitivity to the rare audible warnings,
which were contradictory to information obtained
from cabin panels. This conclusion is based on
several studies on auditory-visual conflict (COLAVITA,
1974; YUVAL-GREENBERG, DEOUELL, 2009;
SINNETT, SPENCE, SOTO-FARACO, 2007 apud
BEA, 2012, pp. 105, 106) which point out that it is a
natural tendency of the human being to favor visual
perception over hearing, when contradictory and
conflicting information is presented simultaneously
to both sensory perceptors.

Another study used the electroencephalogram
(SCANNELLA, 2011 apud BEA, 2012, pp. 105, 106)
to confirm auditory-visual conflicts in the operator
when faced with a high workload situation and
translates into “a mechanism of attention selectivity

that favors visual information and leads to disregard
critical auditory warnings”.

Based on the above aspects of the cognitive
processes of the human element (Liveware) in the
interaction with automated systems (Hardware and
Software), even if briefly, especially the alertness
and attention states, it is deemed appropriate that
crew members, training managers, operational
safety officers and aircraft accident investigators
comprehend the mechanisms and charcteristics
the human brain has for maintaining situational
awareness requisent with the various circumstances
encountered during flight, such as abnormal or
emergency situations, or due to variations in the
workload demand in the automated cockpit.

In conclusion, it is clear that some human limitations
may pose a greater safety risk when crew members
interact with the aircraft’s automated systems.
Understanding these limitations from a neurocognitive
approach can help with safe operations and accident
prevention in the current and future air operations
environment.
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LOFT (Line-Oriented Flight Training) -
Strengthening Its Role in Civil Aviation

OFT involves flight simulator training that, based
on scenarios and scripts, replicates the airline’s
operating environment' in the simulator, with the
aim of improving technical and Crew Resource
Management (CRM)2 skills. Ergo, it is an important
training in the context of cabin resource management
and is regulated in Brazil by IAC 060-1002A3. In the
United States, the Federal Aviation Administration
(FAA) also uses LOFT in its CRM programs.*

The most effective CRM training involves
active participation of all crewmembers. LOFT
sessions give each crewmember opportunities
to practice CRM skills through interactions with
other crewmembers. If the training is videotaped,
feedback based on crewmembers’ actual
behavior, during the LOFT, provides valuable
documentation for the LOFT debrief. (FAA —
Federal Aviation Administration. AC120-51E
Appendix 3. P.3)

In Brazil, according to the ANAC (National Civil
Aviation Agency)®, pilots of Brazilian airlines must
complete the training as it is considered part of
the qualification curriculum for these professionals.
Although pilot performance is observed, according
to the ANAC®, CAA/ICAC? and FAAY, training must
be completed without passing or failing grades.
This allows pilots to feel more comfortable using all
their resources and creativity (within the company’s
operating parameters) without having to worry about
any failures.

LOFT should not be used as a method of checking the
performance of individuals. Instead, it is a validation

of training programmes and operational procedures.
An individual or crew needing additional training after
a LOFT session should be afforded that opportunity
immediately with no stigma or recrimination. (ICAO.
CAA - Civil Aviation Authority. CAP 720. PP.5-1)

If the pilot does not perform satisfactorily, additional
training must be provided in order to ensure the pilot
meets the qualification requirements.> 627

A good LOFT program can help improve operator
procedures, inconsistencies in manuals, training
programs, ergonomic aspects in the aircraft cabin,
and test new operating procedures.®

A properly conducted LOFT programme can
provide great insight into the internal workings
of an airline’s operations and training programme
for the following reasons:

1. If similar mistakes seem to be recurring
among pilots, it may indicate a potentially
serious problem as a result of incorrect
procedures, conflicting or incorrect
manuals, or other operational aspects.

2. It may reveal areas in aircrew training
programmes which are weak or which need
emphasis.

3. It may reveal problems with instrument
locations, information being presented to
pilots, or other difficulties with the physical
layout of a particular flight deck.

4. Air carriers can use it to test and verify flight
deck operational procedures. (ICAO. CAA
- Civil Aviation Authority. CAP 720.
PP.5-1)
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The investigation of fatigue as
a prevention tool in aviation

By Simone Kelli Cassiano®

tatistical data related to aeronautical
accidents that have occurred within the
Brazilian civil aviation sphere indicate that
there is a multitude of factors related to
human performance, with recurring events
involving failures in pilot judgment, command
application, flight planning and decision
making, among others (CENIPA, 2019). Most
of these events involve people who were
healthy and properly trained, that is, able to
perform their tasks safely.

Properly understanding the aviation
operational environment requires, among
other things, the identification of hazards
that affect human performance to the point of
favoring the occurrence of errors by proficient
professionals, who are duly qualified to
perform their duties. Therefore, the incidence
of fatigue and the risks associated with this
condition are among the concerns of the
aeronautical sector.

The direction of the International Civil Aviation
Organization (ICAO) to guide signatory states

and operators in the implementation of a
fatigue risk management system is one of
the relevant actions to achieve better results
regarding the reduction of occurrences related
to this phenomenon. Essential references
to this theme can be mentioned here such
as DOC 9966 - Manual for the Oversight of
Fatigue Management Approaches (ICAQ,
2016a), as well as the publication aimed
at regulatory agencies, the Fatigue Risk
Management Systems - Manual for Regulators
(ICAQ, 2012) and the supplemental publication
for air traffic control service providers, the
Fatigue Management Guide for Traffic Services
Providers (ICAO, 2016b).

Continued operational safety management,
as advocated by the ICAO, requires well-
established organizational processes and
tools that enable a thorough understanding
of the factors that impact the safety levels
of air operations. Therefore, the systematic
approach to fatigue includes predictive,
proactive and reactive processes for identifying
risks associated with fatigue.



The evolution of operational safety over the
years has highlighted the strong need for
aviation organizations to develop proactive and
predictive measures to anticipate an aviation
occurrence in a timely manner so to prevent
it. However, reactive preventive actions are still
relevant, as the ability to learn from past events
remains an important tool for improving flight
safety.

Reactive prevention actions include
investigations of occurrences conducted by
the Center for Investigation and Prevention
of Aeronautical Accidents (CENIPA) and its
Regional Services, whose sole purpose is to
prevent the occurrence of new accidents. In
this context, the Investigation Committees act
to elucidate factors that may have affected the
safety of aviation activities and, therefore, are
contributors to the investigated events.

Designed to improve the ability to detect the
influence of fatigue on human performance,
the “Investigation Guide on the influence of
fatigue on aviation occurrences” (CNFH,
2017) has been used as support material by
the Investigation Committees in order to guide
the data collection process and support the
understanding of the impact of fatigue on the
performance of professionals., This Guide
is available to the entire aviation community
and outlines conceptual and methodological
aspects that guide a broad and consistent
approach, as well as detailing the use of tools
that can make fatigue research more accurate
and reliable, systematizing the investigative
process.

It is noteworthy that the work of the
Investigation Committees is to strive for
the technical and scientific basis for data
collection and analysis. Thus, data obtained
from the investigations can be considered
as relevant indications for the improvement
of management practices adopted within
the organizations, feeding the fatigue risk
management system and, more broadly, the
operational safety management system itself.

Currently, the Final Reports issued by the
CENIPA where fatigue was identified as
a contributing factor, there is evidence of
organizational aspects and the work context
that resulted in workers being exposed to
conditions that are more susceptible to
fatigue and, consequently, to their degraded
performance. Inadequate rest conditions,
scheduling problems and failures in the

management of work routine and work
organization are examples of elements that
increased the risk of fatigue in investigated
occurrences.

A note worthy and relevant case is the
Transbrasil accident in 1989, aircraft
registration PT-TCS. At the time, the entire
crew and passengers died after the aircraft
crashed into houses during approach for
landing. The investigation revealed that the
accident occurred at a time very close to
the prescriptive working day limit established
by the legislation current at the time. Thus,
the length of the duty time performed by
the crew was indicated as a possible factor
of impairment and the inability to properly
manage the inflight situation.

Similarly, in 2010, there was a Controlled
Flight into Terrain (CFIT) collision involving the
PT-GKQ registration aircraft, which belonged
to an air taxi company. The extrapolation
of the duty time on the previous day, which
provided an indication of crew weariness and
an impairment of available time for rest and
recovery, were considered aspects to indicate
fatigue as a contributing factor to the event.

In both cases, the effects of crew performance
degradation due to fatigue were observed,
which was favored by excessive working
hours and inadequate management of issues
related to crew rest. These occurrences
highlight the necessity to recognize the
physical and cognitive limitations that are
intrinsic to humans, since homeostatic
processes and circadian rhythms influence the
human capacity to stay awake and functional
(WILLIANSON, FRISWELL, 2013).

However, they also highlight the pressing need
for organizations to identify vulnerabilities in
their operational context and management
practices in order to mitigate the risks
associated with fatigue. From this perspective,
it is emphasized that inadequate working
conditions can increase susceptibility to fatigue
and reduce the ability to respond promptly
to situations experienced by people in their
professional practice. Although the loss of
efficiency caused by fatigue is reversible, its
influence can have a clear impact on human
performance (DORRIAN, BAULK, DAWSON,
2011; FALZON, SAUVAGNAC, 2007).

On the other hand, the behaviors and
attitudes adopted by professionals working




in aviation are as relevant as the observance
of management practices adopted by
organizations. The reporting culture is one of
the main pillars of a solid safety culture. While
aviation occurrences are critical to identifying
improvement points and developing mitigating
actions, a reporting system that addresses
minor failures or deficiencies adds value to
organizations. However, obtaining subjective
data on fatigue remains a challenge to prevent
this factor. The absence of reports submitted
by professionals makes it impossible to detect
latent conditions to the organization and
sometimes contributes to the maintenance of
inappropriate practices.

When investigating aviation occurrences, it
is still possible to find a small number of
reports of situations that crews assessed
as fatiguing. While crew members are often
able to see how tiredness has compromised
their performance while attempting to
manage issues in flight, this influence is not
SO apparent in many everyday situations.
When consecutively subjected to inadequate
conditions of rest and recovery, the human
being may have greater difficulty recognizing
the adverse effects promoted by these
circumstances. Whilst the level of perception
of fatigue can deminish, performance losses
can still be observed regardless (ICAO,
2016a).

Aviation studies have suggested the need
for pilots to become more aware of the risks
associated with fatigue in order to better
develop risk mitigation strategies. According to
Bourgeois-Bougrine et al (2003), pilots should
be more alert to the effects of fatigue, not only
identifying reduced attention levels or lack of
concentration, which are more easily noticed
by them, but also increased response time,
making minor mistakes, reduction in social
interaction, among other aspects observable
to crew members.

The current adopted research methodology
allows for the broad exploration at the
individual and organizational levels and, where
necessary, deepens aspects that affect fatigue
management to the point of compromising the
safety level of air operations. Therefore, it is a
significant advance towards a systematization
of the processes that allow the maintenance
of acceptable levels of operational safety,
since it provides the necessary data to
promote mitigating actions in the most diverse
organizational contexts. Thus, based on the
identification of factors that contributed to the
increased risks associated with fatigue, as
well as through the safety recommendations
issued by the investigations, CENIPA plays
a prominent role in the mitigation of fatigue
and the improvement of the operational safety

in Brazil. s>~
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The importance of selecting the
correct flap setting

By FO Perusso and FO Filipe Vasconcellos*

MOst of the aviation accidents of recent

years occurred during the landing and
takeoff phases. This is due to a multitude of
contributing factors in each adverse event,
with Runway Excursions, Loss of Control in
Flight, Mid Air Collision and CFIT being the
most significant in terms of risk of fatalities.

This article will discuss the nuances of pilot
actuation of control surfaces, in particular, the
correct selection of takeoff flaps.

To ensure the standard instrument departure’s
(SID) minimum climb gradient is met, allowing
terrain and obstacle clearance on the predicted
flight path, every takeoff operation is previously
analyzed by the flight operations engineering.
A key aspect in this review is based upon the
correct choice of takeoff flaps.

Proper flap configuration reduces stall speed
by increasing lift at low speeds. This results
in the consequent shortening of the distance
required for the takeoff run.

Notwithstanding the importance of trailing
edge flaps, slats are also critical in ensuring
proper airflow over the top surface of the wing,
which makes it even more critical to not forget
about the takeoff flap configuration.

Over time, GOL's Safety has observed some
cases related to the incorrect takeoff flap
setting. On occasion it has also been observed
that some pilots may have a predisposition
to a specific flap setting position (eg, flap 05)
and that this may in fact be the introduction
of an operational flaw due to a want to reduce
the required time for ground operations prior
to takeoff.

On a few occasions, takeoff has been initiated
without the use of the predicted flap setting,
a fact that has been “rectified” by deploying
flaps during the takeoff roll. It is noteworthy
that this action contrasts Company and the

manufacturer’s recommended operating
procedures. Since this action involves a
conscious act, it is deemed a punishable
violation by GOL.

If this situation is identified under low energy
(<8OKT), performing the RTO maneuver is the
only safe option.

However, when the problem is identified on a
high-energy basis, especially when near V1,
Airmanship should prevail and the decision to
proceed or reject would be defined according
to the scenario presented.

It is worth mentioning that from the moment
the aircraft enters the runway with the intent
to take off, and an incorrect flap setting
exists, the operation has already been within
a compromised safety paradigm.

Any action taken without a proper mitigation
procedure increases the likelihood of events
that lead to excessive workload to the point
of exceeding pilot manageability.

To this end, there are several barriers to
prevent the aircraft from entering the runway
with the incorrect flap setting. These include
flight operating standards and routines
communicated in manuals such as the FSM,
FCOM (NP) and FCTM, checklist, QRH, CRM
best practices and crosschecks.

As an example, the checklist must be
rigorously read in a methodical, assertive
and mindful manner no matter how late
the flight or how critical the management
of regulation is. This tool should be used to
extend pilots” memory, especially at times of
high workload, and should be treated as an
opportunity to capture small memory lapses
and possible misconfigurations (errors).

Technical and operational discipline ensure
the safety of operations. ™
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Fatigue Risk inthe
Brazilian Regular Aviation:
“Fadigometro” Project

By Tulio Rodrigues*

—~

mbout a year ago, it was started a data

acquisition of crew rosters of pilots and flight
attendants pertaining to the Brazilian regular
aviation. The study, without precedent in
Brazil and worldwide, called “Fadigbmetro”,
has the support of the National Commission
of Human Fatigue (CNFH) and the Aviation
Accident Investigation and Prevention Center
(CENIPA) and was carried out thanks to
the representative institutions ABRAPAC,
ASAGOL, ATL and SNA, which have allocated
substantial human and financial resources
for the planning, implementation and the
continuous improvement of the research.

Based on a rigorous scientific methodology,
through the partnership with the University
of Sao Paulo by the Physics and Bioscience
Institutes and the School of Public Health
(with the approval of the Research Ethics
Committee of the Bioscience Institute), the
project took off and has already provided an
important overview of the fatigue scenario
in Brazil, with consistent indicators to be
published soon [1].

This innovative idea was initially shared with
the international civil aviation community in
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April 2016 during my presentation at the
FRMS Forum in Montreal (Photo 1). Since
then, there have been several presentations
(71st IFALPA Conference, New Orleans, 2016;
1st and 2nd Jornada Aeronautica ABRAPAC,
Séo Paulo, 2016 and 2017; 72nd IFALPA
Conference, Montreal, 2017; IFALPA-HUPER
Meeting, Paris, 2017; 1st and 3rd Workshop
de Seguranca Operacional da ASAGOL,
Sao Paulo, 2017 and 2019; 68th and 70th
Sessao Plenaria do CNPAA, Brasilia, 2017
and 2018; OAB-SP, Sao Paulo, 2018; FRMS/
FTL IFALPA-SNA Training, S&o Paulo, 2018;
SAFTE -FAST Users Meetings, Atlanta, 2017
and Dallas, 2018; IFALPA-HUPER Meeting,
Rio de Janeiro, 2018, 17th Congresso
Nacional da ANAMT, Brasilia, 2019 and
4USAPLA - ATL, Sao Paulo, 2019) where
it was possible to share and discuss the
project with local and foreign experts and
researchers.

The study has an operational focus, with
an important technological development
that allowed the collection of more than
7,700 rosters, encompassing roughly 715
thousand of duty hours (for crewing events
only) and 214 thousand flight sectors until



July 3rd, 2019. These pillars enabled
a consistent and multidisciplinary
approach to shed a light on the
issue of fatigue, which culminated in
the award, “Dr. Bernardo Bedrikow —
Inovacao e novas praticas em Saude
e Seguranca no Trabalho”, gold
category, which has been granted
to the project by virtue of the oral
presentation at the 17th Congresso
Nacional da Associagéo Nacional de
Medicina do Trabalho, held in Brasilia
last May (Photo 2). This recognition
from the occupational medicine
community demonstrates that we
are on the right track, breaking down
barriers to promote flight safety aiming
at an optimized and sustainable
aviation industry.
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Important indicators were evaluated during
this first phase (with applications received
until September 28, 2018), which included
the analysis of crewing events in narrow body
aircrafts for the rosters of January (n = 248),
May (n = 259) and July (n = 261) of 2018.
These indicators included the distributions
of minimum effectiveness and hazard area
computed by the SAFTE-FAST software [2]
in the critical phases of flight (take-offs and
landings). This software has scientific validation
in objective measurements [3] and takes
into account the homeostatic process, the
circadian cycle associated with wakefulness
and sleepiness and sleep inertia; and several
operators in the world use it. The effectiveness
calculated by the algorithm is proportional to
the speed at which the individual is capable
to perform tasks correctly. The critical phase
hazard area parameter was proposed by the

Photo 1 - Capt. Tulio Rodrigues and Dr. Steven Hursh
(IBR) at the FRMS Forum in Montreal (2016).
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Photo 2 - Capt. Tulio, Dr. Cipolla, Dra. Frida and Dra. Elaine at
the 17th National Congress of ANAMT in Brasilia (2019).

authors of this research and takes into account
the area of the effectiveness curve that drops
below 77% during critical phases of the
flight [1]. A threshold of 77% of SAFTE-FAST
effectiveness (ESF) was adopted to define
the interval of high fatigue likelihood (ESF <
77%) considering a research that evaluated
the relationship between this parameter and
the economic impacts on rail accidents [4]. In
this study, the authors found that the total cost
of accidents caused by human error increases
about four and a half times by comparing the
results for ESF > 90% with ESF < 77%.

For the high season months (January and
July of 2018), it was found at least one event
of minimal effectiveness in the critical phase
below 77% in about 77% of the rosters. For
the low season month (May of 2018), this
proportion dropped to approximately 54%.
These results indicate that the prescriptive
limits in place during 2018 (Law 13.475/17 and
CCT 2017/2018) were not sufficient to mitigate
the fatigue risk, reinforcing the importance of
a better management in the preparation and
execution of rosters.

The distributions of minimum effectiveness
and hazard area in critical phases showed
statistically relevant seasonal oscillations
in a nonparametric Kruskal-Wallis test (p
<0.001) comparing the three roster groups
(January, May and July of 2018). In the
comparison of groups two by two (Mann-
Whitney non-parametric test), relevant
seasonality was verified between any high
season (January or July of 2018) and low
season (May of 2018) month, both for




minimum effectiveness and hazard area in
the critical phases (p <0.001). On the other
hand, there was no statistically significant
difference between the two months of high
season (January and July of 2018), both for
the minimum effectiveness (p = 0.773) and
for the hazard area (p = 0.815) in the critical
phases. Kruskal-Whallis and Mann-Whitney
non-parametric tests are applicable to
compare groups of data whose distributions
do not have normal behavior, a criterion that
was verified for both minimum effectiveness
and hazard area in critical phases [1]. These
results were recently presented to ANAC
at a meeting held in Brasilia on June 26
(Photo 3) and show that these indicators
are susceptible to seasonal variations
in the work schedules. Thus, the tool
developed in the research may assist the
Civil Aviation System in relative analyses
to assess the impact of fatigue during the
imminent change in the Brazilian regulatory
framework, with the commencement of
RBAC 117 in mid-2020.

Photo 3 - Left to right: Paulo
Licati (ABRAPAC), Felipe
Miguel Ribeiro (ANAC),
Rafel Gasparini (ANAC),
Ricardo Bezerra (ANAC),
Tulio Rodrigues (ASAGOL),
Frida Fischer (FSP-USP),
André Frazao (IB-USP) and
Joao Luis Barbosa (ANAC).

The next steps of the study include the
evaluation of the results from a bio psychosocial
questionnaire aiming at the customization of
some criteria and parameters of the SAFTE-
FAST, as well as the implementation of filters
in the web-based platform to select specific
roster characteristics for the purpose of
identifying the root causes of fatigue.

In conclusion, | take this opportunity to
thank all the crewmembers who agreed to
participate in the research, as well as all
the organizations and their representatives
who contributed to its implementation
and continuous improvement. | am also
grateful to Professors André Frazao
Helene (IB-USP) and Frida Marina
Fischer (FSP-USP), and to the operational
safety analysts Eduardo Morteo Bastos
(ASAGOL), Alfredo Menquini (ABRAPAC),
Fabiano Paes (ATL), Marina Rapuano,
Philipe Pacheco and Mariana Lima who,
through hard work and dedication, made
this project viable. ™
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B737 Max Summuit, Montreal,

Canada

By Captain Jack Netskar®

n March 2019, regulators and airlines
around the world grounded the B737 MAX
passenger aircraft after two nearly new
aircraft tragically crashed less than five
months apart, killing all 346 passengers and
crew. The accidents befell Lion Air Flight
610 on October 29, 2018 and Ethiopian
Airlines Flight 302 on March 10, 2019.

Ethiopian Airlines was first to ground the
aircraft, effective the day of the accident. On
March 11, the aircraft’s airworthiness was
publicly reaffirmed by its certifying agency,
the US Federal Aviation Administration. The
same day, the CAA of China was the first
regulator to order the MAX grounding.

In the next two days, most other airlines
and regulators around the world grounded
it as well. On March 13, the FAA was one of
the last agencies to ground the MAX; citing
similarities between the two crashes. In
total, 387 airplanes were grounded.

From the time the B737 MAX was grounded
until  today, countless news articles,
television/radio broadcasts, PRs, aviation
expert commentary and so-called experts
have been produced. Information has been
provided about the relationship between
regulators and the manufacturer regarding
withholding important information about the
aircraft type, about the cost pressures that
challenge flight safety as priority number
1, about problematic issues concerning
internal reporting, etc.

For IFALPA, it is important to maintain
credibility in our statements and positions
as safety professionals. We must, therefore,
seek information from the primary source,
and, at the same time, keep track of
what our Member Associations and the
community at large bring forward.

As part of this information gathering,
IFALPA has, among other things, met with
representatives of Boeing for three separate
briefings. Most recently, we attended the
IATA B737 MAX 2nd Summit in Montreal,
just last week.

The purpose of this exceptional meeting,
attended by 18 airlines, 9 regulators,
Boeing, ICAO, IFALPA, CAE, lessors,
and other relevant stakeholders, was to
identify the challenges and gain a common
understanding of a roadmap to bring the
B737 MAX back to operation in the safest,
most efficient, and timely manner possible.

The big question amongst all stakeholders,
including IFALPA, is the “return to service”
process. Views on this will vary depending
on who you talk to, but for us the priorities
are clear:

1.The technical challenges must be
remedied and satisfy established safety
standards;

2.The regulatory processes must take place
in a way that prevents a greater degree of
self-regulation and removal of factors for
different understanding of the systems;

3.The training must be adequate and
relevant information about the flight
systems must be available.

The absence of one or more of these
points will result in a lack of trust, and that
is precisely where we have been, and still
partially remain. It was therefore fruitful that
the three main contributions came from
Boeing, the FAA, and CAE.

Point 1 is technically being solved by
Boeing and approved by the FAA. MCAS is
one component of the Speed Trim System
(STS). The technical fix is based on new
software/Flight control law in the 737 MAX
flight control computer. This will provide
similar flaps-up protection to the already
existing flaps-down 737NG STS. IFALPA
is confident that all parts of the system
are being reviewed and secured. Boeing
as a company cannot withstand another
accident.

Point 2 has been a concern at IFALPA
for a long time. We have a long-standing
cooperation with  OEMs through, among
others, the ADO Committee, but we have no
formal lines to Certifying state and therefore
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have less insight into the processes
surrounding certifying types. This process
takes place between the individual state
CAA and OEM. IFALPA and our MAs are
related to the CAAs more on the oversight
part. This means that we must rely on
Certifying state and aircraft manufacturers
to do a qualitatively good job and ensure
that assessments are based on flight safety
and not selling points. Are we creating
software fixes to be able to sell an aircraft as
one type to reduce required training? It is an
important question to ask.

The FAA is focused on providing Safe and
Compliant Aircraft Design and changes to
MCAS design on one hand and the return-
to-service process on the other. EASA,
TCCA, and ANAC have a commitment
to collaborative process with the FAA for
certification, pilot training, and ungrounding.
Given the reduced degree of trust that exists
for both the manufacturer and the regulator,
it will be crucial that all these regulators, as
well as China, reach an agreement before
the aircraft is put into service.

It would be very problematic politically to
argue that the aircraft is safe when someone
does not approve parts of the changes
and does not return it to service. What is
important to understand is that only the FAA
certifies Boeing, while all other regulators
validate this process.

In this context, it is important that IFALPA
coordinate our input to the FAA, EASA,
Transport Canada, and ANAC, on a global
level.

Normally, the inputs would come separately,
through each national MA, without much
use of IFALPA. However, in this context,
we believe it is very important to align in the
same way as the regulators do

Point number 3, Training. This is an extremely
important part of the whole problem.
We have seen that the requirements for
training and qualification have gradually
been reduced over the last decades for
economic reasons. Some will argue that

new technology and reduced fail margins
and frequencies mean that the need for
training is not the same as it once was.

But it is precisely because systems have
become increasingly complex and failures
occur less often that there is a need for
more and relevant training. As type training
is recommended by the OEM and approved
by the regulator; | firmly believe that, as a
profession, we should have a greater say in
this process.

As IFALPA’s Pilot Training Standards Manual
States, “In a world of growing competitions,
we need to improve and increase the amount
of training a professional pilot receives, not
diminish it. The gradual erosion of training
time will have a delayed effect as the older
generation of pilots leave the left seat and
take their experience with them.”
(https://bit.ly/2J3ikY1)

The opportunities for varied and customized
training were presented well by CAE
during the meeting, but investments by the
operators are required, and regulators must
be able to withstand the cost perspective
in their assessments. Based on Boeing’s
prediction of the need for 600,000 new
pilots over the next 20 years, this becomes
increasingly important to maintain future
requirements for the flight safety standard.

As | mentioned, it all comes down to
trust. Trust towards the regulator, trust
towards the manufacturer, trust towards
the operator. At the Summit, all the
stakeholders from |ATA, FAA, and Boeing,
to Regulators and ICAO, pointed to the
pilots as the main symbol of trust for the
public. IFALPA will, in a trustworthy and
reliable way, contribute to the process of
return-to-service of the MAX, but always
with a view to safer skies as our main goal,
in this and in all our ventures.

What is IFALPA's position on the MAX at
this moment? We are doing our utmost to
validate the process; we cannot presently
approach the public with a clean bill , but will,
if and when we feel comfortable to do so.

*Jack Netskar is IFALPA’s President. ©2019 The International Federation of Air Line Pilots’ Associations. This publication is
provided for information purposes only, in all cases pilots should follow their company’s guidance and procedures. In the interest of
flight safety, reproduction of this publication in whole or in part is encouraged. It may not be offered for sale or used commercially.

All reprints must credit IFALPA.



Insulin Treatment and Flying

POSITION

Insulin  treatment has normally been
disqualifying for pilots’ medical certification
in most States to date. However, treatment
protocols and blood glucose monitoring
have advanced considerably within the last
decades. Experience from the U.K. has
shown that, with a strict protocol, even Class
| Medical certificate holders have been flying
commercially safely with insulin treatment.
IFALPA's position is that insulin treatment
should be accepted for medical certification
with the requirement of a strict protocol
controlling blood glucose levels.

DIABETES AND INSULIN
TREATMENT

Diabetes mellitus (known as diabetes) is
diagnosed when a patient has high blood
sugar levels over a prolonged period. The
reason for this is due to either the pancreas not
producing enough insulin (type 1 diabetes) or
the cells of the body not responding properly
to the insulin produced (type 2 diabetes). This
is called insulin resistance.

If left untreated, diabetes can cause many
serious complications. Untreated type 1
diabetes can lead to diabetic ketoacidosis
and hyperosmolar hyperglycemic state,
which can cause death. Type 1 diabetes
must therefore be treated. Serious long-
term complications include cardiovascular
disease, stroke, chronic kidney disease,
foot ulcers, and damage to the eyes.

In type 1 diabetes, the treatment is
insulin, as the patients’ body does
not produce their own insulin. Type 2
diabetes is treated with oral medication
at first, but often requires progression to
insulin therapy, as insulin resistance may
be increased, or insulin production may
be decreased.

CURRENT REGULATIONS

Currently, ICAO and most of the regulators
do not allow those undergoing insulin
treatment to fly commercial aircraft.
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Below is a summary of regulations in various jurisdictions.

ICAO - International Civil Aviation Organization

6.3.2.16: Applicants with insulin-treated diabetes mellitus shall be assessed as unfit.

EASA - European Aviation Safety Agency

MED.B.025 Metabolic and Endocrine Systems
(c) Diabetes mellitus
(1) Applicants with diabetes mellitus requiring insulin shall be assessed as unfit.
(2) Applicants with diabetes mellitus not requiring insulin shall be assessed as unfit unless it can be
demonstrated that blood sugar control has been achieved.

FAA - Federal Aviation Administration

Consideration will be given only to those individuals who have been clinically stable on their current treatment
regimen for a period of 6-months or more. The FAA has an established policy that permits the special
issuance medical certification to some insulin treated applicants. Individuals certificated under this policy will
be required to provide medical documentation regarding their history of treatment, accidents, and current
medical status. If certificated, they will be required to adhere to monitoring requirements and are prohibited
from operating aircraft outside the United States.

CASA - Civil Aviation Safety Authority (Australia)

Diabetes treated with insulin does not meet the medical standards. However, Class 2 applicants may be
considered using the following two stage approach to medical certification:

1. Initial certification with a safety pilot if they are able to comply with the CASA Insulin Requiring Diabetes
Protocol, for a minimum of 15 flights (details of types of flights and durations will be tailored by CASA to
meet individual requirements).

2. To have the safety pilot requirement removed, the applicant must carry out the specified in-flight
requirements and provide the on-ground and in-flight data to CASA for assessment and consideration.

Transport Canada (TC)

In accordance with current TC policy, applicants with Insulin Treated Diabetes Mellitus may be assessed for
medical certificates as follows.

Those who already hold a professional pilot licence (ATPL, CPL) may be considered for a Category 1 medical
certificate, restricted to flying with an accompanying pilot, as well as for a Category 3 or 4 medical certificate.

DIABETES, INSULIN

TREATMENT AND AVIATION

The biggest risk with insulin treatment
and flying is hypoglycemia, i.e. low blood
sugar levels. This may be due to too
much insulin or too little carbohydrates.
Effects can range from feelings of unease,
sweating, trembling, and increased
appetite in mild cases to more serious
issues such as confusion, changes in
behavior such as aggressiveness, seizures,
unconsciousness, and (rarely) permanent
brain damage or death in severe cases.
Mild to moderate cases are self-treated by
eating or drinking something high in sugar.
Severe cases can lead to unconsciousness
and must be treated with intravenous
glucose or injections with glucagon.

Hypoglycemia should be avoided, and
the pilot has to be able to notice the early

symptoms of low blood glucose level
and treat them. In addition, no severe
hypoglycemic episodes can be accepted
when considering certification. The pilot
should also be free of other significant
diabetic complications, most important of
which are the cardiovascular, neurological,
and ophthalmological complications.

Blood glucose monitoring technology has
advanced considerably. Today, continuous
glucose monitoring is possible, and should
be the recommended method of in-flight
glucose monitoring. A capillary blood
glucose meter that electrically stores the
values should be sufficient for certification.
This gives objective data on the history of
pilot’s blood glucose balance. In addition,
there is a need to check the blood glucose
values before and during the flight.



Blood glucose levels may be required
to be maintained at higher than optimal
values prior to and during flight, in order to
minimize the risk of hypoglycemia.

In the context of prevention of micro-
and macrovascular complications, it is
medically and ethically justifiable to treat
diabetic pilots who require insulin therapy
with the aim to maintain HbA1c (average
blood glucose) levels of 6.5 to 7.0%. The
average blood glucose levels required to
achieve these HbA1c targets fall inside the
blood glucose ranges required to minimise
the risk of hypoglycaemia during flight.

EXPERIENCES OF INSULIN
TREATMENT AND FLYING

Since 2015, the CAAs of the UK, Ireland, and
Austria have been using insulin treatment
protocol and have gathered data from the
pilots involved. Data from 26 certified insulin
dependent pilots was published in The Lancet
in 2017. Blood glucose concentrations
were defined as green (acceptable, >5-15
mmol/L), amber (caution, 4-5 mmol/L and
>15-20 mmol/L) and red (immediate action,
<4 mmol/L and >20 mmol/L.

During more than 4,900 flight hours and
4,741 blood glucose readings, very few
values outside the green (safe) range were
recorded. Only 19 red (action required)
readings were recorded, and most of
these (14 [74%)]) were before flying, with
only 5 during the flight. In these instances,
appropriate action was taken, blood
glucose was retested, and no safety
concerns arose. No adverse feedback

from co-pilots without diabetes has been
received with respect to the standard
operating procedure or in-flight test protocol
and verification. Although the protocol has
placed additional oversight requirements
on individual pilots and the UK CAA, these
have not caused substantive problems and
have provided a high degree of scrutiny.
The current protocol has been shown to be
feasible, practical and, to date, safe.

PROTOCOL TO BE USED

Flying with Insulin-Treated Diabetes Mellitus
(ITDM) should be done according to a
protocol which pilots and supervising AMEs
follow closely. The diabetic complications
and risks for the pilot applicants should
be taken into consideration in the medical
certification process.

The insulin doses and blood glucose levels
should be stable over an appropriate period
of time, typically three to six months.

The protocol to be used should give rules for:
Start time for the use of the protocol
Upper and lower limits for the glucose
level
Interval time  for
continuous monitoring
Approved method for measuring glucose
level
Recording glucose readings
Actions when approaching or crossing
glucose limits

blood-testing  or

Several good examples are already in use
with different authorities. E.g. FAA, CAA
UK, CASA and Transport Canada.

General References:
e CASA Protocols for Type 1 and Type 2 Diabetic Pilot Applicants

https://www.casa.gov.au/licences-and-certification/aviation-medicine/type-1-diabetes-insulin-dependent-high-risk
e https://www.casa.gov.au/licences-and-certification/aviation-medicine/type-2-diabetes-insulin-requiring-high-risk

e FAA Disease Protocols — Insulin Treated Diabetes Mellitus

https://www.faa.gov/about/office_org/headquarters_offices/avs/offices/aam/ame/guide/dec_cons/disease_prot/diabetes_insulin/initial/

e Transport Canada — Diabetes

https://www.tc.gc.ca/eng/civilaviation/publications/tp13312-2-menu-2331.htmifdiabetes
o UK CAA Policy for the Medical Certification of Pilots and ATCOs with Diabetes
https://www.caa.co.uk/uploadedFiles/CAA/Content/Standard_Content/Medical/Metabolic_and_Endocrinology/Files/v5.0%20Nov%20

2018%20Diabetes%20Guidance%20Material.pdf

e The Lancet: A UK Civil Aviation Authority protocol to allow pilots with insulin-treated diabetes to fly commercial aircraft
https://www.thelancet.com/journals/landia/article/PlIS2213-8587(17)30264-4/fulltext?code=lancet-site

e ESAM: Position Paper of the European Society of Aerospace Medicine

http://www.esam.aero/images/docs/Position_Paper_Insulin_treated_diabetic_pilot_applicants.pdf
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cases pilots should follow their company’s guidance and procedures. In the interest of flight safety, reproduction of this publication
in whole or in part is encouraged. It may not be offered for sale or used commercially. All reprints must credit IFALPA.
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