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Regional aviation in Brazil is driving new opportunities for airlines, not only because they can serve a new market, but also to attract new customers and thus feed their traditional domestic and international routes. It has been proven that, in Brazil, economic growth in the interior regions is now faster than what happens in large cities, which creates a favorable environment for commercial airlines, as they are a vector of development for these places.

However, the costs to solve infrastructure problems in small Brazilian regional airports, especially on Amazon and Northeast regions, to comply with national civil aviation regulations, are so expensive that sometimes it is impossible to provide services in some places. This mainly happens with non-precision runway strips provisions, which usually require large earthworks, environmental licenses, and expropriations, raising the expenditure and time to open small airports for commercial flights.

Address the situation presented above required, in addition to many technical discussions, a review of applicable national regulation, the assessment of possible flexibilizations already considered, and an evaluation on essential infrastructure and possible mitigation measures, as well as the assessment of related studies on the topic. It was also collected the perception on current situation and what is considered possible by aviation sector, to allow a more qualitative approach and then proceed with possible solutions, including actions planned in short and medium term, in order to allow commercial operations (aircrafts up to code 3C) at small regional airports that do not meet non-precision runway strips provisions.
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The air transport is a fundamental vector for a country of continental dimensions like Brazil, since that on many occasions it is the only option that allows people to move quickly to attend any issues where time is essential.

Therefore, as the aviation is already consolidated in the great Brazilian urban centers, the question is how to provide connectivity from less populated locations or with limited access by roads, like the Amazon and Northeast Regions. Such locations are unlikely to have a selfsustaining air operation and faces severe constraints to do investments, facing issues as how to deal with operational costs versus low demand and short revenue, or how to attract and maintain trained staff, which difficult the implementation and maintenance of an adequate airport infrastructure. With the objective of expanding availability of infrastructure as a first step, the initial basis of the Regional Aviation Investment Program -PINAR was launched in December 2012, conducted by Brazilian Civil Aviation Secretariat (SAC) and funding by FNAC (Brazilian Civil Aviation Fund).

The program developed studies over 270 micro-regions, most of them with small public airports. The target was to check technical issues, locational alternatives and population attended. Concluded this first step, 190 micro-regions were selected to receive more advanced studies, with a first approach of investments costs to provide infrastructure. The costs were developed thinking in regional aviation according to previous demand studies developed by SAC.

It is important to note that, since its launch in December 2012, PINAR receive some upgrades and was completely redesign, with a new action plan developed in order to better use FNAC resources. Looking for PINAR path from the beginning until now, some important actions were concluded, which allowed regional aviation to continuous rise in the previous years, for example, during this period, together with studies in progress, some tasks were completed, such as the Greenfield Regional Airports of Jericoacoara/CE and Vitoria da Conquista/BA; and specific equipment programs, in order to fill operational gaps pointed by Brazilian Civil Aviation Agency (ANAC) in more than 80 regional airports.

All these previous technical studies, supported by the development of a specific econometric model and new forecasting demand for Brazilian Civil Aviation, culminate, in November 2018, in publishing of Brazilian civil aviation master plan, named Plano Aeroviario Nacional (PAN).

This document provides guidelines on what to expect regarding new routes and improvements of regional aviation and is the main planning document for the aviation sector in Brazil. It also brings a first proposal of prioritization of investments in airports that better contribute for the main civil aviation objectives in Brazil, using a net approach and not taking each airport individually, which prove to be very important nowadays when planning actions to develop regional airports.

It is essential to remember that civil aviation can provide quick access to less developed or remote regions, in addition to having a strategic role helping people to reach natural tourist regions. Its role, helping people to reach public health services, is also remarkable. Based on this, the key basement points of PAN are focused on the development of regional aviation in Brazil, accessing regions with less demand that will be supported, in many aspects, by the availability of an operational regional airport.

Regional aviation in Brazil is usually based on small airport infrastructure, mainly existing ones that, with little investment and some regulatory flexibility, can operate safely and receive commercial flights. To provide a context of that, the airplanes operating nowadays in regional aviation are the C208B Grand Caravan (sub-regional), ATR42 and 72, EMB190 family and, in regions with more demand and that already have better airport infrastructure, B737-700/800, Airbus 319/320/Neo and sometimes bigger aircrafts. Recent data from ANAC (before pandemic effects, which bring an unstable scenario for the entire world aviation sector) shows 98 regional airports receiving schedule flights of which about 60 are small airports, operating up to 4 frequencies per day. PAN 2018 consider as a target number, that a net around 139 regional airports is indicated to provide connectivity by air in all territory, but with sub-regional class starting to increment their operations with small aircrafts (up to 10 passenger seats, like C208B Grand Caravan), acting as feeders to traditional airlines, the new PAN in studies indicates between 180 to 200 regional destinations as possible, and the challenge is the way to reach it. This brief introduction chapter intends just to show how huge is the challenge to provide civil aviation in Brazil, with a focus on the key role of small airports on the development of the interior country. In a scenario of more and more limited resources and many investments to do, the infrastructure and its flexibilization are essential to conduct a safely increase of the number of regional airports opened to commercial aviation, and the challenge is to pave the way to reach it.

CHAPTER 2 THESIS SUBJECT

Internship Company (Brazilian Civil Aviation Secretariat -SAC)

The Brazilian Civil Aviation Secretariat (SAC) is nowadays a unit inside Ministry of Infrastructure (MINFRA), in charge of coordination and supervision of Brazilian Civil Aviation System, establishing specific policies to the sector, as the concessions of main airports, for example, and funding investments in public airports enhancement, technical civil aviation studies and training for civil aviation staff.

It is important to remember that the Brazilian Civil Aviation System, until 2005, was completely under military control, with the Brazilian Air Force being responsible for all themes related to air traffic control, airports regulation, inspection, and some investments. The exception was for investments and operations at the main airports, which were then carried out by INFRAERO, a public airport operator.

With the creation of the Brazilian Civil Aviation Agency (ANAC) in 2005, the regulation and inspection of subjects related to civil aviation, except for air traffic control, became civil instead military.

However, even with ANAC created, there was still a gap related to the definition of the sector's policy, who would be responsible for the coordination between civil and military organizations on civil aviation issues and who would have responsibility for regional airport investments and funding training for industry personnel, for example. Thus, in 2011, due to theme relevancy to Brazilian Federal Government, the Civil Aviation Secretariat (SAC) was created, defined as a ministry linked to the Presidency of the Republic, which includes all the coordination and policy duties mentioned in the previous paragraph. At that time, the direct link with the Presidency was essential to guarantee sector modernization, and to enforcement the fact that civil aviation policy will be provided by an organization not related to military and that will act as a kind of bridge between Brazilian Civil Aviation Agency (ANAC) and Brazilian Air Space Control Department (DECEA), our national Air Navigation Service Provider.

The Secretariat, as of 2016, ceased to be a ministry and them became to be part of the Ministry of Transport, Ports and Civil Aviation, currently the Ministry of Infrastructure.

Its obligations cover a wide variety of topics, where can be highlighted:

• Implementation and monitoring of the Strategic Planning of the Ministry of Infrastructure, with respect to Civil Aviation themes, including coordination with Ministry of Defense, regarding military aspects (shared airports and other), DECEA, regarding air traffic control, and ANAC, regarding regulatory aspects;

• Propose an annual investment plan, part of the Ministry Financial Plan, to be submitted to Congress approval. After approval, this plan is where the financial limits for each year of government investments in Civil Aviation will be defined. These investments are applied mainly in public airports and development of studies and training of civil aviation human resources;

• Propose a list of public airports to be privatized, confirmed by a council of ministers, whose objectives are to transfer major airports from public (INFRAERO) to private administration. The resources coming from the privatizations are used to funding the investment plan mentioned above, compound FNAC main source of resources;

• Publish and keep updated the Brazilian Civil Aviation Master Plan (PAN), covering a wide range of information regarding market share, sector forecasting, main routes, airports of regional aviation importance, commercial aviation reference net, cargo data, demand data and more;

• Keep updated and monitor the instruments that delegate the operation of public airports to States and Municipalities;

• Monitor proposed Law Projects in the field of civil aviation during their processing in Congress, contributing to them and coordinating discussions with all stakeholders involved in the matter.

To comply with its functions, SAC is divided in specialized departments, as presented below: The internship taken place in the Investment Department (DINV), who is in charge to evaluate, based on PAN and technical aspects, where the funds will be applied to improve existing regional airport public infrastructure and even in greenfield projects, planning the strategy to proceed public investments. Inside this strategy, after checking the adherence of the investments proposed with the demanded, DINV is also responsible to proceed analysis over architectural and engineering aspects and to accept the drawings and their budgets, proposed by airport operators, states or municipalities, to conduct studies of flown and design on terminal buildings, to evaluate and manage equipment programs and other issues related on airport infrastructure investments. Proposal federal budget of all financial resources to be invested in public airports infrastructure, main part of the investments plans already mentioned, is under DINV obligations.

Team and resources

The Investment Department has nowadays a staff of 32 professionals, most of them from The resources available are the support equipment (computers, printers, etc), both hardware and software; funds to proceed studies, partnerships and to do technical visits on airport sites and other places. The main career mission that I have nowadays is to verify correct application of resources coming from Brazilian Civil Aviation Fund, in order to provide infrastructure to small and medium regional airports, supporting the development of a regional aviation net to allow people all around Brazil to get commercial flights. It also includes improvements to small aerodromes to provide better operational conditions to General Aviation and be part of technical regulatory discussions related to airports infrastructure and operations.

Brief Student Introduction

Scope and limits

The scope of the internship is aimed at studying and delimiting what are the minimum requirements acceptable for runway strips width, so that small airports with low density of commercial frequencies may operate without restrictions. This is a topic of great interest for planning the regional net and for development interiorization of the country, considering that the greatest difficulties in adhering to runway strips provisions are in remote regions, with difficulties imposed not just by costs, but also by natural conditions, such as the case of the Amazon Region, and difficulties in topography and even locating deposits of loan material, for example.

Thus, the scope includes the presentation of the current Brazilian regulatory requirements, the ongoing discussions with ANAC to evaluate small airports situation and the flexibilizations already applied, evaluation of investment costs, both in financial resources as in environmental impacts, possible mitigating measures that could be adopted and, mainly, conducted a survey to capture the industry perception (airlines and airports sector) regarding the current requirements applicable to small airports and their real importance to conduct safe operations.

To meet this scope, it will be necessary to assume that part of the airport infrastructure is (or will be) already adequate, which are presented as essential elements, considering a qualitative approach with focus on the aspects related to runway strips width and the industry perception over it.

Another limit that must be consider is that only small airports that are able to receive public funds will be object of this thesis, since the internship is being done at SAC, a governmental institution, and, by law, it is impossible to apply FNAC resources in private projects.

Objectives

The main objective of this internship, as will be shown during the project development, is to continue supporting the work of reviewing regulatory requirements that has been carried out by ANAC since 2018, with focus on the task to reevaluate requirements applicable for small regional airports, because they are the central point of public investments in the sector. This work has been done both with the revision of current regulations applicable, as well as in airport certification process and in the evaluation of possible exemptions from these regulations, maintaining safety conditions, which has already been granted by ANAC in recent cases that will be mentioned later.

The thesis objective is concentrated on aspects related to runway strip width, as this is the regulatory aspect that most present difficulties in its compliance by small regional airport operators, due both by costs of implementation as well as environmental difficulties, with includes the vicinity to urban areas or public facilities as constraints. The figure below shows the runway strip limits in an airport to level the understanding from this point. guidance material with alternative measures that can be adopted by regional airports with low density of operations, being clear that, even if not all requirements are met in terms of available infrastructure, it is possible to maintain safe operations. This cooperation will be detailed in the following chapters.

As a matter of fact, it is not simply a question to not adopt the standards, but of demonstrate that, in some cases, there are alternatives to be considered, which allow the beginning or continuation of commercial operations without major interventions on site. In summary, the objective of this academic thesis developed during the internship is to propose alternatives and their feasibility for application in situations of reduced runway strip width, jointly seeking to assess the industry's perception of such operational conditions.

CHAPTER 3 WORK PLAN

Methodology

The methodology will be set basically in two sequential stages, preceded by some information, where the regional aviation market and the proposed regional Brazilian net were presented as an introduction to the theme, together with the previous assumptions considered in this thesis.

The first stage brings a compilation about current Brazilian regulatory standards, the recent progress linked to the theme (flexibilizations), possible mitigations applied to improve safety during operations with reduced runway strip width with a brief description of each one. The second stage looks for capture the industry perception (airlines safety team and other regional airport sector professionals, including regulators) over current infrastructure requirements applied to small regional airports, especially runway strip provisions, with a focus on commercial operations; and also propose a synthetic review over some related studies and trends regarding runway excursion occurrences and the contribution of runway strips and graded portion to reduce severity.

The sequential stages produce information to allow proposals about possible regulatory flexibilities, supported by mitigating measures and the continuity of public investments by PINAR. Finally, it is intended to define what is the most feasible proposition and why, present possible results of cost reduction and environmental impacts mitigation obtainable and recommend an action plan to implement such proposition.

In more detail, the first stage seeks to briefly present the current Brazilian regulation, highlighting standards applied to runway strips and other standards related. Recent experiences of flexibilizations are also presented, either through normative evolution, either due to permanent or temporary exemptions applied during airport certification processes. The current operational model, with a focus on VMC approach procedures, will also be addressed in a complementary way, as well as the evolution of RNAV procedures that has been carried out by DECEA.

To get all information needed, the intention is to proceed through research on legislation and technical documents, and on official websites; followed by analysis of processes related to real cases conducted by ANAC and the position of ANAC technical staff over it. There will also be a phase of informal interviews with other experts, like ANAC and DECEA staff, so that the operating pattern and possible mitigations applicable to small regional airports can be more accurately establish.

Complementing the first stage, it will be presented, based on internal data from SAC of ongoing investments in existing airports, a study of the average costs of implementing a runway infrastructure that meets current regulatory requirements on runway strips and the direct environmental impacts to do that, such as expropriations and deforestation.

The second stage has as key element a questionnaire on airport operations aimed especially at the evaluation of issues related to runway strip width, use of additional equipment and procedures as a plus, possible mitigations, and operational measures suggested. The questionnaire was applied as a web survey, using Google Forms tools, in two versions. The first applied to airlines safety personnel and the second applied to regional airport sector professionals, including regulators and airport operators, with few modifications between them.

The questionnaires will be detailed on next section and its main objective is to capture the perceptions of those who analyze airports safety, plan operations, or actually fly aircrafts or operate airports in these regional destinations, in order to get their feelings about current requirements, assess the space for flexibilities and capture perceptions and suggestions related to the theme, through a qualitative approach.

Statistical data already available over national and international databases will be collected from related studies, looking for probability of runway excursion occurrences where provided runway strips could reduce severity, on safety aspects related to real occurrences, and to trends regarding runway strips and graded portion width.

With the current situation portrayed, an evaluation study focused on trends and even more on feasibility will be carried out, seeking to contextualize proposals for flexibilization actions, supported by the definition of application limits and gains expected with its implementation.

Questionnaires

As mentioned in the previous section, a questionnaire was developed using Google Forms tools, in two versions (blank versions in Appendix I (questionnaire I airlines) and Appendix II (questionnaire II airport sector)) and applied to capture the opinion of professionals directly involved in operations at regional airports where runway strip width normally is not full compliance.

The questionnaire proposes a scenario to get the perception over some essential infrastructure items normally available and raises questions about the operation, for example, at night, and about the addition of potentially mitigating elements, so that, with the experience of the consulted public, it is possible to evaluate the perception of risk in operations with reduced runway strips in various situations, related to the role of infrastructure elements to mitigate severity of runway excursion (veer-off) during landing (main occurrences) and take-off phases.

It is noteworthy that, as adopted in the Safety Management System (SMS) philosophy, the questionnaires are impersonal and preserve the respondents' personal information.

The questionnaire is divided into four parts (Appendix I and II):

1. General Information (characterizing the respondent's role in the airline/airport sector and his/her knowledge on operations at regional airports); 2. Infrastructure elements and their contribution during an operation; 3. Questions related to the operation with restrict runway strips width and risk perception associated to that (assessments regarding infrastructure and equipment or procedures and if their presence improve safety related to commercial operations at small regional airports, in day or night operations).

4.

Personal opinion (open questions): Amazon region operations, existing regulatory standards, quality of infrastructure already available. At the end, a free space is available to opinions or comments.

As preliminary considerations, not just for questionnaire effects, but also for thesis, the following items are considered as previous assumptions: a) Small regional airports (code number 3 or lower) operated by State, Municipality, or small private companies, with an average of 4 daily commercial frequencies. b) RWY, TWY and Apron with dimensions and strength suitable for intended aircraft. c) Lighting system, aerodrome beacon and windsock in operational conditions (if considered night operations), except when expressly mentioned. d) Absence of harmful obstacles in graded portion, except when expressly mentioned.

The conditions to evaluate the perception of risk and mitigation involve get opinion about possible operational gains if some measures / equipment / procedures were in place, as listed in each questionnaire.

The last part brings three open questions: the first asks about additional difficulties if the airport was in Amazon Region, in an area of dense forest in the vicinities; the second looks for impressions about the current infrastructure standards related to runway strips, considering all technology available in modern aircrafts, together with pilot's recurrence training, looking if they are restrictive when referring to small regional airports. The same question asks if there are significant differences that maybe require a regulatory distinction by type of aircraft operating (turboprop or jet); the third asks for opinions regarding the quality of the infrastructure already available in regional airports and comments over it.

Finally, it is disposed an open space to receive free opinions and comments over the questionnaire subject.

Project Plan

Project Deliverables

The deliverables identified in the project are presented as the results of the steps proposed in the methodology set out in section 3.1, as follows:

Stage 1 -Current situation: ✓ Summary of regulation applied to runway strips (RBAC 154 and others).

✓ Summary of other regulation applied to commercial operations at small airports.

✓ Exemptions or flexibilization processes recently evaluated by ANAC.

✓ Costs and environmental impacts (real cases).

✓ Possible mitigation measures with brief description of each one. ✓ Related studies from national and international organizations.

✓ Publications regarding veer-off, runway strips or mitigation measures.

✓ Costs of works to provide runway stripsreal situations planned or in progress funding by FNAC.

✓ Environmental impact to provide runway strips at small regional airports.

✓ SAC investments programs to provide infrastructure to allow commercial operations at small regional airports.

Conclusions:

✓ Proposals for flexibilizations regarding runway strip width, including regulatory amendment, critical analysis on each proposal, definition of the best one and why it should be implemented.

✓ Expected benefits of such proposal and a recommended action plan.

Project Milestones / Timeline

The two figures below reflect the previous work planning (first draft) and the real timeline (second draft) of internship and thesis wording period, huge affected by pandemic (some fatalities in internship company, lockdowns, days in hospital, etc) as the red space shows. 

Internship begin 10

Abstract and propose an integrated planning of national air transport, based on a first aerodrome classification in metropolitan (states capitals), regional (other locations demanding commercial flights) and complementary (general aviation). As the object of this thesis are the regional airports, it is important to note that they were qualified in a reference net, which identify 139 airports with potential contribution into Brazilian regional air system. In the same PAN, some prioritization criteria were defined, such data being the main references for investments in airports and air navigation infrastructure.

Like any planning document, the PAN is not static in time and requires periodic updating, so a revised and updated edition, PAN Next Edition (2021?), is under development, now with a new database from a very wide Origin/Destination matrix (big data), with more than 30 million individual travel data duly compiled and evaluated. This new database is allowing a complete review of the input parameters to assess the contribution of air transport and the existing demand in each location, which will certainly generate an updated referential net of potential regional airports, in the search for integration of national territory by air, like Europe for instance.

Also worthy of note is the evaluation, in this new version, of small airports with significant importance to general aviation, where public investments may ensure their operability and availability. Other theme to be included in PAN Next Edition studies is the new sub-regional classification, using smaller aircrafts, like Cessna Grand Caravan, for example, acting as feeders to regional aviation, with more than 20 destinations served in the end of 2019.

Finally, when publish the PAN Next Edition with the use of big data tools, a new definition of the development scenario for regional aviation (considering sub-regional as feeders) will be cleared, which is believed to be around 180 to 200 airports. This scenario probably will achieve, between existing and potential airports, a wide national coverage, where up to 120 airports receiving commercial flights would be classified as small regional ones, in adherence with the framework proposed in this thesis.

Brazilian Regulatory Review

Infrastructure

As Brazilian Civil Aviation has its own regulation regarding runway strips, based on ICAO Annex 14 Volume I, and including some local aspects, it is important to conduct a review to summarize the regulation applied to the theme.

The main publication that refers runway strips provisions in Brazil is the Brazilian Civil Aviation Regulation (RBAC) 154 (Aerodrome Design), so main infrastructure standards related to runway strips applicable to small regional airports were collected from it and presented below, in a free translation, keeping their meaning and preserving the correlation with the source reference item. Some key points will receive a shade marking as they are essential for this thesis purposes. (ii) 40 m from runway axis, in visual approach runways with code number 2;

(iii) 45 m from runway axis, in instrument approach runways with code number 1 or 2;

(iv) 60 m from runway axis, in runways with code number 3 or 4; except by code letter F.

(3) Beyond the distance provided above, in addition to the visual aids necessary for air navigation purposes, radio aids and meteorological equipment may be installed, if they satisfy the frangibility requirements.

(4) After graded portion, fixed objects that do not exceed the runway axis height (measured at the point of the axis closest to the object), nor exceed a 5% ascending ramp, transversal from runway axis and started at the end of graded portion.

(e) Grading of Runway Strips (graded portion)

(1) The Runway Strip of an instrument runway shall be a leveled area, according to the aircraft for which the runway is intended, to protect an aircraft that accidentally leaves the runway. The area must cover at least the following distances from the runway axis and its extension:

(i) 75 m, where the code number is 3 or 4; and

(ii) 40 m, where the code number is 1 or 2.

(2) The Runway Strip of a visual runway shall be a leveled area, according to the aircraft for which the runway is intended, to protect an aircraft that accidentally leaves the runway. The area must cover at least the following distances from the runway axis and its extension:

(i) 75 m, where the code number is 3 or 4;

(ii) 40 m where the code number is 2.

RBAC 154 (Aerodrome Design) -Comments

It is essential to point out, as seen above, that the RBAC 154 incorporated as a standard that a Runway Strip including a non-precision runway shall extend laterally to the runway axis to a distance, on each side of the runway axis and its extension along the entire runway length, of at least 140 m, where the code number is 3 or 4; and 70 m, where the code number is 1 or 2.

This specific standard, according to Annex 14, Volume I, item 3.4.4, appears as a recommendation, as follows:

3.4.4 Recommendation. -A strip including a non-precision approach runway should extend laterally to a distance of at least: -140 m where the code number is 3 or 4; and -70 m where the code number is 1 or 2; on each side of the centre line of the runway and its extended centre line throughout the length of the strip.

Thus, it is possible to assume that the recommendation, and not the obligation to adopt a width of 140 m for the runway strips width, applies mostly to critical scenarios, which is not the case in Brazil, a country that does not suffer from severe climatic conditions such as snow, ice, or high occurrence of low visibility operations. It could be a reference when building new airports (greenfield), but is very demanding for existing ones, especially small airports that will receive few commercial flights.

The time lag of this standard is also remarkable. Actually, it has remained practically unchanged since Annex 14, 1 st edition, 1951; being modified only in 2018, from the former 150m to the current 140m recommendation, which is reflected in RBAC 154 current edition.

This gap by itself justifies a review of current provisions, especially due to the advancement of aircraft technology and air navigation procedures over the years.

Other infrastructure standards

Together with RBAC 154, there is complementary regulation applicable to infrastructure, with direct or indirect relation to runway strips. The standards related to small regional airports were collected from original document and presented below, in a free translation, keeping their meaning and preserving the correlation with the source. Some key points will receive a shade marking as they are essential for this thesis purposes. (c) To evaluate the request for approval of the Equivalent Level of Safety, ANAC will assess the following aspects:

(2) identification of aircraft physical and operational requirements that impact the airport infrastructure, including the following physical characteristics of the aerodrome (v) Runway Strip width and lenght;

(vi) Runway Strip obstacles.

(5) proposition of specific operational procedures.

(d) After evaluating the request for approval of the Equivalent Level of Safety, ANAC should:

(1) accept an Equivalent Level of Safety, as requested by the applicant or holder of Airport Operational Certificate;

(3) accept an Equivalent Level of Safety, imposing conditional measures to guarantee Safety;

(4) refuse the request, presenting their reasons.

Additional regulations

There are other publications from ANAC that are related to airport operations, as RBAC 153 (Operations, Maintenance and Emergency Response), and with the current process to request an exemption, temporary or permanent, from runway strips standards. The supplementary instruction IS 154.5-001A (Guidelines to develop risk analysis to demonstrate an acceptable level of safety) brings guidance material to conduct risk analysis studies and it was the object of a recent cooperation project conducted by TCB/ICAO coordinated by DINV/SAC, which evaluate a risk analysis assessment to regional airports where some infrastructure standards are not in place, proposing a draft manual to proceed this assessments, some measures that could be applied to achieve an equivalent level of safety, and also proposing some update to IS 154.5-001A. Some other aspects of this cooperation project will be mentioned later.

Air Transport Operations

As Brazilian Civil Aviation has also its own regulation regarding air transport operations, based on ICAO Annex 6, and including some local aspects, it is important to add a review over the standards related to regional airports, in a complimentary way with infrastructure standards presented before. This will conclude the regulatory summary.

The main publication that refers to air transport operations in Brazil is RBAC 121 (public air transport operations with configured planes with maximum certified number of passengers of more than 19 seats or maximum payload capacity over 3,400 kg). The standards related to operations in regional airports and related to the object of this thesis were collected from RBAC 121 and presented below, in a free translation, keeping their meaning and preserving the correlation with the source reference item. Some key points will receive a shade marking as they are essential for this thesis. (2) runway, clearways and stopways.

DECEA Operational Standards

It is important to mention other relevant regulation to commercial operations in small regional airports regarding air traffic, ICA 100-12 (rules of the air), because some procedures or visual ground aids shall receive previous approval to be in service, as PAPI for instance, and the approval of approach, landing and take-off procedures are under responsibility of DECEA in Brazil, that must assure that the rules of the air will be observed during flights from and to an aerodrome. Since the main objective of this thesis is airport infrastructure, the regulation is mentioned here just as a reference, but it will not be summarized.

Regional airports current situation -Runway Strips

In order to assess the current situation of small regional airports regarding regulatory standards on runway strip compliance, including the graded portion; it was considered as a target an IFR Non-Precision runway, which is consider essential by airlines to provide reliable commercial frequencies.

To check the adherence between the reality and the parameters above, a sample (figure 8) with twenty regional airport infrastructure projects was evaluated. The airports projects are extracted from technical evaluations conducted by the Investments Department (DINV) of SAC/MINFRA and are included on Brazilian PINAR. From the sample, there are fifteen airports that requires interventions to meet RBAC 154 standards on runway strip width. The sample, comparing with PAN data on airports classified as regional, appears to have good adherence, which allows us to suppose that about 75% (seventy-five per cent) of small regional airports should receive interventions in their runway strips to comply with the current width standards.

The figure 8 above also shows the movement of passengers embarked plus disembarked in 2019 (pre-pandemic), and the information regarding runway strip standards compliance before the interventions funded by SAC.

As a matter of fact, it is noted that the situation of not fully meeting the standards on runway strips does not apply just over small regional airports, since several investments are underway in larger airports to adjust this specific infrastructure standard, such as Santos-Dumont Airport, in Rio de Janeiro; and Val-de-Cans Airport, in Belem, which are receiving huge investments to improve runway strip and graded portion.

The next section will present the numbers obtained from the sampling of airports (figure 8)

analyzed for the costs and environmental impacts of the interventions to adequate runway strips.

Costs and Environmental Impacts (real cases)

Based on a known sample universe, an assessment was done regarding the interventions As each region has its particularities, especially in terms of topography (cut and fill) and vegetation pattern in the vicinities, there is a wide variation in costs between the works, however all of them have in common a significant cost for interventions. It is also observed that, in some cases, the conditions surrounding the airport site do not allow its expansion to implement 140-meter runway strips width on each side of the runway, as is the case, for example, of Governador Valadares Airport, where the site is limited between a railway and a highway.

Thus, Governador Valadares Airport is limited to a maximum runway strip width of 75 meters, which, according to the current Brazilian regulations, classifies it as a VFR runway, bringing several restrictions to commercial operations in a region with no other options for a possible new site and high demand (PAN 2018 estimated, in a pre-pandemic simulation, a demand of 151,965 passengers already in 2025, which represents almost three times the current movement as shown in figure 8). Therefore, as an example of how significant these costs are compared with other interventions, the figure below shows costs of recent works (2019 to 2020) to revitalize and reinforce RWY pavements, including markings, on three small regional airports. Comparing data from figure 10 to figure 9, it is clear that the costs of recovering a small regional airport RWY pavement, whose useful life can extend for periods over 20 years, in view of the low movement of commercial aircraft, are lower than the average costs to adapt runway strips width to the dimensions established in current regulation.

When it comes to environmental impact, there are two essential points to be considered: the significant impact on the vegetation suppression necessary to form the strips and lateral transitional surfaces, large volumes of cut and fill which normally require external loan deposits, and the environmental licensing process. The following figures show the works to provide runway strips at two small regional airports in Amazon region, where the impact of such services on the local vegetation can be easily observed. As reference, in figure 11, more than 70,000 m² of Amazonian vegetation had to be removed.

Figure 12 shows the dense vegetation of the region, justifying the need for suppression beyond runway strip borders, to prevent the trees from becoming obstacles on lateral transitional surfaces.

High maintenance costs must also be considered to keep surface conditions where the vegetation was removed or pruned, because, in view of the equatorial climate, the vegetation grows very quickly, so, the more area deforested, the more costs to operator. Since the airport operators in these locations are usually municipalities with low budget, such services will not be performed within the required periodicity, which generates a vicious cycle of restrictions on operations, discouraging airlines from operating regularly in such locations, leaving local people unattended.

Regarding the environmental licensing processes, in view of the biome where most of the small regional airports are located, there always be an additional difficulty. The fact is that more than 80% of the current small regional airports have never undergone any environmental licensing process. At the end, this situation forces long periods of studies and reports looking to attend environmental requirements to obtain legal permissions to proceed with the works, especially when deforestation is required. This ends up even causing loss of public resources in some cases, which makes environmental licensing a crucial factor for investments decision.

ANAC Flexibilizations (certification process)

The airport certification process brings the possibility that exemptions from regulatory standards may be requested whenever operators believe necessary. This requests for exemptions, linked to consultations with international regulations and ICAO documents, frequently allow a normative evolution by ANAC, or even the establishment of criteria that make it possible to accept such requests, ensuring the availability of an Equivalent Level of Safety (ELoS) for airports that receive such exemption.

Therefore, in June 2018, ANAC published IS 154.5-001, which brings the necessary procedures to submit a risk analysis by airport operators who intend to demonstrate an Equivalent Level of Safety (ELoS) for the standard which an exemption is claimed. It is important to highlight that, as mentioned before, in a recent job conducted in a cooperation between SAC and TCB/ICAO, where ANAC participates, some updates were proposed looking for process simplifications when the exemptions are requested by small airports operators, since traditionally studies in general are based on probability, with sophisticated calculations that ultimately make it difficult for these operators to conduct assessments.

Considering the object of this thesis and in contact with ANAC technical team, it was found that most requests coming from regional airports addresses issues related to runway strip width provisions, using the process provided in IS 154.5-001, with a target to receive commercial operations as IFR Non-Precision RWY.

This volume of requests drew the attention of ANAC technicians who, in a first movement to recognize both cost and environmental difficulties in meeting runway strip requirements by small regional airports, prepared a Technical Note (NT 41/2019/GTOP/GCOP/SIA, of 7/21/2019) about it. As this Technical Note addresses some essential points for the understanding of flexibilizations related to existing certification process, it was considered necessary to provide a specific section to that.

Technical Note NT nº 41/2019/GTOP/GCOP/SIA -Synthesis

The technical note starts adopting premises, straight related to both runway strip and graded portion definitions on RBAC 154, already presented in this thesis. The provisions define that the primary function of the graded portion is to protect aircraft in case of runway veer-off during landing (most likely to occur) or takeoff, so its width must be preserved, and the object of the note is restricted to the portion beyond the graded portion of the strip. Another premise adopted foresees the operational availability of some airport infrastructure (updated runway friction measures, markings, windsock, and some ground aids), considered for note effects as a minimum to keep operations safety. It also mentions the possibility of other mitigating measures, such as the implementation of PAPI (precision approach path indicator) and the availability of RNAV (GNSS) approach procedures, which will be discussed later.

There is a highlight over some data presented in ACRP 107, where veer-off occurrences were evaluated, demonstrating that, in 82% of the occurrences, the aircraft had a maximum deviation from RWY axis of less than 75m, which is used to justify the premise initially adopted by ANAC. The figure below shows data about locational distribution veer-offs (various codes)

during landing over a 10-year period. It also considers that, in small regional airports, with a low density of commercial operations, there is a safety margin for considering reduced runway strip width than those currently required, which even apply to non-precision approach RWY, corroborating with the studies conducted in this thesis.

Based on the assumptions above and within the scope of airport certification process, ANAC has already granted some exemptions, allowing non-precision IFR operations, but only under Visual Meteorological Conditions (VMC), in specific airports. The table below shows some recent cases of exemptions already granted or in the process of being granted by ANAC. As for operational procedures, a brief comparison was made between the RNAV (GNSS) that is currently intended for operations at regional airports, with the Non-Precision conventional procedures that require ground aids, mentioning the benefits of RNAV (GNSS) in promoting more stabilized approaches, which minimizes the possibility of landing veer-offs.

The technical note also assesses the operations at some medium-sized airports abroad (Norway, Spain, England, and other countries), all with violations on the runway strip, concluding that other Civil Aviation Authorities (CAA) understand that it is possible to keep an equivalent level of safety in such conditions, with mitigation actions.

There are other technical aspects mentioned, related to mitigating actions and air navigation procedures, that will be also addressed in this thesis, when detailing mitigations and in progress actions.

Finally, ANAC technicians conclude that, given the information consolidated in the technical note, it is possible for a small regional airport to operate at an equivalent level of safety, with IFR Non-Precision procedures, restrict to VMC approach or even IMC in some cases, even if the runway strip width does not fully meet the RBAC 154 standards, supported by an airport certification process and evaluated individually, including risk assessment and recurrence time evaluation.

Therefore, ANAC has an understand that is possible to accept some flexibilization to runway strips standards and has already approved them as above. However, it considers as minimum that the airport meets graded portion standards and provides a package of procedures and operational equipment to grant the exemption. These conditions are periodically checked during ANAC continuous safety surveillance. ANAC consider it is possible to proceed with some flexibilization evaluation over runway strips standards and describe some possible acceptable mitigating measures, but it should be notice that such measures are not exhaustive and always must be evaluated for each regional airport infrastructure, as there are differences between them, in a case-by-case approach.

To context, the following actions are already considered as possible mitigating measures that could support a request for exemption regarding runway strips standards: Such actions are presented as examples by ANAC. However, it appears that some of them, especially those under airport operator responsibilities, have high costs or are difficult to apply in a practical way. It is even harder when it comes to small regional airports, which do not have specific equipment for measuring friction, would have difficulty in carrying out grooving services due to costs and, in most cases, do not have a local ATC available. Despite of this, it is possible to propose other mitigating measures, of lower cost or that can be implemented by SAC funding programs and do not impose high operating and maintenance costs over the operator.

In the other way, some requests of flexibilizations by airport operators sometimes consider as mitigation, items that are essential for safety operations, as operational fence, and markings.

It is necessary to make a clear distinction between essential provisions that shall be available and proposed mitigations, and it is also presented below.

Mitigations -Airport Operator

Essential elements

Initially, it should be noted that some elements are considered essential and must be implemented or in the process of being by the airport operator, as a basic condition. It should be clear that, without it, is not possible to proceed with any requests for flexibilizations. The following paragraphs will present these minimum infrastructure requirements and some possible additional mitigating measures that could be adopted, in a non-exhaustive mention.

RWY/TWY/Apron Pavement

The dimensions of the RWY (width and length), TWY and Apron; and its strength (PCN) must be adequate for the aircraft whose operation is intended, according to RBAC 154.

The pavements shall be in good operational condition, without significant pathologies, especially in the central section. As a suggestion for a better pavement assessment, it is recommended that the operator conduct a visual inspection and determine the pavement condition index (PCI) of the pavement, which must be greater than 55.

According to ANAC's Manual of Airport Pavement Management System, the PCI is a numerical rating that express the pavement condition based on the type and severity of distresses observed on the surface. The PCI value of the pavement condition is represented by a numerical index between 0 and 100, where 0 is the worst condition and 100 is the best condition. It is not the objective of this thesis to detail the procedures for conduct the PCI, noting that the mentioned ANAC's Manual of Airport Pavement Management System, contains information about it, being strongly recommended its consultation by small airport operators.

Markings

Markings shall be visible, in good condition and in compliance with the provisions of RBAC 154 throughout the paved area, including taxiway (TWY), Apron and holding points.

Operational Fence

Nowadays, the lack of an operational fence in good conditions is the first cause of restrictions applied by ANAC to small regional airports. In this way, an operational fence that meets the parameters of RBAC 153 shall be in place, not allowing the entry of animals, vehicles, or people that could bring operational risks. The operational fence must be located to preserve the limits of the runway strip that can be implemented and, if possible, not affecting the transitional surfaces.

Below is an operational fence example that has been implemented to improve small regional airport infrastructure in actions conducted by SAC. Lighting system

If night operations are intended in a small regional airport, it is considered that the lighting system, rotating beacon, illuminated windsock and apron lighting shall be operational and implemented according RBAC 154, including redundancy standards, according to requirements for Non-Precision IFR operations. SAC is doing investments in lighting systems to allow night operations in several small airports.

Graded portion

The graded portion available shall be leveled and with adequate support. It is an important condition that it is free from obstacles as well.

Additional measures

The following additional measures are not regulatory standards but identified as acceptable and effective to improve safety conditions for small regional airports, reducing the possibility or severity of occurrences in veer-off situations. In some discussions, it is intended that some measures will be gradually introduced as mandatory, either by ANAC or DECEA, but now they are considered as mitigations during exemptions process.

Friction measures

The friction and macro-texture measures with lower periodicity can be adopted as a mitigation measure, but it will be costly to operator. Currently there are a periodicity establish in the regulation that shall be observed, so, the understanding is that more measures between the regular ones will be needed just if the last measures indicate low levels or by airlines safety special request.

Grooving

Grooving works over RWY critical sections are being adopted as a standard in works carried out with SAC resources in regional airports designed to receive jet aircrafts. Regional airports where the demand considers a smaller design aircraft (turboprop) not consider it, because of costs and the reduced gain due to the lower approach and take-off speed of these type of aircraft.

Runway Inspections

A suitable operational inspection program should be in place to assist in wildlife hazard management, temporary obstacles management, foreign object debris control and to keep operational areas maintenance. As the focus are small regional airports, with low commercial traffic, it is highly recommended to perform a runway inspection around 30 minutes before and after each aircraft movement.

Publication of aeronautical data

Aerodrome aeronautical data shall be kept current with the actual aerodrome conditions in aeronautical publications, allowing airlines to correct plan their flights considering available infrastructure and services. It is recommended to perform periodical check of these information to keep it update with airport real situation.

Safety Management System (SMS)

Requirements regarding safety management at aerodromes are specified in RBAC 153.

Although regulatory SMS requirements for small regional airports are not constraining, it is recommended that the airport operator establish and update in a daily basis an operations logbook, recording all operational, maintenance and safety occurrences. The logbook should be reviewed by the person in charge of the operations at the beginning of each operational day. It is also important to establish a group that acts as a small local safety team. It requires the airline participation, putting on the table safety related issues and operational suggestions at least twice a year, to assess what need to be improved in operations.

Training

Aerodrome personnel should be appropriately trained for the tasks they are assigned, and record of the relevant trainings should be kept by the airport operator and available during ANAC inspections.

Mitigations -Airlines

The airlines operating in small regional airports with non-compliance runway strips dimensions should develop standard operation procedures to ensure stabilized approaches to the runway;

considering the aircraft intended to operate at the airport, in order to reduce the infrastructure requirements and to improve safety of operations; participate to the management of wildlife hazard, runway surface condition and other aspects by reporting all significative events; and participate to local safety teams at least twice a year to contribute with an evaluation over operational aspects and to suggest improvements on safety.

Airlines already have their specific risk analysis when considering operations in small regional airports, which could include a sort of procedures. I have the opportunity to receive some risk analysis material from Brazilian airlines, that consider maximum crosswind limit, operations just by commander and other measures as a common basis, when proceeding operations in small airports with restricted runway strip width.

Mitigations -Air Navigation

This section intends to describe some procedures, equipment and updates that can improve safety during approach and landing procedures, allowing a more stabilized approach and better situational awareness and, thus, conducing to safe operations where runway strips are constrained.

The focus is over approach and landing phases, since they are the stage of the operation more likely to give cause to a veer-off that requires runway strip available to control aircraft and reduce severity, as seen before. The identification of obstacles that may affect the safety of operations is fundamental for evaluating any restrictions applied over approach, landing and take-off procedures. The correct identification of obstacles around an airport is required for all public airports in Brazil and shall be available as an Aerodrome Protection Zone Plan (PBZPA). This plan must be updated and approved by DECEA regional offices, as a condition to keep regular commercial operations in existing airports and to open (or reopen) a public aerodrome to receive flights.

PBZPA target is to identify objects projected in the airspace that are hurting the imaginary surfaces established to protect air operations and to assess whether their existence is acceptable, acceptable with mitigation or unacceptable, restringing air operations.

The figure below shows a three-dimensional view of the imaginary surfaces applied to a regional airport. The PBZPA is like a topographic survey of the runway surroundings, to check for obstacles that may be hurting such surfaces, represented in a spatial way, which allows assessing how much such obstacles exceed the surfaces and their interference with operations.

Figure 18 -Imaginary Surfaces. Source: Transport Canada (www.tc.canada.ca, consult in august, 2020)

DECEA recently publish restrictions over several public airports that did not provide updated plans, including closing some of them to air traffic. As a result of this action, many airport operators are now designing updated plans to DECEA approval.

The availability of an updated PBZPA that identifies possible obstacles in the imaginary surfaces is, as already mentioned, essential for safety, as well as important data for design of RNAV (GNSS) procedures. SAC is nowadays conducting studies with DECEA to fund a program to provide updated PBZPA for small regional airports, which may be associated to design RNAV (GNSS) procedures to them.

Precision Approach Path Indicator (PAPI)

Although PAPI is considered a visual aid, implemented over airport operator responsibility, in Brazil it must receive DECEA approval before entry in service and is also recommended to be available prior to RNAV (GNSS) procedures availability.

PAPI is a visual aid that provides guidance information to help a pilot acquire and maintain the correct and most stabilized approach (in a vertical plane) to a runway. The PAPI system usually consists of four units in a row, preferably located on left side of runway, close to touchdown zone. Each unit is equipped with two lamps and produces a beam of light, the upper part being white and the lower red, with an accentuated transition between them. When a pilot is flying close to nominal approach ramp, the two units closest to the runway appear red and the two outer ones appear white (see figure below). If the pilot follows larger angles, the number of white units increases, while for lower angles the number of red units increases. Regarding PAPI in small regional airports, as it is a simple and quite cheap equipment with low maintenance and improves landing safety, its availability is being strongly recommended as a mitigation measure. It is important point that RBAC 154 stands that a visual approach ramp indicator system shall be available to assist runway approaches, whether or not the runway count with other visual aids or instruments, when the runway is used by jets or when the pilot of any type of aircraft may have difficulties in judging approach path. Thus, in 2019, SAC initiated a program to install PAPI equipment in several small regional airports, with more than 10 locations already ready, with constant meetings being held with ANAC over my personal coordination to define priority locations. For the purposes of this thesis, the RNAV (GNSS) nomenclature will be kept, considering that the new nomenclature establish by ICAO Circular 353 is under initial phase of implementation by DECEA and, for regional airports procedure charts, updates to RNP identification are not in place yet. As a curiosity, the figure below shows the current nomenclature used in Brazil and the future nomenclature that will be standardized worldwide by ICAO. Since there are just a few small regional airports with RNAV (GNSS) procedures charts, a consultation was done to ICA/DECEA (Brazilian Air Force Institute responsible to develop aeronautical charts). Their position is that the publication of RNAV (GNSS) charts for regional airports, with low traffic, has been discussed for some time, based on the argument of allow more stabilized approaches to small airports; but some issues internal to DECEA are still being ) and other aspects. Currently, the definition of a category of small regional airports (even VFR airports) with special authorization for the publication of RNAV (GNSS) procedures is being evaluated, in order to serve commercial flights and improve safety at the same time.

As a remark, DECEA recently publication entitled AIC nº 31/20, which foresees as priorities for adjusting and update existing charts initially the main hubs (TMA) and then mention regional airports receiving commercial flights. This action is believed to be a first step to small regional airports receive RNAV (GNSS) procedure charts, as seen above.

To design RNAV (GNSS) procedures for small regional airports, the existence of an updated PBZPA is essential. If a nearby natural obstacle is identified, it may bring restrictions to operations, but it could be assessed on a case-by-case basis looking for develop safety approach or take-off procedures even with the obstacle.

As seen before, PAPI implementation is also consider as a mitigation during exemption processes regarding runway strip non compliances. DECEA recommendation is that this equipment should be previously approved, keeping the approach ramps coinciding between PAPI and RNAV (GNSS) procedures.

It is noted that all Brazilian regional airlines operating passenger flights already have the capacity to operate RNAV (GNSS) procedures, according to a recent information obtained from DECEA.

Finally, considering that the RNAV (GNSS) procedures designed for small regional airports will mostly face restrictions on infrastructure, ICA/DECEA predicts that such charts will probably contain higher DH (decision height), OCH (obstacle clearance) and RVR (visibility). At the end, DECEA considers that the procedure named visual RNAV (RNAV (GNSS) to small airports) is an IFR procedure, performed in VMC, with mitigations for specific situations related to the infrastructure (discussed in this chapter) and/or airspace (under full responsibility of DECEA), such as minimum ceiling requirements, maximum crosswind, and others.

Meteorology -Weather Stations

This section addresses solutions related to meteorologic information availability to pilots operating in small regional airports, both to flight planning and real time situation, with benefits for commercial and general aviation. In these sites, to able continuous information and low costs to airport operator, the use of technologies that automate the capture and availability of information is essential for the beginning and continuity of operations, since in the interior of Brazil (especially the Amazon) there are still many small airports with no local weather information available.

In Brazil, part of veer-off occurrences, mostly with small aircrafts, are caused by adverse weather conditions of which the pilot did not have on time information, such as heavy and short-term rains and crosswinds, affecting runway conditions. Thus, meteorological information is vital for the safety of operations and mandatory for commercial operations of jet aircrafts.

Meteorological information contributes to crew confidence, allows for correct flight planning, and facilitates the establishment of faster, more economical, and regular routes.

The Automatic Weather Station (EMS-A) was developed to act, autonomously and automatically, as a complete meteorological aid to air traffic operations, making surface meteorological observations for aeronautical purposes. The objective of its implantation in Brazil focuses on Regional Aviation in small airports, allowing, depending on airport infrastructure, to operate under IFR procedures, without the need to establish a traditional weather station, whose costs are higher due to the need for operators on site.

In this scenario, a partnership is underway between SAC and DECEA to implement EMS-A in small regional airports, currently covering more than 40 locations, whose stations, after being approved by DECEA, will have their meteorological bulletins updated automatically by REDEMET (Brazilian Meteorological Net to public aviation purposes). These stations also act as a support for en-route meteorology, covering part of the Amazon region that until then was lacking in such information. The figure above shows that the stations are powered by solar panels and have a photovoltaic station, to keep the station functioning in case of bad weather for at least 72 hours. This innovation in navigation aid systems allows savings in electrical cable infrastructure along the runway, making the system completely autonomous and suitable for installation in remote locations.

The stations have all necessary sensors to provide Meteorological Information Reports In addition to provide automatic and periodic weather information to Brazilian REDEMET, the EMS-A can be triggered by pilots during approach procedures by VHF radio, to receive information in real time. The frequency coverage of the EMS-A was established to a minimum of 27NM, at an altitude that ensures the line of sight between the station and the aircraft, transmitting a voice message synthesized in Portuguese and, subsequently, in English. This real time information is essential to avoid veer-off situations during landing since the pilot previously known weather conditions on site.

The EMS-A is recognized by DECEA as a solution for small regional airports, meeting the meteorological requirements for commercial operations. So, these stations support regional aviation improves safety, bringing predictability to operations in remote locations and supports a possible activation of the remote AFIS Service (R-AFIS), where a single center could provide service of aeronautical and air traffic information to several aerodromes.

Remote Aerodrome Flight Information Service (R-AFIS)

A recent document by SAC (Informative Note nº 1/2020/CGNAV/DINV/SAC), deals with possible implementation of R-AFIS systems in small regional airports and brings the information that Brazilian airlines are tending to consider that the availability of an AFIS is important to safety operations of commercial flights, together with meteorological information.

AFIS could be described as a service provided to give information useful for the safe and efficient conduct of flights in the Aerodrome Traffic Zone (ATZ) and, sometimes, to give taxi instructions on the apron and maneuvering area. It could also be remote, without operators on each site (R-AFIS).

As DECEA regulation establishes in ICA 100-1 (Requirements for VFR or IFR Operation in Aerodromes), IFR operations in an aerodrome without AFIS can only occur if information is made available by an EMS-A. Thus, in view of the airlines' understanding of the contribution of an AFIS and the EMS-A program already underway, it is being consider a joint implementation of these solutions to small regional airports.

How AFIS works: AFIS provides information to ensure the efficient conduct of air traffic at aerodromes that do not have a local ATC available. AFIS is usually provided by an aeronautical station located at the aerodrome or remotely. This station provides flight information services and alerts all traffic operating in the movement area and all aircraft in flight below FL 145 and within a radius of 27 NM (50km) from the aerodrome, informing position of known aircraft and relevant information, like work in progress and others that could affect normal operation.

A very important point is that, in small regional airports, especially those located in regions of strong agricultural production (large part of national territory), it is common an intense and seasonal traffic of agricultural aircraft, mostly without radio. It certainly introduces a risk factor to other aircrafts, especially commercial operations, as safety reports regarding it are being more frequent in the past years. The same situation could occur with airports that held small aviation schools or recreative organizations.

This fact led to studies to implement R-AFIS in Brazil, but, in addition to regular AFIS and meteorological information (this one from EMS-A), consider a surveillance system composed of cameras suitable for observing traffic during landing and take-off procedures, as shown in the figure below. The basic information that can be provided for pilots by an R-AFIS like described above, are as follows: Currently, DECEA limits R-AFIS operations only to airports with low traffic density (less than 5,000 movements/year), with an operator controlling only 2 simultaneous services, in up to 4 airports per R-AFIS main station. However, in medium term and with more services put in place, it is expected that this remote operation limits can be extended to other regional airports, mainly those affected by seasonal or special events, such as touristic places.

Although not yet regulated in Brazil, autonomous AFIS systems, called AFIS Automatic (A-AFIS) are also under study and should be an option in some cases of very low traffic density,

where surveillance cameras and a remote operator are not actually necessary to provide local information to pilots. A possibility is maybe the EMS-A provide this service with some adaptations to its voice synthesizer, being able to provide messages other than meteorological.

The use of R-AFIS, as seen, is on initial stage in Brazil. However, it is already a reality in different parts of the world, proving effective in aerodromes with low density of operations and reducing human resources and operating costs, especially in remote locations, where is difficult to even keep qualified professionals, as in Japanese islands, Alaska in the USA, and a good part of Canadian territory, just to mention a few examples. It is important to mention that this solution, whose implementation started in Japan in 1974, has expanded, including being currently covered by the FAA and EASA regulations.

In Brazil, studies started in 2016, with a pilot experiment implemented on Fernando de Noronha island, operating from a center on the continent, but keeping a meteorologist on the island, this service being the first to operate remotely in South America. The studies are advancing with technical analysis and SAC is now evaluating the costs for implement a pilot project composed of four remote stations located in small regional airports, controlled by an AFIS center on an existing regular local ATC station, which should be the starting point of a larger R-AFIS implementation in Brazil.

Mitigations -Next Steps

The previous sections bring some and not exhaustive possibilities, already in place or being studied, that can be consider as mitigations to reduce the risks of operations with noncompliance runway strips. A common point between all of them is not to put more costs over airport operator, and look for simple procedures, like the inspections, the airport logbook and safety meetings, to improve operations counting on existing personnel.

The technology is a must in these cases, not just to comply with regulation to commercial flights, but making clear to pilots the local weather situation and runway conditions before landing. It is essential to avoid veer-off occurrences between other undesirable situations that may occur.

The next chapter will show the perception of airlines safety personnel and airport sector personnel regarding operations with reduced runway strip width and if some mitigations already described in this chapter are considered as improving safety.

All the consolidated results are included in Appendix I, in a graphic format, that allow an easy comparison between each one of the responses, and they also could be accessed by the following link: https://docs.google.com/forms/d/e/1FAIpQLSfAehR4vrdDRs6_P-17nzK3J7lfhUpphcdCilSIiZx4CwEsuw/viewanalytics 5.2.1.1. General Information This part looks for characterizing respondent's role in the airline and knowledge on operations at regional airports, to check if the sample is qualified and adherent to questionnaire objectives.

The sample group is composed by 8 operation professionals, 5 safety professionals, 1 safety consultant (university professor) and 1 flight attendant with experience in safety, all from private sector.

Group's average experience on aviation is over 22 years, all respondents declared to know the situation or have already operated in Brazilian regional airports, and 7 professionals are also pilots, which contributes with a real view of regional operations.

Therefore, it is considered that the sample, although small, is composed of qualified airline professionals with extensive experience in operations at several Brazilian regional airports.

Still, taking in account that the possible sample universe in this specific case is reduced inside Brazilian airlines, it is understood as possible to proceed with the answers obtained.

Infrastructure Elements

This part presents some basic infrastructure elements (equipment or services) to capture the respondent's perception on their contribution during operations at a small regional airport, considering that both RWY dimensions and PCN are suitable for the aircraft that is intended to operate.

To questionnaire effects, all infrastructure elements were listed as noncompliance or even unavailable, in a parallel with the reality in several small regional airports. The target is to capture risk perception on the element itself, considering the assumptions, and in an isolated way. Such questions seek a more general perception of how the real situations are evaluated.

I note that, as risk perception in this case, it is understood how critical the situation would be for safety, considering whether that situation of noncompliance or unavailability of an equipment or service could, directly or indirectly, contribute to a serious incident or even an accident.

The risk perception, by this thesis purpose, was classified as a numerical scale (1 to 5), making easy to graduate the perceptions about each element. The colors placed for each scale in the figure below are the same used to tabulate the results (Appendix I).

Figure 26 -Risk Perception Scale (Infrastructure elements). Source: Author (July 2020)

As risk perceptions are considered individually for each element proposed, it is possible to classify, for this thesis purposes, as low risk those that have most grades below average ((∑3 to 5) <(∑1 to 3)); as inconclusive (or medium) those on the average ((∑3 to 5) = (∑1 to 3)); and as relevant risk the elements with most grades higher than average ((∑3 to 5)> (∑1 to 3)).

The grades sum is considered in percentages, and differences of up to 10% will be considered as inconclusive result. This consideration is related that in these cases, the opinion is divided between low and high, being concluded like an average degree, referring that the element perception is considered as a medium contribution, without a clear tendency that could be evaluated.

It is important to note that responses considered as medium (3 in the scale) are counted for all comparisons, to equalize the percentage results and allow comparisons between them, since it reflects an opinion between low and high graduation.

Therefore, with classification method in mind, a summary of the results is placed below, classified in accordance with the accumulated percentage result ((∑1 to 3)/(∑3 to 5)) in approximations without decimals as seen in figure 27 The results coming from perceptions over each element situation can confirm some Chapter 4 prior conclusions, but there are also some surprises, such as the case of RESA, aerodrome beacon and windsock, all of them considered relevant in any exemption analysis, appearing as low relevance in this assessment. Noteworthy is the perception of low risk regarding the reduced runway strip width as a consensus between the respondents, leading to believe that the object of this thesis is align with airlines safety personnel opinion.

Another interesting point is the fact that AFIS has no observed low or high trend, being inconclusive (or medium), which confirms that the contribution for safety of this service is just beginning to be consider important, as SAC R-AFIS studies stands. This fact could also be derived from the current situation of this service absence in several small regional airports or from the precarious and high-cost services provided where a small local ATC is available, affecting a cost/benefit perception of this service for safety.

Among the items considered relevant, some of them are already considered essential to any operations as described in Chapter 4, which includes available local meteorological information. This last point highlights that a correct decision was taken by SAC creating a program for implementing EMS-A in small regional airports, displacing weather information to pilots on real time, with minimal costs to airport operator. 

Operational Perception

This part proposes two operational scenarios, considering day and night operations, in a small regional airport with restricted runway strips lateral length (assumptions: RWY dimensions and PCN are suitable to aircraft) and risk perception assessments regarding infrastructure, equipment or procedures, and if they are important to operations, with a focus on commercial flights.

In this case, all infrastructure elements or procedures are presented as meeting the standards or recommendations, whether these are mandatory or not. The intention is to capture the perception of the importance of that specific element during operations with restrictions on runway strips, as well as assess the difference in the perception between day and night operations.

I note that, as risk perception in this case, it is understood how important each element would be to contribute for a safety operation (no hard landings, runway excursions or veer-off) considering the proposed scenario, and if the perception is different between day and night operations.

The importance rating, by this thesis purpose, was classified as a numerical scale (1 to 5), making easy to graduate the perceptions about each element. The colors placed for each scale in the figure below are the same used to tabulate the results (Appendix I). As importance perceptions are considered individually for each element proposed in day and night scenarios, it is possible to classify, for this thesis purposes, as low contribution to safety those that have most grades below average ((∑3 to 5) <(∑1 to 3)); as inconclusive (or medium) those on the average ((∑3 to 5) = (∑1 to 3)); and as high contribution to safety the elements with most grades higher than average ((∑3 to 5)> (∑1 to 3)).

The grades sum is considered in percentages, and differences of up to 10% will be considered as inconclusive result, with no low or high tendency, as described in previous section. important to note that responses considered as medium (3 in the scale) are counted for all comparisons, to equalize the percentage results and allow comparisons between them.

Therefore, with classification method in mind, a summary of the results is placed below, classified in accordance with the accumulated percentage result ((∑1 to 3)/(∑3 to 5)) in approximations without decimals as seen in figure 29 (results consolidated from Appendix I graphics): Since as several elements have their evaluation proposed for day and night operations, and the perception differs between these situations, the consolidated perceptions by element its placed below (figure 30). Considering the scenario of runway strips with reduced dimensions and comparing with previous section, where the elements were evaluated isolated, it appears that elements previously considered inconclusive or of low risk, gain importance in this case, with emphasis on R-AFIS system, considered relevant for both day and night operations, and the requirements related to RESA and, even with reduced dimensions, that runway strips available must comply with support, leveling and absence of obstacles provisions during night operations, together with runway inspections, emphasizing a clear difference in relation to daytime operations, where such items are considered of low importance or inconclusive, even in the scenario proposed.

The RFFS availability is not mandatory for small regional airports, as RBAC 153 dispose it as an exemption. As it is a very costly service for airport operators, the intention was to capture the perceptions if it should be considered as a mitigation or not, but it remains inconclusive when compared with other elements. 

Contribution to Safety

Elements presented in the previous chapter as possible mitigating measures for reduced runway strips have their importance confirmed with the answers obtained, with emphasis to RNAV (GNSS) procedures, PAPI availability in main threshold (THR), automatic weather information (EMS-A) and RWY wet conditions information (possible to be disseminated to pilots by R-AFIS system or even by EMS-A real time information).

It is important highlight that some elements are already part of investment programs conducted by SAC, with emphasis on EMS-A and PAPI, with several locations implemented and in service. The same to R-AFIS and RNAV (GNSS) procedures charts, with studies being conducted for soon implementation in small regional airports. These actions are being introduced in addition to works of pavement and markings recovery, building operational fences, as well as complete sets when night operation is envisaged (lighting systems, aerodrome beacon, illuminated windsocks, mandatory signs, and power stations).

It was also possible to verify the different perception of importance between day and night operations, suggesting a future complementary study to evaluate flexibilizations of some requirements to small airports just operating on daytime, especially regarding RESA and runway strips requirements. Finally, it is still observed that items considered as essential and indispensable in the previous section keep their perception of high importance (RWY pavement, operational fence, markings).

Personal Opinion

The open questions proposed in this last part look for personal opinions and considerations about three themes: 1) Additional difficulties operating on Amazon Region; 2) Adequacy of existing runway strips standards to small regional airports; 3) Quality of infrastructure already available in small regional airports and about private or public airport operator. A free space is available to opinions or comments about the survey. The answers to each question were evaluate and the main points are presented below.

The question about Amazon Region also refers to reduced runway strips scenario and asks for perceptions regarding additional difficulties. The answers keep the same opinion as previous ones, without additional difficulties in the operations proposed, except by an answer that highlight the importance of operational fence and that obstacles be identified or removed, what is clearly linked to a lack of management of airport operator, as mentioned before.

All the consolidated results are also included in Appendix II, in a graphic format, that allow an easy comparison between each one of the responses, and also could be accessed by the link: https://docs.google.com/forms/d/1008UUXTnS4V_S6mvhNuPAXOaPiVdXYghbFC0pGXauD Y/edit#responses Taken in account that all results are consolidated and present in same format adopted in section 5.2 above, and the methodology considerations and formulas are the same, it will not be described again in this section.

General Information

This part looks for characterizing respondent's role in the airport sector and knowledge on operations at regional airports, to check if the sample is qualified and adherent to questionnaire objectives.

The sample group is composed by professionals who belong to the following fields: 19 operations, 12 engineering/design, 7 managers, 5 regulators, 2 other (not described) and 1 airport expert. The group is composed by 29 professionals from public sector and 17 from private sector, what was expected, since the regulators and most designers and operators work in public institutions, as ANAC, SAC and INFRAERO.

Group's average experience on aviation is over 11 years, with a mix between very experienced professional, with more than 20 years on airport sector, and beginning professionals, with less than 5 year, with conduces to a mix of perceptions that are a reflex of Brazilian airports sector nowadays.

Question about knowledge at regional airports resulted in 41 positive and 5 negative responses, proving that almost 90% have experience in the subject. Therefore, it is considered that the sample, although alternating with very experienced and some beginners, is composed of many qualified airport sector professionals knowing the current regional airports situation, being possible to proceed with the answers obtained.

Infrastructure Elements

This part, as in Questionnaire 1, presents some basic infrastructure elements (equipment or services) to capture the respondent's perception on their contribution during an operation at a small regional airport, considering that both the RWY dimensions and PCN are suitable for the aircraft that is intended to operate.

Taking in account that all considerations and concepts provided in section 5.2 (5.2.1.2) applies here, does not make sense to reproduce it again. The target continues to be the capture of risk perception on the element itself, considering the assumptions, and in an isolated way.

Therefore, with classification method in mind and keeping the same ordination from Questionnaire 1 (figure 24), allowing easy comparison, a summary of the results is placed below, classified in accordance with the accumulated percentage result in approximations without decimals as seen in figure 31 (results consolidated from Appendix II graphics): The results coming from the perceptions will be compared later with the ones coming from Questionnaire 1 (Q1) but is already possible to also confirm some Chapter 4 prior conclusions, again with some surprises, such as the case of RESA and drainage ditches, both considered relevant in any exemption analysis, appearing as low relevance in this assessment.

Noteworthy is the inconclusive (or medium) perception regarding the reduced runway strip width, with a slight predomination of low-risk perception, even with more public than private organizations represented in sample group.

Another interesting point is the fact that AFIS has a low-risk perception. This fact as previous commented, could be derived from current situation of AFIS absence in several small regional airports with may affect the perception if it is or not relevant during airport operations.

Among the elements considered relevant, again are some already considered essential to any operations as described in Chapter 4, which includes available local meteorological information, object of a huge implementing program by SAC, as seen before. Other aspect is the higher risk perceptions about lighting system elements, including aerodrome beacon and windsock; with airports personnel considering it essential to night operations.

Operational Perception

This part proposes two operational scenarios, as before, taking in account that all considerations and concepts provided in section 5.2 (5.2.1.3) keep equal, does not make sense to reproduce it again. The target continues to be capturing the importance perception of each specific element during operations with restrictions on runway strips, as well as assess the difference in the perception between day and night operations.

Therefore, with classification method in mind and keeping the same ordination from Questionnaire 1 (figures 29 and 30), allowing easy comparison, a summary of the results is placed below, classified in accordance with the accumulated percentage result in approximations without decimals as seen in figure 32 (results consolidated from Appendix II graphics): Since as several elements have their evaluation proposed for day and night operations, and the perception differs between these situations, the consolidated perceptions by element its placed below (figure 33). As this second group are composed by a sample with both airport operators, regulators, and designers, it was really expected that the answers could be more conservative between isolated elements and a proposed scenario of runway strips with reduced dimensions. The results, without elements considered as low contribution to safety and quite the same for day or night operations confirms the conservative position perceived.

It is also observed that, among the elements with inconclusive perception, three out four are related to air traffic control, which in Brazil is not directly present into airport regulation, as seen in Chapter 4. This may bring some unfamiliarity on how these elements may improve safety during a real operation, bringing the inconclusive perception. The other element considered inconclusive is the RFFS, perhaps because it is not a standard for small regional airports, as already mentioned.

In parallel with previous chapter, several elements considered as possible mitigation measures for reduced runway strips were consider as high contribution to safety during operations in the situations proposed, with 100% of respondents considering PAPI availability in main THR as essential, for example.

Finally, it is important highlight again that some elements are already part of investment programs conducted by SAC, with is believed to be very important to expand regional operations without impose more costs to small airports operators.

Personal Opinion

The open questions proposed in this last part looks for personal opinions and considerations about three themes: 1) Additional difficulties operating on Amazon Region; 2) Adequacy of existing runway strips standards to small regional airports; 3) Quality of infrastructure already available in small regional airports. An open space is available to opinions or comments about the survey. The answers to each question were evaluate and the main points are presented below.

The answers about Amazon Region received several comments, most of them related to peculiarities due to rainforest. Most comments reinforce how essential to safety is to keep in good conditions the operational fence, runway pavement, markings, runway strip available, lights and PAPI (night operations), and also to make local meteorology available, providing information about RWY wet conditions. There were few comments regarding possible flexibilizations with mitigations due to access difficulties by other transport modals and about necessary training to develop better airport staff. One mention to AFIS importance due to remote locations and a recommendation to pilots to take care with trees in the transitional surfaces.

About existing regulatory perception regarding runway strips provisions, 16 respondents consider as correct the existing standards, 3 do not answered, and all the remaining consider that runway strip width could be the same between VFR (75m runway strip to each side) and IFR (140 m runway strip to each side) runways, keeping graded portions as provided, due to the technology available in aircrafts and the equipment and procedures evolution in the last years. The question between differences eventually applicable between turboprop or jet operating on a small regional airport did not reach a consensus, with a slight trend to provide turboprop operations more flexibilization due to low speed during landing and a few answers asking for more studies before adopting any flexibilizations.

The perception on quality of infrastructure available at small regional airports was measured by a rating from 1 to 10, obtaining an average score of 6,17. This score allows to classify current Brazilian situation just as regular one more time, confirming an enormous task in the way to improve infrastructure, which one more time justifies efforts to make better use of available resources.

Open space received some comments about the importance of the theme to regional aviation development and that flexibilization is possible when thinking in small airports. I believed interesting to pick up some comments to the thesis (free translations), as below: "This research is important for the sector, especially when we observe the growth of new destinations, with lower frequencies or equipment that would require less infrastructure.

In this scenario, it is essential that regulation and planning follow this evolution." "Very relevant topic in the context of need to update infrastructure requirements considering the technological advancement of aircraft, procedures, and equipment." "The revision of regulations requires the consideration of evolution of technology and of existing safety procedures, updating the risk studies to the recent data. The current dimensions defined in RBAC 154 make the costs to approval any existing small airports infrastructure prohibitive. High investments of public resources are necessary for adaptation, which, in my opinion, could be optimized by maintaining high levels of safety and contributing to the expansion of national air transport net." "It is possible to operate at regional airports with a lower quality of infrastructure in runway strip/graded portion, but the requirements related to pavement conditions, PAPI, correct markings should be complied. Automated traffic control systems, including remotely triggered night lights, automatic alerts with data on aerodrome, wind and direction conditions, as well as illuminated windsocks are important and have a low cost of implementation and maintenance."

Industry Perceptions -Comparative Results

This section intends to provide an easy comparison between the perceptions collected by questionnaires 1 & 2 (Q1 & Q2), which individual results were presented before. The intention is to check where Airlines Safety Personnel perceptions converges or diverges with Airports related to AFIS, which may be due to recent normalization of remote systems, which is not yet implemented in airports receiving commercial flights. Such perception may be altered in a near future, if succeeded the R-AFIS pilot project that SAC has been studying as a contributing factor to improve stabilized approach and landings.

The other elements share a consensus between the two groups consulted and have already be previously commented. The RESA perception as low operational risk by both groups may lead to further studies in the future to assess whether such dimensions could be reduced for small airports with low density of operations.

Operational Perceptions

The questionnaires (Q1/Q2) proposed two operational scenarios (day or night operations), considering a small regional airport where runway strip width is reduced, and both groups were invited to assess the importance perception of each specific element during operations on these scenarios.

Results collected from each group sample were presented in previous sections, and the comparative table below brings the consolidated results (D -Day Operations / N -Night Operations). The results from both groups placed side by side allow an easy conclusion of convergence that all elements evaluated brings a high contribution to safety during night operations, except by RFFS (inconclusive perceptions possible reasons already commented), and by different perceptions for vegetation height, consider inconclusive by Q1 group, and R-AFIS, consider inconclusive by Q2 group. Vegetation perception probably was consider not affecting night operations due to pilot perception that lights availability will conduct to safe viewing of runway, even with vegetation around it, and R-AFIS perception was previously commented. Therefore, these elements could be considered as good practices to put in place in small regional airports who intend to receive night commercial flights.

In opposite, when considering day operations, which is relevant considering that several small regional airports just operate daytime, the differences between perceptions appear in quite a half of evaluated elements. As it was expected, a more conservative perception comes from Q2 group in the proposed scenario, as its perceptions differ just a few between day and night operations, without considering any element as low contributive, but, when it comes to Q1 group perception, as the scenario considers VMC approach, their opinion is that RESA, runway strips requirements, local ATC available and even runway inspections are low contributive since the pilot has a clear view of runway, conducting to a safety landing in normal situations, and also considering that the other elements perceived as high contributive are in place.

Conclusions from perceptions

First, it is important to point out that the perceptions from infrastructure elements, when evaluated one by one, confirms that some of them may configure an essential pack for all operational scenario and must be consider as a go/no go checking when a flexibilization is being analyzed. It was previous suggested in Chapter 4 and now is confirmed by aviation professionals.

Then, when a scenario of runway strips restriction is assessed, elements previously considered as low risk if unavailable raises in importance as possible mitigations, specially to conduct night operations. New automatic or remote systems that provide local and confident information to pilots are considered in the same level than essential (and traditional) infrastructure (pavement, markings, operational fence, lights). The runway strips provisions (strength, leveled, no obstacles) are considered essential during night operations with reduced width, and it is already a condition placed in current processes. RNAV (GNSS) procedures, even considering VMC, are pointed by everyone as essential, and DECEA is now working to provide it for all airports with commercial operations, what should be a reality in few years.

Other conclusion coming from the questionnaires is that future studies could be conducted to evaluate flexibilizations applicable when a small airport operates just on daytime, which could be an incentive factor to develop air transport for remote regions.

About the personal opinions collect, they were already commented, but is remarkable the consensus that, except by the width required to IFR RWY (140 meters to each side), existing runway strips standards are correct and provide safety to the operations, being suggested to consider same width required to VFR RWY (75 meters to each side) to all situations.

Next chapter will do a quick review on related studies regarding runway strip width and some data regarding veer-offs occurrences.

CHAPTER 6

RELATED STUDIES AND TRENDS

Introduction

Runway strips and graded portion dimensions are strongly related to runway excursions, especially veer-offs, since the main objective of these infrastructure elements are to help veeroff aircrafts deaccelerate and mitigate fatalities, injuries, and damages. Therefore, a sort of studies related to this theme were developed and some of them are still in progress, which is expected to require updates to ICAO SARPs in a near future.

Among the mentioned studies developed, there are several statistical based and evaluations regarding runway excursions, with a huge amount of Brazilian and international data available to public use, that provide some conclusions and confirm assumptions previous adopted in this thesis, for example, that veer-offs mainly occurs during landing phase.

This section intends to present some of these studies, in a not exhausted roll, looking for justify some previous assumptions and to anticipate some trends that probably will bring changes to current regulation regarding runway strips and graded portion, and, as the focus of this thesis is to provide a more qualitative approach concentrate on Brazilian regional airports situation, it is important to share some points from a recent cooperation between TCB/ICAO and SAC, which, between other aspects, highlights some trends and suggested some flexibilizations on runway strips width. were related to runway excursions, representing 29% of all accidents.

Related studies

It was also possible classify the runway excursions per situation, as below, with a slight prevalence of veer-off (53%) than overrun (47%). And per type of operation, where was verified that occurrences are more probably to occur during landing phase (79%) than take-off phase (21%), what was mentioned before. At that time, Flight Safety Foundation, based on data evaluation, concluded that:

➢ Unstable approaches increase the risk of landing runway excursions.

➢ Failure to recognize the need for and to execute a go-around is a major cause of landing runway excursions.

➢ Contaminated runways increase the risk of runway excursions.

➢ Universal standards related to runway condition measurement and reporting would assist in reducing the risk of runway excursions.

➢ Combinations of risk factors have a synergistic effect on the risk of an excursion.

One last comment regarding LRSARA Model is that, despite it surely be a useful and recommended tool to proceed quantitative analysis over veer-off risks, the input data was obtained from mainly a US Database, what could be different in other countries situation, as Brazil, for example, and the records did not consider lighter aircrafts (less than 6,000 lb), who are responsible for most runway excursions. The suggestion received by some aviation experts is to not consider the model alone, but also to proceed in qualitative analysis prior to Regular flights (commercial) had 3.65% of participation in total runway excursions observed (figure 38). However, considering injuries to passengers and crew, it appears that 84.84% had no injuries in accidents.

The data presented looks to delimit the real Brazilian situation regarding occurrences on aerodromes, demonstrating that commercial aviation has very low participation in accidents, even that related to runway excursions. At the end, the probability related of this type of occurrences seems to be very low, especially in small airports, with a reduced density of operations.

GLOBAL ACTION PLAN FOR THE PREVENTION OF RUNWAY EXCURSIONS (GAPPRE)

Recently publish as a joint effort of many civil aviation organizations, the Part I of GAPPRE contains a list of recommendations that represent the industry consensus on what are the best practices and intervention beyond simple regulatory compliance. These recommendations are directed to all civil aviation actors, as Airport Operators, Air Navigation Service Providers, Aircraft Operators, and others.

Among the aerodrome's recommendations, despite it were mainly to big ones, there are several that could apply even to small regional airports, like the ones with shade markings below:

ADR1 -Ensure that runways are constructed, resurfaced and repaired in accordance with the national or regional (e.g. EASA) regulations, so that effective friction levels and drainage are achieved.

ADR2 -An appropriate program should be effectively implemented to ensure the removal of contaminants from the runway surface as rapidly and completely as possible to minimize accumulation and preserve friction characteristics. In ICAO ADOP, regarding runway strips, there is an agreement to disconnect overflight and veer-off requirements in defining runway strip width, what is in accordance with the objectives of graded and non-graded portions of the strip.

The overflight requirement is addressed by the OLSTF and the ARCTF is expected to study extensively the world-wide veer-off data (more than 5,600 records) and the relevant factors, and to consider that there is a functional difference between the graded and non-graded portion of the strip (graded to contain the landing gear, non-graded to contain the wingspan) and to develop a precise definition of the intention of the strip.

As an interesting topic, the report brings information that most recent analysis of worldwide veer-off data by the ARCTF has not shown evidence of a clear relationship of veer-off location distances with aircraft code number or letter notably for code 2C, 3C and 4C aircrafts. Graphics below were provided in confidence by courtesy of the Airbus chair of ARCTF for the purpose of the report and its use in this thesis was consulted and confirmed by courtesy of report author. ARCTF task include studies for a possible reduction of code 3 non-instrument runway strip widths. There was also a request to look at the longitudinal and transverse slopes for the area beyond the graded portion within the runway strip (non-graded portion).

The report also provides considerations on graded portion dimensions, regarding the likelihood of one event with substantial damages, as below:

"The dimensions of the graded portion of the strip have been chosen with the objective of removing obstacles from a specified area around the runway to prevent collision of an aircraft veering-off and allowing it to terminate its course, with substantial damages in the worst case, at the farthest edge of the graded portion. It implies that the acceptable risk level for the present dimensions of the graded portion of the strip is "substantial damages" with a probability lower than 10 -6 per commercial movement. For an airport accommodating less than 10,000 commercial movement per year this means a likelihood of one event per 100 years."

The draft manual suggests that the minimum dimensions in the two tables below may be accepted as interim solutions pending later compliance with ICAO provisions. The proposed minimum dimensions were placed in the manual to address the commercial aircraft intended to operate in Brazilian regional airports, considering existing infrastructure.

TCB report also demonstrates that the operational characteristics of ATR72 are similar to those of ATR42, and consider it calculating the suggested dimensions above. The same as the maximum limit considered to instrument strip width, assumed by the report as Graded Strip width plus Wingspan, resulting in the 116 m (ATR72) and 186 m (4C) in the figure above.

Back to figure 39 veer-off graphics, which consider real records from occurrences worldwide, it is possible observe that more than 70% of the veer-offs with code letter C aircraft have their final positions before 75 meters (graded portion width). As a matter of fact, it is important to mention one preliminary indication, still under study by the ARCTF, that there are no significant differences observed between veer-offs in instrument or non-instrument runways.

Final report and draft Manual resulted from TCB/ICAO and SAC cooperation include considerations and suggestions related to many other infrastructure elements than runway strips. The considerations related to IS 154.5-001A are being evaluated by ANAC staff in the process of updating the document, and SAC is still in discussions with ANAC about the need to publish the Manual as a public reference to airport operators. So, its content is used just as reference and informative source in this thesis, being considered to propose alternatives, as seen in next chapter.

This format does not meet the objectives of SAC as a public entity that finances projects for infrastructure development in regional airports, to allow air transportation access by population.

As such investments must be based on technical files (memoirs, drawings, digital models, etc.), previously submitted to SAC validation, allowing works to be carried out. Since these technical files shall be based on ANAC regulations, they must comply with standards, and this is the reason why so much money is applied in runway strips regularization.

Therefore, even aware that a flexibilization probably would be accepted by ANAC certification, the legal constraints forces SAC into the expenditure of large public resources and sometimes environmental costs to regularize 140 meters strips in many cases, as previously presented in Chapter 4. This is even more pity in small airports that will have few commercial frequencies for a long period, maybe forever. In the other hand, does not make sense restrict operations to VFR when funding an existing airport refurbishing, and more, as the requests must be submitted to ANAC by airport operators, only most structured ones are able to do so, what adds more difficulties to whole process.

Finished these previous considerations, next will be placed three alternatives as possible solutions to the situation proposed in this thesis, with a focus on code number 3 (or 3C aircrafts), from the simple one to most complex, always aiming at reducing both building costs as environmental impacts, looking for best application of public resources. Each one will be described and analyzed to their positive and negative points, as well as a personal perception on how it will be considered by regulator.

All alternatives proposed below consider the possibility that in atypical situations, where is impossible to establish a standard width even with the regulatory proposed adjustments, a risk analysis could be submitted to ANAC requesting for flexibilizations, as nowadays. (ii) 140 75 m, where the code number is 3; and

Code numbers

(iii) 70 40 m, where the code number is 1 or 2.

Critical analysis

Implementation of this possible solution is very simple, requiring only an amendment to RBAC 154 standard, as above. Such amendment follows ANAC normative rite, preceded by legal analysis and public consultation, and could be in force in a short period (about 6 months).

The proposition is considered in adherence with perceptions collected in questionnaires, which included suggestions to consider runway strip width and graded portion width as the same, as well as preserving the current standards for larger aircraft operations (code number 4).

Preserving code number 4 current standards is supported by the consolidated data observed in figure 39, where the curves referring to veer-off occurrences (code D and E) show greater stopping distances, being inferred that the same possibly occurs with code 4C top aircrafts. A runway strip width reduction to code number 4 could aggravate severity in some cases, being prudent wait for conclusion of ICAO study in progress on possible changes in SARPs.

In terms of objectives proposed in this thesis, this alternative would even surpass these, considering that the focus is on existing small regional airports, up to 3C ARC. The proposed amendment surely could bring the desired financial and environmental cost reductions.

However, this proposal also covers greenfield airports, normally without land restrictions as in existing airports.

Other situation is that it does not propose any additional mitigating measures, especially for night operations, where the risk perception is greater, as seen in Chapter 5, which can be a barrier to acceptance by regulators.

Considering a balance between positive and negative points posed above, it is understood that this proposition would have only partial support from the agency's technical staff, which could bring difficulties for its continuity. Another point is that this alternative will allow IMC approaches to code number 3 airports, and ANAC, in its certification process as presented in chapter 4, only considers VMC approaches when flexibilizations are accepted. (1) a Runway Strip including a non-precision runway shall extend laterally to the runway axis to a distance, on each side of the runway axis and its extension along the entire runway length, of at least:

(i) 75 m, where the code number is 3; and

(ii) 40 m, where the code number is 1 or 2.

(2) The operation of maximum code number aircraft is limited to VMC approaches, until a previous evaluation by ANAC during certification process allow to IMC approaches.

Critical analysis

Implementation of this possible solution, in the same way as alternative 1, is very simple, going through an amendment process to RBAC 154 transitional provisions.

This proposition brings some advances when compared to previous one, since it preserves points currently considered by ANAC in accepted flexibilizations, such as applying the smaller runway strip width for code numbers 3 and 2 only for existing airports, as well as limiting Non

Precision IFR operations to VMC approach, keeping as open the possibility that, during certification process, allowing to IMC approaches could be evaluated.

It is believed this alternative would meet the perceptions collected by questionnaires and also provide a solution to the situation put forward in this thesis, because, despite the initial limitation of just VMC approaches, it starts from a reduced runway strip width with lower costs to implementation, especially code number 3 non-precision runways. It also considers that IMC approaches could be dealt during certification process, if required. Still, considering that meteorological conditions in a large part of Brazilian territory are not an issue, this probably would not end up being a limiting factor in most regional airports, even due to EMS-A program in progress, allowing confident flight plans and operations, reducing the go-around risk.

As an alerting point, persists the fact that this alternative does not propose any additional mitigating measures, especially for night operations, where the risk perception is greater, as seen in Chapter 5, which can still be a barrier to acceptance by regulators.

Considering a balance between positive and negative points posed above, it is understood that this proposition would have more support from the agency's technical staff, but some resistance could come from allowing operations without any mitigation's measures applied.

Code numbers 3 and 2 -Transitional provisions with mitigations (Alternative 3)

Proposition

This possible solution considers the previous option (for existing airports), and include, as mandatory, additional mitigation, in particular implementation of PAPI (or similar equipment accepted by ANAC) on main THR, as a requirement in the certification process for nonprecision operations (code number 3). This alternative also keeps VMC approach as initial condition.

It adds, as a previous condition during certification process, when required approval to IMC approaches, even if considered as a special condition, that RNAV (GNSS) procedures are implemented (or at least in the way to be), as well as PAPI in both THR. As today, at ANAC discretion, depending on the rainfall conditions in airport region, and RWY drainage and friction conditions, grooving can be considered.

At the end, proposed wording to RBAC 154 amendment would be the same as previous alternative, and the requirement for implementation of a visual approach ramp indicator (PAPI or similar accepted by ANAC) should be included as mandatory for all situations of nonprecision runways (code number 3). Additional conditions proposed to certificate non-precision RWY considering IMC approaches, could be placed as supplementary instruction or even as a guideline at initial certification meeting.

Critical analysis

Implementation of this possible solution is a little more complex than the previous ones, including not only amendments to RBAC 154, but requiring expansion of the current investments to provide PAPI conducted by SAC, and even treaties with DECEA to prioritize RNAV (GNSS) procedures in regional airports.

This alternative, in addition to preserving some points currently considered to accept runway strips flexibilizations during certification processes, as described on previous section, places as mandatory PAPI provision in main THR in all non-precision RWY (code number 3), and still define some essential elements for acceptance evaluation of IMC procedures, which certainly add quality to the process.

Therefore, beyond meet expectations verified in the perceptions collected by questionnaires, including the importance of PAPI available at main THR, it also meets the objective of this thesis, because, despite the initial limitation to VMC approach, it starts from a runway strip width more acceptable and with less costs of implementation, without any additional risks (considering all veer-off data and probabilities mentioned along the thesis). IMC approaches still could be dealt during certification, if required. Actually, considering the meteorological situation in a large part of Brazil, VMC approaches would not end up being a huge limiting factor in most regional airports. This is even supported due to EMS-A program in progress by SAC, providing local weather information in remote regions around the country.

Still regarding IMC procedures, proposed to be accepted case by case during certification, it is certainly part of mentioned studies in progress by ICAO working groups on runway strips requirements. It should be reminded one more time that the expert's perception is that visual and non-precision runways are not so different to runway strip point of view and probably do not need so different standards between them.

Finally, it is understood that this alternative would have more support from the agency's technical staff, being the one more feasible between the possible solutions presented, even with resources needed by SAC to improve PAPI implementation.

Final Considerations

Despite all possible solutions above look simple in a preliminary view, they are a result of a long working process and hours of conversation to make it acceptable. A regulatory amendment which reduces in force requirements is always difficult to be easily accepted by regulators working with that in mind from years, and they are not so wrong in their position, as the proposed subject is not simple by itself. This is proven by the long and solid study in progress by more than one ICAO task forces and working groups, looking for provide a rational definition supported by records collected and compilated in a huge data base of veer-off occurrences worldwide, and also considering different approaches to each portion (graded and non-graded) function, to then propose more adherent provisions.

In an ideal world, using a metaphoric license, we (ANAC, SAC and other stakeholders) could just sit and wait the final results and only then apply the new provisions to Brazilian airports. In real world, scarce resources continue to be expended in strips width regularizations that looks unnecessary in a general feeling.

The TCB/ICAO final report on draft manual includes an alternative proposal until ICAO develop new runway strips provisions, as shown in chapter 6, proposing a strip width to ATR72 based on aircraft performance, since in Brazil it is the main regional aircraft in service, and also a suggestion for code number 4 aircrafts, considering graded portion width plus wingspan as runway strip maximum width. This proposal, without VMC approach condition as restriction, was based on years of experience from report author, including his years as chairperson on ICAO ADOP (former Aerodromes Panel).

However, alternative 3 above presents a more conservative proposal, aligned from what is already considered possible as a first step, keeping graded portion width and VMC approach as a starting point, like reflected in recent aerodrome certifications that allows a runway strip width lower than non-precision runway provisions. It also includes PAPI as mandatory to all non-precision runways accommodating 3C aircrafts, even that they are now applicable only for turbo-jet aircrafts. It comes directly as an alignment with the perception collected with aviation professionals.

An innovation also proposed comes from risk analysis produced by airlines safety team (internal document, not reproduced in this thesis), SMS matrix based, addressing a situation of non-precision runway operating IMC conditions in regional airports with runway strips width up to 75m. Analysis from two main regional airlines brings several internal procedures, but both consider as defenses PAPI availability (both THR), and RNAV (GNSS) procedures, at least for main THR. This is the reason to include these as previous considerations to conduct a full certification without VMC approaches restrictions, as presented on alternative 3.

Conclusion

Alternative 3 being considered the most feasible proposal between the three possible solutions evaluated does not suddenly provide an ideal world to small regional airports and to SAC investments policy. It must be considered that each item proposed must be discussed in a formal way with ANAC and, if necessary, with DECEA, to be implemented and certainly several modifications will be done until reach the target.

However, this propose is supported by a lot of technical arguments and more, it is very adherent with aviation sector perceptions over runway strips width theme that they really need to be updated, considering all aircraft evolution in few years, and, more than that, to create a chance to development to depressed or remote regions, what usually come together with air transport access.

In synthesis, the acceptable solution to the question proposed in this thesis is concluded to be: according to regulations, continue to be possible to be addressed with risk analysis, pending on ANAC approval on certification process.

When considering probably gains with proposed solution implementation, it is possible to consider two situations: environmental gains and building cost savings. The pictures provided in Chapter 4 allow to infer that it has a clear environmental gain with strips width reductions, not just from avoid deforestation and extended and expensive licensing processes, but also considering all impact over local environment fauna and flora when a large quantity of trees is removed, what should be minimized. Building costs will also be reduced, with less terrain modification, which could bring around 30% savings (estimated up to R$ 1,000,000.00 less costs per airport) to adjust runway strips width, as presented before. The costs with land expropriation are even greater, with a wide variation depending on airport location, normally demanding years to a solution, with could leads one entire region to be without commercial flights, and more, it must be reminded the maintenance costs that will be reduced as well.

There are also some costs that will be indirectly reduced, like the need to build new accesses, parking lots, terminals, apron and taxiway, in cases where the current infrastructure is on the runway strip or on transitional surfaces, being consider an obstacle.

The only cost identified from this proposal is to provide a PAPI equipment, and it costs around R$ 450,000.00 (per unit); with a program by SAC already in course, what is a fair trade with costs savings mentioned before, not to mention other operational benefits of installing PAPI.

It is important to remember that most points perceived as essential during enquires, like pavement condition, operational fence, markings, graded portion leveled and with adequate strength, lighting sets and others, will continue to be checked during ANAC certification process and all of them are mandatory. SAC will also continue to prioritize investments on those essential elements. Other point refers to R-AFIS, which will be soon the object of a pilot project with DECEA, in a path to make it available for groups of small regional airports as soon as possible. The other measures presented before in Chapter 4 are also in progress, as RNAV (GNSS) procedures being updated or developed by DECEA, in a mission to provide it to all airports with commercial flights in a 5-year period, and Automatic Weather Stations (EMS-A)

where SAC will make available more 8 stations this year.

Finally, an action plan to continue with the works studied during the internship is already object of discussions between SAC, ANAC and airlines, in a first round. It will certainly include some training to small regional airport operators, in order that them can conduct certification process with their own staff. A first draft of this plan is considered in next section.

Recommended Action Plan

The recommended action plan on how to implement the proposed solution to runway strips width had been the object of several discussions during the internship between all stakeholders. As some needs are already identified and previously adjusted, it is possible to consider as a first action plan the following steps: e) Continue to evaluate if it is necessary to publish the manual elaborated during TCB/ICAO and SAC cooperation or if the updates proposed to IS Nº 154.5-001A will be enough to provide information to airport operators to proceed their risk analysis and requirements by itself.

The intention is to bring SAC and ANAC as close as possible into airports certification, jointing efforts to make infrastructure available and commercial operations feasible in all airports considered in Brazilian Civil Aviation Master Plan (PAN), with adequate aircrafts size and providing public access to air transportation, with same safety conditions.

The actions proposed to runway strips width, as a result of this internship, could also be extended for other elements (infrastructure, equipment, or procedures) and complementary studies were suggested during the text, as flexibilizations to small airports operating just daytime and others. This is considered as a first step, but many others will come to the progress of Brazilian regional airports and aviation. 
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  architecture and engineering fields. It is organized in five divisions: Director, Process and Contracts Management, Airport Design and Infrastructure, Aeronautical Infrastructure (airport navaids) and Investments Execution. The figure below shows the department structure:
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 4 Figure 4 -SAC Investment Department. Source: SAC (April 2020)
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  was born on January 10 th , 1971. Graduated in Civil Engineer in 1992, presently working as Director of the Investment Department (Brazilian Civil Aviation Secretariat -Ministry of Infrastructure), responsible for airports infrastructure and development into Regional Airport Investment Program (PINAR), and other investment actions, using resources from National Civil Aviation Fund (FNAC). As previous experience, from 1992 to 2007, I worked in many infrastructure sites over all regions of Brazil, both in private and public sector, including buildings, telecommunications, electrical and other engineering projects. Since early 2008, I have been working as Civil Aviation Regulation Specialist in ANAC (Brazilian Civil Aviation Agency) and, in 2014, I join to Brazilian Civil Aviation Secretariat, first like Minister Special Advisor and them to the current position. Former member of ICAO RFFWG (Rescue and Firefighting Working Group) and ICAO ADOP (Aerodromes Design and Operations Panel) from 2011 to 2014, representing ANAC. Former member of INFRAERO Fiscal Council from 2016 to 2017 and current member since December/2020 until now. Current member of CONAMA (Brazilian Environmental Council) since 2015, representing SAC. Working on Brazilian Civil Aviation Agency, coordinates the group responsible to consolidate all regulations regarding RFF (Rescue and Firefighting) and SMS (Safety Management System) to airports in Brazil. Chaired and presented papers and case studies in various airport infrastructure and safety workshops and panels.

Figure 5 -

 5 Figure 5 -Airport Runway Strips (green area). Source: ANAC (2019)
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 2 Information collection: ✓ Questionnaires results. ✓ Compilation and analysis over the results obtained from questionnaires. ✓ Brief research on related studies regarding runway excursion (focus in veer-off), existing databases, probabilities, and the possible contribution of runway strips to reduce severity. Support material (not exhausted): ✓ Technical documentation by ANAC and DECEA.
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  recently carried out or in progress to adapt runway strips (including graded portion adjustments) to regulatory provisions. The dimensional adjustments, as well as their cost estimated based on recent studies and projects (earthworks services only), are shown in figure9below.
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 9 Figure 9 -RWY Strips Interventions and Costs. Source: SAC (June 2020)
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 10 Figure 10 -RWY pavement interventions -Costs. Source: SAC (July 2020)
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 11 Figure 11 -Oriximina airport -RWY strip provision. Source: COMARA (March 2020)
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 12 Figure 12 -S. G. Cachoeira Airportdeforestation (RWY strip), Source: Amazonas State (February 2020)
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 13 Figure 13 -Runway Strip (graded / no graded portion). Source: ANAC (February 2020)
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 14 Figure 14 -Location Distribution for landing veer-offs. Source: ACRP 107 (2014)
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 15 Figure 15 -Regional Airport (Runway Strips exemptions). Source: ANAC (June 2020)

  a) airport operator: a. To provide grooving over runway pavement; b. Implementation of friction and macro-texture measurements with periodicity established; c. Consider friction parameters higher than the current regulation; d. Propose, together with local Air Traffic Control (ATC), a procedure to provide specific meteorological information or runway condition. b) airlines (operating under RBAC 121): a. Establish and disclose, in accordance with airline safety policy, specific procedures and risks associated with the aerodrome, such as: minimum operating hours, cross wind limitations, operating restrictions due to runway conditions; blackhole effect. c) air navigation provider (DECEA): a. Develop RNAV (GNSS) procedures.
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 16 Figure 16 -Pavement Condition Index (PCI) scale. Source: faapaveair.faa.gov (August 2020)
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 17 Figure 17 -Operational fence (work in progress) -Coari Airport. Source: DINV/SAC (March 2021)
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 5 .4.1. Approach and landing phases 4.5.4.1.1. Obstacle identification (Aerodrome Protection Zone)
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 19 Figure 19 -PAPI Approach Lights. Source: DINV/SAC (January 2021)
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 20 Figure 20 -PAPI provided by SAC -Cacoal/RO. Source: DINV/SAC (December 2020)
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 21 Figure 21 -Conventional x RNAV. Source: NavCanada (www.navcanada.ca, consulted in sept, 2020)

Figure 22 -

 22 Figure 22 -Summary of chart identification changes. Source: ICAO (april, 2019)
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 23 Figure 23 -Automatic Weather Station. Source: Flap Magazine nº 578 (January 2021)

(

  METAR): direction and speed (average and maximum) of the wind representative of the RWY touchdown zone, visibility and RVR values representative of the aerodrome, detection and location (distance and radial) occurrence of lightning strikes, present-time sensors (identify and classify various types of meteorological phenomena of operational interest, such as rain, fog, wet fog, dry fog, thunderstorm, etc), provision the height of the base of clouds over the aerodrome, provision of air temperature and relative humidity, provision of atmospheric pressure, and the amount and intensity of precipitation over the aerodrome.
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 24 Figure 24 -Brazilian R-AFIS Diagram. Source: SAC (February 2021)

  a) Meteorological information related to landing and take-off, provided by EMS-A; b) Information that allows the pilot to select the best runway direction for use and, if requested by pilot, the RWY length and width; c) Known information about aircraft operating in the vicinity of the aerodrome, which may pose a risk to the operation in process, especially agricultural aircraft (cameras); d) Information about airport conditions, such as: construction or maintenance works in the maneuvering area, irregular or damaged parts of pavement, parked aircraft, breakdown, or irregular operation of lighting system; e) Information on changing the operational status of visual and non-visual aids essential to aerodrome traffic; f) Messages, including authorizations, received from other ATC for retransmission.The R-AFIS implementation and operation is regulated by DECEA, which establishes that remote systems for provision of air traffic services must be able to provide them transparently to the user, maintaining the operational characteristics of a local station providing aeronautical telecommunications services with operators on site. The communication between the main station with operators on site and the R-AFIS stations should preferably be made through satellite systems, which currently have a wide coverage in Brazil.
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 25 Figure 25 -Satellite Communication (R-AFIS). Source: SAC (February 2021)
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 27 Figure 27 -Q1 Infrastructure elements. Source: Author (February 2021)
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 28 Figure 28 -Importance Rating Scale (Operational proposed scenario). Source: Author (July 2020)
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 29 Figure 29 -Q1 Reduced RWY Strips Scenario -Day (D) /Night (N) Operations. Source: Author (February 2021)
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 30 Figure 30 -Q1 Reduced RWY Strips Scenario -Day (D) /Night (N) Perception. Source: Author (February 2021)
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 31 Figure 31 -Q2 Infrastructure elements. Source: Author (February 2021)
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 32 Figure 32 -Q2: Reduced RWY Strips Scenario -Day (D) /Night (N) Operations. Source: Author (February 2021)
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 33 Figure 33 -Q2 Reduced RWY Strips Scenario -Day (D) /Night (N) Perception. Source: Author (February 2021)
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 35 Figure 35 -Q1/Q2 Reduced RWY Strips Scenario -Day (D) /Night (N) Perception. Source: Author (February 2021)
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 36 Figure 36 -Overrun and veer-off. Source: Flight Safety Foundation (2011)
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 37 Figure 37 -Runway Excursion during Take-off and Landing. Source: Flight Safety Foundation (2011)

  Brazilian Government organization directly responsible for aeronautical accidents investigation, as well as for receiving and handling data referring to aeronautical occurrences, such as serious incidents, incidents, and some relevant ground incidents not related to aircrafts. This publication consolidates all occurrences records in Brazilian aerodromes between 2008 and 2017, being evaluated more than 3,500 records, of which 541 accidents and 380 serious incidents are classified in the document.The purpose of these data to this thesis aims to position, among the observed occurrences in Brazilian aerodromes, how many were verified with regular flights (commercial) related to runway excursion, where runway strips could mitigate severity, and also highlight other local indicators.Regular flights (commercial) are responsible for only 2.38% of accidents in the 10-year period, and, checking the contributing factors listed in accidents final reports, from 1,104 factors identified, just 31 (2.80%) were related to airport infrastructure.Runway excursion occurrences are responsible for 137 accidents in the period, where 8.03% were considered caused by the runway excursion itself and not by other factors, as engine lost, for example.
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 38 Figure 38 -Accidents (runway excursions) per operation 2008 to 2017. Source: CENIPA (2018)
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 39 Figure 39 -Veer-off distances distribution by code letter 1995 to 2018. Source: ICAO ARCTF (2020)
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 40 Figure 40 -Minimum dimensions proposed (Draft Manual). Source: TCB SAC Draft Manual (2020)

  a) Amendment to RBAC 154 Transitional Provisions considering for existing airports (nonprecision runway) a 75 meters runway strip width for Code Number 3 and a 40 meters width for Code Numbers 2 and 1. Adopted these dimensions, aircraft operations (maximum code number) will be restricted to VMC approaches, keeping the other current requirements unaltered. A wording suggestion was provided in section 7.3.1; b) Mandatory PAPI (or similar equipment accepted by ANAC) available on main THR for non-precision operations (code number 3); c) Certification processes considering non-precision IMC approaches, pending of evaluation case by case by ANAC, places as previous conditions PAPI available (both THR) and RNAV (GNSS) procedures implemented in main RWY (or at least in the way to be); d) Other situations, as more restricted runway strip width, obstacles or wherever not

  a) SAC will forward a formal communication to ANAC until May 2021, proposing amendments to RBAC 154 related to runway strips width for non-precision runways provisions, to stimulate ANAC staff to study it and, if accepted, go ahead to implement it as soon as possible.b) A working group between SAC and ANAC, counting with other stakeholders (airlines, DECEA, airport operators) when necessary, will be establish, looking for prioritize investments related to airport certification. The first meeting between these entities is set to April 2021. c) SAC will redirect resources to improve PAPI program, with more airports being included (today there are 14 airports with works in progress), from a previous agreement with ANAC to consider certification issues. d) A two-way communication channel with airlines safety and planning staff will be open, to adjust intentions and to avoid investments where there is no planning to commercial flights. A first meeting was recently conducted (March 2021) with the main Brazilian airlines, and the intention is to do it each two or three months, in a regular basis.
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	The planning of civil aviation consolidated in the Brazilian Civil Aviation Master Plan (PAN)

038.030,15

  

	State	Airport	RWY Strip (side) Before Interventions (m)	RWY Strip (side) After Interventions (m)	Graded Portion Before Interventions (m)	Graded Portion After Interventions (m)	Estimated Costs (R$)
	AM	Coari	65	140	N/A	75	2.756.773,24
	AM	Eirunepé	70	140	40	75	2.427.693,44
	AM	São Gabriel da Cachoeira	110	140	75	75	1.791.902,61
	BA	Barreiras	40	140	40	75	12.860.874,71
	MG	Governador Valadares	72	75	72	75	1.749.682,82
	MT	Barra do Garças	45	140	45	75	10.581.532,81
	PA	Oriximiná	40	140	N/A	75	5.394.874,32
	PB	Patos	40	75	N/A	40	4.837.835,04
	PI	Bom Jesus do Gurgueia	35	40	N/A	40	741.062,88
	PR	Maringá	150	140	75	105	3.674.687,37
	RJ	Angra dos Reis	30	40	N/A	40	2.869.990,92
	RO	Ji-Paraná	75	140	75	75	889.275,46
	RS	Passo Fundo	75	140	70	75	2.121.582,82
	SC	Joaçaba	70	75	N/A	40	496.894,09
	TO	Araguaína	75	140	N/A	75	3.

. Mitigations -Possibilities and Actions in progress 4.5.1. Current situation

  

	4.5	REGIONAL AIRPORT	ICAO	ANAC LEGAL DOCUMENT
		Mossoró/RN	SBMS Portaria nº 759 (march, 2019)
		Toledo/PR	SBTD Portaria nº 24 (january, 2019)
		Barra do Garças/MT	SBBG	In process
		Governador Valadares/MG SBGV	In process

Introduced a change to the way the PBN Approach Chart Identification Navigation Specification Existing chart title, permitted until 30 November 2022 Chart title required from 1st December 2022 RNP APCH RNAV (GNSS) RWY 23 RNP RWY 23 RNP AR APCH RNAV (RNP) RWY 23 RNP RWY 23 (AR) Table 1-1: Summary of chart identification changes ICAO Circ 353 discussed

  , such as air traffic rules, meteorological minimums, minimum airport infrastructure, chart minimums (RVR (visibility) and OCH (clearance)

It is 1 Unimportant (not necessary) 2 Low (if unavailable will not cause operational impacts) 3 Medium (useful but not essential to operations) 4 High (there are significant operational impacts and mitigating measures must be in place to allow operations) 5 Essential (prevents continuity of operations) Importance Rating Scale (1 to 5)

  

RWY wet Information available to pilots 27% 87% 20% 93% RNAV (GNSS) procedures available 27% 87% 27% 93% Mandatory signs available (Night Operations) N/A N/A 60% 80% PAPI available in main THR (Night Operations)

  

	Questionnaire 1 Reduced Runway Strips Scenario -Day (D) /Night (N) Operations	∑ 1 to 3 Accumulated result (%) ∑ 3 to 5 Day Operations	∑ 1 to 3 Accumulated result (%) ∑ 3 to 5 Night Operations
	RESA available in both THR	67%	53%	53%	67%
	Available runway strip graded portion with adequate support	73%	53%	60%	73%
	Low height vegetation around RWY	73%	40%	67%	67%
	Available runway strip leveled	73%	80%	60%	80%
	No obstacles or drainage ditches on available runway strip	67%	67%	60%	87%
	Local ATC available during operating hours	67%	67%	40%	93%
	Runway inspection by airport operator before and after operations	80%	87%	73%	87%
	RFFS available	67%	67%	67%	67%
	RWY pavement in good conditions	13%	87%	7%	93%
	RWY markings in good conditions	47%	87%	13%	93%
	Operational fence available	60%	80%	33%	87%
	Automatic weather information (EMS-A) available	33%	87%	27%	93%
	Remote AFIS (R-AFIS) with cameras available	53%	80%	47%	87%
	Automatic AFIS (A-AFIS) available	47%	80%	33%	87%
		N/A	N/A	20%	87%
	PAPI available on both THR (Night Operations)	N/A	N/A	73%	87%

Local ATC available during operating hours 61% 70% 50% 74% Runway inspection by airport operator before and after operations

  

	Questionnaire 2 Reduced Runway Strips Scenario -Day (D) /Night (N) Operations	Accumulated result (%) Day Operations	Accumulated result (%) Night Operations
		∑ 1 to 3	∑ 3 to 5	∑ 1 to 3	∑ 3 to 5
	RESA available in both THR	61%	74%	50%	87%
	Available runway strip graded portion with adequate support	50%	76%	30%	83%
	Low height vegetation around RWY	54%	78%	43%	85%
	Available runway strip leveled	57%	74%	43%	85%
	No obstacles or drainage ditches on available runway strip	48%	87%	35%	87%
		33%	85%	28%	89%
	RFFS available	63%	65%	57%	65%
	RWY pavement in good conditions	11%	96%	13%	98%
	RWY markings in good conditions	39%	91%	20%	98%
	Operational fence available	35%	87%	20%	96%
	Automatic weather information (EMS-A) available	43%	87%	43%	87%
	Remote AFIS (R-AFIS) with cameras available	74%	67%	63%	70%
	Automatic AFIS (A-AFIS) available	63%	72%	54%	76%
	RWY wet Information available to pilots	46%	85%	37%	87%
	RNAV (GNSS) procedures available	48%	83%	35%	87%
	Mandatory signs available (Night Operations)	N/A	N/A	35%	83%
	PAPI available in main THR (Night Operations)	N/A	N/A	15%	100%
	PAPI available on both THR (Night Operations)	N/A	N/A	46%	80%

  Brazilian case, mainly rainwater). The same to AGL, PAPI and markings, installed as complete sets to night operations. Another point are airside inspections with a focus on runway, perceived as essential in situations of reduced runway strips width by airport sector and enforced by current SMS provisions to small airport operators, as seen in ANAC

	ADR3 -If provided, ensure that approach radio navigation aids (e.g. ILS) and visual aids (e.g. AGL, PAPIs and surface markings) are maintained in accordance with ICAO Standards and Recommended Practices. An appropriate method for the inspection and assessment of markings deterioration should be implemented. It is important to highlight these recommendations because they are mandatory when infrastructure projects regarding pavements are funding by SAC. All projects must consider drainage and friction according ANAC standards, sometimes even grooving, to remove As curiosity, Part II of GAPPRE, to be published soon, will provide explanatory and guidance material, and related best practices for the recommendations listed in Part I. 6.3. TCB/ICAO-DINV/SAC Cooperation (Regional Airports Guidance) 2020 From 2017 until 2020, TCB/ICAO and SAC had a partnership to develop several studies related to Brazilian Civil Aviation, in fields as Aviation Security, Air Traffic Control, Air Freight, and Aerodromes. The aerodrome studies start in 2018, under coordination by DINV/SAC and the target was to propose guidance material to assist regional airports to perform risk assessments due to existing infrastructure constraints. As a result of this technical cooperation, an aviation expert conducts the job by TCB, and two main products were delivered: Recommendations to ANAC update IS Nº 154.5-001A (Guidelines to develop risk analysis to demonstrate an equivalent level of safety) and a Draft Manual with guidelines for future risk assessments to accommodate larger aircraft at existing regional airports. Some information mentioned during the study may indicate some possibilities and trends, since there is a huge task in progress on ICAO Aerodrome Design and Operations Panel (ADOP), mainly coordinated by Aerodrome Reference Code Task Force (ARCTF) and Obstacle Limitation Surfaces Task Force (OLSTF), that intend, between other results, to propose updates on ICAO SARPs related to runway strips and graded portion, whose remain contaminants (in RBAC 153. almost the same since introduced in Annex 14, in 1958.

3 and 2 -New standard (Alternative 1)

  

	(2) a Runway Strip including a non-precision runway shall extend laterally to the runway
	axis to a distance, on each side of the runway axis and its extension along the entire
	runway length, of at least:
	(i) 140 m, where the code number is 4;
	7.2.1. Proposition
	This alternative proposes as possible solution a partial modification of RBAC 154 non-precision
	runway strip width standard, splitting code numbers 3 and 4 provisions into distinct categories,
	with code numbers 3 and 2 runway strips width being equal as non-instrumented (visual)
	runway and graded portion. Code number 4 and other runway strips related provisions
	continues as it is. The proposed wording will be as follows:
	154.207 Runway Strips
	(c) Width of Runway Strips

INDUSTRY PERCEPTIONS

Introduction

The perceptions were collected through questionnaires applied as a web survey, using Google Forms tools. The questionnaires were applied in two phases, the first just to airlines safety personnel and the second to airport sector, which includes operators, regulators, designers, and other related personnel, with quite similar content and looking for perceptions about operations on small regional airports with reduced runway strips.

As the intentions are to get real perception, avoiding any constraints, the questionnaires are completely impersonal and preserve the respondents' personal information.

Since Chapter 3 already present how the questionnaires were elaborated and applied, including some premises adopted to the small regional airports with low traffic density, this chapter will proceed with the methodology used to consolidate the results collected and a synthesis about the industry perception over the theme proposed, with a short analysis over each group of results, and a comparison between groups perceptions.

Industry Perceptions -Airlines Safety Personnel

This questionnaire (Q1) was applied to capture airlines safety personnel perceptions. The web survey took place between July 27 th until August 12 th , 2020, and the request for filling was send to the three main regional airlines in Brazil (Gol, Azul, VoePass) asking to be answered just by people involved in regional airport operations and safety analysis. It received 15 answers, what is considered a good number, since few people comprise the sample proposed to airlines.

Appendix I contains both the questionnaire itself (blank version), in the way it was applied (portuguese language), and the results compilation in a graphic way, being directly related to this section.

Questionnaire Results

As the questionnaire is structured in four parts, the results will be presented below in the same way, being commented in each item and with some considerations regarding thesis objectives and the perception collected at the end. About existing regulatory perception, the majority consensus is that, except by the width required to IFR RWY (140 m runway strip to each side), runway strips standards are correct and provide safety to the operations, suggestions are to use same width required to VFR RWY (75m runway strip to each side). On the same issue, when asked whether the standards could be different between jet or turboprop aircraft, there was no consensus, with a slight tendency to consider the same standards for any aircraft.

The perception over quality of infrastructure available at small regional airports was measured by a rating from 1 to 10, obtaining an average score of 5,57. This score allows to classify current Brazilian situation just as regular, confirming an enormous task in the way to improve infrastructure, which justifies efforts to make better use of available resources. Correlated with the above theme, but not directly related to the object of this thesis, a question was asked about a possible difference in quality between airports operated by public sector versus private sector, and most respondents consider the operation by private sector better than public sector, which confirms the preference for a private management model for airports, whenever feasible.

The open space for comments received just one, confirming the understanding of some points, with no other comments on the subject.

Industry Perceptions -Airports Sector Personnel

The questionnaire (Q2) was applied to capture airports sector personnel perceptions. The web survey took place between February 18 th until February 25 th , 2021, and the request for filling was send to main regional airports operators and airport regulators in Brazil, asking to be answered by people involved in regional airport operations and safety analysis. It received 46 answers, what is also considered a good number, since various organizations answered it.

Appendix II contains both the questionnaire itself (blank version), in the way it was applied (portuguese language), and the results compilation, being directly related to this section.

Questionnaire Results

As the questionnaire is structured in four parts, the results will be presented below in the same way, being commented in each section and with some considerations regarding thesis objectives and the perception collected at the end.

Sector Personnel perceptions, evaluating convergence/divergence trends. This analysis will be done on infrastructure elements and proposed operational scenarios results.

Comments received as personal opinion will be considered as such and will not be compared for this thesis effects, as they express individual opinions that may not reflect all the group sample.

Infrastructure Elements

The comparative table below presents the results previously consolidated and tabulated, based on perceptions collected from each group sample. When comparing the infrastructure elements in situations of unavailability or non-compliance, there are differences in some perceptions, with emphasis on aerodrome beacon or windsock, and in runway inspections by airport operator, both considered as high-risk perception by Q2 group. This point may be explained by airport operators feeling that night operations in small airports needs all elements working properly, not just runway lights, as the other group perception. Quite the same situation occurs with inspections on the runway before and after operations, proved to be an easy way to assess pavement conditions and even to remove loosen objects or disperse fauna that could be dangerous to operations. Runway inspections are almost dogmatically considered in SMS to small airports as a way to improve safety.

Situations of runway strips with reduced lateral dimensions (width) were consider by both groups as an element that does not bring high operational risk to small airport operations, corroborating with this thesis previous perception that there is room for flexibility and/or regulatory adjustments. Another element that presents a low or inconclusive evaluation is It is important to highlight that these conclusions have been included in ICAO and other organizations action plans, with visible results, for example, on improved RNAV (GNSS) procedures, with focus on avoid unstable approaches; and Global Report Format (GRF), that intends to provide universal standards to report runway condition. Some measures to prevent unstable approach and to provide quick reports on contaminated runways are also proposed in this thesis as mitigations and defenses available in situations of reduced runway strip width.

ACRP 107 (LRSARA Model) 2014

The Lateral Runway Safety Area Risk Analysis (LRSARA) model proposed in ACRP 107 is probably the main tool used nowadays when proceeding quantitative risk analysis to obtain a probability of occurrence of veer-off in a given airport. The LRSARA development reaches the objective to identify where runway veer-offs are most likely to occur and develop quantitative analysis capability to evaluate the risk of runway veer-offs.

The development process considered records mainly from US databases, where 1,144 veeroff records were identified (345 veer-off accidents and 799 veer-off incidents), in a period from 1982 to 2011. There were 1,072 records from U.S. databases (NTSB and others) and 72 records from 10 international databases.

Records analysis confirmed that veer-offs occurs mainly during landing phase (79%) than takeoff phase (21%), an assumption already used in this thesis.

An important aspect pointed by ACRP 107 is:

"the risk of accidents during veer-offs is not always associated with the aircraft collision with an obstacle. For example, in many events the landing gear collapsed during the touchdown resulting in major damage to the aircraft, even before the aircraft departed the runway. In other situations, uneven terrain, sometimes resulting from transitions between paved and unpaved areas, caused the landing gear to collapse or wing/engine to collide with the terrain. Another common occurrence is the collapse of the landing gear during the runway excursion due to high stresses when tires sink in soft terrain. In many cases, minor damage was caused by aircraft striking runway/taxiway lights and signs."

The text above allows an inference if available runway strip graded portion be leveled and providing adequate support, without uneven or soft terrain, some types of accidents could be reduced, what is adherent to the perceptions collected on Chapter 5. By the other hand, elements as drainage ditches or fences may help aircraft to stop and avoid worst situations, as seen in many situations before, in a kind of double-edge sword situation.

CHAPTER 7 ALTERNATIVES AND CONCLUSIONS

Previous Considerations

During the internship and to fulfill the objectives set out in this thesis, I had informal conversations with several professionals from airlines, airport operators, ICAO working groups colleagues and others. It was a consensus that the current requirements regarding the runway strip width, especially non-graded portion, are very restrictive when it comes to small regional airports. Their perception is that investments in progress funding by SAC, where I could contribute in prioritize planning, should have a greater focus on the essential requirements (as pavements, operational fence, markings) and equipment (as EMS-A, R-AFIS, Night Operation sets) considered to prevent veer-offs, and lower in other elements, like runway strips, as has been done today.

This consensus is confirmed by most perceptions collected from both airline and airport sectors that could be flexibilities aimed at existing regional airports, as well as several possible mitigating measures were considered useful for operations, even in remote locations.

Supporting these perceptions, ICAO ADOP has working groups studying this theme in depth, with a different approach on the functions of each strip portion (graded and non-graded), counting on a robust database of real events records, which tends to propose less restrictive requirements than the current ones. However, there is no reason to wait until the publication of new Annex 14 Runway Strips SARPs, since the immediate review could improve the allocation of investments, allowing the availability of strictly necessary infrastructure to small regional airports.

Recent conversations about the work conducted by ARCTF reveal a propose from some European States representatives to reduce even more the requirements affecting code number 3, which is still under discussion. This information leads us to believe that we may have the amendment proposals to Annex 14 provisions submitted only at the end of 2022, which, due to the normal ICAO process and considering positive results from the States (state letter consulting process), should only take effects in early 2026.

Another relevant factor obtained from previous studies is the low probability of veer-off occurrences with commercial flights, associated with low fatality rates in such occurrences, which is confirmed by international statistics (FSF, ACRP) as well as in Brazilian data summarized by CENIPA. Probability numbers previously presented states that, for airports operating up to 10,000 commercial movements/year, the recurrence time would be 1 event every 100 years.

The following figure shows the cumulative movement of commercial and general aviation aircraft in 2019 (pre-pandemic), being considered 59 of 75 Brazilian regional airports who received commercial flights during all year (the 16 not listed below had less than 400 mov/year in 2019 and another 23 airports receive commercial operations for only a few months and were not considered). The middle red line shows that only 4 of these 75 airports had total aircraft movements above 10,000/year, and most were below 5,000 mov/year, which indicates even lower probability than mentioned above. Mention must be done that flexibilities to runway strips requirements have been recently

accepted by ANAC during certification processes, sometimes associated with mitigation measures. In fact, these requirements are evaluated case-by-case, at airport operator request, and normally just for cases with physical restrictions (natural obstacles, buildings, railroad, and others). Building costs or environmental issues are not evaluated, at least in recent cases consulted for this thesis purposes.