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Executive Summary
This report presents the safety assessment for the implementation of APV SBAS (LPV) and
APV Baro (LNAV/VNAV) approach procedures to Beirut Rafic Hariri International Airport.
This safety assessment has built on previous work undertaken by EUROCONTROL and does not
repeat all the arguments presented by the EUROCONTROL generic LPV safety assessment.
Therefore, this safety assessment must be read in conjunction with the EUROCONTROL safety
assessment, which was based on a comparative assessment with ILS. This safety assessment,
which has included a quantitative safety assessment, is based around a safety argument to
support the claim (Claim 0) that APV SBAS and APV Baro (LNAV/VNAV) procedures at Beirut
are acceptably safe for introduction and continuous operational use. The safety argument
consists of five claims as follows:


Claim 1 - The operational and logical safety requirements are specified such
that, if APV SBAS and APV Baro (LNAV/VNAV) are implemented completely
and correctly it can be expected to meet Criterion 01 in the absence of failure.
(In other words, this safety claim states that conducting APV SBAS and APV
Baro (LNAV/VNAV) approach operations are safe by design when all systems
are working normally).



Claim 2 - The safety requirements are specified such that, if APV SBAS and
APV Baro (LNAV/VNAV) are implemented completely and correctly, they can be
expected to meet Criterion 01 in the event of failure. (In other words, this safety
claim addresses the risks of failures of APV SBAS and APV Baro (LNAV/VNAV)
operations as implemented at Beirut).



Claim 3 - The design and implementation of APV SBAS and APV Baro
(LNAV/VNAV) at Beirut, when deployed, fully satisfies the specified functional
and performance safety requirements and integrity safety requirements.



Claim 4 - APV SBAS and APV Baro (LNAV/VNAV) at Beirut are acceptable for
initiation of operations, with transition risks fully addressed and mitigated as
appropriate.



Claim 5 - The risks associated with operating APV SBAS and APV Baro
(LNAV/VNAV) at Beirut will be monitored in service, sufficient to meet Criterion
01, and corrective actions taken as necessary.

Claim 1 provides assumptions and functional and performance safety requirements (SRs)
related to the operational implementation of the procedure inline with industry and international
standards and a local concept of operations to represent the changes to approach operations
due to the introduced LPV and APV Baro (LNAV/VNAV) procedures.
Claim 2 provides the quantitative analysis supported through traditional fault and event tree
analysis using as its basis the hazards, mitigations and target level of safety (TLS) determined
by EUROCONTROL and assumptions according to the Beirut local operating environment. These
were then assessed through a local HAZID with represented experts. This resulted in safety
objectives, integrity SRs and further functional and performance SRs and assumptions. The
results of the quantitative analysis are presented in the table below.
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Hazard ID

Safety objective

Achieved probability of occurrence

Objective met

H3

6.40 E-05

4.63 E-06



H4

2.67 E-04

4.77 E-06



H6

6.40 E-05

1.78 E-06



H7

4.00 E-08

2.29 E-08



H8

2.00 E-07

1.22 E-07



Commented [PC1]: Depends on the results of the HAZID
with Beirut

Claim 3 has been supported through a complete compilation of the derived SRs and
assumptions from Claims 1 and 2, with associated guidance on what might constitute
acceptable evidence. This should be reviewed by Lebanese Directorate of Civil Aviation and
the local airport to determine its applicability and acceptability and to then provide reference to
the outstanding evidence.
Claim 4 has proposed a set of steps that need to be completed to support the transition into
operation and to state what must be undertaken before the procedure can be declared
operational.
Claim 5 stipulates requirements and evidence that are needed to ensure that in the operational
environment the procedure can continue to be supported and any corrective actions for
procedure design, operational training or equipment requirements are taken into account.
In conclusion, compliance with the safety requirements, validation of the assumptions and
fulfilment of the safety argument claims through evidence will support the overall claim of the
assessment that APV SBAS and APV Baro (LNAV/VNAV) procedures at Beirut are acceptably
safe for introduction and continued operational use.
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1

Introduction

1.1

General

1.1.1

This document presents a safety assessment of the EGNOS enabled APV SBAS
(LPV) approach procedure, APV Baro (LNAV/VNAV) approach procedures and
related implementation at Beirut Rafic Hariri International Airport. It has been
conducted by Helios on behalf of Beirut Lufthavn.

1.2

Background

1.2.1

The operations at Beirut aerodrome provide significant local economic benefit.
Beirut would like to take advantage of the availability of EGNOS to support APV
SBAS approaches to the aerodrome. This will achieve the objective of providing an
instrument approach to the aerodrome at near to ILS CAT I minima. Beirut would
also like to to implement APV Baro (LNAV/VNAV) approaches to the aerodrome.
The operational approval of APV SBAS and APV Baro (LNAV/VNAV) approach
procedures depend on a safety assessment that provides demonstrable evidence
that the safety requirements according to ESARR 4 are achieved. This report
therefore provides a safety assessment for the implementation of the approach
procedure at Beirut.

1.2.2

A significant amount of previous work has been conducted by EUROCONTROL over
a number of years developing a generic safety assessment for the use of APV SBAS
operations. The development of a safety assessment for Beirut necessarily takes
advantage of the previous work, referencing and referring to the work as required.

1.2.3

The safety requirements specified based on assessment associated with APV
SBAS operations also apply to LNAV and APV Baro operations.

1.3

Scope and objectives

1.3.1

This safety assessment looks at the specific implementation of APV SBAS and APV
Baro (LNAV/VNAV) operations at Beirut aerodrome. The objective of the safety
assessment is to demonstrate that it is acceptably safe to introduce the APV SBAS
and APV Baro (LNAV/VNAV) procedures into operation and to maintain safety at a
steady state through its lifetime during normal operations and whilst under failure
conditions. This includes the transition and introduction into service.

1.4

General approach

1.4.1

A safety argument has been produced that provides the rationale as to why the
operation of APV SBAS and APV Baro (LNAV/VNAV) approaches at Beirut will be
acceptably safe. Both a quantitative and qualitative safety assessment is part of the
evidence supporting the safety argument.

1.4.2

The methodology used within this safety assessment is derived from the process
specifications defined within SAE ARP 46711, EUROCAE ED782 and the
EUROCONTROL Safety Assessment Methodology (SAM). These documents outline
an approach based on the development of a Functional Hazard Analysis (FHA), a

Guidelines and Methods for Conducting Safety Assessment Process on Civil Airborne Systems and
Equipment
1

EUROCAE ED-78A/RTCA DO-264 – Guidelines for Approval of the Provision and Use of Air Traffic
Services Supported by Data Communications
2
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Preliminary System Safety Analysis (PSSA) and a System Safety Analysis (SSA).
Surrounding these documents is a safety argument that draws together the
evidence.
1.4.3

The development of the safety argument consolidates the assessments of the
hazards and the mitigations, both qualitatively and quantitatively. As such, the safety
assessment provides the understanding of how the different aspects fit together
justifying the assumptions made and proving overall that APV SBAS and APV Baro
(LNAV/VNAV) procedures at Beirut are acceptably safe for introduction and
continued operational use.

1.5

Document structure

1.5.1

This document follows the following structure:

1.5.2

P1362D003



Section 2 provides the top-level safety argument that details the justification at a high
level as to why APV SBAS and APV Baro (LNAV/VNAV) approaches at Beirut will be
acceptably safe;



Section 3 presents the argument for the nominal (normal) operation of APV SBAS and
APV Baro (LNAV/VNAV) approaches at Beirut;



Section 4 presents the argument for non-nominal operations of APV SBAS and APV
Baro (LNAV/VNAV) approaches at Beirut;



Section 5 presents the argument for the practical design and implementation steps;



Section 6 presents the argument for the transition into operation;



Section 7 presents the argument for in service safety monitoring;



Section 8 presents the conclusions of the safety assessment.

Evidence that supports the safety argument is presented in the appendices. These
are as follows:


Appendix A – Accronyms and abbreviaitons



Appendix B - Safety argument diagrams;



Appendix C - Operational Environment;



Appendix D - Logical model;



Appendix E - Functional hazard analysis results;



Appendix F - Event tree analysis;



Appendix G - Fault tree analysis;



Appendix H - Safety requirements;



Appendix I - Cross-reference of EUROCONTROL to Beirut safety requirements;



Appendix J - Applicable standards;



Appendix K - References.
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2

Overall safety argument

2.1

Top level safety claim and safety criterion

2.1.1

The top level claim made by this safety assessment states that “APV SBAS and
APV Baro (LNAV/VNAV) procedures at Beirut are acceptably safe for introduction
and continued operational use”.

2.1.2

To provide evidence of this claim, a criterion (Criterion 01) is required to define what
“acceptably safe” for introduction and continued operational use means. The
criterion can be considered in four parts:


The new procedures are designed for their intended purpose in the operation,
carrying out the role they were intended for, and do not adversely affect current
risk;



The contribution to the risk of an aircraft accident from APV SBAS and APV Baro
(LNAV/VNAV) operations has been reduced as low as reasonably practicable
(ALARP) at Beirut aerodrome;



The risks are assessed in that the required target level of safety is met and are
therefore deemed tolerable; and



Trends in performance based on data (eg incident and other real-time
observations) continue to be monitored against the target level of safety.

2.1.3

The first part of the criterion is the objective in that current risk is not affected by
introduction of the procedures. The second part of the criterion is the objective in
that any introduced risk is acceptably minimal – ie any failure in the affected ATM
system does not add unacceptable risk. The third part helps ensure that, once every
effort has been made to assure current and introduced risks, the remaining risks are
justified in accordance with the requirements of ESARR 4. In other words, even if
current risk is maintained and introduced risks are reduced ALARP the procedure
will not be considered safe unless the remaining risks meet the required target level
of safety. The fourth part ensures measures are in place, in accordance with local
procedures, that ensure continued monitoring of arrival performance, in order to
ensure and ongoing level of acceptable safety.

2.1.4

In order to provide the evidence, it is necessary to be able to define “ALARP” and
the applicable Target Level of Safety. The risks are considered to be reduced
ALARP once they have been reduced as low as the best practices and economic
considerations are deemed to allow. This then normally requires a combination of
acceptable standards, relevant experience in similar deployments and expert
judgement, taking into account the operational and economical aspects to deploying
APV SBAS and APV Baro (LNAV/VNAV) procedures at Beirut aerodrome. The
following elements are to be included to define ALARP, which will be reflected within
the Safety Argument and summarised in the conclusions of this report:


P1362D003

Identify additional risk mitigation


Additional qualitative mitigations identified for critical causes of hazards



Industry best practice (SAM/ESARR 4) and Lebanese Directorate of Civil
Aviation Safety Management Manual



Derived based on direct operational (ATCO/pilot) and technical expert
opinion
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Implementation of risk mitigation


Pragmatic risk mitigations derived, based on direct operational (ATCO/pilot)
and technical expert opinion and evidence from industry (eg standards,
collated data, previous assessment and research)



Processes and procedures in place for ongoing monitoring



Response to ATCO feedback and testing completed according to Transition
Plan

Acceptance of risk mitigation


Operational and technical expertise consulted and involved throughout the
process



Introduction of procedures predicated on controller acceptance



This safety assessment builds upon the EUROCONTROL LPV assessment,
within which operational expert judgement has been derived based on
considerable expert consultation and collaboration.

2.2

Context

2.2.1

The safety assessment considered in this document refers specifically to the
introduction of APV SBAS and APV Baro (LNAV/VNAV) procedures within the
context of Beirut aerodrome as defined by the Concept of Operations (CONOPS).
The CONOPS provides the context for the safety argument (Context 01). Further
details of the CONOPS are provided within Section 3, which supports Claim 1 of the
safety argument (as presented in full in Appendix B).

2.3

Justification

TBC following HAZID
2.4

Principal safety arguments

2.4.1

The main claim (Claim 0) that ‘APV SBAS and APV Baro (LNAV/VNAV) procedures
at Beirut are acceptably safe for introduction and continues operational use’ has
been broken down into five principal safety arguments, namely:

P1362D003



Claim 1 - The operational and logical safety requirements are specified such
that, if APV SBAS and APV Baro (LNAV/VNAV) are implemented completely
and correctly it can be expected to meet Criterion 01 in the absence of failure.
(In other words, this safety claim states that conducting APV SBAS and APV
Baro (LNAV/VNAV) approach operations are safe by design when all systems
are working normally).



Claim 2 - The safety requirements are specified such that, if APV SBAS and
APV Baro (LNAV/VNAV) are implemented completely and correctly, they can be
expected to meet Criterion 01 in the event of failure. (In other words, this safety
claim addresses the risks of failures of APV SBAS and APV Baro (LNAV/VNAV)
operations as implemented at Beirut aerodrome).



Claim 3 - The design and implementation of APV SBAS and APV Baro
(LNAV/VNAV) at Beirut, when deployed, fully satisfies the specified functional
and performance safety requirements and integrity safety requirements.
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Claim 4 - APV SBAS and APV Baro (LNAV/VNAV) at Beirut are acceptable for
initiation of operations, with transition risks fully addressed and mitigated as
appropriate.



Claim 5 - The risks associated with operating APV SBAS and APV Baro
(LNAV/VNAV) at Beirut will be monitored in service, sufficient to meet Criterion
01, and corrective actions taken as necessary.

2.5

Safety targets and tolerable risk

2.5.1

EUROCONTROL has undertaken extensive work in determining safety targets and
tolerable risk for RNAV, APV Baro and APV SBAS approaches. This safety
assessment utilises this previous work basing the analysis on the same safety
targets that underpin the previous LPV approach safety assessments [3] whilst
adjusting the TLS for the local operational environment. The derivation of the safety
targets and allocation of tolerable risk is explained in detail in Appendix F.

2.5.2

In determining the safety assessments, the driving safety targets were applied for
the consequences of most severity. The three primary catastrophic consequences
that apply are:


Controlled Flight Into Terrain (CFIT);



Mid Air Collision (MAC); and



Landing accidents.

2.5.3

The TLS for each is considered relative to the proposed EUROCONTROL safety target
and is presented in detail in Section 4. The TLS for each when considering
operations at Beirut is therefore proposed as 1.0 x 10-8 per approach for CFIT, 1.0
x 10-10 per approach for MAC and 2.0 x 10-7 per approach for landing accident.

2.6

Safety argument decomposition and evidence

2.6.1

The following sections in this document present a breakdown of supporting evidence
for the principal safety claims that form the overall safety argument. Evidence is
presented for each of the claims to provide a clear demonstration of why the stated
safety claim supports the top level claim. The evidence for each claim can be
considered in three ways:


Evidence presented in the section itself;



Evidence referenced to an appendix in the document;



Evidence referenced to a separate document (i.e. standard / specification).

2.6.2

One of the aims of this document is to provide as much evidence as possible in a
consolidated manner in a single document. This document will therefore quote
where possible from external sources referenced in the development of this safety
argument.

2.7

Top-level safety argument diagram

2.7.1

The following diagram shows the top-level safety argument to support the claim
(Claim 0) that APV SBAS and APV Baro (LNAV/VNAV) procedures at Beirut are
acceptably safe for introduction and continues operational use. For the complete
diagrams of the safety argument please refer to Appendix B.
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Criterion 01

Claim 0

The contribution to the risk of
an aircraft accident from APV
SBAS and APV Baro
(LNAV/VNAV) procedures at
Beirut has been reduced as far
as reasonably practicable and
the risks are tolerable

APV SBAS and APV Baro
(LNAV/VNAV) procedures at Beirut
are acceptably safe for introduction
and continued operational use

Context 01

Argument 0

Concept of operations
for APV SBAS

It can be demonstrated that the APV
SBAS and APV Baro (LNAV/VNAV)
procedures at Beirut are acceptably
safe in terms of design, transition and
on-going operation, taking into account
nominal and non-nominal cases

Context 02
Directorate of Civil
Aviation safety
regulatory requirements

Claim 1

Claim 2

Claim 3

APV SBAS and APV
Baro (LNAV/VNAV)
functional and
performance safety
requirements are
specified such that, if
implemented and
fulfilled completely
and correctly,
Criterion 01 can be
met in the absence of
failure

APV SBAS and APV
Baro (LNAV/VNAV)
integrity safety
requirements and
additional functional and
performance safety
requirements are
specified such that, if
implemented and fulfilled
completely and correctly,
Criterion 01 can be met
in the event of failure

The design and
implementation of
APV SBAS and
APV Baro
(LNAV/VNAV) at
Beirut fully satisfy
the specified
functional,
performance and
integrity safety
requirements

Claim 4
APV SBAS and
APV Baro
(LNAV/VNAV)
at Beirut are
acceptable for
initiation into
operations

Claim 5
The risks
associated with
operating APV
SBAS and APV
Baro (LNAV/VNAV)
at Beirut will be
monitored in
service, sufficient to
meet Criterion 01

Figure 2-1: Top-level safety argument diagram
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3

Specification for nominal operations (Safety Claim 1)

3.1

Introduction

3.1.1

This section describes the claims and evidence that support Safety Claim 1 of the
safety argument, in that the operational and logical safety requirements are
specified such that, if APV SBAS and APV Baro (LNAV/VNAV) are implemented
completely and correctly they can be expected to meet Criterion 01 in the absence
of failure. (In other words, this safety claim states that conducting APV SBAS and
APV Baro (LNAV/VNAV) approach operations are safe by design when all systems
are working normally).

3.1.2

Nominal operations cover every day operations in which the combination of all
elements – flight crew, aircraft avionics, flight databases, ATCOs, and EGNOS
signal – operate as designed.

3.1.3

To establish the safety of nominal operations, the Concept of Operations (CONOPS)
needs to show that the operations are consistent with established requirements for
system integration, reliability and safety. The flight procedures must also be shown
as consistent with the requirements.

3.1.4

This section assesses the nominal operations through the development of the
CONOPS, including an assessment of the logical model and the requirements that
such a logical model must address.

3.2

Concept of operations (CONOPS)

3.2.1

It is important to consider risk from an operational perspective, with involvement of
operational and technical experts, early in the analysis as part of a ‘top-down’
process. Use Cases (Claim 1.1.3) are derived where the operation could be affected
by the procedures (changes) introduced. The following Use Cases are derived
based on the step-by-step flight profile through final approach:

3.2.2



intercepting the final approach path;



follow the final approach path;



descend to DA;



(execute correct Missed Approach3).

These use cases, along with derived and validated assumptions on the operating
environment of Beirut (Claim 1.1.2), APV SBAS and APV Baro (LNAV/VNAV)
standards (Claim1.1.1) and logical model of the operation (Claim 1.1.4), through
consultation with operational and technical experts (Claim 1.1.5), can be considered
as the CONOPS (Claim 1.1). The CONOPS is then used to facilitate identification
of the changes to approach operations due to the introduced LPV procedures, and
therefore facilitate:


identification of assumptions, functional and performance safety requirements to
ensure the operational service and performance is not adversely affected and

This is considered nominal within the approach procedure profile, since it is a nominal operation that
the pilot and ATCO is trained in, and is not necessarily initiated by the failure of the approach procedure
itself.
3
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performance improvements in safety are reflected (Claims 1.2.1, 1.2.2 and
1.2.3);


identification of operational service level hazards and their contributing factors
and operational consequences (non-nominal operations, section 4).

3.2.3

The assumptions and functional and performance requirements have been
determined in consultation with controllers and are included in section 3.4.2.

3.2.4

The assumptions on operational environment (Claim 1.1.2) that support the
CONOPS applicable to Beirut are developed on the basis of the expertise of the
aerodrome operator. These assumptions are contained in Appendix C, which also
include cross-reference to a review of previous EUROCONTROL work, taking into
account the differences that arose from the adaptation to the environment at Beirut.

3.2.5

The CONOPS (Claim 1.1) is formed by Claims 1.1.1, 1.1.2, 1.1.3, 1.1.4 and 1.1.5.
The CONOPS will need to be validated by operational and technical experts,
including that it contains no known deficiencies (supporting Claim 2.1).

3.2.6

Lebanese Directorate of Civil Aviation will need to provide documentary evidence
that relevant aerodrome and air traffic standards are applied to Beirut airport and as
a result the attributes of the operational environment described in Appendix C are
appropriate for APV SBAS (supporting Claim 3.3).

3.3

Logical model

3.3.1

To ensure the Beirut APV SBAS and APV Baro (LNAV/VNAV) operation can be
performed safely, the CONOPS is supported by breaking the operation down into a
set of functions that impact on the operation and includes the relationship between
each of the functions. The functions that are defined are high level functions and do
not go down to the component level. Nominal case safety requirements are then
defined at the functional level to ensure safe operations.

3.3.2

The logical model for the APV SBAS operation at Beirut is presented in Appendix
D. This model is derived from the EUROCONTROL LPV safety assessment [8]. Since
the EUROCONTROL safety assessment covered the same operation as being
implemented at Beirut it was not deemed necessary to change or alter the logical
model, supporting Claim 1.1.4.

3.4

Nominal safety requirements

3.4.1

Developing safety requirements

3.4.1.1

For the nominal case, assumptions and functional and performance Safety
Requirements (SRs) define the requirements that are placed on the system
architecture ensuring the operation of the elements within the APV SBAS and APV
Baro (LNAV/VNAV) operations at Beirut function and perform to maintain the level
of risk ALARP. Each assumption and SR can be correlated to a different operator in
the logical model be it human, equipment or procedural. Each of the elements in the
logical model then needs to be translated to an applicable physical equipment
system, flight crew, ATCO, Aerodrome Flight Information Officer (human operator)
or operational procedure.
The main elements in the APV SBAS and APV Baro (LNAV/VNAV) process are:
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The flight crew and aircraft;



The navigation infrastructure;
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3.4.1.2



Air Operations;



ATCO/ATC tactical and monitoring



Aeronautical Information.

To achieve the level of detail required for the development of the SRs, these
elements need to be considered at a lower level. The following table shows how
some of the main elements break-down into several sub-elements.
Main elements

Sub-elements

Flight crew and aircraft

Airframe
Flight crew
Navigation database
RNAV computer
Data entry device
Altimetry sensors
GPS sensors
Guidance provision element (eg CDI)
Primary flight display
Map display

Navigation infrastructure

EGNOS

Air operations

Database
Flight planning
Flight deck procedures

ATC

ATCOs
ATIS
CNS

Aeronautical information

Procedure design
Data production
AIS

Table 3-1: Mapping of architectural sub-elements to main elements
3.4.1.3

The SRs need to be defined at the level of the sub-elements. The complete list of
nominal and non-nominal SRs for the APV SBAS and APV Baro (LNAV/VNAV)
procedure at Beirut, covering all main elements, are detailed in Appendix H. The
nominal SRs are based on the CONOPS (Claim 1.1) and support Claim 1.2.

3.4.2

Functional and Performance Safety requirements for the procedure

3.4.2.1

The safety requirements for the nominal safety case address requirements to
ensure nominal safety. The requirements associated with the procedure, supporting
Claim 1.2.3, are presented as follows.
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SR.1

The flight procedure has been designed according to the requirements
of ICAO Doc 8168, including the calculation of procedure minima.

SR.2

Terrain, obstacle and aerodrome data used in the design of the flight
procedure shall comply with the data quality requirements of ICAO
Annex 14 and ICAO Annex 15.

SR.3

The flight procedure shall be de-conflicted from departing and arriving
traffic from neighbouring aerodromes.
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SR.4

The flight procedure shall have been designed by procedure designers
trained according to formal training courses and approved by the
regulator.

SR.5

The flight procedure shall only be used when the EGNOS Safety of Life
service is available.

SR.6

The flight procedure shall have been published in the State AIP.

SR.7

Both runway directions at Beirut aerodrome shall be designated as
instrument runway.

SR.8

It shall be confirmed from ESSP (as the service provider for EGNOS)
that sufficient coverage and signal-in-space exists to support the
implemented procedure.

SR.9

A Letter of Agreement shall be signed and maintained between
Lebanese Directorate of Civil Aviation and ESSP to provide a framework
for exchange of information regarding SBAS status and performance.

3.4.3

Assumptions on the human operators

3.4.3.1

Assumptions on human operators, supporting Claim 1.2.2, are presented as follows.
ASSUM.0 Operator will be compliant (equipment and training) in the APV SBAS

approach procedure at Beirut through certification by EASA and
conformance as a minimum with the requirements of AMC 20-28.
ASSUM.1 Operator will also be compliant (equipment and training) in the APV Baro

(LNAV/VNAV) approach procedures at Beirut through certification of
AMC 20-27.
ASSUM.2 Aircraft operators follow procedures to ensure that the database that is

loaded onto the aircraft navigation system is current and complete.
ASSUM.3 Flight crew follow procedures to confirm that there are no planned

outages of the EGNOS service for the duration of the expected flight
through consultation of the ESSP prediction service.
3.4.3.2

It is assumed that EASA certification will address the issues of Human Factors (HF)
and the Human-Machine Interface (HMI) to a required level and that this is
considered satisfactory for the implementation of APV SBAS and APV Baro
(LNAV/VNAV) (supporting Claim 4.2).

3.4.4

Assumptions on the airborne equipment

3.4.4.1

The equipment F&P SRs have been well defined in a number of international and
European standards. These include: EASA AMC 20-28 and 20-27, FAA TSO 146c,
ICAO Annex 10, RTCA DO-229, RTCA DO-200. It is assumed that the SRs as
specified in these standards are adequate for the implementation of APV SBAS and
APV Baro (LNAV/VNAV) at Beirut. The assumptions on the airborne equipment
support Claim 1.2.1.
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3.4.4.2

The following assumptions are therefore specified in relation to the requirements
and specifications detailed in the above standards.
ASSUM.4 Operator will be compliant (equipment and training) in the APV SBAS

approach procedure at Beirut through certification by EASA and
conformance as a minimum with the requirements of AMC 20-28.
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ASSUM.1

Operator will also be compliant (equipment and training) in the APV
Baro (LNAV/VNAV) approach procedures at Beirut through certification
of AMC 20-27.

ASSUM.4

The navigation database used will be supplied by a database provider
approved with an EASA Type 2 Letter of Acceptance (LOA).
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4

Specification for non-nominal operations (Safety Claim 2)

4.1

Strategy and rationale

4.1.1

This section describes the claims and evidence that support Safety Claim 2 of the
safety argument, in that the safety requirements are specified such that, if APV
SBAS and APV Baro (LNAV/VNAV) are implemented completely and correctly, they
can be expected to meet Criterion 01 in the event of failure. (In other words, this
safety claim addresses the risks of failures of APV SBAS and APV Baro
(LNAV/VNAV) operations as implemented at Beirut aerodrome).

4.1.2

This section considers the likely consequences resulting from a failure of any
function during the operation of the APV SBAS and APV Baro (LNAV/VNAV)
approaches. All the consequences are evaluated on the basis of their contribution
to the overall risk.

4.1.3

The hazards that are presented are at the level of the use cases presented within
the CONOPS of section 3.2 and are an adaptation of the hazards derived in the
development of the generic EUROCONTROL APV SBAS (LPV) safety assessment
and validated with a group of experts through a HAZID session in Beirut.

4.1.4

In support of Claim 2, this section presents evidence consistent with the following
sub claims:


The CONOPS contains no known deficiencies (Claim 2.1);



All hazards correctly identified and assessed (Claim 2.2); and



All mitigations captured as safety requirements or assumptions as appropriate
(Claim 2.3).

4.2

Validation of CONOPS

4.2.1

As has been discussed in Section 3, the CONOPS consists of use cases derived at
the level where approach operations are affected by the APV SBAS and APV Baro
(LNAV/VNAV) procedures, operational environment assumptions and logical
modelling of the operation. The CONOPS is also aligned with the generic
EUROCONTROL CONOPS, which was developed by a team of experts familiar with
the concepts associated with APV SBAS (LPV) implementation, operational
environments and limitations, equipment requirements and service provision and
design.

4.2.2

The CONOPS for this safety assessment have been reviewed by the team of
experts and confirm that there are no known faults with it. It is the attestation of this
safety assessment that the safety argument is presented on the basis that there are
no failures in the CONOPS supporting Claim 2.1 of the safety argument.

4.3

Hazard analysis

4.3.1

General

4.3.1.1

The purpose of the hazard analysis is to ensure that the hazards and their
contributing equipment, human operation or procedure factors associated with flying
the APV SBAS and APV Baro (LNAV/VNAV) approaches are identified and suitably
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addressed. The process followed4 in identifying and assessing the hazards and their
contributing factors and operational consequences was as follows:


Consider use cases on approach, and relate to changes which could affect the
segment of flight;



Identify hazards, contributing hazards and worst credible end effects;



Relate discussions to the hazards from previous EUROCONTROL work;



Modification of the hazards based on the changes in the environmental
conditions applied to the implementation of the APV SBAS and APV Baro
(LNAV/VNAV) approaches at Beirut aerodrome and relating them to the use
cases of the Beirut CONOPS, using previous discussions;



Confirmation with a panel of experts of the suitability of the hazards as being
applicable to the operational environment at Beirut;



Consequence analysis of the top level hazards (event tree analysis);



Analysis of the contributing factors to the hazards (fault tree analysis).

4.3.1.2

A detailed breakdown of the processes behind the analysis is presented in
Appendices E, F and G.

4.3.2

Hazard identification

4.3.2.1

The hazards identified within the EUROCONTROL APV SBAS (LPV) safety
assessment report had been developed with extensive expert input. As it was a
generic safety assessment, it was expected that the hazards identified would be
applicable to the operational environment at Beirut and its implementation of an APV
SBAS (LPV) approach, albeit with different causes and mitigations. It is also
expected that the hazards would be applicable to implementation of LNAV and APV
Baro approaches.

4.3.2.2

The generic EUROCONTROL hazards were presented at a workshop in ###### in
######### with representatives from the following organisations present:

4.3.2.3

4



Helios (Safety expert and facilitation)



Lebanese Directorate of Civil Aviation



Beirut airport



Pilots from local operators

The panel was presented the hazards in relation to the following use cases, as
identified in section 3.2, which were based on the step-by-step flight profile through
final approach:


initial approach



intermediate approach



final approach



descend to decision height;

The process has been reviewed and confirmed by local and technical experts and so is deemed valid.
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4.3.2.4

execute correct Missed Approach5.

The panel did not note any additional hazards that would exist in the APV SBAS
(LPV) and APV Baro (LNAV/VNAV) implementation at Beirut. The top level hazards
that were agreed to be assessed were6:


Hazard H3 - Fly low while intercepting the final approach path (vertical profile);



Hazard H4 - Attempt to intercept the final approach path from above (vertical
profile);



Hazard H6 - Failure to follow the correct final approach path;



Hazard H7 - Descending below Decision Altitude (DA) without visual;



Hazard H8 - Failure to execute correct MA.

4.3.3

Consequence analysis

4.3.3.1

To be able to judge the risk associated with each top level hazard, the first step is
to perform an analysis of the consequence of each hazard occurring. This has been
performed through an event tree analysis, as described in Appendix F.

4.3.3.2

In undertaking the consequence analysis, the assumption is that the hazard has
occurred. The analysis is then able to focus on the existing mitigations that might
limit the severity of the hazard. The mitigations that have been used were identified
by experts in the EUROCONTROL generic safety assessment [13] and the GIANT
safety assessment [1].

4.3.3.3

All possible final consequences of hazards were analysed and are summarised
below. Final consequence represents the outcome of a sequence of events
triggered by occurrence of a hazard. Final consequences may occur with different
likelihood and may have different severity of effects. Each LPV approach can result
into five final consequences and these are:

4.3.3.4



Controlled Flight Into Terrain (CFIT);



Landing accident (LA);



Mid-Air Collision (MAC);



Execution of missed approach;



A safe landing.

Each branch of the event tree must end in one of these situations with a known
associated risk. This could be a safe landing, return to an intended position or flight
profile (in this case the APV SBAS or APV Baro (LNAV/VNAV) approach) or
initiation of a missed approach procedure, which itself is considered a safe
procedure although sometimes associated with an increase in workload and risk.

This is considered nominal within the approach procedure profile, since it is a nominal operation that
the pilot and ATCO is trained in, and is not necessarily initiated by the failure of the approach procedure
itself.
5

The hazard numbers used are identical to the EUROCONTROL generic safety assessment to aid the
comparison when reviewing this safety assessment in conjunction with the EUROCONTROL generic safety
assessment.
6
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Three of the possible consequences are catastrophic accidents, in particular CFIT,
landing accident and MAC.
4.3.3.5

4.3.3.6

The following applied mitigations were considered in the consequence analysis:


Deviation is not towards obstacle;



Deviation is not towards another aircraft;



Missed Approach (MA) is initiated;



Approach is stabilising;



Aircraft is in right position for landing;



Recovery with visual cues;



Recovery via aircrew detection onboard;



Recovery via ATC monitoring and vectoring;



External conditions (RWY dry or long, etc).

The following table provides a summary of the event tree analysis and shows the
probability of a particular hazard leading to a catastrophic accident once the hazard
occurs. Hazards can only lead to an accident if all safety barriers fail.
Probability of accident when hazard occurs
[per approach]

Top Level Hazard
H3 - fly low while intercepting the final
approach path
H4 - attempt to intercept the final approach
path from above (vertical profile)

CFIT – 3.125 E-05
LA – 2.50 E-04

H6 - failure to follow the correct final approach
path

CFIT – 3.125 E-05

H7 - descending below DA without visual

CFIT – 5.00 E-02
LA – 2.375 E-01

H8 - failure to execute correct MA

CFIT – 2.50 E-04
MAC – 2.50 E-04

Table 4-1: Event tree analysis results
4.3.3.7

The results and processes described in this section and in Appendices E and F
provide sufficient evidence to support Claim 2.2 (all hazards correctly identified and
assessed).

4.4

Contributing factors and derivation of Safety Requirements (SRs)

4.4.1

General

4.4.1.1

Safety requirements for non-nominal operations can take two forms: qualitative
Functional and Performance SRs that define additional functions and performance
to those already mentioned in the nominal case, and quantitative integrity SRs that
define the level of integrity of certain elements and functions. SRs have been
identified through the fault tree analysis, including comparison with the
EUROCONTROL generic safety assessment and are recorded and highlighted in
Appendix G. Along with assumptions on airborne elements of the ATM system,
these SRs support Claim 2.3. All SRs for ATC equipment, people and procedures
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for implementation of APV SBAS and APV Baro (LNAV/VNAV) at Beirut are
summarised in Appendix H.
4.4.2

Quantitative integrity SRs

4.4.2.1

Target level of safety

4.4.2.1.1

To perform the quantitative safety assessment a target level of safety needs to be
defined. The TLS used in the development of the EUROCONTROL safety assessment
was based on the historical data affecting largely commercial operations (CS-25
[2]). Due to the operations at Beirut being largely commenrcial operations, this
conservative TLS has been derived for the implementation at Beirut.

4.4.2.1.2

In the EUROCONTROL generic safety assessment, the TLS was established through
the following steps:


Step 1 – a selection of inputs, i.e. statistics on historical fatal accidents
worldwide.



Step 2 – decision to use global TLS for LPV rather than TLS allocated to the
ATM element, because the role of ATM in the final approach is not significant
compared to that played by the flight crew and associated aircraft system.



Step 3 – apportionment of accident-specific TLS for CFIT, LA, and MAC.

4.4.2.1.3

These steps were performed by EUROCONTROL and are more closely described in
Section F.2.

4.4.2.1.4

The applicable EUROCONTROL TLS used in this safety assessment for Beirut are
summarised in Table 4-2 below. This safety assessment has used accident-specific
TLSs in order to perform safety objective allocation amongst the individual hazards.
Accident type

EUROCONTROL generic safety case TLS to be
applied to Beirut (based on large aeroplanes
accident rate / CS-25 operations)

CFIT

1.0 x 10-8

LA

2.0 x 10-7

MAC

1.0 x 10-10

Table 4-2: EUROCONTROL TLS to be applied as Beirut TLS
4.4.2.2

Safety objectives allocation

4.4.2.2.1

After establishing the TLS and examining the consequences of all the hazards,
Safety Objectives (SO) can be defined using the risk tree method. A risk tree is
formed for each type of accident with individual branches of the tree representing a
particular hazard’s contribution to an accident. A safety margin is built into the safety
assessment by adding an extra branch, for unidentified or new hazards, to each risk
tree. The corresponding TLS is divided equally among all the branches of the risk
tree (i.e. top-down allocation is used). This allows the definition of a safety objective
for each individual hazard.

4.4.2.2.2

Hazard 7, i.e. descending below DA without visual and Hazard 8, i.e. failure to
execute the correct missed approach, contribute to two types of accidents and
therefore have two different safety objectives. In this case the more stringent safety
objective is the one which is used. A summary of the final safety objectives used in
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this safety assessment is summarised in Table 4-3. For a more detailed description
of the SO allocation method refer to Section F.6.
ID

Title

Consequences

Beirut SO

H3

Fly low while intercepting
the final approach path

Missed approach if detected
Safe landing if undetected and barriers work
CFIT if undetected and barriers fail

6.40 E-05

H4

Attempt to intercept the
final approach path from
above

Missed approach or safe landing if barriers
work
CFIT if barriers fail

2.67 E-04

H6

Failure to follow the
correct final approach
path

Missed approach or safe landing if detected
and/or barriers work
CFIT if undetected and barriers fail

6.40 E-05

Descending below DA
without visual

Missed approach if detected
Safe landing if barriers work
Landing accident if deviation is not towards
obstacle but other barriers fail
CFIT if undetected and in case deviation is
towards obstacle

4.00 E-08

Failure to execute correct
missed approach

No major impact on safety if detected and
corrected - ultimate result would be missed
approach or safe landing
CFIT if all barriers fail and deviation is
towards obstacle
MAC if all barriers fail and deviation is
towards aircraft

2.00 E-07

H7

H8

Table 4-3: Final SO allocation
4.4.2.3

Analysis of causes of (contributing factors to) hazards

4.4.2.3.1

A quantitative assessment is needed to assess the ability of the APV SBAS (LPV)
and APV Baro (LNAV/VNAV) approaches to meet the established safety targets. To
facilitate this, the causes that lead to the top level hazard have been established
and are described in Appendix G, where the Fault Tree Analysis (FTA) is described.
The FTA results support Claim 2.3, which include integrity safety requirements as
well as supporting functional and performance safety requirements and
assumptions where necessary.

4.4.2.3.2

Within the FTA, the contribution from each of the basic causes to the top level
hazard is made through an apportionment of the relevant SO and TLS to each basic
cause through a combined top-down and bottom-up approach. In the bottom-up
approach, basic causes that can contribute to cause specific hazards are identified
and their consequences determined. The failure rates associated with the bottomup approach are determined from external evidence as to their performance and
may be based on historical data or assumed from requirements from industry
standards or equipment specifications. In the top-down approach, the accepted
failure rate or occurrence (SO) of the hazards is transferred down the fault tree
through an allocation of the deemed contribution from the identified causes to the
top level hazard.

4.4.2.3.3

The quantitative fault tree analysis, including the probability values of basic events,
is based on the following sources of information:
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4.4.2.3.4



EUROCONTROL’s Preliminary System Safety Assessment of LPV approaches in
the ECAC area [3];



GIANT’s Operational Scenario Hazard Identification [1];



RNAV Approach Safety Study [4];



Annex 15 - Aeronautical Information Services [5].

The fault tree analysis shows the following contributions to overall accident risk for
each of the top level hazards:
Top Level Hazard

Probability of accident per approach

H3 - fly low while intercepting the final
approach path

CFIT – 4.63 E-06

H4 - attempt to intercept the final approach
path from above (vertical profile)

LA – 4.77 E-06

H6 - failure to follow the correct final approach
path

CFIT – 1.78 E-06

H7 - descending below DA without visual

CFIT – 2.29 E-08
LA – 2.29E-08

H8 - failure to execute correct MA

CFIT – 1.22 E-07
MAC – 1.22 E-07

Table 4-4: Fault tree analysis results
4.4.2.4

Quantitative safety assessment results

4.4.2.4.1

With a combined top-down and bottom-up allocation to each basic cause, the
achieved probability can be compared to the allocated safety objectives. This is
summarised in Table 4-5.
Hazard ID

Safety objective

Achieved probability of
occurrence

Objective met

6.40 E-05

4.63 E-06

2.67 E-04

4.77 E-06



H6

6.40 E-05

1.78 E-06



H7

4.00 E-08

2.29 E-08



H8

2.00 E-07

1.22 E-07



H3
H4



Table 4-5: Quantitative safety assessment results
4.4.2.4.2

It can be seen from the table that all hazards achieve their safety objective meaning
that the TLS for CFIT, LA and MAC accidents are met.

4.4.2.4.3

All the quantitative requirements are captured in Section 5 and summarised in
Appendix H.
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4.4.3

Qualitative Functional and Performance SRs

4.4.3.1

The qualitative SRs derived for non-nominal operations result from a review of the
quantitative analysis, particularly where the safety margin within the FTA is narrow
between achieved element integrity and the safety objective integrity.

4.4.3.2

Any change to the CONOPS as a result of the decision of the Lebanese Directorate
of Civil Aviation or the aerodrome operator to provide ATC services at Beirut will
require a revalidation of the FTA analysis and the setting of the TLS and SOs as
applicable.

4.4.3.3

All the qualitative requirements included within this safety assessment are captured
in Section 5 and summarised in Appendix H.
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5

Practical design and implementation steps (Safety Claim 3)

5.1

General

5.1.1

This section describes the claims and evidence that support Safety Claim 3 of the
safety argument, in that the design and implementation of APV SBAS and APV Baro
(LNAV/VNAV) at Beirut, when deployed, fully satisfies the specified functional and
performance safety requirements and integrity safety requirements.

5.1.2

The analysis of the nominal and non-nominal cases has resulted in a number of
safety requirements that must be satisfied (see also Appendix H). This section will
provide some guidance on the evidence that may be presented to justify the claims
that the actions taken to implement the procedure are valid and satisfy the nominal
and non-nominal safety requirements identified through Sections 3 and 4. It is noted
that some of the safety requirements presented in this section are addressed simply
by following the applicable standards summarised in Appendix J.

5.1.3

In support of Claim 3, this section presents evidence consistent with the following
sub-claims:


Assumptions for aircraft equipment and operators are adequately specified and
validated for the implementation of APV SBAS and APV Baro (LNAV/VNAV) at
Beirut (Claim 3.1);



Safety requirements and assumptions for ATC (people and equipment) are
adequately specified and met/validated for the implementation of APV SBAS
and APV Baro (LNAV/VNAV) at Beirut (Claim 3.2);



The APV SBAS and APV Baro (LNAV/VNAV) procedures are demonstrated to
be practical (Claim 3.3).

5.2

Aircraft implementation

5.2.1

The assumptions for the aircraft implementation are derived from the nominal
performance of the procedure as defined in Section 3 and additional assumptions
to support meeting the integrity safety requirements. Rather than repeating the
safety requirements detailed within relevant industry and regulatory standards, it is
assumed that aircraft certified for use with APV SBAS and LNAVL/APV Baro
approach procedures are in full compliance with the requirements of EASA AMC
20-28 and 20-27 respectively specifying the minimum performance of the aircraft.
The following table summarises relevant safety assumptions as identified within
Section 3 and Appendix G to satisfy the requirement that the implementation of APV
SBAS procedures on the aircraft are acceptably safe (Claim 3.1).
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Responsible
party

ID

Assumption

Evidence required for validation

ASSUM.0

Operator will be compliant (equipment
and training) in the APV SBAS
approach procedure at Beirut through
certification by EASA and conformance
as a minimum with the requirements of
AMC 20-28.
Operator will also be compliant
(equipment and training) in the APV
Baro (LNAV/VNAV) approach
procedures at Beirut through
certification of AMC 20-27.

An approval certificate from the
operator specifying approval to
conduct operations according to the
requirements of EASA AMC 20-28 and
20-27.

LDCA

ASSUM.2

Aircraft operators follow procedures to
ensure that the database that is loaded
onto the aircraft navigation system is
current and complete.

Evidence will be required that
operators will be following procedures
for the update of the aircraft database
and a subscription for maintenance of
the database.

LDCA

ASSUM.4

The navigation database used will be
supplied by a database provider
approved with an EASA Type 2 Letter
of Acceptance (LOA).

EASA Type 2 LOA are provided to the
original equipment manufacturer that
attest compliance with the
requirements of DO-200. This SR can
be met by evidence that the navigation
database is supplied by the
manufacturer of the navigation
equipment used for the flight
procedure.

LDCA

ASSUM.5

Vertical guidance source for TAWS is
independent from aircraft guidance
system.

It must be demonstrated that vertical
position estimation failure (GNSS or
NAV computer) does not also cause
TAWS to fail, since TAWS is a
mitigating barrier that contributes to
prevent hazard (H6) becoming a
catastrophic event. Demonstration may
be sought through European Technical
Standard Order for TAWS (ETSO151a).

LDCA

ASSUM.7

The database supplier should use the
same tool to open the FAS data block
as was used by the procedure
designer to encode it.

The database provided and used on
the aircraft must be demonstrated to
have come from a database supplier
with an EASA Type 2 LOA and a data
house with an EASA Type 1 LOA.

LDCA

ASSUM.8

A database supplier shall not re-open
and modify FAS to avoid risk of a
validated FAS data block being
modified. Nevertheless, if a
modification is needed, that shall be
performed in coordination with the
State.

The database provided and used on
the aircraft must be demonstrated to
have come from a database supplier
with an EASA Type 2 LOA.

LDCA

5.2.2
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The following table summarises relevant integrity safety requirements as identified
within Section 4 and Appendix G to satisfy the requirement that the implementation
of APV SBAS and APV Baro (LNAV/VNAV) procedures on the aircraft are
acceptably safe (Claim 3.1).
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ID

Integrity safety requirement

Evidence required

Responsible
party

IR.5

The probability of aircraft database
coding/packing error shall be no more
than 1.0 E-07 per final approach.

The requirements for the publication of
flight procedures contained within ICAO
Annex 15 speak of three integrity
levels:
1. routine – 1E-03
2. essential – 1E-05
3. critical – 1E-08
On this basis it would be assumed that
the critical elements of the database
would be packed as critical by any
database supplier approved under an
EASA LoA Type 2. Evidence from the
operator that the database supplier is
so approved should be considered
sufficient to meet this requirement.

LDCA

IR.6

The probability of error occurring in the
RNAV database loading tools in an
aircraft shall be less than 1.0 E-08 per
final approach.

Evidence for this process requires two
aspects:
1. evidence that the flight crew
have training in the correct
database loading procedures;
2. evidence that the database
supplier is approved under
EASA LoA Type 2.
In addition, the flight database is
wrapped by a 32-bit CRC which
provides further data protection in the
loading for the database upto 2.3 E-10.

LDCA

IR.20

The likelihood that an aircraft flies a
LPV procedure not loaded in time (and
not detected) shall be less than 5.0 E09 per final approach.

This is essentially a training
requirement. The training programme
approved by LDCA should ensure that
the requirements for loading the flight
procedure are covered in sufficient
detail and the correct joining
procedures emphasised.

LDCA

IR.21

The likelihood that an aircraft flies a
wrong LPV procedure loaded in class
gamma equipment (and not detected)
shall be less than 5.0 E-09 per final
approach.

This is essentially a training
requirement. The training programme
approved by LDCA should ensure that
the sufficient flight crew cross checks
are stipulated to ensure that the loaded
procedure is the correct one.

LDCA

IR.23

The probability of wrong lateral or
vertical position estimation for class
gamma equipment shall be no more
than 1.2 E-07 and for class beta
equipment no more than 1.8 E-07.

Certification of the aircraft receivers
according to AMC 20-28 and
compliance to DO-229 should be
sufficient. However, this should be
verified by LDCA.

LDCA

IR.24

The probability of undetected loss or
degradation of lateral or vertical
guidance instructions for class gamma
equipment shall be less than 1.2 E-07
and for class beta equipment no more
than 1.8 E-07 per approach.

This is a certification requirement. It is
assumed that certification of the aircraft
receivers according to AMC 20-28 and
compliance to DO-229 will be sufficient.
However, this should be verified by
LDCA.

LDCA

IR.31

The probability of channel swap in the
navigation database shall be no more
than 1.0 E-08 per final approach.

On the basis of database integrity,
evidence of database supply from an
EASA LoA Type 2 supplier is deemed
to satisfy this requirement.

LDCA
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Responsible
party

ID

Integrity safety requirement

Evidence required

IR.36

The probability that missed approach
mode is not engaged or the missed
approach path is not sequenced
(including arming error) shall be no
more than 4.2 E-08 per final approach.

Evidence for this requirement depends
on:
1. the flight crew correctly
initiating the missed approach
procedure;
2. the equipment correctly
loading the missed approach
procedure.
The training programme approved by
LDCA should ensure that the
requirements for loading the flight
procedure (including the missed
approach) are covered in sufficient
detail and the correct joining
procedures emphasised. The operator
should be able to demonstrate that the
equipment used in the aircraft is able to
correctly load and sequence the missed
approach.

LDCA

IR.37

The probability that the FMS/RNAV
computer is programmed incorrectly for
the MA shall be no more than 1.0 E-05.

This is a certification requirement. It is
assumed that certification of the aircraft
receivers according to AMC 20-28 and
compliance to DO-229 will be sufficient.
However, this should be verified by
LDCA.

LDCA

5.3

Operating procedure implementation

5.3.1

The operating procedures for the instrument procedure cover the procedure itself
and human procedures affecting the implementation by the flight crew, ATC and the
procedure designer. The operational procedures take account of the local
environment and the limitations of service volume. The safety requirements for
which evidence is required are summarised from section 3 (nominal operations) and
Appendix G (supporting integrity safety requirements) in the following table (Claim
3.2).
ID

Responsible
party

Safety requirement

Evidence required

SR.1

The flight procedure has been designed
according to the requirements of ICAO
Doc 8168, including the calculation of
procedure minima.

A statement should be provided to
demonstrate to LDCA that the principles
of setting the OCH, clear areas and DH
have been designed according to
PANS-OPS requirements. This should
include the procedure design report.

LDCA

SR.2

Terrain, obstacle and aerodrome data
used in the design of the flight
procedure shall comply with the data
quality requirements of ICAO Annex 14
and ICAO Annex 15.

The aerodrome survey report compliant
with the requirements from LDCA for
the origination of navigation related
data. Alternatively, the procedure
designer should demonstrate that the
source used is able to meet these
requirements.

LDCA /
Aerodrome
Operator /
Procedure
designer

SR.3

The flight procedure shall be deconflicted from departing and arriving
traffic from neighbouring aerodromes.

It must be demonstrated that the arrival
routes of IFR and VFR traffic to join at
the initial approach fix will not interfere
with the departure or arrival traffic.

LDCA
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ID

Responsible
party

Safety requirement

Evidence required

SR.4

The flight procedure shall have been
designed by procedure designers
trained according to formal training
courses and approved by the regulator.

Evidence of training certificates or a
statement from the design house
should be sufficient to demonstrate the
currency of the procedure designer and
checker responsible for the procedure.

SR.6

The flight procedure shall have been
published in the State AIP.

The instrument approach chart and
procedure description are available in
the AIP.

LDCA

SR.7

Both runway directions at Beirut
aerodrome shall be designated as
instrument runway.

The aerodrome operator to provide a
statement certifying the revised
classification of the aerodrome runway
and any restrictions on use.

Beirut Airport

SR.8

It shall be confirmed from ESSP (as the
service provider for EGNOS) that
sufficient coverage and signal-in-space
exists to support the implemented
procedure.

A copy of the agreement between the
Lebanese Directorate of Civil Aviation
and ESSP for the provision of EGNOS
services should be available specifying
the limits of coverage.

LDCA

SR.9

A Letter of Agreement shall be signed
and maintained between Lebanese
Directorate of Civil Aviation and ESSP
to provide a framework for exchange of
information regarding SBAS status and
performance.

A copy of the letter of agreement
between ESSP and the Lebanese
Directorate of Civil Aviation.

LDCA

SR.10

the Lebanese Directorate of Civil shall
determine the need for performing a
specific survey of obstacles dedicated
to the introduction of a LPV approach
procedure.

The requirements for survey should be
specified by Beirut such to be
consistent with the requirements of
ICAO Annexes. In addition, the
requirements on data collection should
be consistent with the ADQ mandate.
Guidance on the techniques and
processes to be used is available within
the EUROCONTROL Origination of
Navigation Related Data specification.

Aerodrome
Operator

SR.12

AFIS information about traffic, including
QNH information, shall be continuously
available to flight operations.

The requirement to report the aircraft
position should be published in the AIP
within the textual description of the flight
procedure. Local procedures should
reflect.

LDCA

SR.13

The LPV procedure shall include a
baro-altitude cross-check against a
published altitude on passing a specific
point. This involves including a
reference point (for instance 4 NM
before the missed approach
waypoint/runway threshold) and the
associated altitude.

The procedure description published in
the AIP should demonstrate this
requirement and flight crew operating
procedures should also indicate that
this is something to be checked when
an SBAS approach is planned.

LDCA

SR.14

MET equipment installed at the
aerodrome shall use at least two
independent sensors for pressure
measurement.

Evidence of at least two fully
operational and maintained
independent sensors for pressure
measurement.

LDCA

SR.15

Contingency arrangements shall be
developed and followed in the event of
the failure or unavailability of the MET
pressure measurement equipment.

Evidence of ATC contingency
procedures and training in the event of
MET pressure loss to ATC/AFIS.

LDCA
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ID

Responsible
party

Safety requirement

Evidence required

SR.17

The procedure designer shall be
qualified to design procedure and to use
SW tool supporting FAS generation.
Procedure designer shall receive
specific training to satisfy this
requirement.

The procedure designer should be able
to demonstrate training in the use of
software tools for APV SBAS and APV
Baro (LNAV/VNAV) design and
generation of the FAS data block.

Procedure
Designer

SR.18

A qualified SW tool shall be used for
generating FAS (including CRC wrap
value generation of the FAS data
block).

The use of the EUROCONTROL FAS-DB
tool can be assumed to provide
sufficient evidence. The FAS-DB format
and the CRC algorithm should meet all
the ICAO Annex 10 requirements and
have been comprehensively tested
using data from a number of sources
including industry, the FAA and ICAO.

Procedure
Designer

SR.19

The SW tool for generating FAS shall
use an algorithm that covers all SBAS
service providers (like EGNOS, WAAS),
in order to avoid doing manual changes
/ adaptation with risk of affecting FAS
data integrity.

The use of the EUROCONTROL FASDB tool can be assumed to provide
sufficient evidence. The SW tool should
allow for the selection of the SBAS
provider: [0] for WAAS, [1] for EGNOS,
or [2] for MSAS.

Procedure
Designer

SR.20

For Class Gamma aircraft, it shall be
ensured that the loaded procedure is
appropriate for the aircraft type &
performance. It is not possible to
address this issue in a generic way.
This has to be done at the local level in
coordination with the operator.

It is expected that evidence of meeting
this safety objective will be provided
through the certification of the operator
and the aircraft by EASA.

Flight
Validation

SR.21

Co-ordination shall be made of
reference path IDs / channels (e.g.
ensure at least 3 digits change) and
approach names, including those at
proximal airports. In case of several
FAS datablocks for the same airport,
sufficient different digits in the IDs shall
be ensured.

Evidence of coordination having been
established between the ANSP and
EUROCONTROL.

the Lebanese
Directorate of
Civil Aviation

5.3.2
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The assumptions for which evidence is required for validation are summarised from
Section 3 (nominal operations) and Appendix G (supporting integrity safety
requirements) in the following table (Claim 3.2).
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Responsible
party

ID

Assumption

Evidence required for validation

ASSUM.0

Operator will be compliant (equipment
and training) in the APV SBAS
approach procedure at Beirut through
certification by EASA and conformance
as a minimum with the requirements of
AMC 20-28.
Operator will also be compliant
(equipment and training) in the APV
Baro (LNAV/VNAV) approach
procedures at Beirut through
certification of AMC 20-27.

An approval certificate from the
operator specifying approval to
conduct operations according to the
requirements of EASA AMC 20-28 and
20-27.
The operator must be able to provide
certificates to demonstrate successful
completion of initial training of a
training course accepted by LDCA
according to AMC 20-28 and 20-27.

Operator

ASSUM.3

Flight crew follow procedures to
confirm that there are no planned
outages of the EGNOS service for the
duration of the expected flight through
consultation of the ESSP prediction
service.

Evidence will be required that
operators will be following procedures
in that the flight crew are required to
check that the SoL signal is likely to be
available for the entirety of the planned
flight.

Operator

ASSUM.6

Flight crew will contact AFIS before the
FAF and will confirm that the QNH
previously set on the altimeter at the
beginning of approach is correct.

The procedure description published in
the AIP should demonstrate this
requirement and flight crew operating
procedures should also indicate that
this is something to be checked when
an SBAS approach is planned.

LDCA

5.3.3

The following table summarises relevant integrity safety requirements as identified
within Section 4 and Appendix G to satisfy the requirement that the implementation
of APV SBAS and APV Baro (LNAV/VNAV) procedures through design and human
actor use are acceptably safe (Claim 3.2).

ID

Responsible
party

Integrity safety requirement

Evidence required

IR.1

The probability that a wrong QNH setting
will not be identified by flight crew during
the additional check of QNH with
ATC/AFIS at a specific point (such as
FAP) shall be no more than 0.05.

This IR relates to the setting of
ASSUM.6. It is a measure of the success
of the mitigating SR. This has been set at
a nominal level that should be justified
through consultation with flight crew

LDCA

IR.3

The probability of error occurring during
the procedure coding shall be no more
than 1.0 E-08 per final approach.

The database that is supplied will contain
ICAO defined critical data items with a
failure rate of 1 E-08. When the database
is supplied by an EASA LoA Type 2
supplier and the flight procedure has
been flight checked in accordance with
the requirements of ICAO Doc 9906 vol 2
& vol 5 this requirement is deemed met.

LDCA

IR.4

The probability of procedure publishing
error shall be no more than 1.0 E-07 per
final approach.

This relates to the integrity of the
publishing of both the FAS datablock and
the procedure description with the State
AIP. LDCA should be able to provide
documentary evidence of the processes
that are undertaken in the publishing and
handling of procedures until publication.
It is assumed that in accordance with
Annex 10, the FAS data block is coded
with a 32bit CRC wrapping and that the
tool used for this purpose is qualified and
the procedure designers trained in its
use as per SR.18 and SR.19.

LDCA
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Responsible
party

Integrity safety requirement

Evidence required

IR.7

The probability of ATC/AFIS Officer
providing wrong QNH/QFE (high) to flight
crew (given that MET system indicates
the correct pressure) shall be no more
than 1.63 E-06 per final approach.

This IR has been assumed on the basis
of the ‘known’ failure rate (see IR.9). As
this number is based on the aircrew
number it needs to be further validated
and should be subject to ongoing
monitoring and validation after the
operational implementation of the APV
SBAS (LPV) and APV Baro
(LNAV/VNAV) approaches at Beirut.
Training for the ATCO and AFIS officer
should be adapted to ensure they are
aware of the critical nature of an error
with the QNH setting provided to aircraft
on an APV SBAS or APV Baro
(LNAV/VNAV) approach.

IR.8

The probability of the MET system
indicating wrong QNH/QFE (high) shall
be no more than 1.26 E-06 per final
approach.

It would be reasonably assumed that a
single sensor system would have a
failure rate of 1 E-03. On this basis a
double sensor station would have a
higher integrity of 1 E-06. It would be
assumed that evidence of the design
specifications of the MET system
installed at Beirut or duplicate double
sensors should be used.

IR.9

The probability of flight crew setting
wrong QNH/QFE (high) on an altimeter
(given that ATC/AFIS Officer provides
correct QNH) shall be no more than 1.63
E-06 per final approach.

This integrity requirement is based on
operational statistics of errors of flight
crew getting the wrong QNH. Because of
the critical nature of QNH to setting the
DH, evidence should be presented that
the flight crew are trained on the
criticality of the QNH to the procedure.
QNH errors should be subject to
continual monitoring to ensure that this
IR is maintained.

Operator

IR.10

The probability of flight crew failing to
laterally intercept the final approach path
shall be no more than 2.10 E-07.

This is predominately a training and
adherence to procedure issue.
To argue adherence with this IR, the
aircraft operator should be able to
demonstrate regulator acceptance of the
training course undertaken for the flight
crew which should be consistent with the
requirements of AMC 20-28 and 20-27.
This IR should be subject to additional
monitoring in the post operational
implementation to gather statistics to
support this IR.

Operator

IR.11

The probability of failure of flight crew to
vertically intercept the final approach
path shall be no more than 4.20 E-08.

This is predominately a training and
adherence to procedure issue.
To argue adherence with this IR, the
aircraft operator should be able to
demonstrate regulator acceptance of the
training course undertaken for the flight
crew which should be consistent with the
requirements of AMC 20-28 and 20-27.
This IR should be subject to additional
monitoring in the post operational
implementation to gather statistics to
support this IR.

Operator
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ID

Integrity safety requirement

Evidence required

Responsible
party

IR.12

The probability of ATC/AFIS Officer
providing the wrong QNH/QFE (low) to
flight crew (given that MET system
indicates the correct pressure) shall be
no more than 1.63 E-06 per final
approach.

This is similar to IR.7 although
contributing to a different hazard.
Evidence provided for IR.7 would be
assumed also sufficient for this
requirement.

the
Lebanese
Directorate of
Civil Aviation

IR.13

The probability of the MET system
indicating wrong QNH/QFE (low) shall be
no more than 1.26 E-06 per final
approach.

This is similar to IR.8 although
contributing to a different hazard.
Evidence provided for IR.8 would be
assumed also sufficient for this
requirement.

LDCA/
Beirut Airport

IR.14

The probability of flight crew setting
wrong QNH/QFE (low) on an altimeter
(given that ATC/AFIS Officer provides
correct QNH) shall be no more than 1.63
E-06 per final approach.

This is similar to IR.9 although
contributing to a different hazard.
Evidence provided for IR.9 would be
assumed also sufficient for this
requirement.

Operator

IR.15

The likelihood that an aircraft flies an
erroneous LPV procedure due to a
designer error (incorrect AIP FAS), and
not detected, shall be no more than 2.5
E-9.

The flight procedure is validated and
flight checked as part of the acceptance
of the flight procedure. In addition, the
flight procedure is checked prior to
publication and by the operator at the
data packing stage.
The FAS block is also required to be
designed in a qualified tool and by
qualified staff.
This IR should be subject to monitoring
to ensure that this IR can be validated in
an operational implementation.

Procedural
Designer and
Flight
Validation

IR.16

The likelihood that an aircraft flies an
erroneous LPV procedure due to a
software design tool error (and not
detected) shall be less than 2.5 E-09.

In accordance with ICAO Doc 9906 and
8168 there is a requirement for any tools
to be validated. This is also consistent
with the new requirements originating
from the ADQ mandate. Compliance with
the ICAO publishing requirements and
certification by the LDCA to the
requirements of the ADQ mandate
should be presented as evidence.

Flight
Validation

IR.17

The likelihood that an aircraft flies an
erroneous LPV procedure due to
misleading source data (misleading
survey or obstacle assessment and not
detected) shall be less than 2.5 E-09.

In accordance with SR.10, it is a
requirement that the terrain, obstacle and
aerodrome data necessary for the design
of the instrument flight procedure is
surveyed.
Compliance with the requirements
identified in SR.10 should be sufficient to
demonstrate compliance with this
requirement.
The additional flight test and validation
should be expected to ensure that any
source data gross errors are detected
and corrected prior to the procedure
being published.

Flight
Validation
and operator

IR.18

The likelihood that an aircraft flies an
erroneous LPV procedure due to a noncurrent procedure provided by the ANSP
to the database supplier (and not
detected) shall be less than 2.5 E-09.

Certification and compliance with the
requirements of the ADQ mandate and
ICAO Annex 10 and 4 would be deemed
evidence of meeting this IR.
The IR should be monitored as part of
the ongoing assessment to validate the
value given.

the
Lebanese
Directorate of
Civil Aviation
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Responsible
party

ID

Integrity safety requirement

Evidence required

IR.19

The likelihood that an aircraft flies an
erroneous LPV procedure due to a noncurrent database provided by the
database supplier to the operator (and
not detected) shall be less than 1.0 E-08.

Certification and compliance with the
requirements of EASA LoA Type 2 and
RTCA DO-200 by the operator database
provider are deemed to provide sufficient
evidence of meeting this IR.
The IR should be monitored as part of
the ongoing assessment to validate the
value given

LDCA

IR.22

The probability of reception of
unacceptably degraded GNSS/SBAS
signal (and undetected) shall be no more
than 1.0 E-07.

The letter of agreement between LDCA
and ESSP would be deemed sufficient
evidence, provided that the letter also
clearly indicates that the extent of
coverage and predicted performance is
consistent with this requirement.

LDCA

IR.25

The likelihood that a wrong approach
has been selected (different from the
one obtained from ATC or the one
intended by flight crew) while the LPV
has not been approved yet for LPV
minima shall be no more than 1.0 E-06
per approach.

At Beirut, a single approach has been
developed. In the absence of statistics to
support this IR, this should be subject to
further monitor and data collection if
brought into operation.

LDCA

IR.26

The likelihood that the procedure is not
discontinued on:
- integrity alert along the FAS;
- the failure of RNAV/GNSS system
components including those affecting
flight technical error along the FAS;
shall be no more than 4.2 E-07 per
approach.

This IR is a combination of the
equipment performance and flight crew
response to an alert on a drop of
performance.
In the absence of statistics to support
this IR, this should be subject to further
monitor and data collection if brought into
operation.

LDCA

IR.27

The probability of descending below DA
without having visual reference to the
runway (because pilot’s decision to
initiate missed approach takes too long)
shall be no more than 1.0 E-03 per final
approach.

This is predominately a training and
adherence to procedure issue.
To argue adherence with this IR, the
aircraft operator should be able to
demonstrate regulator acceptance of the
training course undertaken for the flight
crew which should be consistent with the
requirements of AMC 20-28 and 20-27.
This IR should be subject to additional
monitoring in the post operational
implementation to gather statistics to
support this IR.

LDCA

IR.28

The probability of wrong DA published
on the instrument approach chart shall
be no more than 1.0 E-08 per final
approach.

On the basis of database integrity,
evidence of database supply from an
EASA LoA Type 2 supplier is deemed to
satisfy this requirement.

LDCA

IR.29

The probability that flight crew misselects DA from chart or uses DA from
wrong procedure shall be no more than
4.2 E-07 per final approach.

This is predominately a training and
adherence to procedure issue.
To argue adherence with this IR, the
aircraft operator should be able to
demonstrate regulator acceptance of the
training course undertaken for the flight
crew which should be consistent with the
requirements of AMC 20-28 and 20-27.
This IR should be subject to additional
monitoring in the post operational
implementation to gather statistics to
support this IR.

LDCA
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Responsible
party

ID

Integrity safety requirement

Evidence required

IR.30

The probability that flight crew misselects, or forgets to set DA marker on
PFD shall be no more than 4.2 E-07 per
final approach.

This is predominately a training and
adherence to procedure issue.
To argue adherence with this IR, the
aircraft operator should be able to
demonstrate regulator acceptance of the
training course undertaken for the flight
crew which should be consistent with the
requirements of AMC 20-28 and 20-27.
This IR should be subject to additional
monitoring in the post operational
implementation to gather statistics to
support this IR.

LDCA

IR.32

The probability of approach ID being
corrupted in database shall be no more
than 1.0 E-08 per final approach.

On the basis of database integrity,
evidence of database supply from an
EASA LoA Type 2 supplier is deemed to
satisfy this requirement.

LDCA

IR.33

The probability that flight crew fails to
perform a credibility check by comparing
the selected procedure to the chart
(check starting point and endpoint of the
procedure, IDENT, naming, runway,
airport, etc.) shall be no more than 1.0 E02 per final approach.

This is predominately a training and
adherence to procedure issue.
To argue adherence with this IR, the
aircraft operator should be able to
demonstrate regulator acceptance of the
training course undertaken for the flight
crew which should be consistent with the
requirements of AMC 20-28 and 20-27.
This IR should be subject to additional
monitoring in the post operational
implementation to gather statistics to
support this IR.

LDCA

IR.34

The probability that flight crew fails to
detect wrong DA during pre-approach
briefing and the whole approach shall be
no more than 1.0 E-02 per final
approach.

This is predominately a training and
adherence to procedure issue.
To argue adherence with this IR, the
aircraft operator should be able to
demonstrate regulator acceptance of the
training course undertaken for the flight
crew which should be consistent with the
requirements of AMC 20-28 and 20-27.
This IR should be subject to additional
monitoring in the post operational
implementation to gather statistics to
support this IR.

LDCA

IR.35

The probability of an aircraft being misconfigured at the initiation of the missed
approach procedure shall be no more
than 1.0 E-04 per final approach.

This is predominately a training and
adherence to procedure issue.
To argue adherence with this IR, the
aircraft operator should be able to
demonstrate regulator acceptance of the
training course undertaken for the flight
crew which should be consistent with the
requirements of AMC 20-28 and 20-27.
This IR should be subject to additional
monitoring in the post operational
implementation to gather statistics to
support this IR.

LDCA

IR.38

The probability that an error occurs
during the design, coding or the
promulgation of the LPV procedure
affecting the MAPt segment shall be no
more than 1.00 E-05.

On the basis of database integrity,
evidence of database supply from an
EASA LoA Type 2 supplier is deemed to
satisfy this requirement.

LDCA
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5.4

Practical implementation assessment

5.4.1

The procedure also requires a formal flight check to ensure that the procedure has
been designed in accordance with the requirements of ICAO Doc 8168 concerning
obstacle clearances and the principles of ICAO Doc 9613 and 9906 concerning the
establishment of the APV SBAS and APV Baro (LNAV/VNAV) approaches. Flight
tests have to demonstrate that APV SBAS and APV Baro (LNAV/VNAV) procedures
are practical (supporting Claim 3.3) and flight test results have to be accepted LDCA
(supporting Claim 4.5).

5.4.2

The flight check should be completed and approved by LDCA and in accordance
with the requirements of ICAO Doc 8071.

5.4.3

The aircraft operator has to provide evidence, in the form of EASA certification, that
the aircraft FMS is compatible with a published procedure (supporting Claims 3.1
and 3.2). In addition, the aircraft operator needs to obtain all the appropriate
regulatory approvals to operate the APV SBAS and APV Baro (LNAV/VNAV)
procedures from LDCA and EASA (supporting Claim 4.6). The applicable safety
requirements are summarised in the table below.
ID

Responsible
party

Safety requirement

Evidence required

SR.11

the Lebanese Directorate of Civil shall
determine the level of validation of the
LPV approach procedure including
flight testing, which shall be at least as
specified in ICAO Doc 9906 vol 2 & vol
5.

Evidence that LDCA has completed a
detailed flight validation system
compliant with the requirements of
ICAO Doc 8071 would be deemed
sufficient to meet this requirement.

LDCA

Error!
Reference
source
not
found.

The defined procedure design
assurance level shall be applied as
per the Lebanese Directorate of Civil
Aviation SMS, therefore applying PAL
3. the Lebanese Directorate of Civil
Aviation shall gather evidence that this
level has been applied

Documentary evidence of a the
Lebanese Directorate of Civil Aviation
policy on establishing a process for
procedure design and validation.

LDCA

5.4.4

The following table summarises relevant integrity safety requirements as identified
within Section 4 and Appendix G to satisfy the requirement that the practical
implementation of APV SBAS and APV Baro (LNAV/VNAV) procedures at Beirut
are acceptably safe (Claim 3.3).

ID
IR.2

Integrity safety requirement

Evidence required

The probability of a procedure validation
error, i.e. procedure design error is not
detected during validation, shall be no
more than 4.2 E-04 per final approach.

Evidence for this can be argued through
a review of the design processes
completed prior to procedure publication.
Use of automated tools in calculating the
coordinates, combined with checking by
the procedure designer and a procedure
checker would be assumed to satisfy this
requirement.
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6

Transition into operation (Safety Claim 4)

6.1

General

6.1.1

This section describes the claims and evidence that support Safety Claim 4 of the
safety argument, in that APV SBAS and APV Baro (LNAV/VNAV) at Beirut are
acceptable for initiation of operations, with transition risks fully addressed and
mitigated as appropriate.

6.1.2

Once the processes surrounding the procedure design and implementation,
equipment installation and training have been completed, the transition into
operation can commence.

6.1.3

In support of Claim 4, this section presents evidence consistent with the following
sub-claims:


The APV SBAS and APV Baro (LNAV/VNAV) procedures are accepted as
meeting the safety requirements (Claim 4.1);



Human Machine Interface (HMI) is shown to be satisfactory (Claim 4.2);



There are sufficient trained staff to operate and maintain the system (Claim 4.3);



The APV SBAS (LPV) and APV Baro (LNAV/VNAV) procedures are published
and promulgated to all relevant people (Claim 4.4);



Validation flight trials have been successfully completed (Claim 4.5);



All appropriate regulatory approvals to operate the procedure have been
obtained (Claim 4.6);



Any remaining system shortcomings have been highlighted and accepted for
operation, including any unvalidated assumptions (Claim 4.7);



A transition and reversion plan has been developed (Claim 4.8).

6.2

Compliance with Safety Requirements (SRs)

6.2.1

This safety assessment has presented the SRs identified through this and the
EUROCONTROL generic safety assessment. Compliance with all the SRs identified in
Section 5 and summarised in Appendix H will provide supporting documentation for
Claim 4.1. Where evidence is not available to support the SRs, this needs to be
highlighted and a decision made by LDCA on the next steps to be taken to accept
the safety assessment. It may be that additional flight trials are required or
procedures agreed to mitigate requirements (e.g. ATC monitoring) for which no
evidence at present can be provided.

6.3

Human Machine Interface (HMI)

6.3.1

The installation and modification of equipment and aircraft applicable to the LPV
and LNAV procedures need to be acceptably safe. It is assumed that operator HMI
considerations related directly with operating the APV SBAS and APV Baro
(LNAV/VNAV) equipment are satisfactorily addressed by AMC 20-28 and 20-27
respectively, and other applicable equipment standards which are summarised in
Appendix J. Evidence of compliance with these equipment standards in the form of
manufacture specifications or design stamps will be satisfactory for proving Claim
4.2.
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6.4

Staff training

6.4.1

Detailed training requirements are specified as part of flight crew acceptance for
APV SBAS and APV Baro (LNAV/VNAV) approaches as defined under EASA AMC
20-28 and 20-27 respectively. Therefore, the assumption (section 3) is that operator
training meets the more detailed requirements originating in this AMC.

6.4.2

Approval of operators’ training material and flight operations manual has to be
granted from LDCA.

6.4.3

LDCA or Beirut must have procedures and processes in place for maintenance of
the IAP.

6.4.4

The provision of the SBAS service with Lebanon will be through European Satellite
Service Provider (ESSP). ESSP is certified by the European Union to maintain and
operate the EGNOS system. Training requirements of ESSP and required staffing
levels are included within the licensing arrangement. For ESSP to be accepted from
a service provision perspective at Beirut, a letter of agreement will be required
between LDCA and the ESSP. This would be deemed sufficient to demonstrate
sufficiency on the part of service provision.

6.4.5

From a user perspective, the Lebanese Directorate of Civil Aviation and/or the
Aerodrome Operator procedure designers need to obtain training in APV SBAS
(LPV) and APV Baro (LNAV/VNAV) procedure design, operation and maintenance.
the Lebanese Directorate of Civil Aviation must therefore be able to demonstrate
that within its procedure designers there is sufficient competence to be able to alter
and review the flight procedure as required.

6.4.6

All the new procedures for operating and maintaining the LPV approach shall be
promulgated to relevant operational staff. It has to be ensured that a sufficient
number of operational staff in the Lebanese Directorate of Civil Aviation and the
Aerodrome Operator involved in the operation of the system has been trained.

6.4.7

Together, these actions will provide supporting evidence for Claim 4.3.

6.5

Publication of the flight procedure

6.5.1

The flight procedure has to be published through normal distribution channels, i.e.
published by the Lebanese Directorate of Civil Aviation in the State AIP and
disseminated to the data houses for packaging and incorporation in flight databases.
This promulgation action which will provide the flight procedure to the data house
for data packing will provide supporting documentation for Claim 4.4. However, this
is the final step in the process and cannot be completed until all other evidence has
been gathered and reviewed.

6.6

Operational validation trials

6.6.1

Validation trials as specified by ICAO Doc 9906 vol 2 & vol 5 must be conducted
and successfully completed before the procedure is approved for operation. This is
to be organised by Beirut Airport and a report from these trails will be produced. The
report has to confirm that the procedure has been designed correctly, that it is
suitable for operational implementation and has been approved by LDCA and/or the
Aerodrome Operator. The flight trials report provides the necessary documentation
for Claim 4.5.
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6.7

Regulatory approvals

6.7.1

Regulatory approvals need to be obtained prior to the establishment of the flight
procedure for operational use. Approvals are required for human operation of the
procedure and for the aircraft that will be flying the procedure.

6.7.2

The aircraft that is to be used must also be approved for APV-SBAS and APV Baro
(LNAV/VNAV) operations. If the aircraft had APV SBAS and APV Baro
(LNAV/VNAV) procedure capabilities when new out the factory, then no additional
approval may be required. When the installation of APV SBAS capabilities result
from a retro-fit of EGNOS-capable avionics in the aircraft, an EASA Supplementary
Type Certificate will be needed. More generally, the aircraft operator must also be
able to provide evidence of operational approval to fly APV SBAS (LPV) IAPs.

6.7.3

The above-mentioned approvals provide supporting evidence for Claim 4.6.

6.8

System shortcomings

6.8.1

During the transition phase from procedure design into operation, additional system
shortcomings may be identified, including assumptions that cannot be validated.
LDCA and/or the Aerodrome Operator have to ensure that any system shortcomings
that have been identified are highlighted and eliminated if possible. If certain
revealed shortcomings cannot be eliminated, e.g. due to practical reasons, these
need to be highlighted and formally accepted for operation along with further
mitigations (e.g. ATC monitoring) as necessary. These actions will provide evidence
for Claim 4.7.

6.9

Transition and reversion plan

6.9.1

It is recommended that a transition plan be developed and coordinated by LDCA
and Beirut aerodrome to enable the smooth transition to operations, including
reversion plan as required. This provides supporting evidence to Claim 4.8.
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7

In service safety monitoring (Safety Claim 5)

7.1

General

7.1.1

This section describes the claims and evidence that support Safety Claim 5 of the
safety argument, in that the risks associated with operating APV SBAS and APV
Baro (LNAV/VNAV) at Beirut will be monitored in service, sufficient to meet Criterion
01, and corrective actions taken as necessary.

7.1.2

It is imperative that, over time, the safety of the APV SBAS and APV Baro
(LNAV/VNAV) procedures at Beirut are monitored to ensure that safety is not
eroded. It must be ensured that the procedure really is safe and can be continuously
operated as such. In order to ensure this, the following need to be addressed:


Safety management;



SBAS status and performance monitoring;



Change management;



Incident reporting.

7.2

Safety management

7.2.1

Safety management systems, appropriate to the size of the operations, address the
proactive management of safety, which integrate the management of operations
and technical systems with the financial and human resource management and that
reflects the quality assurance principles.

7.2.2

To ensure and prove that ATC and operator procedures are followed, a safety
management system is required on the part of each of the actors addressing:


the defined lines of safety accountability throughout the operator’s organisation,
including the direct lines of accountability for safety on the part of senior
management;



the processes to identify actual and potential safety hazards and assess the
associated risks, also with respect to any operational changes in future;



the processes for developing and implementing remedial actions necessary to
maintain agreed safety performance;



provision for the continuous monitoring and regular assessment of the
appropriateness and effectiveness of safety performance;



processes for the continual improvement of the performance of safety
management.

7.2.3

The safety management system will provide necessary documentation and will
allow validation of the sub-Claims supporting Claim 5. The safety management
procedures will ensure that LPV approach continues to be safe. The sections below
are specifically required to be addressed by Beirut to ensure acceptable safety of
ongoing operations associated with APV SBAS (LPV) and APV Baro (LNAV/VNAV)
procedures.

7.3

SBAS status and performance monitoring

7.3.1

Monitoring of the EGNOS signal is required to maintain the operational continuity,
availability and integrity of the published procedure once operations commence.
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The function of SBAS monitoring resides with ESSP as the certified provider of the
service authorised by the European Commission.
7.3.2

The ESSP provides updated status reports on the predicted availability and signal
coverage from the EGNOS satellites. These updated reports must be monitored and
the SBAS operation only used when there is sufficient coverage to enable the
operation of the SBAS approach as described.

7.3.3

The operator and the aerodrome certificate holder will be required to clearly
demonstrate that such a monitoring system is in place. This will necessarily tie in to
the announcement arrangements established by ESSP when the system is
determined to be operational. A Letter of Agreement will have to be signed between
the Lebanese Directorate of Civil Aviation and ESSP to provide a framework for
exchange of information regarding SBAS status and performance (see SR.7 and
SR.9 in sections 3 and 5).

7.3.4

Operation and maintenance of the system must be conducted by sufficiently trained
staff. It is assumed that certification of ESSP staff meets the suppliers’ requirements
and addresses concerns related to EGNOS operation and maintenance. Training of
ESSP staff will support Claim 4.3.

7.3.5

SBAS status monitoring managed by ESSP and establishment of communication
channels between ESSP and the Lebanese Directorate of Civil Aviation or the
aerodrome provide evidence to support Claims 5.1 and 5.2. Claim 5.1 satisfies the
requirement of monitoring SBAS service continuity and availability, while Claim 5.2
satisfies the requirement of monitoring SBAS integrity.

7.4

Change management

7.4.1

Changes in airspace structure or the addition of ATC services at Beirut will introduce
other procedural changes. If these, or any other changes, result in modifications to
the APV SBAS and APV Baro (LNAV/VNAV) procedures as implemented at Beirut,
this safety assessment will become invalid and the impact on the achieved level of
safety at Beirut must be reassessed.

7.4.2

LDCA and the Aerodrome Operator must have procedures and processes in place
for managing significant operational changes. The formal safety management
system will facilitate this requirement and will provide supporting documentation and
validation to sustain Claim 5.3.

7.5

Accident and incident reporting and investigation

7.5.1

A system must be implemented that facilitates the collection and analysis of data of
any and all non-nominal occurrences of the use of the APV SBAS and APV Baro
(LNAV/VNAV) approaches at Beirut, ensuring ongoing evidence that current risk of
the ATM operation is not adversely affected (including evidence for expected
improvements in current risk). The system must also enable the update of any
procedures or systems in response to the data analyses and investigation
conducted in relation to non-normal occurrences.

7.5.2

Along with other observation mechanisms, as deemed appropriate by LDCA, the
Lebanese Directorate of Civil Aviation and Beirut Airport, the accident and incident
reporting and investigation system currently in place will provide necessary
evidence for an incident reporting system, which supports Claim 5.4.
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8

Conclusion
This report has presented a safety assessment of the implementation of APV SBAS
and APV Baro (LNAV/VNAV) at Beirut aerodrome. The safety assessment has been
developed taking reference to previous work undertaken by EUROCONTROL and
should be read in conjunction with the EUROCONTROL APV SBAS generic safety
assessment.
This safety assessment has demonstrated an approach through which the
introduction of APV SBAS and APV Baro (LNAV/VNAV) procedures at Beirut
aerodrome could be considered acceptably safe. However, this safety assessment
still remains subject to the validation and acceptance of LDCA. As such, LDCA has
the responsibility of accepting the conclusions of this report, providing actual
evidence to meet the safety requirements and validate the assumptions within, and
adding or amending the requirements within this report subject to sufficient
arguments and evidence being presented.
Compliance with the safety requirements7, validation of the assumptions7 and
fulfilment of the safety argument claims through evidence will support the overall
claim of the assessment that APV SBAS and APV Baro (LNAV/VNAV) procedures
at Beirut are acceptably safe for introduction and continued operational use.

Including continued operational compliance/validation through ongoing monitoring in support of Claim
5.4.
7
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A

Acronyms and abbreviations

ACAS

Airborne Collision Avoidance System

ADQ

Aeronautical Data Quality

AFIS

Aerodrome Flight Information Service

AFISO

Aerodrome Flight Information Service Officer

AIP

Aeronautical Information Publication

AIS

Aeronautical Information Service

AL

Alerting Level

ALARP

As Low As Reasonably Practicable

AMC

Acceptable Means of Compliance

AMSL

Above Mean Sea Level

ANS

Air Navigation Services

ANSP

Air Navigation Services Provider

APP

Approach

APV

Approach with Vertical Guidance

ATC

Air Traffic Control

ATIS

Automatic Terminal Information System

ATM

Air Traffic Management

ATS

Air Traffic Services

ATZ

Aerodrome Traffic Zone

Baro

Barometric (pressure)

CAST

Commercial Aviation Safety Team

CAT

Category

CDI

Course Deviation Indicator

CDU

Control and Display Unit

CFIT

Controlled Flight Into Terrain

CNS

Communication/Navigation/Surveillance

CONOPS

Concept of Operations

CRC

Cyclic Redundancy Check

DA

Decision Altitude

DB

Database

DH

Decision Height

DNV

Det Norske Veritas

EASA

European Aviation Safety Authority

EATMP

European Air Traffic Management System Programme

ECAC

European Civil Aviation Conference

ED

Eurocae Document

EGNOS

European Geostationary Navigation Overlay Service

P1362D003

HELIOS

45 of 128

ESARR

European Safety Regulatory Requirements

ESSP

European Satellite Service Provider

ETA

Event Tree Analysis

FAA

Federal Aviation Administration

FAF

Final Approach Fix

FAP

Final Approach Point

FAS

Final Approach Segment

FAF

Final Approach WayPoint

FC

Flight Crew

FDE

Fault Detection and Exclusion

FHA

Functional Hazard Analysis

FIR

Flight Information Region

FIS

Flight Information Service

FL

Flight Level

FMS

Flight Management System

FPL

Flight Plan

FT

Fault Tree

FTA

Fault Tree Analysis

GIANT

GNSS Introduction in the Aviation Sector

GND

Ground

GNSS

Global Navigation Satellite System

GPS

Global Positioning System

HAZID

Hazard Identification

HF

Human Factors

HMI

Human-Machine Interface

IAP

Instrument Approach Procedure

ICAO

International Civil Aviation Organisation

IF

Intermediate Fix

IFR

Instrument Flight Rules

ILS

Instrument Landing System

IRP

Integrated Risk Picture

LA

Landing Accident

LDCA

The Lebanese Directorate of Civil Aviation

LNAV

Lateral Navigation

LPV

Localiser Performance Approach with Vertical Guidance

MAC

Mid-Air Collision

MAP

Missed Approach Procedure

MAPt

Missed Approach Point

MDA

Minimum Decision Altitude

P1362D003

HELIOS

46 of 128

MDH

Minimum Decision Height

MET

Meteorology

MRVA

Minimum Radar Vectoring Altitude

MSAW

Minimum Safe Altitude Warning

MTOW

Maximum Take Off Weight

NAVAID

Navigation aid

ND

Navigation Display

NDB

Non-Directional radio Beacon

NM

Nautical Mile

NOTAM

Notice to Airmen

NPA

Non-Precision Approach

NSA

National Supervisory Authority

OCH

Obstacle Clearance Height

PA

Precision Approach

PANS-OPS

Procedures for Air Navigation Service - Aircraft Operations

PE

Probability of Effect

PFD

Primary Flight Display

PL

Protection Level

PSSA

Preliminary System Safety Assessment

QFE

Atmospheric Pressure at aerodrome level

QNH

Atmospheric Pressure at mean sea level

RDR

Radar

REC

Recommendation

RNAV

Area Navigation

RNP

Required Navigation Performance

RTCA

Radio Technical Commission for Aeronautics

RWY

Runway

SAE

Society of Automotive Engineers

SAM

Safety Assessment Methodology

SARPs

Standards and Recommended Practices

SBAS

Satellite Based Augmentation System

SDF

Step Down Fix

SO

Safety Objective

SoL

Safety of Life (EGNOS service)

SR

Safety Requirement

SSA

System Safety Assessment

SSR

Secondary Surveillance Radar

STCA

Short Term Conflict Alert

SW

Software
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TAWS

Terrain Awareness and Warning System

TLS

Target Level of Safety

TMA

Terminal Area

TRA

Temporary Restricted Area

TSO

Technical Standard Order

VDI

Vertical Deviation Indicator

VFR

Visual Flight Rules

VHF

Very High Frequency

VOR

VHF Omni-directional Radio Range

VTF

Vectors-To Final

WAAS

Wide Area Augmentation System
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B

Safety argument diagrams

This section presents summary diagrams of the full safety argument to support the claim that APV SBAS procedures at Beirut are acceptably safe
for introduction and continues operational use. The lower-level claims are fulfilled through reference from the sections within this document.
Criterion 01

Claim 0

The contribution to the risk of an
aircraft accident from APV SBAS
and APV Baro (LNAV/VNAV)
procedures at Beirut has been
reduced as far as reasonably
practicable and the risks are
tolerable

APV SBAS and APV Baro
(LNAV/VNAV) procedures at
Beirut are acceptably safe for
introduction and continued
operational use

Context 01

Argument 0

Concept of operations for
APV SBAS

It can be demonstrated that the APV
SBAS procedures at Beirut are
acceptably safe in terms of design,
transition and on-going operation, taking
into account nominal and non-nominal
cases

Context 02
Directorate of Civil
Aviation safety
regulatory requirements

Claim 1

Claim 2

APV SBAS and APV
Baro (LNAV/VNAV)
functional and
performance safety
requirements are
specified such that, if
implemented and
fulfilled completely and
correctly, Criterion 01
can be met in the
absence of failure

APV SBAS and APV
Baro (LNAV/VNAV)
integrity safety
requirements and
additional functional
and performance safety
requirements are
specified such that, if
implemented and
fulfilled completely and
correctly, Criterion 01
can be met in the event
of failure

Claim 3
The design and
implementation of
APV SBAS and APV
Baro (LNAV/VNAV)
at Beirut fully satisfy
the specified
functional,
performance and
integrity safety
requirements

Claim 4
APV SBAS and
APV Baro
(LNAV/VNAV) at
Beirut are
acceptable for
initiation into
operations

Claim 5
The risks
associated with
operating APV
SBAS and APV
Baro
(LNAV/VNAV) at
Beirut will be
monitored in
service, sufficient
to meet Criterion
01

Figure B-1: Safety claim 0
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Claim 1
APV SBAS and APV Baro
(LNAV/VNAV) functional and
performance safety
requirements are specified
such that, if implemented and
fulfilled completely and
correctly, Criterion 01 can be
met in the absence of failure

Argument 1
APV SBAS and APV Baro
(LNAV/VNAV) functional and
performance safety requirements
are specified based on a developed
concept of operations

Claim 1.1

Claim 1.2

The concept of
operations
(CONOPS) is
designed to satisfy
Criterion 01

The APV SBAS and
APV Baro
(LNAV/VNAV) are
adequately specified
to reflect the
CONOPS

Claim 1.1.1

Claim 1.1.5

Consistency with
relevant APV SBAS
and APV Baro
(LNAV/VNAV)
standards is
demonstrated
Claim 1.1.2

Claim 1.1.3

Assumptions of the
operating environment
within which APV SBAS
and APV Baro
(LNAV/VNAV) procedures
are to be implemented are
specified and validated

Use cases are
derived where the
operation could
be affected by the
APV SBAS and
APV Baro
(LNAV/VNAV)
procedure

CONOPS is
validated by the
Lebanese
Directorate of
Civil, the local
airport and local
operators
Claim 1.1.4
Logical model
described for the
APV procedures
within the
operation

Claim 1.2.1

Claim 1.2.3

Assumptions
relevant to the
airborne
equipment are
specified
consistent with
the CONOPS

Functional and
performance safety
requirements relevant to
the procedure operation
are specified consistent
with the CONOPS

Claim 1.2.2
Assumptions
relevant to the
human operators
are specified
consistent with
the CONOPS

Figure B-2: Safety claim 1

P1362D003

HELIOS

51 of 129

Claim 2
APV SBAS and APV Baro
(LNAV/VNAV) integrity safety
requirements and additional
functional and performance
safety requirements are specified
such that, if implemented and
fulfilled completely and correctly,
Criterion 01 can be met in the
event of failure

Argument 2
APV SBAS and APV Baro
(LNAV/VNAV) safety requirements are
specified through risk assessment
based on the developed concept of
operations, which in turn is
demonstrated to show no known
deficiencies

Claim 2.3
Claim 2.1

Claim 2.2

The CONOPS
shows no known
deficiencies

All hazards are
correctly identified
and assessed

All mitigations
captured as safety
requirements or
assumptions as
appropriate

Figure B-3: Safety claim 2
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Claim 3
The design and
implementation of APV
SBAS and APV Baro
(LNAV/VNAV) at Beirut
fully satisfy the
specified functional,
performance and
integrity safety
requirements

Argument 3
It can be shown that the procedure
design and implementation is
satisfactory through meeting the
functional, performance and integrity
safety requirements

Claim 3.1

Claim 3.2

Claim 3.3

Assumptions for
aircraft equipment
and operators are
adequately specified
and validated for the
implementation of
APV SBAS and APV
Baro (LNAV/VNAV)
at Beirut

Safety requirements and
assumptions for ATC
equipment and operators
are adequately specified
and met/validated for the
implementation of APV
SBAS and APV Baro
(LNAV/VNAV) at Beirut

The APV SBAS and
APV Baro
(LNAV/VNAV)
procedures are
demonstrated to be
practical in the
Beirut operating
environment

Figure B-4: Safety claim 3
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Claim 4
APV SBAS and
APV Baro
(LNAV/VNAV) at
Beirut are
acceptable for
initiation into
operations

Argument 4
It can be shown that the
procedure can be satisfactorily
transitioned into operation

Claim 4.1

Claim 4.8

APV SBAS and
APV Baro
(LNAV/VNAV)
procedures are
accepted as
meeting the safety
requirements
Claim 4.2
HMI is shown to
be satisfactory

Transition and
reversion plan
developed

Claim 4.3

Claim 4.4

Sufficient trained
staff are in place
to operate and
maintain the
system

Procedures are
published and
promulgated to
all relevant
people

Claim 4.5
Operational
validation trials
are successful

Claim 4.6

Claim 4.7

All appropriate
regulatory
approvals
obtained to
operate the
procedure

System shortcomings
are highlighted and
accepted for operation,
including any unvalidated assumptions

Figure B-5: Safety claim 4
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Claim 5
The risks associated with
operating APV SBAS
and APV Baro
(LNAV/VNAV) at Beirut
will be monitored in
service, sufficient to meet
Criterion 01

Argument 5
It can be shown that ATC and operator
procedures are followed, performance
monitored and corrective action taken
as necessary to ensure APV SBAS and
APV Baro (LNAV/VNAV) continue to be
safe

Claim 5.1

Claim 5.2

SBAS status is
continuously
monitored and
acted upon as
required

APV SBAS
performance is
monitored to
ensure it does not
degrade

Claim 5.3
Procedures are in
place for managing
change

Claim 5.4
All incidents and
observations are
recorded, investigated
and corrective action
taken as appropriate to
satisfy Criterion 01

Figure B-6: Safety claim 5
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C

Operational Environment

C.1

General
This section describes the Operational Environment to provide a basis for the APV
SBAS (LPV) and APV Baro (LNAV/VNAV) safety assessment. It contributes to the
Concept of Operations (CONOPS), along with use cases and logical model of the
operation.
The operational environment describes the level of ATS provided, traffic
types/levels, CNS equipment, the airport ground equipment, airspace and existing
procedures in place. Table C-1, Table C-2 and Table C-3 provide the assumptions
on the Beirut approach operational environment, which will need to be confirmed by
local operational and technical experts.
The EUROCONTROL CONOPS provides generic concept of operations for APV SBAS
approach. It provides information on how the approaches are performed and how
they impact current operations, air traffic services, aeronautical information
services, aircraft equipment and airport systems. Assumptions from this CONOPS
are also included in Table C-1, Table C-2 and Table C-3.
The key assumptions outlined in this Appendix must continue to be applicable
(validated) locally to ensure that this safety assessment remains valid.
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C.1.1

Traffic

Assumption
reference

Assumption

ASSUM.9

The probability of a missed approach occurring is less than 1.0E-03 per final
approach.

ASSUM.14

All aircraft undertaking an RNAV approach will be conformant to commercial CS25 operations

ASSUM.15

All aircraft undertaking an RNAV approach will carry TAWS equipment, since they
are conformant to commercial CS-25 operations (ASSUM.14)

ASSUM.16

5% traffic growth between 2012 and 2018

ASSUM.17

Summer season (Apr – Sep) traffic represents 16% greater number of movements
than Oct - Mar

ASSUM.18

Traffic mix as today (same level of ‘non-standard’ traffic)
98% Medium / 0% Heavy / 2% Light

ASSUM.19

Airlines operating mainline jets and regional aircraft – no SBAS capability
BA, GA aircraft – SBAS capable

ASSUM.20

Permitted traffic – VFR/IFR.
CAT, GA and Military permitted – wide range of typical airspeeds for total airspace
(70kts – 160 kts)

ASSUM.21

Peak traffic for Approach operations – 6 approaches per hour (winter – October to
March); 10 approaches per hour (summer – April to September)

Table C-1:
C.1.2

Assumptions on traffic

Airspace, operational procedures and airport infrastructure

Assumption
reference

Assumption

ASSUM.22

ATC issues clearance based on assumed aircraft capability (eg a pilot
requesting an APP is by default assumed to be capable of conducting this
approach).
EUROCONTROL Safety Assessment, page 13

ASSUM.23

All aircraft and aircrew approved to conduct LPV SBAS approach should be
prepared to be asked to intercept the final approach track from a RDR
vector on ATC demand and whatever intended RNAV GNSS approach.
EUROCONTROL Safety Assessment, page 14

ASSUM.24

For missed approach procedures based on conventional means (VOR,
NDB), the appropriate airborne equipment required to fly this procedure is
installed in the aircraft and is operational. Also, the associated groundbased NAVAIDs are operational. Not applicable if MA is GNSS also
(although contingency needs to be factored).
EUROCONTROL Safety Assessment, page 18

ASSUM.25

ATC can tactically intervene in the terminal area to provide a) radar
headings, b) 'direct to' clearences which by-pass the initial legs of an
approach, c) interception of an initial or intermediate segment of an
approach, d) the insertion of waypoints loaded from database.
EUROCONTROL Safety Assessment, page 20
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ASSUM.26

In complying with ATC instructions, the flight crew should be aware of the
implications for the RNAV system. a) The manual entry of coordinates into
the RNAV system by the flight crew for operation within the terminal area is
not permitted. b) ‘Direct to’ clearances may be accepted to any waypoint
prior to FAF and in particular to the Intermediate Fix (IF) provided that the
resulting track change does not exceed 45 degrees. c) ‘Direct to' clearance
to FAF is not acceptable.
EUROCONTROL Safety Assessment, page 20

ASSUM.27

The current assumption is that ATC issues approach clearance on the basis
of an assumed RNP capability.
EUROCONTROL Safety Assessment, page 28
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ASSUM.28

The Flight Information Region (FIR):
 ATC Service- ACC in FIR. Approach Control in local traffic area. TWR control


Flight Information Service (FIS) in uncontrolled airspace. A, C, D airspace
delivered by ATC

TMA and CTR class C
Outside TMA class G. Above
ASSUM.29

Aerodrome:
1 RWY (07 / 25)
2040 x 45m
79% - RWY 25
21% - RWY 07
LRCL; 4C; H24
The ICAO identification is LRCL; aerodrome class 4C; ATS operational hours 24H

ASSUM.30

Handover from APP to TWR procedures - manual handover procedures only

ASSUM.31

The following separation minima apply: 10NM
Approach
Normal separation minimum is RNAV and conventional SIDs and STARs used
Conventional MAPs only
Tower
Aircraft are normally transferred to the Runway controller by the Arrival controller
at FAF (8 NM from touchdown)

ASSUM.32

Low cloud ceiling and low visibility occurrences are high due to vicinity of nearby
river.
Upgrade of RWY 25 to ILS CAT II in near future

ASSUM.33

Adjacent airspace/units interfaces not affected

ASSUM.34

Other approach procedures are ILS CAT I on RWY 25. VOR RWY 07 planned to
be published for October, with final segment 6.2° north of centerline

ASSUM.35

Conventional contingency approaches remain

Table C-2:
C.1.3
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Assumption
reference
ASSUM.36

Assumption
Navigation
– no DGPS, only ILS CAT I RWY 25
– No change in conventional navigation coverage (DVOR/DME)
– EGNOS coverage – as predicted by ESSP
– No NDB
– No VDF, only VOR/DME


ASSUM.37

Communications
 Coverage volume via VHF is aligned to radar coverage


ASSUM.38

VHF communication complies with Annex 11

Surveillance
 Beirut Approach is radar environment. Tower only information

Table C-3:
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– DME/DME coverage for RNAV 1 with CLJ, BAI, CHU, HNU and ZLU

Assumptions on CNS equipage

HELIOS

60 of 129

D

Logical model

D.1

System architecture
System architecture is a description of the LPV system on which the functional and
performance and FTA is based. The system comprises airborne architecture, ATC
and flight operations, including the equipment and human elements. Some elements
of the system are adjusted to Beirut local conditions; some had to remain generic,
e.g. airborne architecture.

D.2

Airborne architecture
Most of the changes brought by the LPV affect the airborne architecture: In analogy
to AMC 20-28, two types of GPS/SBAS equipment on board the aircraft are
considered:


Class beta equipment - a GPS/SBAS sensor that provides position and integrity
data to an integrated navigation system (e.g. FMS). It provides FDE integrity
when SBAS signal is absent (see Figure D-1);



Class gamma equipment - includes the Class Beta equipment functionality and
in addition, it has a navigation function (standalone navigation system) for the
provision of path deviations relative to a selected path. It requires a database,
display outputs and pilot controls interface (see Figure D-2).

The system architecture of these two types of equipment is displayed on the
diagrams below.
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AIR OPERATIONS

Database and
charts

Nav DB loading

DATA HOUSES
DATA PACKERS

GNSS/
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Procedure promulgation
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AIRCRAFT

FMS or NAV
COMPUTER

CLASS BETA EQUIPMENT

Lateral and vertical
position estimation
function
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& dintegrity
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CDU

Navigation
Database
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Autopilot/
Flight Director
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processing function
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Air Data
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Software
tool
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Comms

Procedure
designer

.

Airframe

Map
Display
(ND)

Mode C/S
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SSR
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Figure D-1: The logical model (class beta)
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NAVIGATION INFRASTRUCTURE
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Figure D-2: The logical model (class gamma)
D.3

From the design to the loading of the LPV procedure
The other main change with LPV consists in the development, by the ANSP, of a
FAS Datablock, which is protected by a CRC.
The FAS data block is intended to protect the data and ensure the procedure
designer's intent is what is provided to the end user. All data used in the construction
of the FAS data block requires the use of a high integrity quality control process. In
total, the FAS data block contains 24 elements (fields). Twenty-one fields including
the CRC remainder field are protected by the CRC (the specific encoding of the 21
fields is described in the ICAO Annex 10 [6]. In order to ensure the high quality
standard, FAS data information shall be stored as a binary string in the prescribed
format (Annex 10) and can only be transmitted electronically.
It has to be noted that CRC wrap method will only ensure that the binary string of
FAS data will remain uncorrupted during transmission and storage, but it will not
give any indication that one or many of the parameter(s) are not correct.
The Cyclic Redundancy Check (CRC) must be computed by a software tool and the
specific order and coding of the fields must be followed rigorously when computing
the CRC to ensure avionics compatibility. The mathematical algorithm for CRC is
given in the RTCA DO-201A/ED-75A [7] and also in Annex 10. The result of the
CRC method is the so-called CRC remainder which is an 8-character hexadecimal
representation of the calculated remainder bits and which is specific for each set of
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FAS data i.e. SBAS/GBAS procedure type, runway and GNSS Service Provider at
a given airport.
The procedure designer, Davidson Ltd, has to generate a FAS data block including
all needed elements including the CRC remainder that shall be calculated with a
certified data quality tool.
The electronic file shall be transmitted to the database provider in electronic way
and shall be electronically ingested in the respective database.
The database provider system shall check/confirm by running the same software
CRC routine that the CRC remainder is unchanged; after making sure that the
'package' has not been altered during the transmission process, the database
provider will start to validate the elements/fields i.e. the 'components' of the
respective FAS data block and will proceed to commit the coding, i.e. path
terminator sequence and the FAS in its database.
D.4

ATC
ATC systems are not impacted by the use of the LPV. The ATC domain is not further
developed.

D.5

Flight operations
Flight operations are not impacted by the use of the LPV.
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E

Functional hazard analysis results
This section summarises the Hazards associated with the operation of LPV
approach at Beirut.
The list of hazards developed by EUROCONTROL in the generic LPV safety
assessment as presented in Table E-1 was reviewed during #######. This exercise
was in the context of the use cases as per section 3.2. It has been concluded that
hazards H3, H4, H6, H7 and H8 are also applicable to Beirut operational
environment. No new hazards were identified during the workshop. This will need
to be confirmed by local operational experts.
The original FHA undertaken by EUROCONTROL within the generic LPV safety
assessment was performed by qualified experts and was based on the Operational
and Functional Model of LPV Approaches in the ECAC Area [8]. This model clearly
describes nominal and non-nominal operations. During the FHA working sessions
of qualified experts organised within the generic safety case, relevant failure modes
were identified for each operational action performed either by system, human
operator or jointly in the successive phases of flight. Each failure mode was then
analysed in turn in terms of examples of causes (to check its validity), operational
consequences and mitigations, hazards, rough risk comparison against ILS
operations, and if relevant, recommendations in terms of risk reducing measures to
be considered. The final FHA tables that contain a list of all the failures and hazards
identified can be found in the FHA LPV document [13]. The methodology used for
hazard identification can be derived from the EATMP ANS Safety Assessment
Methodology [9].
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No

Hazard definition

Explanation

H1

Wrong approach selected and
initiated (amongst a set of
selectable approaches)

Following more refined analysis of causes of this
hazard, some scenarios were identified as out of
scope whilst others lead to hazards H6, 7 or 8.
Consequently, the hazard was removed.

H2

Failure to laterally intercept the
final approach track

Initially H2 was identified as the hazard that on
arriving at FAF, aircraft is not laterally established on
the final approach track. Three different scenarios
have been identified:
- If flight crew detects it, instead of launching MA, the
scenario where flight crew descends below the
cleared altitude, while trying to establish laterally on
the final approach track, without ATC approval, in
order to attempt interception at lower level is judged
unrealistic.
- The scenario where flight crew does not notice the
problem and keeps flying at the last cleared altitude,
believing that an intercept is still going to occur is also
judged unrealistic.
- The scenario where the flight crew detects the
problem, but instead of launching MA they attempt an
interception from above after the FAF/vertical intercept
point (contributor to H4) is the only credible one.
Consequently, this hazard only contributes to H4 and
it has been removed from the future analysis: in the
PSSA, these causes will be captured in H4 fault tree.

H3

Fly low while intercepting the
final approach path (vertical
profile)

Aircraft wrongly flying towards FAF at a lower altitude
than the approach procedure minima.

H4

Attempt to intercept the final
approach path from above
(vertical profile)

The conditions leading to this hazard are either failure
to laterally intercept the final approach track
(sequence resulting from H2) or aircraft at too high
altitude prior to FAF. In both cases aircrew fails to
intercept the glide slope and, instead of launching a
MA, decide to intercept it from above, in violation of
the normal procedure.

H5

Incorrect final approach path

The aircraft is on incorrect final approach path. It is
very similar to H6 and therefore this hazard has been
merged with H6 because both of them result in the
same event sequences and lead to the same final
consequences.

H6

Failure to follow the correct final
approach path

The aircraft is not on the correct final approach path
due to an incorrect path, incorrect position estimation,
incorrect guidance, or incorrect manoeuvring.

H7

Descending below DA without
visual

The aircraft descends below DA while aircrew has no
visual because they might have selected a wrong
approach or obtained a wrong QNH or used the wrong
DA, etc.

H8

Failure to execute correct
Missed Approach

Failure to follow the expected/ instructed flight profile
during missed approach.

Table E-1: The original hazard list [13] as adopted by Beirut
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F

Event tree analysis

F.1

Introduction

Commented [PC2]: All event trees to be updated following
workshop

Hazards were assessed with the use of event tree analysis. The methodology used
for the assessment of hazards was based upon that proposed for the functional
hazard assessment (FHA) by EATMP ANS Safety assessment Methodology [9].
The event tree analysis can be broken down into several steps:


establish the TLS - identify relevant categories of accidents and find target level
of safety for each of these accidents;



identify mitigations and their effect;



identify the hazard consequences and classify them according to severity of
effects;



analyse the hazard consequences with the use of event trees, in order to
allow assessing the risk associated to those hazards;



allocate safety objectives - allocate TLS for each type of accident to individual
hazards by using risk tree analysis;



derive final Safety Objectives (in terms of acceptable probability of
occurrence) per each hazard and accident category. The Safety Objectives will
determine the allocation of Safety Requirements to system elements in the fault
tree analysis.

Additional reference documents which were taken into consideration when
developing supporting evidence for this safety assessment (which is presented in
this Appendix F - Event tree analysis and Appendix G - Fault tree analysis) were:

F.2



Safety Case Development Manual (EUROCONTROL) [10]



Safety Assessment Made Easier Part1 (EUROCONTROL) [11]

Establishing the TLS
Target level of safety (or safety level or safety minima) is “a level of how far safety
is to be pursued in a given context, assessed with reference to an acceptable or
tolerable risk” [12].
The aim of this section is to describe how a quantitative target level of safety for
LPV approach, which would be acceptable by the Lebanese Directorate of Civil, was
established. The target level of safety is usually defined in terms of probability of an
aircraft accident occurring. As this safety assessment relates to LPV approach,
which is a navigation application of SBAS and GNSS, the target level of safety shall
be considered for those accident categories which are usually considered in the
NAV domain. The following paragraphs clarify what events are covered by these
accident categories [13]. Descriptions of accident categories listed below are
identical to those in EUROCONTROL’s LPV FHA document [13].
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Mid-air collision (MAC) is where two aircraft come into contact with each other
while both are airborne. This includes any in-flight collision between an aircraft
and another flying vehicle, whether commercial, military or general aviation,
including microlights, hang-gliders, gliders and balloons. It excludes collisions
caused by hostile attack (i.e. terrorism, hijack, sabotage or military attack) but

HELIOS

66 of 129

includes collisions caused in all other ways. This is consistent with the
CAST/ICAO common terminology for mid-air collision.

F.2.1



Controlled flight into terrain (CFIT) is an in-flight collision with terrain, water or
another obstacle without indication of loss of control. This excludes intentional
flight into terrain/buildings due to hostile attack. It also excludes cases where the
aircraft lands short or to one side of the runway (this is covered under landing
accidents category). It includes cases where the CFIT follows or is caused by an
in-flight disruption such as a fire or engine failure, provided that flight control is
maintained. This is consistent with the CAST/ICAO occurrence category
“controlled flight into or towards terrain”.



Landing accidents include all types of accidents during the landing phase of
flight, other than collision. This includes abnormal runway contacts (e.g. hard
landings, gear-up landings), loss of control on the runway (e.g. due to wind-shear
or surface contamination), runway incursions (e.g. by animals, vehicles or
people, but not aircraft), runway excursions (e.g. veer-off, overrun), off-runway
touchdown (e.g. undershoot, overshoot and offside touchdown). It includes
external causes (e.g. snow/ice/rain and wind-shear), technical causes (e.g. gear
failure) and human causes (e.g. flight crew misjudgements). It includes cases
where the landing accident follows or is caused by an in-flight disruption such as
a fire or engine failure, provided that sufficient control is maintained to attempt a
normal or emergency landing. It includes cases where the landing accident is
followed by collision with another aircraft outside the runway. There is no specific
CAST/ICAO equivalent for this term.

Method
The objective of this activity is to derive quantitative safety objectives for each
Hazard considering as inputs, on one hand the TLS associated to each type of
accident, and on the other hand the quantification of the sequences of events that
lead to that accident, initiated by the hazard occurrence.
For that purpose, TLSs are defined and then risk trees are developed for each type
of accident: CFIT, landing accidents and Mid-air Collisions (MAC). The risk trees
technique allows the identification of all the Hazards that contribute to a given
accident. The event sequences initiated by the Hazard and which ultimate
consequence is an accident are considered in the risk trees (see yellow boxes in
the risk tree figures in the F.6 Sub-section).
Once the trees are developed, a top-down allocation of the TLS is performed on
each branch of the tree, considering as constraints, data coming from the event tree
analysis (see values in tables from Sections F.5.1 to F.5.5).
With respect to the quantification, a margin accounts for the potential omission of
hazards during the hazard analysis activity (see box on the right-hand side in the
risk trees).
The quantification of the safety objectives of each Hazard is performed for each type
of accident. They are called “candidate safety objectives” at that step because some
Hazards may have more than one ultimate consequence. In that case, the most
constraining will be retained as “final safety objectives”.

F.2.2

TLS definition
A TLS is to be set for each type of accident, which will have to be reached by the
overall LPV system. The method that was used by EUROCONTROL for developing
the TLS was done in several steps.
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The first step was selection of inputs; that is statistics on historical fatal accidents
worldwide.



In the second step, it was decided that the TLS for LPV will be global rather than
allocated to the ATM element, as the role of ATM in final approach is not
significant compared to that played by the flight crew and associated aircraft
system.



Step three apportioned specific TLS for LPV approach and for different types of
accidents (CFIT, LA, and MAC).

The following table summarizes the TLS for each accident type proposed by
EUROCONTROL.
Accident type

EUROCONTROL TLS in accidents per
approach

Controlled flight into terrain (CFIT)

1.0 x 10-8

Landing accident

2.0 x 10-7

Mid-air collision (MAC)

1.0 x 10-10

Table F-1: LPV target level of safety per accident type (EUROCONTROL)
Establishing specific TLS for Beirut
The TLS used in the development of the EUROCONTROL safety assessment was
based on the historical data affecting largely commercial operations (CS-25 [2]
operations). Due to the operations at Beirut being largely commenrcial operations,
this TLS is assessed as being valid and appropriate for the implementation at Beirut.
F.2.3

Severity risk categorisation
The Tables presented below illustrate the severity and risk categorisation scheme
used in the Functional Hazard Assessment. Table F-2 contains ATM severity
classification scheme as presented in the ESARR 4.
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Severity class8

Effect on operations

Examples of effects on operations include

Accidents

- one or more catastrophic accidents,
- one or more mid-air collisions,
- one or more collisions on the ground
between two aircraft,
- one or more Controlled Flight Into Terrain,
- total loss of flight control.
No independent source of recovery
mechanism, such as surveillance or ATC
and/or flight crew procedures can reasonably
be expected to prevent the accident(s).

Serious incidents

- large reduction in separation (e.g., a
separation of less than half the separation
minima), without crew or ATC fully controlling
the situation or able to recover from the
situation.
- one or more aircraft deviating from their
intended clearance, so that abrupt
manoeuvre is required to avoid collision with
another aircraft or with terrain (or when an
avoidance action would be appropriate).

Major incidents

- large reduction (e.g., a separation of less
than half the separation minima) in
separation with crew or ATC controlling the
situation and able to recover from the
situation.
- minor reduction (e.g., a separation of more
than half the separation minima) in
separation without crew or ATC fully
controlling the situation, hence jeopardising
the ability to recover from the situation
(without the use of collision or terrain
avoidance manoeuvres).

4

Significant incidents

- increasing workload of the air traffic
controller or aircraft flight crew, or slightly
degrading the functional capability of the
enabling CNS system.
- minor reduction (e.g., a separation of more
than half the separation minima) in
separation with crew or ATC controlling the
situation and fully able to recover from the
situation.

5

No immediate effect on safety

1

2

3

No hazardous condition i.e. no immediate
direct or indirect impact on the operations .

Table F-2: Severity classification scheme in ATM [12]

(G*) denotes the categorisation used within the Aarhus SMS. Note that the Aarhus severity
classification table is otherwise similar to this ESARR 4 table.
8
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F.3

Mitigations and environmental conditions
The probability of any hazard leading to a catastrophic event (accident) is affected
by mitigations. Mitigations are potential barriers which can prevent hazard leading
to an accident. In a real situation, any mitigation is an event which may or may not
occur with a certain probability. In order to assess the risk that is related to a hazard,
probability of all mitigations has to be determined. The following table summarises
all the mitigations that come into consideration when assessing APV SBAS and APV
Baro (LNAV/VNAV) approaches together with their description and maximum
probability of failure (i.e. mitigation not occurring). Note that mitigations can have
different probability of failure for different hazards.
These mitigations presented below are in line with those used in EUROCONTROL’s
safety case and are equally applicable to Beirut, but their probability values have
been reviewed to take into account the local environment and adjusted as
appropriate. These values have been validated locally by Beirut operational experts
to ensure the derived Safety Objectives remain valid.
ID

M1

M2

P1362D003

Description

Max probability
of failure of the
mitigation

Deviation is not
towards
obstacle

Aircraft can wrongly fly at a lower altitude than the
approach procedure minima or can deviate from the
approach path or MA procedure path. Thus the
aircraft is in a risk of CFIT. The mitigation of this risk
is that there is no obstacle in that area and the
approach/manoeuvre/MA can be finished safely. In
the generic safety case, EUROCONTROL proposed
mitigation failure value 0.5.
This has been confirmed by Beirut operational
experts.

0.05

Deviation is not
towards
another aircraft

Aircraft can wrongly deviate from the approach path
or MA procedure path. Thus the aircraft is in a risk of
mid air collision. The mitigation of this risk is that
there is not any traffic in the vicinity of the aircraft on
approach, hence the deviation is not towards
another aircraft. In the generic case, EUROCONTROL
used mitigation failure value 0.05. Beirut-specific
value is consistent with this.
Probability of deviation towards another aircraft
depends on multiple parameters (e.g. airport &
runways configuration, departure routes structure,
etc). Although it could be fairly assumed that the
probability of having two aircraft in the same
airspace with conflicting trajectories is much lower
than the probability to converge to obstacles, the
proposed value for flying towards an aircraft is 0.05.
This has been confirmed by Beirut operational
experts.

0.05

Mitigation
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ID

M3

M4

M5

M6

P1362D003

Description

Max probability
of failure of the
mitigation

Missed
Approach (MA)
timely initiated
and correctly
executed

The aircraft may deviate from the final approach
path (vertically or laterally), air crew may detect
some Final Approach Segment (FAS) errors or can
fail to establish visual contact with the RWY above
DA, and thus will initiate MA to avoid CFIT or landing
accident. EURCONTROL used mitigation failure
probability value of 0.5 in the generic safety case.
Successful initiation of MA requires timely and
correct actions, which in certain cases can be
difficult and the crew may fail to do that. This is more
difficult for larger aircraft with jet engines than for
light aeroplanes with piston engines. Considering
that most of the Beirut traffic comprises large
aeroplanes, this 0.5 value is used. This has been
confirmed by Beirut operational experts.

0.5

Approach is
stabilising

Air crew can fail to laterally intercept the final
approach path or aircraft can be too high before
FAF. In such situation, air crew can decide to
intercept the final approach path from above, in
violation of the normal procedure. On deciding to
capture the glide slope from above, the flight crew
have some confidence on succeeding. However, this
manoeuvre involves certain risk that the crew will not
be able to stabilise the aircraft path. The mitigation is
that crew is able to stabilise the aircraft (intercept the
final approach path, decelerate to extend flaps and
landing gear) on time and land safely.
EUROCONTROL’s probability of failure of this mitigation
is 0.1. The value for Beirut is consistent with it, and
has been confirmed by Beirut operational experts.

0.1

Aircraft is in
right position for
landing

Crew may decide to descend below DA without
visual. This involves a risk of CFIT. However, if
aircraft manages to descend safely to an altitude
where visual contact is established, it can be in the
right position for landing. EUROCONTROL’s probability
of failure for this mitigation is 0.5. The value for
Beirut is consistent with it, and has been confirmed
by Beirut operational experts. Value for this
mitigation reflects the degree of information available
by this time. According to EUROCONTROL, when
further information is collected, this figure might
evolve.

0.5

Recovery with
visual cues

Proximity to terrain, obstacle or another aircraft can
be recovered by the flight crew via visual cues by
launching a MA or avoidance manoeuvre. The
effectiveness of this mitigation depends on the
number of factors, such as weather, day/night,
airport lighting, surrounding vicinity lighting, etc. For
this reason the probability of failure has to be rather
conservative and is consistent with EUROCONTROL’S
assumption of 0.5 in the generic safety case. This
has been confirmed by Beirut operational experts.

0.5

Mitigation
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Description

Max probability
of failure of the
mitigation

Recovery via
aircrew
detection
onboard

Recovery via aircrew detection onboard mitigates
risk resulting from deviating from the correct final
approach path or MA path.
Some deviations are noticeable (e.g. magnetic
heading differs from what is expected, too high or
too low vertical speed, abnormal engine thrust
settings, sudden deviation due to some
discontinuity); others cannot be determined,
especially deviations at the end of the FAS are the
most dangerous.
Aircrew might detect discrepancies with respect to
chart by monitoring the distance to threshold
(displayed to pilots) which allows them to roughly
estimate if current height is right (about 300 ft
resolution) compared to altitudes on the charts.
With regard to these various means a rough
probability of 0.5 for recovery via aircrew detection is
defined in line with EUROCONTROL’s probability of
failure. This has been confirmed by Beirut
operational experts.

0.5

M8

Recovery via
aircrew
detection
onboard specific to
missed
approach (H8)

Proximity to terrain, obstacle or another aircraft can
be recovered by the flight crew via visual cues by
launching a MA or avoidance manoeuvre and is
assumed to be 0.5 for M6 when the aircraft is on
final approach path.
Note that M7 mitigation during MA is considered five
times more efficient than on final approach path. On
final approach, guidance is very accurate and has a
high integrity. One can assume that the crew will
trust this and therefore will less monitor the final path
itself. During missed approach, the crew is aware of
the route to fly, and of the fact that precision is lower
than on final approach. Also, as the route is not
converging towards a known point, the crew will be
more involved in the navigation process than it was
during final approach. Therefore, failure of recovery
via on-board detection of incorrect MA path
execution is assumed 0.1 and is consistent with
EUROCONTROL’S probability of failure. This has been
confirmed by Beirut operational experts.

0.1

M9

Recovery via
ATC radar
monitoring –
specific to low
flying whilst
intercepting the
final approach
path (H3)

The ATCO detection that an aircraft flies low while
intercepting the final approach path strongly
depends on the size of the vertical deviation and the
distance to runway. A 1000 ft Mode C deviation at 8
Nm away from the runway should attract his
attention. Based on that, EUROCONTROL’s probability
of failure of this mitigation is 0.5. The value for Beirut
is consistent with it, and has been confirmed by
Beirut operational experts.

0.5

M10

Recovery via
ATC radar
monitoring –
specific to
missed
approach (H8)

The final approach is routine for ATC, missed
approaches are less. ATC will therefore monitor
aircraft on missed approach more closely than
aircraft on final approach. EUROCONTROL’s probability
of failure of recovery through ATC radar monitoring
of MA therefore set as 0.1. Assume the value for
Beirut is consistent with this, has been confirmed by
Beirut operational experts.

0.1

ID

M7
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ID

M11

M12

Description

Max probability
of failure of the
mitigation

External
conditions
(RQY dry or
long, etc)

If all barriers fail, the final consequence will be risk of
landing too far beyond runway threshold, hard
landing, or the aircraft being at an unexpected
position for tower and other aircraft on the ground (if
visual).
Even when the aircraft is not in perfect landing
conditions above the runway threshold, this should
not necessarily lead to a landing accident: on this
basis, EUROCONTROL’s probability that external
conditions (runway dry or long, etc…) do not prevent
accident is 0.01. Assume the value for Beirut is
consistent with this, and has been confirmed by
Beirut operational experts.

0.01

Recovery with
MSAW and/or
TAWS

MSAW barrier failure (ineffective MSAW warning)
includes tool not fitted, no timely warning, no or
inadequate ATCO response to warning. It is
considered that MSAW brings some positive safety
contribution on the final approach path, provided it is
tuned to cover appropriately the Final Approach,
(compared to the case with radar but without MSAW,
where radar monitoring in the Final Approach Area
can’t be credited as a barrier). Consequently the
figure adopted by the EUROCONTROL assessment is
0.5.
TAWS barrier failure (ineffective TAWS warning)
includes no timely warning (no, late, inappropriate)
and pilot inadequate response to warning (not heard,
not followed, incorrect avoidance action). The figure
adopted by the EUROCONTROL assessment is 5.0e03.
Assume the values for Beirut are consistent with
these failure values, resulting in 2E-3 for the
combined mitigation. This has been confirmed by
Beirut operational experts.

0.0025

Mitigation

Table F-3: List of mitigations
F.4

Consequences of hazards
All possible final consequences of hazards were analysed and are summarised
below. Final consequence represents an outcome of sequence of events triggered
by occurrence of a hazard. Final consequences may occur with different likelihood
and may have different severity of effects. The severity of effect is divided into
categories that are defined by EUROCONTROL ESARR4 classification scheme (see
Table F-2). Alternative classification, which is used in this event tree analysis, is
available in CS25.1309 (see ######). Each LPV approach can result into five final
events. Three of them are catastrophic accidents, in particular CFIT, landing
accident and MAC. The other two are missed approach, which according to CS25
scheme has minor effect on safety with increased flight crew workload, and safe
landing which is a normal situation and this does not have any effect on safety.
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ID

Consequence

Severity of effect

C1

Controlled Flight Into Terrain (CFIT)

Catastrophic

C2

Landing accident

Catastrophic

C3

Mid-Air Collision (MAC)

Catastrophic

C4

Missed approach

Minor

C5

Safe landing

No safety effect

Table F-4: Summary of consequences of hazards
F.5

Event tree strategy
Event Tree Analysis (ETA) was used to perform the consequence analysis on each
of the five Hazards. The Event Trees provide a graphical representation of all the
sequences of events developing subsequent to a Hazard occurrence and their final
outcomes. Rough probability values were assumed for the events/barriers
occurrence, based on the EUROCONTROL generic safety case or judgement of the
team.
Due to the carriage requirements of CS-25 [2], ATC and airborne safety nets
equipment MSAW and TAWS respectively have been included as a potential barrier
to prevent accidents.
Each event in an event tree is symbolised as a node and probabilities are linked to
each node. Lines leaving from a node to another one represent all potential
outcomes from that event. The outcomes might be:


Success of the event;



Failure of the event;



Null means the event has no impact on the downstream sequence because
either this means that this is the end of a sequence, or the event is considered
as optional.

The format used for the Event Trees presented later in this Appendix is as follows:
1) The left-hand column shows the initiating event, ie the Hazard in question. The
“w” value at the head of the column is the frequency at which Hazard occurs.
This has been set to unity (w=1.000) so that the frequency values for the various
outcomes, shown in the right-hand column, in effect represent the probability
that each outcome will occur, given that the Hazard has actually occurred. For
example, the probability that H3 would lead to a catastrophic accident is 3.125
E-05.
2) The penultimate column (second from the right) shows the ultimate
consequences (i.e. missed approach, safe landing, CFIT, landing accident or
MAC) and categorisation of the severity of the various possible outcomes of the
Hazard, expressed as both plain text and (in parentheses) in terms of the AMC
25.1309 severity scheme reproduced in the #######.
3) The intervening columns show the events that were identified as providing
potential mitigations of the consequences (see Table F-3) of the Hazard (also
called barriers). Mitigations of consequence are those that reduce the probability
of severity of the outcomes and probability that the Hazard would lead to an
accident (given that the Hazard had occurred). Mitigations of cause are those
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that reduce the likelihood of the Hazard occurring in the first place, and are
addressed at the FTA stage. The Q values show the probability that the related
mitigation would not be successful. The probability of success/failure for each of
the mitigation stages comes from the GIANT project, EUROCONTROL generic
LPV safety case and have been validated at the HAZID workshop at ######. It
is usual to show the mitigations in the order in which they are most likely to occur,
in order to aid understanding and help ensure that the logic is correct and
complete. However, the order does not affect the mathematical correctness of
the resulting computations, and it is sometimes preferable to change the order
so as to reduce unnecessary complexity in the Event Tree caused by repeated
mitigations.
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F.5.1

Hazard 3 – Fly low while intercepting the final approach path
Aircraft wrongly flying towards FAF at a lower altitude than the approach procedure
minima involves a risk of Controlled Flight into Terrain, if obstacle is present in that
area. If there is no obstacle, the aircraft will intercept the final approach path beyond
FAF, and the procedure will run normally.
Obstacle proximity can be detected and recovered by the pilot using visual cues,
ATC radar monitoring, MSAW/TAWS and under specific conditions (depending on
weather, day/night, airport lighting, surrounding vicinity lighting, etc.). If all barriers
fail, the final consequence is a CFIT accident.
Fly low while
intercepting the final
approach path

Deviation is not
towards obstacle

Recovery via ATC
radar monitoring specific to H3

Recovery with
MSAW and/or
TAWS

Recovery with visual
cues

w=1

Q=0.05

Q=0.5

Q=0.0025

Q=0.5

H3

MITIGATION - M1

MITIGATION - M9

MITIGATION - M12

MITIGATION - M6

Success:Q=0.95

Consequence

Frequency

1

Null:Q=1

Null:Q=1

Null:Q=1

Missed approach or
safe landing (minor)

0.95

Success:Q=0.5

Null:Q=1

Null:Q=1

Missed approach or
safe landing (minor)

0.025

Success:Q=0.9975

Null:Q=1

Missed approach or
safe landing (minor)

0.02494

Success:Q=0.5

Missed approach or
safe landing (minor)

3.125E-05

CFIT (catastrophic)

3.125E-05

Failure:H3

Failure:Q=0.05

Failure:Q=0.5

Failure:Q=0.0025

Failure:Q=0.5

Figure F-1: H3 event tree - fly low while intercepting the final approach path
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The effect of the H3 is either a CFIT with catastrophic consequences or missed
approach or safe landing which have minor safety effect. Flying low while
intercepting the final approach path results in a CFIT occurring with 3.125 E-05
probability and missed approach or safe landing occurring with 0.99997 probability.
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F.5.2

Hazard 4 – Attempt to intercept the final approach path from above
The conditions leading to this hazard are either failure to laterally intercept the final
approach track or aircraft at too high altitude prior to FAF. In both cases aircrew fails
to intercept the glide slope and, instead of launching a MA, decide to intercept it
from above, in violation of the normal procedure.
Intercepting the final approach path from above is today a non-standard procedure
for ILS involving a significant risk, but it is tolerated by some airlines. The aircraft
must descend with a higher rate and in the meantime it must decelerate to configure
for landing (extending flaps and lowering gear), involving need to lose a lot of energy
quickly. There is a risk that this is not possible so the aircrew will not be able to
stabilize the aircraft path.
For LPV (and ILS) approaches, at a given point along the FAS prior to FAF, there is
an operating procedure to check that the aircraft is stabilised on the approach. If
not, the procedure prescribes a MA. However, there are two cases that can lead to
a landing accident.
When MA is not initiated in time, then the flight crew can again make an assessment
of the situation, if in visual with terrain and depending on external conditions, try to
recover. If all barriers fail, the final consequence will be risk for landing too far
beyond threshold, hard landing, the aircraft being at an unexpected position for
tower and other aircraft on the ground (if visual).
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Attempt to intercept
the glideslope from
above

Approach is
stabilising

MA initiated

Recovery with visual
cues

External conditions
(RWY dry or long,
luck, etc.)

w=1

Q=0.1

Q=0.5

Q=0.5

Q=0.01

H4

MITIGATION - M4

MITIGATION - M3

MITIGATION - M6

MITIGATION - M11

Success:Q=0.9

Consequence

Frequency

1

Null:Q=1

Null:Q=1

Null:Q=1

Safe landing - no
safety effect

0.9

Success:Q=0.5

Null:Q=1

Null:Q=1

Missed approach or
safe landing (minor)

0.05

Success:Q=0.5

Null:Q=1

Missed approach or
safe landing (minor)

0.025

Success:Q=0.99

Safe landing - no
safety effect

0.02475

Failure:Q=0.01

Landing accident
(catastrophic)

0.00025

Failure:H4

Failure:Q=0.1

Failure:Q=0.5

Failure:Q=0.5

Figure F-2: H4 event tree - attempt to intercept the final approach path from
above
When the flight crew has not detected that the aircraft is still not stabilized, that might
end up on the last segment of final approach either too high or with a speed that is
too high for a safe landing. Ultimately, this results into a risk for landing too far
beyond threshold, hard landing, the aircraft being at an unexpected position for
tower and other aircraft on the ground (if visual). It is assumed that radar monitoring
(and MSAW) would not be an efficient recovery barrier to this Hazard. Other safety
nets, such as TAWS, would not mitigate this Hazard consequence either.
The effect of the H4 is either landing accident with catastrophic consequences or
missed approach or safe landing, which has minor or no safety effect. The sequence
of events initiated by an attempt to intercept the final approach path from above
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results in a landing accident occurring with 2.50 E-04 probability and missed
approach or safe landing occurring with 0.99975 probability.
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F.5.3

Hazard 6 – Failure to follow the correct final approach path
H6 occurs when loaded FAS is incorrect or the aircraft is not maintained on the
correct FAS (the position estimation is incorrect or the guidance instructions are
incorrect or the trajectory is not adequately adjusted). Only the scenario where the
deviation is towards an obstacle is further developed.
After the interception of the FAS, the aircrew might detect some types of FAS errors
or deviations via airborne means (including TAWS), MSAW and will initiate a MA. If
not, the flight crew may ultimately recover from this situation via the visual cues
(dependent on weather, day/night, airport lighting, surrounding vicinity lighting, etc.).
If all barriers fail, this operational hazard leads to a CFIT accident.
The generic LPV safety case assumed that ATC monitoring via radar is not an
efficient barrier to this hazard. Note that the quantitative assumptions related to
MSAW/TAWS are relevant only if it has been proven that hazards causes and
barriers/events causes are independent. With respect to OH6, a dependency has
been identified between the hazard and one of its barriers: TAWS may use the same
vertical position estimation as the aircraft guidance system, consequently an
undetected wrong GNSS signal or a wrong position estimation by NAV computer
are common cause failures that invalidate that barrier. The following assumption is
therefore defined.
ASSUM.5 Vertical guidance source for TAWS is independent from aircraft guidance

system.
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Failure to follow the
correct final
approach path

Deviation is not
towards obstacle

Recovery via
aircrew detection
onboard

Recovery with
MSAW and/or
TAWS

Recovery via visual
cues

w=1

Q=0.05

Q=0.5

Q=0.0025

Q=0.5

H6

MITIGATION - M1

MITIGATION - M7

MITIGATION - M12

MITIGATION - M6

Success:Q=0.95

Consequence

Frequency

1

Null:Q=1

Null:Q=1

Null:Q=1

Missed approach or
safe landing (minor)

0.95

Success:Q=0.5

Null:Q=1

Null:Q=1

Missed approach or
safe landing (minor)

0.025

Success:Q=0.9975

Null:Q=1

Missed approach or
safe landing (minor)

0.02494

Success:Q=0.5

Missed approach or
safe landing (minor)

3.125E-05

CFIT (catastrophic)

3.125E-05

Failure:H6

Failure:Q=0.05

Failure:Q=0.5

Failure:Q=0.0025

Failure:Q=0.5

Figure F-3: H6 event tree - failure to follow the correct final approach path
The effect of the H6 is either CFIT with catastrophic consequences or missed
approach or safe landing, which have minor safety effect. Failure to follow the
correct final approach path results in a CFIT occurring with 3.125 E-05 probability
and missed approach or safe landing occurring with 0.99997 probability.
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F.5.4

Hazard 7 – Descending below DA without visual
Descending below DA without visual involves a risk for CFIT, despite the protection
margin included into the DA design. Note that TAWS is not activated at that low
altitude.
If the aircraft manages to descend safely to an altitude where visibility is available,
there is still a risk for the aircraft to be in a wrong position for a safe landing.
If the aircrew takes the risk of attempting to land while in that configuration (instead
of launching a MA in time and executing it safely despite the potential lateral
deviation), the outcome is landing short or to one side of the runway.
ATC monitoring (and MSAW) via radar would not be an efficient barrier to this
Hazard. Other safety nets, such as TAWS, would not mitigate this Hazard either.
Descend below DA
without visual

Deviation is not towards
obstacle

Aircraft is in right
position for landing

Missed approach timely
initiated and correctly
executed

w=1

Q=0.05

Q=0.5

Q=0.5

H7

MITIGATION - M1

MITIGATION - M5

MITIGATION - M3

Success:Q=0.5

Success:Q=0.95

Failure:H7

Consequence

Frequency

1

Null:Q=1

Safe landing - no safety
effect

0.475

Success:Q=0.5

Missed approach or safe
landing (minor)

0.2375

Failure:Q=0.5

Landing accident
(catastrophic)

0.2375

CFIT (catastrophic)

0.05

Failure:Q=0.5

Failure:Q=0.05

Null:Q=1

Null:Q=1

Figure F-4: H7 event tree - Descend below DA without visual
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The effect of the H7 is either CFIT or landing accident with catastrophic
consequences or missed approach or safe landing, which have minor or no safety
effect. Descending below DA without visual results in a CFIT occurring with 0.05
probability, landing accident occurring with 0.2375 probability or a missed approach
or safe landing occurring with 0.7125 probability.
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F.5.5

Hazard 8 – Failure to execute correct Missed Approach
It is expected that the crew is very much aware of the missed approach route to be
flown. Nevertheless, on occurrence of this hazard, the resulting deviation might be
towards an obstacle or another aircraft.
The aircrew or ATC might detect some types of deviations via airborne means and
radar monitoring respectively and try to recover. The aircrew may ultimately recover
from this situation via the visual cues (dependent on weather, day/night, airport
lighting, surrounding vicinity lighting, etc.). If these barriers fail, this operational
hazard can lead to either a CFIT or MAC accident, depending on whether the
deviation is towards an obstacle or aircraft.
Failure to execute
correct Missed
Approach - CFIT

Deviation is not
towards obstacle

Recovery via
aircrew detection
onboard - specific to
H8

Recovery via ATC
radar monitoring specific to H8

Recovery via visual
cues

w=1

Q=0.05

Q=0.1

Q=0.1

Q=0.5

H8-CFIT

MITIGATION - M1

MITIGATION - M8

MITIGATION - M10

MITIGATION - M6

Success:Q=0.95

Consequence

Frequency

1

Null:Q=1

Null:Q=1

Null:Q=1

Missed approach or
safe landing (minor)

0.95

Success:Q=0.9

Null:Q=1

Null:Q=1

Missed approach or
safe landing (minor)

0.045

Success:Q=0.9

Null:Q=1

Missed approach or
safe landing (minor)

0.0045

Success:Q=0.5

Missed approach or
safe landing (minor)

0.00025

CFIT (catastrophic)

0.00025

Failure:H8-CFIT

Failure:Q=0.05

Failure:Q=0.1

Failure:Q=0.1

Failure:Q=0.5

Figure F-5: H8 event tree - failure to execute the correct missed approach CFIT
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Failure to execute
correct Missed
Approach - MAC

The deviation is not
towards another
aircraft

Recovery via
aircrew detection
onboard - specific to
H8

Recovery via ATC
radar monitoring specific to H8

Recovery via visual
cues

w=1

Q=0.05

Q=0.1

Q=0.1

Q=0.5

H8-MAC

MITIGATION - M2

MITIGATION - M8

MITIGATION - M10

MITIGATION - M6

Success:Q=0.95

Consequence

Frequency

1

Null:Q=1

Null:Q=1

Null:Q=1

Missed approach or
safe landing (minor)

0.95

Success:Q=0.9

Null:Q=1

Null:Q=1

Missed approach or
safe landing (minor)

0.045

Success:Q=0.9

Null:Q=1

Missed approach or
safe landing (minor)

0.0045

Success:Q=0.5

Missed approach or
safe landing (minor)

0.00025

Failure:Q=0.5

Mid Air Collision
(catastrophic)

0.00025

Failure:H8-MAC

Failure:Q=0.05

Failure:Q=0.1

Failure:Q=0.1

Figure F-6: H8 event tree - failure to execute correct missed approach - MAC
The effect of the H8 is either a CFIT or MAC with catastrophic consequences or a
missed approach or safe landing, which both have minor safety effect. The
sequence of events initiated by failure to execute the correct missed approach
results in a CFIT occurring with 2.50 E-04 probability or a missed approach or safe
landing occurring with 0.99975 probability.
The other sequence of events initiated by H8 can lead to MAC occurring with 2.50
E-04 probability or to a missed approach or safe landing occurring with 0.99975
probability.
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F.6

Safety objectives allocation
The next step in the event tree analysis is to allocate global TLSs from Appendix
F.2.2 to particular hazards identified in Appendice E. For this purpose risk trees for
individual accident categories (CFIT, Landing accident and Mid-air Collision) are
provided on the following pages.

F.6.1

Candidate Safety Objectives for CFIT
The event tree analysis (see Sections F.3 to F.5.5) has identified that H3, H6, H7
and H8 contribute to CFIT. A risk tree is developed providing the contribution of
each hazard to this accident. It provides the allocation of the TLS among the various
branches, accounting for the sequence of events leading to CFIT, once the hazard
has occurred.
Controlled Flight
Into Terrain
during a LPV
operation

ACC-CFIT

H6 contribution
to CFIT

H3 contribution
to CFIT

H7 contribution
to CFIT

H8 contribution
to CFIT

Margin given for
other new or not
identified Hazards
leading to CFIT

H6-CFIT

H3-CFIT

H7-CFIT

H8-CFIT

MARGIN-CFIT
Q=2E-09

Sequence of
events initiated
by H6 and
leading to CFIT

Failure to maintain
an aircraft on the
final approach
path

Sequence of
events initiated
by H3 and
leading to CFIT

Fly low while
intercepting final
approach path

Sequence of
events initiated
by H7 and
leading to CFIT

H6 (LEADING TO CFIT)

H6

Q=3.125E-05

Q=6.4E-05

Descending
below DA without
visual

Sequence of
events initiated
by H8 and
leading to CFIT

H3 (LEADING TO CFIT)

H3

Q=3.125E-05

Q=6.4E-05

Failure in the
execution of a
MA of an LPV
procedure

H7 (LEADING TO CFIT)

H7

H8 (LEADING TO CFIT)

H8

Q=0.05

Q=4E-08

Q=0.00025

Q=8E-06

Figure F-7: Risk tree for CFIT
The allocation was done by equally apportioning the TLS among the five branches
that compose the risk tree, in which the right-hand branch provides a risk budget
margin to cope with new hazards that might be potentially identified in the next
safety assessment steps.
Then using the Q probabilities coming from the event tree analysis section, and
assuming that the initiating Hazard and the associated sequence of events leading
to CFIT do not display common or dependant causes of failure, the candidate safety
objectives were computed.
The candidate Safety Objectives for CFIT, resulting from the application of the
allocation method described above are presented in the next table.
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Candidate safety objective

Contribution of the
branch to the CFIT TLS

H3

6.40 E-05

20%

H4

Not applicable - Hazard does not
lead to CFIT

-

H6

6.40 E-05

20%

H7

4.00 E-08

20%

H8

8.00 E-06

20%

Safety margin

2.00 E-09

20%

Hazard

Table F-5: Candidate safety objectives for CFIT (per approach)
However, note that some hazards may contribute to a particular type of accident
more while other hazards’ contribution may be relatively negligible. For example,
contribution of flying low while intercepting the glide slope (H3) to CFIT may be
higher than contribution of failure to execute the correct missed approach (H8),
because the altitude of aircraft and thus distance from obstacles during final
approach would be lower than during the missed approach. Thus, the probability of
CFIT when H3 occurs would be higher than for H8.
The likelihood of CFIT is higher during approach and landing phase than during any
other phase of flight. The Australian Transport Safety Bureau analysed CFIT
accidents from 1996 to 2005 involving Australian civil registered aircraft within
Australian territory engaged in scheduled public transport and general aviation
operations [14]. The study concluded that 63% of CFIT accidents occur in the
approach phase of flight. A different study conducted on CFITs [15] by NLR revealed
that only about 3% of CFITs occurred during “go-arounds” which in terms of flight
crew actions and workload can be considered as similar to missed approach
procedure. On this basis, it could be argued that we could allocate a lower
component of the CFIT TLS to Hazard 8 branch (e.g. 10%), which relates to missed
approach, and greater components to branches with other Hazards which occur
during final approach phase. However, we allocated the same portion to each
hazard; hence we have applied relatively strict objectives to H3, H6 and H7. Thus
we have built-in certain additional safety margin into the safety assessment for CFIT.
F.6.2

Candidate Safety Objectives for Landing Accident
The allocation process is detailed in the risk tree shown in the next figure. Both H4
and H7 contribute to landing accident, in combination with the event sequences
initiated by the Hazards that lead to landing accident.
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Landing accident
during a LPV
operation

ACC-LA

H4 contribution
to landing
accident

H7 contribution
to landing
accident

Margin given for other
new or not identified
Hazards leading to
landing accident

H4-LA

H7-LA

MARGIN-LA
Q=6.6E-08

Sequence of
events, initiated by
H4 and leading to
landing accident

Attempt to
intercept the final
approach path
from above

Sequence of
events initiated by
H7 and leading to
landing accident

Descending
below DA without
visual

H4 (LEADING TO LA)

H4

H7 (LEADING TO LA)

H7

Q=0.00025

Q=0.000267

Q=0.2375

Q=2.81E-07

Figure F-8: Risk tree for landing accident
The candidate Safety Objectives for Landing Accident are presented in the next
table.
Hazard

Candidate safety objective

Contribution of the branch to
the LA TLS

H3

Not applicable - Hazard does
not lead to LA

-

H4

2.67 E-04

33%

H6

Not applicable - Hazard does
not lead to LA

-

H7

2.81 E-07

33%

H8

Not applicable - Hazard does
not lead to LA

-

Safety margin

2.67 E-08

33%

Table F-6: Candidate safety objectives for landing accident
F.6.3

Candidate Safety Objectives for Mid Air Collision
Only H8 was found to lead to MAC. The following figure presents the top-down
allocation of the safety objective of this Hazard without radar.
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Mid Air Collision

ACC-MAC

H8 contribution
to mid air
collision

Margin given for other
new or not identified
Hazards leading to
mid air collision

H8-MAC

MARGIN-MAC
Q=5E-11

Sequence of
events initiated
by H8 and
leading to MAC

Failure in the
execution of a
MA of an LPV
procedure

H8 (LEADING TO MAC)

H8

Q=0.00025

Q=2E-07

Figure F-9: Risk tree for mid air collision
The candidate safety objectives derived from mid air collision TLS are presented in
the next table.
Candidate safety objective
(for non-radar environment)

Contribution of the branch to
the MAC TLS

H3

Not applicable - Hazard does
not lead to MAC

-

H4

Not applicable - Hazard does
not lead to MAC

-

H6

Not applicable - Hazard does
not lead to MAC

-

H7

Not applicable - Hazard does
not lead to MAC

-

H8

2.00 E-07

50%

Safety margin

5.00 E-11

50%

Hazard

Table F-7: Candidate safety objectives for mid air collision
F.6.4

Summary of candidate safety objectives
This section has shown contribution of individual hazards to each accident category
based on established TLSs and based on event tree analysis. The following table
summarises candidate safety objectives. Some hazards can lead to more than one
accident category. In such case, the more stringent safety objective applies.
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Accident category

Hazard

CFIT

Landing accident

MAC

H3

6.40 E-05

n/a

n/a

H4

n/a

2.67 E-04

n/a

H6

6.40 E-05

n/a

n/a

H7

4.00 E-08

2.81 E-07

n/a

H8

8.00 E-06

n/a

2.00 E-07

Table F-8: Summary of candidate safety objectives
F.7

Final safety objectives
The following table comprises the final safety objectives, obtained from the
allocation of the TLS for CFIT, landing accident and MAC, expressed in accidents
per approach. When one hazard has more than one ultimate consequence, the most
constraining objective was kept. For instance, for H7 the candidate safety objective
derived from landing accident TLS is 2.81 E-07 and the one derived from CFIT TLS
is 4.00 E-08, consequently the final safety objective is 4.00 E-08.

ID

Title

Consequences

SO in Beirut
environment

H3

Fly low while
intercepting the final
approach path

Missed approach if detected
Safe landing if undetected and barriers work
CFIT if undetected and barriers fail

6.40 E-05

H4

Attempt to intercept the
final approach path
from above

Missed approach or safe landing if barriers work
CFIT if barriers fail

2.67 E-04

H6

Failure to follow the
correct final approach
path

Missed approach or safe landing if detected and/or
barriers work
CFIT if undetected and barriers fail

6.40 E-05

H7

Descending below DA
without visual

Missed approach if detected
Safe landing if barriers work
Landing accident if deviation is not towards obstacle
but other barriers fail
CFIT if undetected and in case deviation is towards
obstacle

4.00 E-08

H8

Failure to execute
correct missed
approach

No major impact on safety if detected and corrected
- ultimate result would be missed approach or safe
landing
CFIT if all barriers fail and deviation is towards
obstacle
MAC if all barriers fail and deviation is towards
aircraft

2.00 E-07

Table F-9: Final safety objectives (per approach)
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G

Fault tree analysis

G.1

Introduction

Commented [PC3]: All Fault Trees to be updated following
workshop

This section contains fault tree analysis performed for each of the five hazards
identified in Appendix E, in particular:


H3 - Fly low while intercepting the final approach path (vertical profile);



H4 - Attempt to intercept the final approach path from above (vertical profile);



H6 - Failure to follow the correct final approach path;



H7 - Descending below DA without visual;



H8 - Failure to execute correct Missed Approach.

Fault tree analysis is used in order to conduct a causal analysis of Hazards identified
during the FHA. All the causes that can potentially lead to a hazard are identified in
a fault tree as far as practicable. Note that numbering of Hazards has been retained
from the EUROCONTROL generic safety case to allow for backward traceability.
Resulting Beirut SRs, IRs and assumptions are traced to EUROCONTROL generic
SRs in Appendix I.
This section is derived from the PSSA of LPV Approaches in the ECAC area [16].
Of course, certain modifications have been made to adjust the fault tree analysis to
the local environment. Some fault trees were developed in more detail to allow for
full quantification of all events included in them.
EUROCONTROL PSSA provides detailed analysis of Hazards’ causes and their
safeguards, which are then compared to ILS approach. Most of the causes and
safeguards of LPV and ILS approach are identical, but some differences exist. The
EUROCONTROL PSSA highlighted these differences and proposed safety
requirements and recommendations that were based on the qualitative and
quantitative analysis of Hazards. However, EUROCONTROL quantitative analysis was
performed only for those hazards where risk differences between LPV and ILS
approaches were identified, i.e. for H6 and H8.
For Beirut, quantitative analysis was performed for all the Hazards to ensure a
comprehensive assessment for the local operational environment. The aim of the
quantitative analysis is to derive quantitative (integrity) safety requirements to meet
the Hazard Safety Objective. Additional functional and performance safety
requirements support the ability of meeting the integrity safety requirements, where
necessary.
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G.2

H3 fault tree
H3 occurs when an aircraft incorrectly flies towards the FAF at a lower altitude than
the approach procedure minima. This involves a risk of CFIT, if an obstacle is
present in that area. The LPV approach includes the initial, intermediate and final
approach path. The Hazard occurs prior to intercepting the final approach segment.
The safety objective for H3 is 6.40 E-05.

G.2.1

Basic causes
H3 is incurred by combination of the following basic causes (see Hazard fault tree):


Procedure validation error [PROC_VAL_ERR] - an error occurs during the
procedure validation which results into a situation that the erroneous procedure
which was published will also be approved for operation.



Error in coding the procedure [ERR_CODE_PROC] - erroneous database
provided due to error in coding the procedure.



Procedure publishing error [PROC_PUB_ERR] - error in procedure published in
AIP chart



Aircraft database coding / packing error [ERR_AC_DB] - aircraft database
coding/packing error.



Error in DB loading tools [ERR_DB_LOAD_TOOLS] - an error occurs during the
loading of the RNAV database in an aircraft.



High pressure given by ATC/AFIS (HIGH_PRES_ATC) - wrong QNH/QFE is
given by AFIS which results into wrong pressure set on the altimeter of an
aircraft.



High pressure given by MET system (HIGH_PRES_SYS) - wrong QNH/QFE is
given by a MET system because of en error in production of MET data. This
results into wrong pressure set on the altimeter of an aircraft.



High pressure set by pilot (HIGH_PRES_PIL) - pilot misunderstands QNH/QFE
or mis-sets the altimeter.

The following table summarises all the events and presents their probability of
occurrence.
Cause (Event)

Probability of
occurrence
[per approach]

Source

Procedure validation error

4.20 E-04

Assumption – validated locally

Error in coding the procedure

1.00 E-08

GIANT safety assessment

Procedure publishing error

1.00 E-07

GIANT safety assessment

Aircraft DB coding/packing error

1.00 E-07

GIANT safety assessment

Error in DB loading tools

1.00 E-08

RNAV APP safety study

High pressure given by ATC/AFIS

1.63 E-06

Analysis of QNH incidents

High pressure given by MET
system

1.26 E-06

RNAV APP safety study

High pressure set by pilot

1.63 E-06

Analysis of QNH incidents

Table G-1: H3 basic events
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Fly low while
intercepting final
approach path

H3
Q=4.63E-06

Undetected
erroneous
altitudes in
defined path

Pressure setting
too high - flying
too low

WRONG PATH ALT

PRES_SET_HIGH
Q=4.52E-06

Q=1.1E-07

Promulgated
procedure (AIP)
contains incorrect
ALT or is not current

INC_AIP_ALT
Q=4.62E-11

Promulgated A/C
DB contains
incorrect altitudes
or is not current

DB loaded on an
aircraft is
erroneous or not
current or wrong

ATC/AFIS passes
wrong info or system
error in production of
MET data

Pilot misunderstands
QNH/QFE or
mis-sets the
altimeter

INCORRECT DB ALTITUDE

DB_ALT_LOAD_ERR

HIGH_AFIS_PRES
Q=2.89E-06

HIGH_PILOT_PRES

Procedure design
error not detected
in procedure
validation

Erroenous
procedure
published and
undetected

A/C DB coding /
packing error

Error in DB
loading tools

Wrong QNH/QFE
given by
ATC/AFIS (too
high)

Wrong QNH/QFE
indicated by MET
system (too high)

Wrong QNH/QFE
set by flight crew
(too high)

PROC_VAL_ERR

ERR_PROC
Q=1.1E-07

ERR_AC_DB

ERR_DB_LOAD_TOOLS

HIGH_PRES_ATC

HIGH_PRES_SYS

HIGH_PRES_PIL

Q=1E-07

Q=1E-08

Q=1.63E-06

Q=1.26E-06

Q=1.63E-06

Q=0.00042

Error in coding
the procedure

Probability of
procedure
publishing error

ERR_CODE_PROC

PROC_PUB_ERR

Q=1E-08

Q=1E-07

Figure G-1: H3 fault tree
G.2.2

Safety requirements derivation
The identified causes of H3 and their associated safeguards are applicable to the
context of the intercept from the RNAV approach to the final approach path.
However, there are two particular points which need to be addressed:


Survey of obstacles;



Validation of the procedure.

Therefore in order to achieve the acceptable level of safety, the following
requirements are derived:
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SR.10

the Lebanese Directorate of Civil shall determine the need for performing
a specific survey of obstacles dedicated to the introduction of a LPV
approach procedure.

SR.11

the Lebanese Directorate of Civil shall determine the level of validation
of the LPV approach procedure including flight testing, which shall be at
least as specified in ICAO Doc 9906 vol 2 & vol 5.
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The EUROCONTROL PSSA also provides recommendation with respect to incorrect
AIP altitude prior to FAS:
REC1: to reduce the occurrence of incorrect encoding of the procedure in a paper
format, and to reduce an error affecting the chart and/or the table during the
transport it is recommended that the transfer of procedure data from designer to
data supplier should be electronic, to avoid data corruption on paper support (as
such, the formatted table encoding the procedure would be on a file attached to the
AIP).
REC1 is provided for information only; it is not strictly required in this safety
assessment, although it could contribute to increased level of safety (ie wider margin
between safety requirement and achieved evidence to meet the safety requirement.
The causes leading to an error of mis-setting QNH can be assumed to be mitigated
by crew drills mandating the timely cross-checking of baro altimeter against the chart
altitude for specific waypoints, for instance 4NM before the missed approach
waypoint/runway threshold, or at FAF. This action confirms that the QNH has been
correctly set when the aircraft is on the published descent profile. To capture
communication induced QNH setting errors, we have defined the following
additional safety requirements, along with assumption to be validated.
ASSUM.6 Flight crew will contact AFIS before the FAF and will confirm that the

QNH previously set on the altimeter at the beginning of approach is
correct.
SR.12

AFIS information about traffic, including QNH information, shall be
continuously available to flight operations.

SR.13

The LPV procedure shall include a baro-altitude cross-check against a
published altitude on passing a specific point. This involves including a
reference point (for instance 4 NM before the missed approach
waypoint/runway threshold) and the associated altitude.

In order to measure the effectiveness of these SRs and assumption, an integrity
safety requirement (IR) is defined that should be confirmed through monitoring of
the approach procedure, including integration within the reporting and monitoring of
the performance of the instrument approach procedure. The following IR is based
on the assumption that in 95% of cases, this additional check will capture an
incorrect setting of QNH by the flight crew either as a result of an error by the
ATC/AFIS Officer or the flight crew at the beginning of the procedure.
IR.1

The probability that a wrong QNH setting will not be identified by flight
crew during the additional check of QNH with ATC/AFIS at a specific
point (such as FAP) shall be no more than 0.05.

The following integrity safety requirements (IRs) have also been identified through
the FTA:
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IR.2

The probability of a procedure validation error, i.e. procedure design
error is not detected during validation, shall be no more than 4.2 E-04
per final approach.

IR.3

The probability of error occurring during the procedure coding shall be
no more than 1.0 E-08 per final approach.
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IR.4

The probability of procedure publishing error shall be no more than 1.0 E07 per final approach.

IR.5

The probability of aircraft database coding/packing error shall be no
more than 1.0 E-07 per final approach.

IR.6

The probability of error occurring in the RNAV database loading tools in
an aircraft shall be less than 1.0 E-08 per final approach.

IR.7

The probability of ATC/AFIS Officer providing wrong QNH/QFE (high) to
flight crew (given that MET system indicates the correct pressure) shall
be no more than 1.63 E-06 per final approach.

IR.8

The probability of the MET system indicating wrong QNH/QFE (high)
shall be no more than 1.26 E-06 per final approach.

IR.9

The probability of flight crew setting wrong QNH/QFE (high) on an
altimeter (given that ATC/AFIS Officer provides correct QNH) shall be no
more than 1.63 E-06 per final approach.

We assume it is realistic to meet these integrity safety requirements, including IR.7,
IR.8 and IR.9. Requirements IR.7 and IR.9 are based on the analysis of QNH
incidents related to wrong altimeter setting during the final approach phase. By
comparing the number of reported QNH incidents to the total number of flights
conducted, we were able to calculate approximate probability of occurrence of
wrong QNH setting per final approach.
The requirement (IR.8) related to MET system specifies that the probability of
indication of wrong QNH at the aerodrome, either too low or too high, shall be no
more than 1.26 E-06. Considering that reliability equal to 1.26 E-06 erroneous
indications per approach seems to be too stringent for single barometer, the
Aerodrome Operator shall ensure that the equipment installed at the aerodrome
uses at least two independent sensors for pressure measurement. In addition, to
satisfy this requirement, contingency arrangements shall be developed and followed
in the event of the failure or unavailability of the pressure measurement equipment.
More detailed guidance on the equipment performance and contingency measures
is provided in UK CAP 746 - Meteorological observations at aerodromes [17]. The
following safety requirements therefore apply.

G.2.3

SR.14

MET equipment installed at the aerodrome shall use at least two
independent sensors for pressure measurement.

SR.15

Contingency arrangements shall be developed and followed in the event
of the failure or unavailability of the MET pressure measurement
equipment.

Conclusion
The allocated safety objective for H3 is 6.40 E-05. The calculated probability of
occurrence for H3 is 4.63 E-06. Therefore the safety objective for H3 is met subject
to the safety requirements defined in G.2.2 being met and assumption validated. On
the basis of validated CONOPS, by complying with these requirements and
validating the assumption, this will ensure that H3 contribution to CFIT will remain
as low as reasonably practicable.
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G.3

H4 fault tree
H4 is an attempt to intercept the final approach path from above. Aircrew may fail to
intercept the glide slope and instead of launching a MA, it may decide to intercept it
from above, in violation of the normal procedure.
The safety objective for H4 is 2.67 E-04.

G.3.1

Basic causes
H4 is incurred by combination of the following basic causes (see Hazard fault tree):


Incorrect lateral intercept [LAT_INTERC_ERR] - pilot error to follow the heading
or incorrect lateral intercept manoeuvre. This can occur due to insufficient time
to prepare for the intercept, high speed, problem with NAV mode switching or
with the VTF function (or equivalent), incorrect path, etc. Incorrect lateral
intercept can also be caused by inappropriate radar vectoring by ATC.



ATC/AFIS provides low pressure [LOW_PRES_ATC] - the QNH/QFE is
erroneously obtained in the aircraft prior to commencing the approach due to an
ATC/AFIS error when passing the meteorological information. Note that this
event is slightly different from the event in H3 fault tree because in H3 ATC/AFIS
passes too low pressure while in H4 too high pressure is passed. However,
probability of occurrence of both events should be the same.



MET passes low pressure [LOW_PRES_SYS] - the QNH/QFE indicated by the
MET system is wrong (too low) due to a system error in the production of
meteorological data and not detected by ATC/AFIS.



Pilot sets low pressure [LOW_PRES_PILOT] - the QNH/QFE is erroneously
inputted in the altimeter or has been erroneously understood in the message
provided by ATC/AFIS.



No vertical intercept [NO_VERT_INTERC] - this builds up the situation where
the flight crew fails to intercept the glide slope and retries. There is an incorrect
vertical intercept manoeuvre, insufficient time to prepare for the intercept, or the
speed is too high.

The following table summarises all the H4 events and presents their probability of
occurrence.
Cause (Event)

Probability of
occurrence
[per approach]

Source

Incorrect lateral intercept

2.10 E-07

RNAV APP safety study

Low pressure given by ATC/AFIS

1.63 E-06

Analysis of QNH incidents

Low pressure given by MET
system

1.26 E-06

RNAV APP safety study

Low pressure set by pilot

1.63 E-06

Analysis of QNH incidents

No vertical intercept

4.20 E-08

RNAV APP safety study

Table G-2: H4 basic events
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Attempt to
intercept the final
approach path
from above

H4
Q=4.772E-06

Lateral intercept point
made too close to the
runway (above final
approach)

Pressure setting
too low - flying
too high

Crew fails to
intercept the
glide slope and
retries

INTERCEPT POINT

PRESSURE LOW
Q=4.52E-06

TOO LATE

Incorrect lateral
intercept (too
late)

ATC/AFIS passes low
pressure or system
error in production of
meteorological data

Wrong QNH/QFE
indicated by MET
system (too low)

Pilot misunderstands
QNH or mis-sets the
altimeter (pressure
too low)

Failure to intercept
the final approach
path after correct
lateral intercept

LAT_INTERC_ERR

LOW_PRES_ATC

LOW_PRES_SYS

LOW_PRES_PIL

NO_VERT_INTERC

Q=2.1E-07

Q=1.63E-06

Q=1.26E-06

Q=1.63E-06

Q=4.2E-08

Figure G-2: H4 fault tree
G.3.2

Safety requirements derivation
The following integrity safety requirements (IRs) have been derived from the H4 fault
tree:

G.3.3

IR.10

The probability of flight crew failing to laterally intercept the final
approach path shall be no more than 2.10 E-07.

IR.11

The probability of failure of flight crew to vertically intercept the final
approach path shall be no more than 4.20 E-08.

IR.12

The probability of ATC/AFIS Officer providing the wrong QNH/QFE (low)
to flight crew (given that MET system indicates the correct pressure) shall
be no more than 1.63 E-06 per final approach.

IR.13

The probability of the MET system indicating wrong QNH/QFE (low) shall
be no more than 1.26 E-06 per final approach.

IR.14

The probability of flight crew setting wrong QNH/QFE (low) on an
altimeter (given that ATC/AFIS Officer provides correct QNH) shall be no
more than 1.63 E-06 per final approach.

Conclusion
The allocated safety objective for H4 is 2.67 E-04. The calculated probability of
occurrence for H4 is 4.77 E-06. Therefore the safety objective for H3 is met subject
to the safety requirements defined in G.3.2 being met. On the basis of validated
CONOPS, by complying with these requirements, this will ensure that H4
contribution to landing accident will remain as low as reasonably practicable.
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G.4

H6 fault tree
H6 is a failure to maintain aircraft on the correct final approach path. It occurs when
loaded FAS is incorrect or the aircraft is not maintained on the correct FAS (the
position estimation is incorrect or the guidance instructions are incorrect or the
trajectory is not adequately adjusted). H6 can lead to CFIT if the deviation is towards
an obstacle.
The safety objective for H6 is 6.40 E-05, which is applicable to both beta and gamma
equipment.

G.4.1

Basic causes
H6 is incurred by combination of the following basic causes (see Hazard fault trees
for gamma equipment on Figure G-3):


Incorrect AIP Final Approach Segment [INC_AIP_FAS] - an error occurs during
the design, coding or the promulgation of the FAS, including CRC, in the AIP.



Incorrect FAS database [INC_FAS_DB] - an error occurs during the coding or
the promulgation of the FAS data block in the navigation database.



FAS loading error [FAS_LOAD_ERR] - an error occurs during the loading of the
RNAV database (FAS Data block) in an aircraft.



Undetected wrong GNSS signal [WR_GNSS_SIGNAL6] - the position error
exceeds the protection level without being alerted in time (Error>xPL and
xPL<xAL) due to unacceptably degraded GNSS signal in space.



Wrong position estimation [WR_POS_EST_BETA or WR_POS_EST_GAMMA]
- deviations against the FAS are wrong on CDI/VDI and not detected due to a
wrong position estimation (assuming the signal-in-space is correct). Note that
probability of this event is different for beta and gamma-type equipment due to
architecture and different number of system components. This is also the reason
why two different fault trees are presented for H6.



Wrong guidance instruction [WR_GU_IN_BETA or WR_GU_IN_GAMMA] guidance instructions on CDI/VDI are wrong and not detected, therefore the final
approach is not discontinued while it should be. Note that probability of this event
is different for beta and gamma-type equipment due to architecture and different
number of system components. This is also the reason why two different fault
trees are presented for H6.



Wrong approach selected [WR_APP_SEL] - pilot has selected wrong approach
procedure. Probability of this event should be low also because Beirut has only
one runway and one procedure.



Procedure not discontinued [PROC_NOT_DISC] - procedure not discontinued
on integrity alert or on failure of RNAV system.

The following table summarises basic causes or events which lead to H6, their
probability of occurrence.
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Probability of
occurrence
[per approach]

Cause (Event)

Source

Incorrect AIP FAS

1.0 E-08

Assumption based on Annex 15
publication requirements

Incorrect FAS DB

1.0 E-08

Assumption based on Annex 15
publication requirements

FAS loading error

2.0 E-10

ICAO Annex 10

Undetected wrong GNSS signal

1.0 E-07

ICAO Annex 10

Wrong position estimation - beta

1.8 E-07

EUROCONTROL PSSA

Wrong position estimation gamma

1.2 E-07

EUROCONTROL PSSA

Wrong guidance instruction - beta

1.8 E-07

EUROCONTROL PSSA

Wrong guidance instruction gamma

1.2 E-07

EUROCONTROL PSSA

Wrong approach selected

1.0 E-06

EUROCONTROL PSSA - derived as
a safety requirement
Quantitative data from GIANT
safety assessment (3.0 E-05 per
flight hour, assuming 150s per
approach)

Procedure not discontinued

4.2 E-07

EUROCONTROL PSSA - derived as
a safety requirement
Quantitative data from GIANT
safety assessment (1.0 E-05 per
flight hour, assuming 150s per
approach)

Table G-3: H6 basic events
Failure to maintain
an aircraft on the
final approach path
- class gamma

H6-GAMMA
Q=1.78E-06

Undetected
erroneous path
definition

Erroneous
horizontal or
vertical position

Undetected
erroneous
aircraft control

WRONG PATH UNDETECTED

WRONG POSITION

WRONG CONTROL UNDETECTED

Q=2.02E-08

Q=2.2E-07

Q=1.54E-06

Promulgated
database procedure
(AIP) has an incorrect
FAS data block

Promulgated NAV
database contains
incorrect FAS data
block or it is not
current

Database loaded
on an aircraft is
erroneous, not
current or wrong

Reception of
unnaceptably
degraded
GNSS/SBAS singal in
space - undetected

WRONG POSITION
ESTIMATION - Erroneous
horizontal or vertical
position estimation by NAV
computer - class gamma

WRONG GUIDANCE
INSTRUCTION Undetected loss or
degradation of lateral or
vertical guidance
instructions - class gamma

Trajectory
wrongly adjusted

INC_AIP_FAS

INC_FAS_DB

FAS_LOAD_ERR

WR_GNSS_SIG6

WR_PO_ES_G

WR_GU_IN_G

TRAJ_WR_ADJ
Q=1.42E-06

Q=1E-08

Q=1E-08

Q=2E-10

Q=1E-07

Q=1.2E-07

Q=1.2E-07

Figure G-3: H6 fault tree 1 - gamma
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Trajectory
wrongly adjusted

TRAJ_WR_ADJ
Q=1.42E-06

WRONG APPROACH
SELECTED - pilot has
selected a wrong
approach procedure

PROCEDURE NOT
DISCONTINUED procedure not discontinued
on integrity alert or on
failure of RNAV/GNSS
system

WR_APP_SEL

PROC_NOT_DISC

Q=1E-06

Q=4.2E-07

Figure G-4: H6 fault tree 2 - gamma
The figures above show achieved probability of occurrence (1.78 E-06) for H6 for
gamma type equipment only. As two of the basic causes, in particular “Wrong
position estimation” and “Wrong guidance instructions” are specific to equipment
type, it is necessary to re-calculate the fault tree for beta type equipment. The
occurrence of H6 for aircraft equipped with beta type equipment is 1.48 E-06.
G.4.2

Safety requirements derivation

Incorrect AIP FAS
This basic cause is defined in G.4.1 as “an error occurs during the design, coding
or the promulgation of the FAS, including CRC, in the AIP”. This definition is also in
agreement with the original definition used within the EUROCONTROL generic safety
assessment. On this basis, the hazard is dominiated by the design and publication
errors. According to the requirements of ICAO Annex 15, the ICAO requirements
for aeronautical information publication, critical data is required to be published to
an integrity level of 1.0 E-08.
The protection afforded by a FAS CRC wrapping does not offer any protection to
error induced during the design or coding of the FAS DB. Therefore a bottom up
allocation for this basic cause of 1.0 E-08 was assigned.
As this is a rather high safety requirement, for which evidence is not always easy to
provide, the recommendations emitted during the EUROCONTROL PSSA workshop
become safety requirements and assumptions and are described below. It is also
noted that the procedure, once designed, is flight tested to validate the navigation
database, in particular the FAS data block, and then the operator has to evaluate
the procedure either by conducting the approach with the aircraft in VMC or by using
a full flight simulator.
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SR.16

The defined procedure design assurance level shall be applied as per
the Lebanese Directorate of Civil Aviation SMS, therefore applying PAL
3. the Lebanese Directorate of Civil Aviation shall gather evidence that
this level has been applied.

SR.17

The procedure designer shall be qualified to design procedure and to
use SW tool supporting FAS generation. Procedure designer shall
receive specific training to satisfy this requirement.
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SR.18

A qualified SW tool shall be used for generating FAS (including CRC
wrap value generation of the FAS data block).

SR.19

The SW tool for generating FAS shall use an algorithm that covers all
SBAS service providers (like EGNOS, WAAS), in order to avoid doing
manual changes / adaptation with risk of affecting FAS data integrity.

ASSUM.7 The database supplier should use the same tool to open the FAS data

block as was used by the procedure designer to encode it.
ASSUM.8 A database supplier shall not re-open and modify FAS to avoid risk of a

validated FAS data block being modified. Nevertheless, if a modification
is needed, that shall be performed in coordination with the State.
The following integrity safety requirements (IRs) for this event defined by
EUROCONTROL, which contribute to the 1.0 E-08 allocation in the fault tree, are:
IR.15

The likelihood that an aircraft flies an erroneous LPV procedure due to a
designer error (incorrect AIP FAS), and not detected, shall be no more
than 2.5 E-9.

IR.16

The likelihood that an aircraft flies an erroneous LPV procedure due to a
software design tool error (and not detected) shall be less than 2.5 E-09.

IR.17

The likelihood that an aircraft flies an erroneous LPV procedure due to
misleading source data (misleading survey or obstacle assessment and
not detected) shall be less than 2.5 E-09.

IR.18

The likelihood that an aircraft flies an erroneous LPV procedure due to a
non-current procedure provided by the ANSP to the database supplier
(and not detected) shall be less than 2.5 E-09.

Incorrect FAS database
This basic cause is defined in G.4.1 as “an error occurs during the coding or the
promulgation of the FAS data block in the navigation database”. As for “Incorrect
AIP FAS” above, the coding could induce errors here prior to the promulgation with
the protection afforded by the FAS DB. On this basis, a bottom-up allocation of 1.0
E-08 has been chosen to reflect the data quality requirements of ICAO Annex 15.
The applicable safety integrity requirement for the Beirut safety assessment is:
IR.19

The likelihood that an aircraft flies an erroneous LPV procedure due to a
non-current database provided by the database supplier to the operator
(and not detected) shall be less than 1.0 E-08.

FAS loading error
The EUROCONTROL generic safety assessment noted that if the aircraft does not
have an FMS no safeguard has been identified. The probability of occurrence
required for this event would hardly be achieved, therefore the following requirement
was been defined and applies equally for the Beirut safety assessment.
SR.20
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For Class Gamma aircraft, it shall be ensured that the loaded procedure
is appropriate for the aircraft type & performance. It is not possible to
address this issue in a generic way. This has to be done at the local level
in coordination with the operator.
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This basic cause is defined in G.4.1 as “an error occurs during the loading of the
RNAV database (FAS Data block) in an aircraft”. Thus the FAS DB is protected by
a 32-bit CRC that provides at least a protection of 2.0 E-10. Any failure in the loading
of the FAS DB as part of the navigation data base would be protected to at least this
level. However, this loading error may also be due to a part of the navigation
database not protected by the CRC. On this basis an integrity safety requirement of
1.0 E-08 in line with the ICAO Annex 15 publication requirement is also chosen. This
is shared equally between the following two integrity safety requirements.
IR.20

The likelihood that an aircraft flies a LPV procedure not loaded in time
(and not detected) shall be less than 5.0 E-09 per final approach.

IR.21

The likelihood that an aircraft flies a wrong LPV procedure loaded in
class gamma equipment (and not detected) shall be less than 5.0 E-09
per final approach.

Wrong signal undetected
The likelihood of undetected wrong signal is 1 E-07, which originates from Annex
10.
The following integrity safety requirement (IR) has been defined for this cause:
IR.22

The probability of reception of unacceptably degraded GNSS/SBAS
signal (and undetected) shall be no more than 1.0 E-07.

Wrong position estimation
The likelihood of Wrong position estimation for class gamma equipment is 1.2 E-07
and for class beta equipment it is 1.8 E-07. An overall frequency of occurrence was
determined based on requirements specified in various standards (Do229, AMC 2026, etc.). It is not necessary to define a functional safety requirement to control this
cause.
The following integrity safety requirement (IR) has been defined for this cause:
IR.23

The probability of wrong lateral or vertical position estimation for class
gamma equipment shall be no more than 1.2 E-07 and for class beta
equipment no more than 1.8 E-07.

Wrong guidance instruction
The likelihood of Wrong guidance instruction for class gamma equipment is 1.2E-7
and for class beta equipment it is 1.8E-7. An overall frequency of occurrence was
determined based on requirements specified in various standards (Do229, AMC 2026, etc.). It is not necessary to define a functional safety requirement to control this
cause.
The following integrity safety requirement (IR) has been defined for this cause:
IR.24
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The probability of undetected loss or degradation of lateral or vertical
guidance instructions for class gamma equipment shall be less than 1.2
E-07 and for class beta equipment no more than 1.8 E-07 per approach.
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Wrong approach selected & procedure not discontinued
Wrong approach selected by pilot and procedure not discontinued in time can lead
to event Trajectory wrongly adjusted. According to EUROCONTROL, further work on
achievability for different aircraft types needs to be undertaken. However, the
following safety requirement was identified.
SR.21

Co-ordination shall be made of reference path IDs / channels (e.g.
ensure at least 3 digits change) and approach names, including those at
proximal airports. In case of several FAS datablocks for the same airport,
sufficient different digits in the IDs shall be ensured.

The following two integrity safety requirements (IRs) have been defined for these
causes.

G.4.3

IR.25

The likelihood that a wrong approach has been selected (different from
the one obtained from ATC or the one intended by flight crew) while the
LPV has not been approved yet for LPV minima shall be no more than
1.0 E-06 per approach.

IR.26

The likelihood that the procedure is not discontinued on:
- integrity alert along the FAS;
- the failure of RNAV/GNSS system components including those
affecting flight technical error along the FAS;
shall be no more than 4.2 E-07 per approach.

Conclusion
The safety objective for H6 is 6.40 E-05 while the achieved level of safety within H6
fault tree is 1.78 E-06 for gamma and 1.48 E-06 for beta type equipment. Therefore,
the safety objective for H6 is met subject to the safety requirements defined in G.4.2
being met and assumptions validated. On the basis of validated CONOPS, by
complying with these requirements and validating the assumptions, this will ensure
that H6 contribution to CFIT will remain as low as reasonably practicable.
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G.5

H7 fault tree
H7, descending below DA without visual, involves a risk for CFIT, despite the
protection margin included into the DA design. If an aircraft manages to descend
safely to an altitude where visibility is available, there is still a risk for the aircraft to
be in a wrong position for a safe landing (risk of landing accident).
The safety objective for H7 is 4.00 E-08.

G.5.1

Basic causes
H7 is incurred by combination of the following basic causes (see Hazard fault tree
below):
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ATC/AFIS provides high pressure [HIGH_PRES_ATC7] - the QNH/QFE is
erroneously obtained in the aircraft prior to commencing the approach due to an
ATC/AFIS error when passing the meteorological information.



MET provides low pressure [HIGH_PRES_SYS7] - the QNH/QFE indicated by
the MET system is wrong (too high) due to a system error in the production of
meteorological data and not detected by AFIS.



Pilot sets high pressure [HIGH_PRES_PILOT7] - the QNH/QFE is erroneously
inputted in the altimeter or has been erroneously understood in the message
provided by ATC/AFIS.



Descending below DA without visual [PIL_DEC] - pilot’s decision to initiate
missed approach procedure after reaching DA takes too long and as a result
aircraft descends below DA without visual reference. Probability of occurrence
of this event is an assumption as there is not enough data to calculate it. It is
generally assumed that flight crew will be able to timely initiate missed approach
in vast majority of cases.



Published DA is not correct [DA_WRONG] - DA published on the chart is not
correct. Although DA is not published on the Lebanese Directorate of Civil’s AIP
chart it will be published on Jeppesen chart, therefore we decided to retain this
event.



Pilot selects wrong DA [PIL_SEL_WR_DA] - pilot mis-selects DA from chart or
uses DA from wrong procedure. As a result, aircraft descends below DA.



Wrong DA marker [WR_DA_MAR] - pilot mis-selects, or forgets, to set DA
marker on PFD. As a result, aircraft descends below DA.



Channels swapped [CHAN_SWAP] - channels in navigation database swapped.
As a result, wrong approach is selected.



Wrong approach ID [WR_APP_ID] - approach ID in database is corrupted
(except suffix). As a result, wrong approach is selected.



Credibility check failure [CRED_CHECK_FAIL] - crew fails to perform a
credibility check, i.e. comparing procedure to the chart. This event is a mitigation
of both Channels swap and wrong approach ID. It is expected that crew will be
successful in performing the credibility check roughly in 99 cases out of 100.



Wrong DA undetected [WR_DA_UNDET] - wrong DA remained undetected
during briefing and the whole approach. This event is a mitigation of a gate “Pilot
selects wrong DA”. It is expected that crew will be successful in detecting wrong
DA in 99 cases out of 100.
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It is necessary to note that event “PIL_DEC” is different from the event in the
EUROCONTROL FHA. EUROCONTROL included this event as “Violation”. This meant
that it included not only a situation where pilot’s decision to initiate missed approach
took too long, but also a voluntary and purposeful breach of Standard Operating
Procedures (SOP) by descending below DA without visual reference to an airport.
We decided to modify this event to an event which only comprises situation where
pilot decision takes too long. Purposeful breach of SOPs by descending below DA
without visual should not be included in the fault tree because in the whole safety
assessment we assume that under all circumstances flight crew follows the
procedures. In addition, the event has to occur together with wrong pressure setting
to create H7. If the QNH setting is correct, then pilot has enough time to initiate MA
and even if his decision would take longer than usual, it should not have a significant
impact on the safety of flight. See Error! Reference source not found. in Appendix
C.
The following table summarises basic causes or events which lead to H7, their
probability of occurrence.
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Cause (Event)

Probability of
occurrence
[per approach]

ATC/AFIS provides high pressure

1.63 E-06

Analysis of QNH incidents

MET provides high pressure

1.26 E-06

RNAV approach safety study

Pilot sets high pressure

1.63 E-06

Analysis of QNH incidents

Pilot decision takes too long Descending below DA without
visual

1.00 E-03

Assumption – needs to be
validated locally

Published DA is not correct

1.00 E-08

Assumption based on Annex 15
publication requirements

Pilots selects wrong DA

4.20 E-07

GIANT safety assessment
(1.0 E-05 per flight hour,
assuming 150s per approach)

Wrong DA marker

4.20 E-07

GIANT safety assessment
(1.0 E-05 per flight hour,
assuming 150s per approach)

Channels swapped

1.00 E-08

Assumption based on the ICAO
Annex 15 requirements if the
channel swap occurs prior to the
CRC wrapping of the database.
However, it is noted that the 32
bit CRC wrapping will add an
additional layer of protection with
a corresponding failure rate of 2.0
E-10. To be conservative, the
lower value has been allocated.

Wrong approach ID

1.00 E-08

Assumption based on the ICAO
Annex 15 requirements if the
channel swap occurs prior to the
CRC wrapping of the database.
However, it is noted that the 32
bit CRC wrapping will add an
additional layer of protection with
a corresponding failure rate of 2.0
E-10. To be conservative, the
lower value has been allocated.

Source

Credibility check failure

0.01

Assumption – needs to be
validated locally

Wrong DA undetected

0.01

Assumption – needs to be
validated locally

Table G-4: H7 basic events
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Descending
below DA without
visual

H7
Q=2.292E-08

Published DA is
not correct

Pilot selects
wrong DA undetected

QNH incorrect
and pilotn
decision takes
too long

DA_WRONG

PIL_SEL_ERR_UNDET

QNH+PILOT
Q=4.52E-09

Q=8.402E-09

Q=1E-08
Wrong DA remained
undetected during
briefing and the
whole approach

Pilot selects
wrong DA

Pressure setting
incorrect - flying
too low

Pilot's decision to
execute the MA
takes too long

WR_DA_UNDET

PIL_SEL_WR_DA
Q=8.402E-07

PRESSURE_HIGH
Q=4.52E-06

PIL_DEC

Q=0.01

Q=0.001

Wrong QNH/QFE
given by
ATC/AFIS (too
high)

Wrong QNH/QFE
indicated by MET
system (too high)

Wrong QNH/QFE
set by flight crew
(too high)

HIGH_PRES_ATC7

HIGH_PRES_SYS7

HIGH_PRES_PIL7

Q=1.63E-06

Q=1.26E-06

Q=1.63E-06

Figure G-5: H7 fault tree 1
Pilot selects
wrong DA

PIL_SEL_WR_DA
Q=8.402E-07

Pilot mis-selects
DA from chart or
uses DA from
wrong procedure

Pilot mis-selects
(or forgets) to set
DA marker on
PFD

Channels in NAV
DB swapped
undetected

Wrong approach
ID and undetected

PIL_SEL_WR_DA

WR_DA_MAR

CHAN_SWAP_UNDET

WR_ID_UNDET
Q=1E-10

Q=4.2E-07

Q=1E-10

Q=4.2E-07
Channels in NAV
DB swapped

Crew fails to perform
a credibility check comparing procedure
to the chart

Approach ID in
DB is corrupted
(except suffix)

Crew fails to perform
a credibility check comparing procedure
to the chart

CHAN_SWAP

CRED_CHECK_FAIL

WR_APP_ID

CRED_CHECK_FAIL

Q=1E-08

Q=0.01

Q=1E-08

Q=0.01

Figure G-6: H7 fault tree 2
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G.5.2

Safety requirements derivation
The following integrity safety requirements (IRs) have been defined for H7:
IR.27

The probability of descending below DA without having visual reference
to the runway (because pilot’s decision to initiate missed approach takes
too long) shall be no more than 1.0 E-03 per final approach.

IR.28

The probability of wrong DA published on the instrument approach chart
shall be no more than 1.0 E-08 per final approach.

IR.29

The probability that flight crew mis-selects DA from chart or uses DA
from wrong procedure shall be no more than 4.2 E-07 per final approach.

IR.30

The probability that flight crew mis-selects, or forgets to set DA marker
on PFD shall be no more than 4.2 E-07 per final approach.

IR.31

The probability of channel swap in the navigation database shall be no
more than 1.0 E-08 per final approach.

IR.32

The probability of approach ID being corrupted in database shall be no
more than 1.0 E-08 per final approach.

IR.33

The probability that flight crew fails to perform a credibility check by
comparing the selected procedure to the chart (check starting point and
endpoint of the procedure, IDENT, naming, runway, airport, etc.) shall be
no more than 1.0 E-02 per final approach.

IR.34

The probability that flight crew fails to detect wrong DA during preapproach briefing and the whole approach shall be no more than 1.0 E02 per final approach.

Events involving wrong pressure settings have already been covered by integrity
safety requirements defined for H3, but are included here again for completeness.

G.5.3

IR.12

The probability of ATC/AFIS Officer providing the wrong QNH/QFE (low) to
flight crew (given that MET system indicates the correct pressure) shall be no
more than 1.63 E-06 per final approach.

IR.13

The probability of the MET system indicating wrong QNH/QFE (low) shall be
no more than 1.26 E-06 per final approach.

IR.14

The probability of flight crew setting wrong QNH/QFE (low) on an altimeter
(given that ATC/AFIS Officer provides correct QNH) shall be no more than
1.63 E-06 per final approach.

Conclusion
The allocated safety objective for H7 is 4.00 E-08, while the achieved probability of
occurrence for H7 is 2.29 E-08. Therefore, the safety objective for H7 is met subject
to the safety requirements defined in G.5.2 being met. On the basis of validated
CONOPS, by complying with these requirements, this will ensure that H7
contribution to CFIT or landing accident will remain as low as reasonably
practicable.
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G.6

H8 fault tree
Although it is expected that the crew is very much aware of the missed approach
route to fly, it may fail to execute the correct missed approach (H8). Nevertheless,
on occurrence of this hazard, the resulting deviation might be towards an obstacle
or another aircraft.
The safety objective for H8 is 2.00 E-07, which is applicable to both beta and gamma
equipment types.

G.6.1

Basic causes
H8 is incurred by an aggregate of various failures previously identified as
contributing causes of other hazards (essentially H3 and H6) which are applicable
to incorrect missed approach hazard as follows:
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Necessity to perform a missed approach [REQ_FOR_MA] - necessity to perform
a missed approach is mitigation to all failures. It is assumed that MAs are
relatively rare events occurring once in thousand approaches. This assumption
originates in GIANT safety assessment. In the absence of real operational data
we have decided to make the same assumption. Probability of occurrence of this
event is subject to review by the Lebanese Directorate of Civil once the
necessary data become available.



Aircraft mis-configured [CONFIG] - the aircraft is not correctly configured for the
MA.



Navigation mode error [NAV_MODE_ERR] - the MA mode is not engaged, or
the missed approach path is not sequenced (including arming error).



Incorrect AIP missed approach [INCOR_AIP_MA] - an error occurs during the
design, coding or the promulgation of the LPV procedure affecting the MAPT
segment.



Incorrect FMS/RNAV [FMS/RNAV] - FMS/RNAV programmed incorrectly for
MA.



Wrong MA database [WR_DB_MA] - database loaded on an aircraft for missed
approach is erroneous, not current or wrong.



Wrong procedure selected [SELECTION_MA] - an error occurs during the
selection of MA procedure from the RNAV database resulting in a wrong missed
approach path definition.



Wrong GNSS signal [WR_GNSS_SIGNAL8] - the position error exceeds the
protection level without being alerted in time (Error>xPL and xPL<xAL) due to
unacceptably degraded GNSS signal in space.



Wrong position estimation for MA [WR_POS_EST_MA] - deviations against the
FAS are wrong on CDI/VDI and not detected due to a wrong position estimation
(assuming the signal-in-space is correct).



Wrong guidance MA [WR_GUID_MA] - guidance instructions on CDI/VDI are
wrong and not detected; or



Trajectory of MA not correctly adjusted [TRAJ_WR_ADJ_MA] - The trajectory is
not correctly adjusted or the final approach is not discontinued while it should
be.
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The following table summarises basic causes or events which lead to H8, their
probability of occurrence.
Cause (Event)

Probability of
occurrence
[per approach]

Source

Necessity to perform MA

1.00 E-03

Assumption – needs to be
validated locally

Aircraft mis-configured for MA

1.00 E-04

Assumption – needs to be
validated locally

NAV mode error

4.20 E-08

RNAV approach safety study

FMS/RNAV

1.00 E-05

ICAO Annex 15: Integrity
requirements for flight procedure
parts

Incorrect MA part

1.00 E-05

ICAO Annex 15: Integrity
requirements for flight procedure
parts

Wrong MA database

1.00 E-08

Equal to H3 event - error in DB
loading tools

Wrong procedure selected

1.00 E-06

Based on similarity to pilot error
under H6 (Wrong approach
selected)

Undetected wrong GNSS signal

1.00 E-07

Equal to H6 event – undetected
wrong GNSS signal

Wrong position estimated for MA beta

1.80 E-07

Equal to H6 event - wrong position
estimation by NAV computer (beta)

Wrong position estimated for MA gamma

1.20 E-07

Equal to H6 event - wrong position
estimation by NAV computer
(gamma)

Wrong guidance instructions for
MA - beta

1.80 E-07

Equal to H6 event - wrong
guidance instruction by NAV
computer (beta)

Wrong guidance instructions for
MA - gamma

1.20 E-07

Equal to H6 event - wrong
guidance instruction by NAV
computer (gamma)

Trajectory of MA not correctly
adjusted

1.00 E-06

Based on similarity to pilot error
under H6 (Wrong approach
selected)

Table G-5: H8 basic events
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Failure in the
execution of a
MA of an LPV
procedure

H8 - GAMMA
Q=1.224E-07

Necessity to
perform a MA

Failure during the
missed approach

REQ_FOR_MA

MA_ERROR
Q=0.0001224

Q=0.001
Failure with MA
initiation

Failure to
maintain aircraft
on the missed
approach path

MA_INIT_ERROR
Q=0.00011

MA_MAINTAIN - GAMMA

Q=1.235E-05

Figure G-7: H8 fault tree 1 - gamma

Failure with MA
initiation

MA_INIT_ERROR
Q=0.00011

Aircraft
misconfigured for
MA

NAV mode error
(including arming
error)

FMS/RNAV
programmed
incorrectly for MA

CONFIG

NAV_MODES

FMS/RNAV

Q=0.0001

Q=4.2E-08

Q=1E-05

Figure G-8: H8 fault tree 2 - gamma
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Failure to
maintain aircraft
on the missed
approach path

MA_MAINTAIN - GAMMA

Q=1.235E-05

Undetected
erroneous MA
path definition

Erroneous
horizontal or
vertical position

Undetected
erroneous
aircraft control

WRONG_MA_PATH

WRONG_POSITION_MA

WRONG_CONTROL_MA

Q=1.101E-05

Q=2.2E-07

Q=1.12E-06

Promulgated
database
procedure has an
incorrect MA part

Database loaded
on an aircraft is
erroneous, not
current or wrong

A wrong procedure is
selected resulting in a
wrong missed
approach path
definition

Reception of
unacceptadly
degraded
GNSS/SBAS signal in
space

WRONG POSITION
ESTIMATION MA erroneous horizontal or
vertical position estimation
by NAV computer - class
gamma

Undetected loss or
degradation of lateral
or vertical guidance
instructions

Trajectory for MA
not adequately
adjusted

INC_AIP_MA

WR_DB_MA

WR_MA_SEL

WR_GNSS_SIG8

WR_POS_EST_MA

WR_GUID_MA

TRAJ_WR_ADJ_MA

Q=1E-05

Q=1E-08

Q=1E-06

Q=1E-07

Q=1.2E-07

Q=1.2E-07

Q=1E-06

Figure G-9: H8 fault tree 3 - gamma
The figures above show achieved probability of occurrence (1.224 E-07) for H8 for
gamma type equipment only. As two of the basic causes, in particular “Wrong
position estimation for MA segment” and “Wrong guidance instructions for MA
segment” are specific to equipment type, it is necessary to re-calculate the fault tree
for beta type equipment. The occurrence of H8 for aircraft equipped with beta type
equipment is 1.225 E-07, so it is almost identical to case with gamma equipment.
G.6.2

Safety requirements derivation
The safety requirements SR.10, SR.11 and SR.12 identified for H3 are also
applicable to H8:


The survey of obstacles needs to be performed;



the Lebanese Directorate of Civil shall determine the level of validation of the
procedure with an RNAV/GNSS MA;



Continuous availability of AFIS information about traffic.

The integrity safety requirements (IRs) applicable to H8 are the following:
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IR.35

The probability of an aircraft being mis-configured at the initiation of the
missed approach procedure shall be no more than 1.0 E-04 per final
approach.

IR.36

The probability that missed approach mode is not engaged or the missed
approach path is not sequenced (including arming error) shall be no
more than 4.2 E-08 per final approach.

IR.37

The probability that the FMS/RNAV computer is programmed incorrectly
for the MA shall be no more than 1.0 E-05.
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IR.38

The probability that an error occurs during the design, coding or the
promulgation of the LPV procedure affecting the MAPt segment shall be
no more than 1.00 E-05.

In addition, the following already identified integrity safety requirements also apply:
IR.6 under H3 and IR.22, IR.23, IR.24 and IR.25 under H6. These have been
included here for completeness.
IR.6

The probability of error occurring in the RNAV database loading tools in an
aircraft shall be less than 1.0 E-08 per final approach.

IR.22

The probability of reception of unacceptably degraded GNSS/SBAS signal
(and undetected) shall be no more than 1.0 E-07.

IR.23

The probability of wrong lateral or vertical position estimation for class gamma
equipment shall be no more than 1.2 E-07 and for class beta equipment no
more than 1.8 E-07.

IR.24

The probability of undetected loss or degradation of lateral or vertical guidance
instructions for class gamma equipment shall be less than 1.2 E-07 and for
class beta equipment no more than 1.8 E-07 per approach.

IR.25

The likelihood that a wrong approach has been selected (different from the one
obtained from ATC or the one intended by flight crew) while the LPV has not
been approved yet for LPV minima shall be no more than 1.0 E-06 per
approach.

It is noted that in setting the IRs for H8, it has been assumed that the probability of
a missed approach occurring is less than 1.0E-03 per final approach.
ASSUM.9

G.6.3

The probability of a missed approach occurring is less than 1.0E-03 per
final approach.

Conclusion
The safety objective for H8 is 2.00 E-07 while the achieved probability of occurrence
for H8 is 1.224 E-07 for gamma and 1.225 E-07 for beta type equipment. Therefore,
the safety objective for H8 is met subject to the safety requirements defined in G.6.2
being met. On the basis of validated CONOPS, by complying with these
requirements, this will ensure that H8 contribution to CFIT or mid air collision will
remain as low as reasonably practicable.

G.7

Additional safety requirements and assumptions
The EUROCONTROL PSSA included a number of other safety requirements that result
from the comparison with ILS. These safety requirements are deemed to be
applicable in a direct comparison with ILS. As has been noted within the
Assumptions in Appendix C, there is an ILS and supporting ILS infrastructure in
terms of approach lights or runway markings for RWY 07. For this reason, the direct
comparison and application of these safety requirements to the Beirut safety
assessment is deemed relevant, and so these safety requirements are included
here as assumptions, safety requirements and recommendation.
ASSUM.10 Missed approach is supported by GNSS, with the fallback defined by

contingency procedures specific to each approach/airport
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ASSUM.11 Appropriate operating procedures and crew training on those

procedures for airports with radar coverage and when pilot follow radar
vectoring to maintain risks at a level comparable to an intercept with an
ILS approach
ASSUM.12 Appropriate ATC training for airports with radar coverage and when pilot

follows radar vectors on the provision of appropriate radar vectoring in
order to maintain risks at a level comparable to an intercept with an ILS
approach.
ASSUM.13 Demonstrated that the probability of losing all navigation information on-

board an aircraft flying a LPV approach is at least equal to probability of
loosing all navigation information on-board an aircraft flying a ILS CAT1
approach.
SR.22

It shall be demonstrated that the probability of losing the SBAS capability
is at least equal to probability of losing the glide only

SR.23

With respect to LPV approaches, it shall be demonstrated that risk
(likelihood and consequences) for unintentional interference for GNSS is
at least similar to ILS.

REC2: Publication of a point before FAF in the LPV procedure to support the use of
radar vectoring in that phase of flight, to be displayed on the ATC radar display (to
ease the radar vectoring). This point could be the IF and its distance to FAF would
depend on the angle allowed for the interception of the final approach course.
G.8

Summary of all hazards and FT allocations
The following table provides summary of all hazards, their FT allocations and
whether they meet specified safety objectives or not.
Hazard ID

Safety objective

Achieved probability of
occurrence

Objective met


H3

6.40 E-05

4.63 E-06

H4

2.67 E-04

4.77 E-06



H6

6.40 E-05

1.78 E-06



H7

4.00 E-08

2.29 E-08



H8

2.00 E-07

1.22 E-07



Table G-6: Summary of all hazards’ achieved probability of occurence
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H

Safety Requirements (SRs) and Assumptions

H.1

Introduction

Commented [PC4]: SARs and Assumptions to be updated
following workshop

This appendix provides an overview of all SRs and Assumptions9 that have been
identified in this safety assessment for the implementation of APV SBAS and APV
Baro (LNAV/VNAV) approaches at Beirut aerodrome. Compliance with the
requirements and validation of the assumptions will ensure that the APV SBAS
(LPV) and APV Baro (LNAV/VNAV) approaches operations at Beirut will be
acceptably safe and that the risk will be minimised as low as reasonably practicable.
A cross comparison between these requirements and assumptions and the original
safety requirements identified by EUROCONTROL is provided in Appendix I.
The EUROCONTROL PSSA also contained a list set of Safety Recommendations
which were identified during the PSSA. Some of these recommendations were
transformed into safety requirements or assumptions, in which case they are
captured in our safety assessment as well (if applicable). Some of these
recommendations were not changed to safety requirements and remained
voluntary. We have not identified any change in EUROCONTROL safety
recommendations with respect to Beirut operational environment and thus they
remain valid.
H.2

Functional and Performance Safety requirements
The following table provides a summary of all the functional and performance safety
requirements identified in this safety assessment.

9

REF

Safety Requirements

Hazard
Link

SR.1

The flight procedure has been designed according to the requirements of
ICAO Doc 8168, including the calculation of procedure minima.

-

SR.2

Terrain, obstacle and aerodrome data used in the design of the flight
procedure shall comply with the data quality requirements of ICAO Annex
14 and ICAO Annex 15.

-

SR.3

The flight procedure shall be de-conflicted from departing and arriving
traffic from neighbouring aerodromes.

-

SR.4

The flight procedure shall have been designed by procedure designers
trained according to formal training courses and approved by the regulator.

-

SR.5

The flight procedure shall only be used when the EGNOS Safety of Life
service is available.

-

SR.6

The flight procedure shall have been published in the State AIP.

-

SR.7

Both runway directions at Beirut aerodrome shall be designated as
instrument runway.

-

SR.8

It shall be confirmed from ESSP (as the service provider for
EGNOS) that sufficient coverage and signal-in-space exists to
support the implemented procedure.

-

SR.9

A Letter of Agreement shall be signed and maintained between Lebanese
Directorate of Civil Aviation and ESSP to provide a framework for exchange
of information regarding SBAS status and performance.

-

Excluding assumptions derived to support the operational environment, which are listed in Appendix C.
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REF

Safety Requirements

Hazard
Link

SR.10

the Lebanese Directorate of Civil shall determine the need for performing a
specific survey of obstacles dedicated to the introduction of a LPV
approach procedure.

H3

SR.11

the Lebanese Directorate of Civil shall determine the level of validation of
the LPV approach procedure including flight testing, which shall be at least
as specified in ICAO Doc 9906 vol 2 & vol 5.

H3

SR.12

AFIS information about traffic, including QNH information, shall be
continuously available to flight operations.

H3

SR.13

The LPV procedure shall include a baro-altitude cross-check against a
published altitude on passing a specific point. This involves including a
reference point (for instance 4 NM before the missed approach
waypoint/runway threshold) and the associated altitude.

H3

SR.14

MET equipment installed at the aerodrome shall use at least two
independent sensors for pressure measurement.

H3

SR.15

Contingency arrangements shall be developed and followed in the event of
the failure or unavailability of the MET pressure measurement equipment.

H3

Error!
Refere
nce
source
not
found.

The defined procedure design assurance level shall be applied as per the
Lebanese Directorate of Civil Aviation SMS, therefore applying PAL 3. the
Lebanese Directorate of Civil Aviation shall gather evidence that this level
has been applied

H6

SR.17

The procedure designer shall be qualified to design procedure and to use
SW tool supporting FAS generation. Procedure designer shall receive
specific training to satisfy this requirement.

H6

SR.18

A qualified SW tool shall be used for generating FAS (including CRC wrap
value generation of the FAS data block).

H6

SR.19

The SW tool for generating FAS shall use an algorithm that covers all
SBAS service providers (like EGNOS, WAAS), in order to avoid doing
manual changes / adaptation with risk of affecting FAS data integrity.

H6

SR.20

For Class Gamma aircraft, it shall be ensured that the loaded procedure is
appropriate for the aircraft type & performance. It is not possible to address
this issue in a generic way. This has to be done at the local level in
coordination with the operator.

H6

SR.21

Co-ordination shall be made of reference path IDs / channels (e.g. ensure
at least 3 digits change) and approach names, including those at proximal
airports. In case of several FAS datablocks for the same airport, sufficient
different digits in the IDs shall be ensured.

H6

Table H-1: Functional and Performance Safety Requirements
H.3

Assumptions
The following table provides a summary of all the assumptions identified in this
safety assessment. Further assumptions associated with the operational
environment, which support the CONOPS, are listed in Appendix C.
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REF

Safety Requirements

ASSUM.0

Hazard
Link

Operator will be compliant (equipment and training) in the APV SBAS
approach procedure at Beirut through certification by EASA and
conformance as a minimum with the requirements of AMC 20-28.
Operator will also be compliant (equipment and training) in the APV Baro
(LNAV/VNAV) approach procedures at Beirut through certification of AMC

-

20-27.
ASSUM.2

Aircraft operators follow procedures to ensure that the database that is
loaded onto the aircraft navigation system is current and complete.

-

ASSUM.3

Flight crew follow procedures to confirm that there are no planned
outages of the EGNOS service for the duration of the expected flight
through consultation of the ESSP prediction service.

-

ASSUM.4

The navigation database used will be supplied by a database provider
approved with an EASA Type 2 Letter of Acceptance (LOA).

-

ASSUM.5

Vertical guidance source for TAWS is independent from aircraft guidance
system.

H6

ASSUM.6

Flight crew will contact AFIS before the FAF and will confirm that the
QNH previously set on the altimeter at the beginning of approach is
correct.

H3

ASSUM.7

The database supplier should use the same tool to open the FAS data
block as was used by the procedure designer to encode it.

H6

ASSUM.8

A database supplier shall not re-open and modify FAS to avoid risk of a
validated FAS data block being modified. Nevertheless, if a modification
is needed, that shall be performed in coordination with the State.

H6

Table H-2: Assumptions
H.4

Integrity Safety Requirements
The following table provides a summary of all the integrity safety requirements
identified in this safety assessment.
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REF

Integrity Requirements

Hazard
Link

IR.1

The probability that a wrong QNH setting will not be identified by flight crew
during the additional check of QNH with ATC/AFIS at a specific point (such
as FAP) shall be no more than 0.05.

H3

IR.2

The probability of a procedure validation error, i.e. procedure design error is
not detected during validation, shall be no more than 4.2 E-04 per final
approach.

H3

IR.3

The probability of error occurring during the procedure coding shall be no
more than 1.0 E-08 per final approach.

H3

IR.4

The probability of procedure publishing error shall be no more than 1.0 E-07
per final approach.

H3

IR.5

The probability of aircraft database coding/packing error shall be no more
than 1.0 E-07 per final approach.

H3

IR.6

The probability of error occurring in the RNAV database loading tools in an
aircraft shall be less than 1.0 E-08 per final approach.

H3, H8

IR.7

The probability of ATC/AFIS Officer providing wrong QNH/QFE (high) to flight
crew (given that MET system indicates the correct pressure) shall be no
more than 1.63 E-06 per final approach.

H3

IR.8

The probability of the MET system indicating wrong QNH/QFE (high) shall be
no more than 1.26 E-06 per final approach.

H3
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REF

Integrity Requirements

Hazard
Link

IR.9

The probability of flight crew setting wrong QNH/QFE (high) on an altimeter
(given that ATC/AFIS Officer provides correct QNH) shall be no more than
1.63 E-06 per final approach.

H3

IR.10

The probability of flight crew failing to laterally intercept the final approach
path shall be no more than 2.10 E-07.

H4

IR.11

The probability of failure of flight crew to vertically intercept the final approach
path shall be no more than 4.20 E-08.

H4

IR.12

The probability of ATC/AFIS Officer providing the wrong QNH/QFE (low) to
flight crew (given that MET system indicates the correct pressure) shall be no
more than 1.63 E-06 per final approach.

H4, H7

IR.13

The probability of the MET system indicating wrong QNH/QFE (low) shall be
no more than 1.26 E-06 per final approach.

H4, H7

IR.14

The probability of flight crew setting wrong QNH/QFE (low) on an altimeter
(given that ATC/AFIS Officer provides correct QNH) shall be no more than
1.63 E-06 per final approach.

H4, H7

IR.15

The likelihood that an aircraft flies an erroneous LPV procedure due to a
designer error (incorrect AIP FAS), and not detected, shall be no more than
2.5 E-9.

H6

IR.16

The likelihood that an aircraft flies an erroneous LPV procedure due to a
software design tool error (and not detected) shall be less than 2.5 E-09.

H6

IR.17

The likelihood that an aircraft flies an erroneous LPV procedure due to
misleading source data (misleading survey or obstacle assessment and not
detected) shall be less than 2.5 E-09.

H6

IR.18

The likelihood that an aircraft flies an erroneous LPV procedure due to a noncurrent procedure provided by the ANSP to the database supplier (and not
detected) shall be less than 2.5 E-09.

H6

IR.19

The likelihood that an aircraft flies an erroneous LPV procedure due to a noncurrent database provided by the database supplier to the operator (and not
detected) shall be less than 1.0 E-08.

H6

IR.20

The likelihood that an aircraft flies a LPV procedure not loaded in time (and
not detected) shall be less than 5.0 E-09 per final approach.

H6

IR.21

The likelihood that an aircraft flies a wrong LPV procedure loaded in class
gamma equipment (and not detected) shall be less than 5.0 E-09 per final
approach.

H6

IR.22

The probability of reception of unacceptably degraded GNSS/SBAS signal
(and undetected) shall be no more than 1.0 E-07.

H6, H8

IR.23

The probability of wrong lateral or vertical position estimation for class
gamma equipment shall be no more than 1.2 E-07 and for class beta
equipment no more than 1.8 E-07.

H6, H8

IR.24

The probability of undetected loss or degradation of lateral or vertical
guidance instructions for class gamma equipment shall be less than 1.2 E-07
and for class beta equipment no more than 1.8 E-07 per approach.

H6, H8

IR.25

The likelihood that a wrong approach has been selected (different from the
one obtained from ATC or the one intended by flight crew) while the LPV has
not been approved yet for LPV minima shall be no more than 1.0 E-06 per
approach.

H6, H8

IR.26

The likelihood that the procedure is not discontinued on:
- integrity alert along the FAS;
- the failure of RNAV/GNSS system components including those affecting
flight technical error along the FAS;
shall be no more than 4.2 E-07 per approach.

H6, H8
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REF

Integrity Requirements

Hazard
Link

IR.27

The probability of descending below DA without having visual reference to
the runway (because pilot’s decision to initiate missed approach takes too
long) shall be no more than 1.0 E-03 per final approach.

H7

IR.28

The probability of wrong DA published on the instrument approach chart shall
be no more than 1.0 E-08 per final approach.

H7

IR.29

The probability that flight crew mis-selects DA from chart or uses DA from
wrong procedure shall be no more than 4.2 E-07 per final approach.

H7

IR.30

The probability that flight crew mis-selects, or forgets to set DA marker on
PFD shall be no more than 4.2 E-07 per final approach.

H7

IR.31

The probability of channel swap in the navigation database shall be no more
than 1.0 E-08 per final approach.

H7

IR.32

The probability of approach ID being corrupted in database shall be no more
than 1.0 E-08 per final approach.

H7

IR.33

The probability that flight crew fails to perform a credibility check by
comparing the selected procedure to the chart (check starting point and
endpoint of the procedure, IDENT, naming, runway, airport, etc.) shall be no
more than 1.0 E-02 per final approach.

H7

IR.34

The probability that flight crew fails to detect wrong DA during pre-approach
briefing and the whole approach shall be no more than 1.0 E-02 per final

H7

approach.
IR.35

The probability of an aircraft being mis-configured at the initiation of the
missed approach procedure shall be no more than 1.0 E-04 per final
approach.

H8

IR.36

The probability that missed approach mode is not engaged or the missed
approach path is not sequenced (including arming error) shall be no more
than 4.2 E-08 per final approach.

H8

IR.37

The probability that the FMS/RNAV computer is programmed incorrectly for
the MA shall be no more than 1.0 E-05.

H8

IR.38

The probability that an error occurs during the design, coding or the
promulgation of the LPV procedure affecting the MAPt segment shall be no
more than 1.00 E-05.

H8

Table H-3: Integrity safety requirements
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I

Cross-matrix of EUROCONTROL to Beirut safety requirements
The following table contains safety requirements from the EUROCONTROL’s generic
safety assessment and safety requirements and assumptions from this Beirut safety
assessment. The table enables a cross-reference between the two lists of
requirements. The EUROCONTROL requirements are numbered in the same way as
in the original report - PSSA of LPV approaches in the ECAC area [3].
EUROCONTROL
SR No

Beirut SR,
Assumption
and IR No

-

SR.1

The flight procedure has been designed according to the
requirements of ICAO Doc 8168, including the calculation
of procedure minima.

-

SR.2

Terrain, obstacle and aerodrome data used in the design
of the flight procedure shall comply with the data quality
requirements of ICAO Annex 14 and ICAO Annex 15.

-

SR.3

The flight procedure shall be de-conflicted from departing
and arriving traffic from neighbouring aerodromes.

-

SR.4

The flight procedure shall have been designed by
procedure designers trained according to formal training
courses and approved by the regulator.

-

SR.5

The flight procedure shall only be used when the EGNOS
Safety of Life service is available.

-

SR.6

The flight procedure shall have been published in the
State AIP.

-

SR.7

Both runway directions at Beirut aerodrome shall be
designated as instrument runway.

-

SR.8

It shall be confirmed from ESSP (as the service provider
for EGNOS) that sufficient coverage and signal-in-space
exists to support the implemented procedure.

-

SR.9

A Letter of Agreement shall be signed and maintained
between Lebanese Directorate of Civil Aviation and
ESSP to provide a framework for exchange of

Requirement description

information regarding SBAS status and
performance.

P1362D003

-

ASSUM.0

Operator will be compliant (equipment and training) in the
APV SBAS approach procedure at Beirut through
certification by EASA and conformance as a minimum
with the requirements of AMC 20-28.
Operator will also be compliant (equipment and training)
in the APV Baro (LNAV/VNAV) approach procedures at
Beirut through certification of AMC 20-27.

-

ASSUM.2

Aircraft operators follow procedures to ensure that the
database that is loaded onto the aircraft navigation
system is current and complete.

-

ASSUM.3

Flight crew follow procedures to confirm that there are no
planned outages of the EGNOS service for the duration
of the expected flight through consultation of the ESSP
prediction service.

-

ASSUM.4

The navigation database used will be supplied by a
database provider approved with an EASA Type 2 Letter
of Acceptance (LOA).

-

ASSUM.5

Vertical guidance source for TAWS is independent from
aircraft guidance system.
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EUROCONTROL
SR No

Beirut SR,
Assumption
and IR No

SR1

SR.10

the Lebanese Directorate of Civil shall determine the
need for performing a specific survey of obstacles
dedicated to the introduction of a LPV approach
procedure.

SR2

SR.11

the Lebanese Directorate of Civil shall determine the
level of validation of the LPV approach procedure
including flight testing, which shall be at least as
specified in ICAO Doc 9906 vol 2 & vol 5.

-

ASSUM.6

-

SR.12

AFIS information about traffic, including QNH
information, shall be continuously available to flight
operations.

SR12

SR.13

The LPV procedure shall include a baro-altitude crosscheck against a published altitude on passing a specific
point. This involves including a reference point (for
instance 4 NM before the missed approach
waypoint/runway threshold) and the associated altitude.

-

SR.14

MET equipment installed at the aerodrome shall use at
least two independent sensors for pressure
measurement.

-

SR.15

Contingency arrangements shall be developed and
followed in the event of the failure or unavailability of the
MET pressure measurement equipment.

SR3

SR.16

The defined procedure design assurance level shall
be applied as per the Lebanese Directorate of Civil
Aviation SMS, therefore applying PAL 3. the
Lebanese Directorate of Civil Aviation shall gather
evidence that this level has been applied.

SR4

SR.17

The procedure designer shall be qualified to design
procedure and to use SW tool supporting FAS
generation. Procedure designer shall receive specific
training to satisfy this requirement.

SR5

SR.18

A qualified SW tool shall be used for generating FAS
(including CRC wrap value generation of the FAS data
block).

SR6

SR.19

The SW tool for generating FAS shall use an algorithm
that covers all SBAS service providers (like EGNOS,
WAAS), in order to avoid doing manual changes /
adaptation with risk of affecting FAS data integrity.

SR9

ASSUM.7

The database supplier should use the same tool to open
the FAS data block as was used by the procedure
designer to encode it.

SR10

ASSUM.8

A database supplier shall not re-open and modify
FAS to avoid risk of a validated FAS data block
being modified. Nevertheless, if a modification is
needed, that shall be performed in coordination
with the State.

SR11

SR.20

For Class Gamma aircraft, it shall be ensured that the
loaded procedure is appropriate for the aircraft type &
performance. It is not possible to address this issue in a
generic way. This has to be done at the local level in
coordination with the operator.

Requirement description

Flight crew will contact AFIS before the FAF and will
confirm that the QNH previously set on the altimeter at
the beginning of approach is correct.
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EUROCONTROL
SR No

Beirut SR,
Assumption
and IR No

SR7

SR.21

-

IR.1

The probability that a wrong QNH setting will not be
identified by flight crew during the additional check of
QNH with ATC/AFIS at a specific point (such as FAP)
shall be no more than 0.05.

-

IR.2

The probability of a procedure validation error, i.e.
procedure design error is not detected during validation,
shall be no more than 4.2 E-04 per final approach.

-

IR.3

The probability of error occurring during the procedure
coding shall be no more than 1.0 E-08 per final
approach.

-

IR.4

The probability of procedure publishing error shall be no
more than 1.0 E-07 per final approach.

-

IR.5

The probability of aircraft database coding/packing error
shall be no more than 1.0 E-07 per final approach.

-

IR.6

The probability of error occurring in the RNAV database
loading tools in an aircraft shall be less than 1.0 E-08 per
final approach.

-

IR.7

The probability of ATC/AFIS Officer providing wrong
QNH/QFE (high) to flight crew (given that MET system
indicates the correct pressure) shall be no more than
1.63 E-06 per final approach.

-

IR.8

The probability of the MET system indicating wrong
QNH/QFE (high) shall be no more than 1.26 E-06 per
final approach.

-

IR.9

The probability of flight crew setting wrong QNH/QFE
(high) on an altimeter (given that ATC/AFIS Officer
provides correct QNH) shall be no more than 1.63 E-06
per final approach.

-

IR.10

The probability of flight crew failing to laterally intercept
the final approach path shall be no more than 2.10 E-07.

-

IR.11

The probability of failure of flight crew to vertically
intercept the final approach path shall be no more than
4.20 E-08.

-

IR.12

The probability of ATC/AFIS Officer providing the wrong
QNH/QFE (low) to flight crew (given that MET system
indicates the correct pressure) shall be no more than
1.63 E-06 per final approach.

-

IR.13

The probability of the MET system indicating wrong
QNH/QFE (low) shall be no more than 1.26 E-06 per final
approach.

-

IR.14

The probability of flight crew setting wrong QNH/QFE
(low) on an altimeter (given that ATC/AFIS Officer
provides correct QNH) shall be no more than 1.63 E-06
per final approach.

SR16

IR.15
(Note: the Beirut
probability figure
is different)

The likelihood that an aircraft flies an erroneous LPV
procedure due to a designer error (incorrect AIP FAS),
and not detected, shall be no more than 2.5 E-9.

Requirement description
Co-ordination shall be made of reference path IDs /
channels (e.g. ensure at least 3 digits change) and
approach names, including those at proximal airports. In
case of several FAS datablocks for the same airport,
sufficient different digits in the IDs shall be ensured.
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EUROCONTROL
SR No

Beirut SR,
Assumption
and IR No

Requirement description

SR17

IR.16
(Note: the Beirut
probability figure
is different)

The likelihood that an aircraft flies an erroneous LPV
procedure due to a software design tool error (and not
detected) shall be less than 2.5 E-09.

SR18

IR.17
(Note: the Beirut
probability figure
is different)

The likelihood that an aircraft flies an erroneous LPV
procedure due to misleading source data (misleading
survey or obstacle assessment and not detected) shall
be less than 2.5 E-09.

SR19

IR.18
(Note: the Beirut
probability figure
is different)

The likelihood that an aircraft flies an erroneous LPV
procedure due to a non-current procedure provided by
the ANSP to the database supplier (and not detected)
shall be less than 2.5 E-09.

SR20

IR.19
(Note: the Beirut
probability figure
is different)

The likelihood that an aircraft flies an erroneous LPV
procedure due to a non-current database provided by the
database supplier to the operator (and not detected) shall
be less than 1.0 E-08.

SR21

IR.20
(Note: the Beirut
probability figure
is different)

The likelihood that an aircraft flies a LPV procedure not
loaded in time (and not detected) shall be less than 5.0
E-09 per final approach.

SR22

IR.21
(Note: the Beirut
probability figure
is different)

The likelihood that an aircraft flies a wrong LPV
procedure loaded in class gamma equipment (and not
detected) shall be less than 5.0 E-09 per final approach.

-

IR.22

The probability of reception of unacceptably degraded
GNSS/SBAS signal (and undetected) shall be no more
than 1.0 E-07.

-

IR.23

The probability of wrong lateral or vertical position
estimation for class gamma equipment shall be no more
than 1.2 E-07 and for class beta equipment no more than
1.8 E-07.

-

IR.24

The probability of undetected loss or degradation of
lateral or vertical guidance instructions for class gamma
equipment shall be less than 1.2 E-07 and for class beta
equipment no more than 1.8 E-07 per approach.

SR23

IR.25
(Note: the Beirut
probability figure
is different)

The likelihood that a wrong approach has been selected
(different from the one obtained from ATC or the one
intended by flight crew) while the LPV has not been
approved yet for LPV minima shall be no more than 1.0
E-06 per approach.

SR24

IR.26
(Note: the Beirut
probability figure
is different)

The likelihood that the procedure is not discontinued on:

-

IR.27

The probability of descending below DA without having
visual reference to the runway (because pilot’s decision
to initiate missed approach takes too long) shall be no
more than 1.0 E-03 per final approach.

-

IR.28

The probability of wrong DA published on the instrument
approach chart shall be no more than 1.0 E-08 per final

- integrity alert along the FAS;
- the failure of RNAV/GNSS system components
including those affecting flight technical error along the
FAS;
shall be no more than 4.2 E-07 per approach.

approach.
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EUROCONTROL
SR No

Beirut SR,
Assumption
and IR No

-

IR.29

The probability that flight crew mis-selects DA from chart
or uses DA from wrong procedure shall be no more than
4.2 E-07 per final approach.

-

IR.30

The probability that flight crew mis-selects, or forgets to
set DA marker on PFD shall be no more than 4.2 E-07
per final approach.

-

IR.31

The probability of channel swap in the navigation
database shall be no more than 1.0 E-08 per final

Requirement description

approach.
IR.32

The probability of approach ID being corrupted in
database shall be no more than 1.0 E-08 per final

approach.
-

IR.33

The probability that flight crew fails to perform a
credibility check by comparing the selected procedure to
the chart (check starting point and endpoint of the
procedure, IDENT, naming, runway, airport, etc.) shall be
no more than 1.0 E-02 per final approach.

-

IR.34

The probability that flight crew fails to detect wrong DA
during pre-approach briefing and the whole approach
shall be no more than 1.0 E-02 per final approach.

-

IR.35

The probability of an aircraft being mis-configured at the
initiation of the missed approach procedure shall be no
more than 1.0 E-04 per final approach.

-

IR.36

The probability that missed approach mode is not
engaged or the missed approach path is not sequenced
(including arming error) shall be no more than 4.2 E-08
per final approach.

IR.37

The probability that the FMS/RNAV computer is
programmed incorrectly for the MA shall be no more than
1.0 E-05.

-

IR.38

The probability that an error occurs during the design,
coding or the promulgation of the LPV procedure
affecting the MAPt segment shall be no more than 1.00
E-05.

SR8

ASSUM.10

Missed approach is supported by GNSS, with the
fallback defined by contingency procedures specific
to each approach/airport

SR13

ASSUM.11

Appropriate operating procedures and crew training
on those procedures for airports with radar
coverage and when pilot follow radar vectoring to
maintain risks at a level comparable to an intercept
with an ILS approach

SR14

ASSUM.12

Appropriate ATC training for airports with radar
coverage and when pilot follows radar vectors on
the provision of appropriate radar vectoring in order
to maintain risks at a level comparable to an
intercept with an ILS approach.

SR15

-

This is converted into Rec.2: Publication of a point

before FAF in the LPV procedure to support the
use of radar vectoring in that phase of flight, to be
displayed on the ATC radar display (to ease the
radar vectoring). This point could be the IF and its
distance to FAF would depend on the angle
P1362D003
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EUROCONTROL
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allowed for the interception of the final approach
course.
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SR25

SR.22

It shall be demonstrated that the probability of
losing the SBAS capability is at least equal to
probability of losing the glide only

SR26

SR.23

With respect to LPV approaches, it shall be
demonstrated that risk (likelihood and
consequences) for unintentional interference for
GNSS is at least similar to ILS.

SR27

ASSUM.13

Demonstrated that the probability of losing all
navigation information on-board an aircraft flying a
LPV approach is at least equal to probability of
loosing all navigation information on-board an
aircraft flying a ILS CAT1 approach.
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Applicable standards
This appendix provides list of standards applicable to LPV operations.
Equipment standards
1. EASA AMC 20-28
2. EASA AMC 20-27
3. EASA ETSO-151a TAWS
4. FAA TSO C129 (incl. A and AR) Level 1/3 – For GPS
5. FAA TSO C145A/146A – For SBAS
6. FAA TSO C-115B for multisensor RNAV
7. FAA TSO C144 for GNSS antennas
8. RTCA DO-208/ED-72A for GPS Rx
9. RTCA DO-229C for SBAS receiver
Airworthiness (including flight crew)
10. FAA AC 20 - 138A for GNSS
11. FAA AC 20 -130A for Multisensor RNAV
12. FAA AC 90-94 Legacy standard for GPS installations
13. FAR Parts 121 & 135
Aeronautical Data
14. RTCA DO-200A/ED-76 Standards for Processing Aeronautical Data
15. RTCA DO-201A/ED-77 Standards for Aeronautical Information
GNSS implementation
16. ICAO Annexes 4, 10, 15
17. ICAO Doc 9849 GNSS Manual
18. ICAO Doc 8071 Manual on the Testing of Radio Navigation Aids
19. ICAO Doc 8168 PANS OPS
20. ICAO Doc 8126 AIS Manual
21. ICAO Doc 9906 Quality Assurance Manual for Flight Procedure Design
22. ICAO Doc 9674 WGS-84 Manual
ATC/Aerodrome
23. EC 859/2008 (EU-OPS 1)
24. ICAO Annex 11
25. ICAO Annex 14
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Safety
26. EUROCONTROL ESARR4
Taxonomy
27. CAST/ICAO common taxonomy
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