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PJ02 EARTH  
INCREASED RUNWAY AND AIRPORT THROUGHPUT 

 

This SESAR Solution PJ02-01 SPR-INTEROP/OSED Part II Safety Assessment Report (SAR) is part of 
project PJ02.01 EARTH and has received funding from the SESAR Joint Undertaking under grant 
agreement No 731781 ǳƴŘŜǊ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜΦ 

 

 

Abstract  

This document specifies the results of the safety assessments carried out in SESAR 2020 Wave 1 by 
SESAR Solution PJ02-01 (Wake Turbulence Separation Optimisation) by EUROCONTROL, NATS, 
ENAIRE and DLR. 

This Safety Assessment Report (SAR) is contributing to the Operational Service and Environment 
Definition (OSED), Safety and Performance Requirements (SPR), Interoperability (INTEROP) 
Requirements, Technical Specifications (TS), and Interface Requirement Specifications (IRS). 

The current version includes contributions from EUROCONTROL, NATS, ENAIRE and DLR. No 
contribution to this report is expected from Airbus (Wake Monitoring).  
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1 Executive Summary 

This document contains the Specimen Safety Assessment for a typical application of the SESAR 
Solution 02-01 (Wake Turbulence Separation Optimisation) in capacity constrained Very Large, Large 
and Medium sized airport operations. The report presents the assurance that the Safety 
Requirements for the V1-V3 phases are complete, correct and realistic, thereby providing all material 
to adequately inform the SESAR Solution PJ02-01 development and validation. 

This Safety Assessment Report (SAR) is contributing to the Operational Service and Environment 
Definition (OSED), Safety and Performance Requirements (SPR), Interoperability (INTEROP) 
Requirements, Technical Specifications (TS), and Interface Requirement Specifications (IRS). 

This document specifies the SESAR Solution PJ02-01 safety assessment results in the scope of the 
operational scenarios designed and validated by EUROCONTROL, NATS, ENAIRE and DLR.  The current 
version includes contributions from EUROCONTROL (arrivals), NATS (departures) and DLR (Wake 
Decay Enhancing). No contribution to this report is expected from Airbus (Wake Monitoring).  

The Arrivals Concepts Solutions safety analysis in this SAR is based on the safety work done by 
Project P06.08.01 in SESAR 1, contained in the corresponding SAR [6].  This version of the SAR 
contains updates of what has been done for both the Arrivals and Departures Concepts Solutions in 
SESAR 2020.   

The safety assessment is carried out by the Project partners (work sharing detailed in Section 2) in 
five main threads: EUROCONTROL, NATS, ENAIRE and DLR.  EUROCONTROL (leading the Validation 
Plan) is responsible for consolidating the Safety Assessment Plan and NATS (leading the SPR-
INTEROP/OSED) is responsible for consolidating the Safety Assessment Report (this document). 

This safety assessment report aggregates the five main working threads of the safety assessment 
back to the four concepts areas of the SESAR Solution PJ02-01: 

¶ Arrivals Concepts Solutions 

o Pairwise Separations for Arrivals (PWS-A) with Optimised Runway Delivery (ORD) tool 
support 

o Weather Dependent Separations for Arrivals (WDS-A) with WDS-A tool support and 
Enhanced ORD tool support  

¶ Departures Concepts Solutions 

o Pairwise Separations for Departures (PWS-D) with Optimised Separation Delivery 
(OSD) tool support 

o Weather Dependent Separations for Departures (WDS-D) with WDS-D tool support 
and Enhanced OSD tool support  

¶ Wake Risk Monitoring Concept Solution 

¶ Wake Decay Enhancing Concept Solution 
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2 Introduction 

This Safety Assessment Report (SAR) 1is addressing Project 02 Solution 01 (PJ02-01) Wake Turbulence 
Separation Optimisation in the frame of SESAR 2020.  

PJ02-01 encompasses the following operational improvements:   

Arrivals Concepts Solutions 

¶ AO-0306: Wake Turbulence Separations (for arrivals) based on Static Aircraft Characteristics 
(PWS-A) 

¶ AO-0310: Weather-dependent reductions of Wake Turbulence Separations for final approach 
(WDS-A) 

¶ AO-0328: Optimised Runway Delivery on Final Approach (ORD) 

Departures Concepts Solutions 

¶ AO-0323: Wake Turbulence Separations (for departures) based on Static Aircraft 
Characteristics (PWS-D) 

¶ AO-0304: Weather-dependent reductions of Wake Turbulence Separations for Departure 
(WDS-D) 

¶ AO-0329: Optimised Separation Delivery for Departure (OSD) 

Wake Risk Monitoring Concept Solution 

¶ AO-0327 - Reduction of Wake Turbulence Risk through Wake Risk Monitoring 

Wake Decay Enhancing Concept Solution 

¶ AO-0325 - Reduction of Wake Turbulence Risk considering Acceleration of Wake Vortex 
Decay in Ground Proximity  

 

The SESAR Solution PJ02-01 design and validation work is organized according to five main threads, 
defined via the following operational scenarios: 

EUROCONTROL Thread 

¶ RTS1: WDS-A with ORD for Arrivals, on single Runway (RWY) operating in segregated mode, 
for Paris CDG airport (encompassing transition from/to Distance or Time-based (DBS or TBS) 
standard separations) 

                                                           

 

1 The opinions expressed herein reflect the authors view only. Under no circumstances shall the SESAR Joint 
Undertaking be responsible for any use that may be made of the information contained herein. 
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¶ RTS2: WDS-A with ORD for Arrivals, and WDS-D with OSD for Departures, on single RWY 
operating in mixed mode, for Paris CDG airport 

¶ RTS3a: PWS-A with ORD for Arrivals, and PWS-D with OSD for Departures, on a single RWY 
operating in mixed mode, for Vienna airport 

¶ RTS3b: PWS-A with ORD for Arrivals, on a single RWY operating in segregated mode, for 
Copenhagen airport 

¶ RTS4a: PWS-A with ORD for Arrivals, and PWS-D with OSD for Departures, on a single RWY 
operating in mixed mode, for Vienna airport 

¶ RTS4b: PWS-A and WDS-A with ORD for Arrivals, and PWS-D and WDS-D with OSD for 
Departures, on CSPR RWYs operating in segregated and mixed mode, for Paris CDG airport 

NATS Thread 

¶ RTS5: PWS-D and WDS-D with OSD for Departures, on dependent parallel RWYs operating in 
segregated mode, with a small number of arrivals landing on the departure runway under 
tactically enhanced arrival management, and encompassing transition in case of degraded 
mode, for London Heathrow airport 

ENAIRE Thread 

¶ RTS6: Real Time simulation conducted by ENAIRE to evaluate the feasibility of WDS-A for 
Arrivals, and PWS-D with OSD for Departures on parallel RWYs operating in segregated mode 
for Barcelona airport 

AIRBUS Thread 

¶ The Wake Risk Monitoring concept solution will be applied to a dataset of flight test data 
containing a series of known wake turbulence encounters, as well as a larger dataset not 
including known wake turbulence encounters to assess the performance of the solution. 

DLR Thread 

¶ LT10: A live trial conducted by DLR in Vienna airport to assess the application of a wake 
decay enhancing device in the Vienna airport environment.  

The above work share threads integrate back into the concepts threads as described below. For more 
information about the concepts, please see Section 3 in the SPR-INTEROP/OSED Part[22]. 

2.1 Arrivals Concepts Solutions 

All WT separation modes are supported by a separation delivery tool providing Target Distance 
Indicators (TDI) to Approach and Tower runway controllers. 

In the current report the ICAO, RECAT-EU and PWS-A modes where distance-based separation is 
applied ǿƛƭƭ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ά5ƛǎǘŀƴŎŜ-.ŀǎŜŘέ ό5.ύ ƳƻŘŜǎ ǿƘƛƭǎǘ ǘƘŜ ƳƻŘŜǎ where time-based 
separation is applied will be referred to as άTime-basedέ ό¢.ύ ƳƻŘŜǎΦ 

This Safety Assessment started by the identification of Safety Criteria (SAC) describing what is 
acceptably safe for the new WT separation modes. Then Safety Objectives were derived at 
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operational level (OSED) to satisfy the Safety Criteria in normal, abnormal and failure conditions. 
Finally, when the high-level design architecture supporting the operational level was defined, Safety 
Requirements in normal/abnormal conditions and considering failure aspects were derived to satisfy 
the Safety Objectives. Safety Requirements were determined though the success and the failure 
approaches, as described by the SESAR Safety Reference Material (SRM) [1]. 

This Safety Assessment presents the assurance that the identified Safety Requirements for the V1-V3 
phases are complete, correct and realistic. 

This Safety Assessment builds on the P06.08.01 Safety Assessment Report (SAR) from SESAR 1 [6].  

During this iterative process, Safety Validation Objectives have been identified and have been 
addressed during Validation Exercises. 

This Safety Assessment was conducted jointly with the Human Performance assessment, in particular 
during the different meetings/workshops, validation exercise and analysis. This led to the 
identification of common and consistent Safety and Human Performance requirements and 
recommendations. 

The following provides the key principles of each concept: 

¶ PWS-A involves arrival wake turbulence separation according to a wake turbulence scheme 
which is based upon aircraft type pairs rather than grouping aircraft types into wake 
categories.  This is to provide a better distribution of wake risk between aircraft type pairs as 
well as to better optimise separations between aircraft type pairs compared with using wake 
categories. Additionally, a refined wake category scheme of 20 categories (RECAT-EU 6-CAT 
plus a further breakdown to an additional 14 refined categories) has been defined for aircraft 
types not covered by the aircraft type pairwise matrix. 

¶ WDS-A is the conditional reduction or suspension of wake separation minima on final 
approach, applicable under pre-defined wind conditions, on the basis that under those wind 
conditions the wake turbulence generated by the lead aircraft is either transported by the 
wind out of the path of the follower aircraft on final approach or has decayed sufficiently to 
be acceptable to be encountered by the follower aircraft.  

¶ Although there are some exceptions, the application of the arrival wake turbulence 
separation rules of the PWS-A and WDS-A concepts requires an Air Traffic Control (ATC) 
support tool to visualise the required minimum separation on the Controller Working 
Position (CWP). This is done through the ORD concept, which provides additional support to 
assist Controllers in delivering the required minimum separation to the runway threshold by 
considering the effect of compression. 

The current distance-based separation based on WT categories might benefit from the support of the 
separation indicators (indicators reflecting the distance-based WT categories), hence the DBS 
concept can also be operated with indicators (identified as DBS in this report). 

The changes introduced by these concepts are directly influencing the spacing on final approach, and 
therefore there is a need to assess their impact on the wake turbulence encounter risk and to some 
extent on the mid-air collision and runway collision risk.  Safety Criteria (SAC) have been formulated 
on the accident precursors which are influenced by the new WT separation modes, with the aim to 
contribute to the satisfaction of the SESAR safety strategic target of maintaining pre-SESAR ATM 
safety levels, despite possible traffic increase in the future. 
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Safety Objectives have been set at ATM service level to ensure satisfaction of the SAC by the new WT 
separation modes, in all operating conditions (normal, abnormal and failure). Functional hazard 
assessments have been conducted to identify the relevant hazards and corresponding operational 
risks. 

Safety validation activities have been performed to assess satisfaction of the safety objectives by the 
new WT separation modes in normal operating conditions.  

Specific WVE risk assessments have been conducted to allow definition of acceptably safe separation 
minima for each WT separation mode. For the Time-Based modes those risk assessments are based 
on the comparison of the WVE risk for the new modes in different wind speed range against the 
Distance-based Separation (DBS) in low wind (as reasonable worst case and maximum acceptable 
risk) and in order to confirm the expected positive effect of wind on wake decay and transport, 
hence on WVE risk. 

A design analysis of the high-level architecture supporting operations in new WT separation modes 
has been conducted. This design analysis led to the identification of a complete and consistent set of 
high-level and detailed safety requirements associated to the different sub-systems (e.g. Separation 
Delivery Tool, Arrival Sequencer tool, Wind sensor) and people (e.g. Controllers, Supervisors and 
Flight Crew). In addition, Recommendations and Safety Issues to be considered in future steps up to 
implementation have been identified. 

These safety requirements are either functionality & performance or mitigations to system 
generated hazards. All Safety Requirements are listed in Appendix B and have been fed into the Part I 
of this SPR-INTEROP/OSED. The Appendix C of this Safety Assessment Report lists the Assumptions, 
Limitations, Issues and Recommendations. 

2.2 Departures Concepts Solutions 

This Safety Assessment presents the assurance that the identified Safety Requirements for the V1-V3 
phases are complete, correct and realistic and builds on the work completed for the CREDOS 
Preliminary Safety Case [19].  

During this iterative process, Safety Validation Objectives have been identified and were addressed 
during Validation Exercises. 

The assessment was conducted jointly with Human Performance experts and identified common 
Safety and Human Performance requirements and recommendations. 

The following provides the key principles of each concept: 

¶ PWS-D involves departure wake turbulence separation according to a wake turbulence 
scheme based upon aircraft type pairs, rather than grouping aircraft types into wake 
categories.  

¶ WDS-D is the conditional reduction or suspension of wake separation minima for departure 
operations, applicable under pre-defined wind conditions, on the basis that under those 
wind conditions the wake turbulence generated by the lead aircraft is either wind 
transported out of the path of the follower aircraft on the initial departure path or has 
decayed sufficiently to be acceptable to be encountered by the follower aircraft.  

https://www.eurocontrol.int/sites/default/files/field_tabs/content/documents/sesar/credos-d4-12-safety-case.pdf
https://www.eurocontrol.int/sites/default/files/field_tabs/content/documents/sesar/credos-d4-12-safety-case.pdf
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¶ The application of the departure wake turbulence separation rules involved by PWS-D and 
WDS-D concepts requires (although there are some exceptions) ATC support tool to present 
the support for aiding the delivery of the required minimum separation on the CWP. 

¶ OSD is the ATC support tool to enable consistent and efficient delivery of the required 
separation or spacing between departure pairs on the initial departure path. 

Further details regarding the concepts can be found in the SPR-INTEROP/OSED Part 1 Section 
3.2.4.2. 

The changes will directly influence the spacing on the initial departure path, and, therefore, there is a 
need to assess their impact on the wake turbulence encounter risk, and to some extent2 on the mid-
air collision risk. Safety Criteria (SAC) have been formulated on the accident precursors which are 
influenced by the new WT separation modes, with the aim to contribute to the satisfaction of the 
SESAR safety strategic target of maintaining pre-SESAR ATM safety levels, despite possible traffic 
increase in the future. 

Safety Objectives have been set to ensure satisfaction of the SAC in all operating conditions (normal, 
abnormal and failure) and a Functional hazard assessment has been conducted to identify the 
relevant hazards and corresponding operational risks. 

Safety validation activities have been performed to assess satisfaction of the safety objectives by the 
new WT separation modes in normal operating conditions.  

Specific WVE risk assessments are still to be conducted to allow definition of acceptably safe 
separation minima for each WT separation mode. This will need input from aircrew and may involve 
additional modelling to determine how wake behaves on departure at specific locations. 

The safety requirements have been produced as a result of the hazard analysis and are listed as 
mentioned above for the AǊǊƛǾŀƭΩǎ /ƻƴŎŜǇǘǎ. 

2.3 Reduction of Wake Turbulence Risk through Wake Risk 
Monitoring Concept Solutions 

Ground-based identification of wake turbulence encounters using recorded on-board data and traffic 
positions broadcast by surrounding aircraft via ADS-B Out helps to ensure safety by allowing to 
objectively characterise wake turbulence risk as a function of e.g. location, traffic mix or separation 
rules. This will provide additional objective information for the monitoring of suitability of the 
optimised wake turbulence separations and support the deployment of updated wake turbulence 
separation rules. It also positively impacts the Human Performance KPA by complementing 
identification and reporting of wake turbulence encounters by Flight Crews and ATCOs.  

Rationale: Long-term wake turbulence risk monitoring can be part of the deployment phase of new 
wake turbulence separation concepts, providing the regulation authority with a direct means to 

                                                           

 

2 2 At the time of writing the Departures AIM has not been finalised 



SESAR SOLUTION PJ02-01 SPR-INTEROP/OSED FOR V3 - PART II - SAFETY ASSESSMENT 
REPORT 

 
 

  

 

 

 24 
 

 

 

verify that all identified safety objectives and safety requirements have been met during its 
operational life. 
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2.4 Wake Decay Enhancing Concept Solution 

The following provides the key principles of the concept: 

¶ Wake Decay Enhancing Concept - The highest risk of encountering wake vortices prevails 
during final approach in ground proximity, where the vortices cannot descend below the 
glide path but tend to rebound because of the interaction with the ground surface. In SESAR 
a method is developed and demonstrated at an international airport that accelerates wake 
vortex decay in that critical height range. The installation of so-called plate lines beyond the 
runway tails (aligned parallel to the runway direction) may improve safety by reducing the 
number of wake vortex encounters and increase the efficiency of wake vortex advisory 
systems.   

2.5 Previous Work Relevant for SESAR Solution 02-01 

2.5.1 Arrivals Concepts Solutions 

For the arrivals concept and the development of ATC support tool prototypes, previous work from 
Project P06.08.01 and OFA 01.03.01 in SESAR 1 is relevant. SESAR 1 Project P06.08.01 Flexible and 
Dynamic Use of Wake Turbulence Separations focused on separation delivery of arriving aircraft, 
which led to the operational deployment of a Time-based Separation(s) (TBS) tool at London 
Heathrow. Other relevant research is RECAT-EU and RECAT-EU-PWS. RECAT-EU and RECAT-EU-PWS 
are optimisations of ICAO wake turbulence categories scheme, developed by EUROCONTROL in 
consultation with European stakeholders. 

2.5.2 Departures Concepts Solutions 

The Wake Turbulence Separations for Departures, based on Static Aircraft Characteristics, aims to 
utilise the more efficient wake separations developed by the RECAT-EU-PWS activities (under the re-
categorisation programme) under approval by EASA, in SESAR 1 (Project P06.08.01) and in SESAR 
2020 (PJ02-01 ς in this SAR). RECAT-EU TB departure separations are currently employed at London 
Heathrow whilst all other UK airports continue to use the UK specific wake turbulence separations. 
Barcelona continues to operate using standard ICAO wake categories. 

The Weather Dependent Reductions of Wake Turbulence Separations for Departures is based on the 
Crosswind Reduced Separation for Departures concept developed by the CREDOS Project in the 
European Commission 6th Framework Programme (EC 6th FP) from 2006 to 2010 [12]. This was 
further developed and validated in Project P06.08.01 from SESAR 1 which included the wind speed 
ǊŜƭŀǘŜŘ ά¢ƻǘŀƭ ²ƛƴŘέ ŎǊƛǘŜǊƛŀ ŎƻƴŎŜǇǘ [13]. 

The Optimised Separation Delivery for Departures and the associated controller tool support is based 
on the controller tool support developed in the CREDOS Project [14], taking into account the 
operational practitioner feedback at the end of the CREDOS Project. 
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2.5.3 Wake Risk Monitoring Concept Solution 

Previous work in Project P09.11 from SESAR 1 is relevant. The project focused on on-board prediction 
of wake turbulence encounters, and also performed some preliminary work on detection of wake 
turbulence encounters based on air-to-air data exchange. 

2.5.4 Wake Decay Enhancing Concept Solution 

The plate line principle has been investigated within DLR internal projects employing different 
devices [15] to [16]. First, fundamental research was conducted employing a towing tank through 
which a simplified aircraft model was towed and the flow was visualized with dye. Quantitative 
measurements were conducted with particle image velocimetry. For this initial work a massive 
obstacle was installed on the ground. Large eddy simulations were used to better understand the 
underlying vortex dynamics, to optimize the obstacle shape and to investigate the impact of 
crosswind and headwind. As a result, a plate line with optimized plate shape, plate number and plate 
separation was designed. Finally, flight experiments were conducted with the DLR research aircraft 
HALO (Gulfstream G550) at special airport Oberpfaffenhofen where the vortex plate interaction was 
studied employing LiDAR measurements. The LiDAR measurement results indicate that the lifetime 
of the longest lived and thus potentially most hazardous vortex could be reduced by one third. 

2.6 General Approach to Safety Assessment 

The safety assessment has been conducted in accordance with the SESAR Safety Reference Material 
(SRM) [1] and associated Guidance [2].  The SRM is based on a twofold approach: 

¶ a new success approach which is concerned with the safety of operations supported by the 
new WT separation modes and ATC tools in the absence of failure; and 

¶ a conventional failure approach which is concerned with the safety of operations supported 
by the new WT separation modes and ATC tools in the event of failure within the end-to-end 
System 

These two approaches are applied to the derivation of safety properties at each of two successive 
stages of the development of the new WT separation modes, as follows: 

Safety Specification at the OSED Level 

This is defined as what the new WT separation modes and ATC tools have to achieve at the Air Traffic 
Management (ATM) operational level in order to satisfy the requirements of the airspace users - i.e. 
ƛǘ ǘŀƪŜǎ ŀ άōƭŀŎƪ-ōƻȄέ ǾƛŜǿ ƻŦ ǘƘŜ new method of operations ŀƴŘ ƛƴŎƭǳŘŜǎ ǿƘŀǘ ƛǎ άǎƘŀǊŜŘέ ōŜǘǿŜŜƴ 
the users (aircraft) and the Air Traffic Service (ATS) Providers. 

From a safety perspective, the user requirements are expressed in the form of SAfety Criteria (SAC) 
and the Specification is expressed in the form of Safety Objectives (functionality & performance and 
integrity/reliability properties), which are derived during the V1 and V2 phases of the development 
lifecycle.  The purpose is to check the completeness of the OSED and identify possible additional 
validation objectives to be revealed by the safety analysis in view of their inclusion in the Validation 
plans. 
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Safe Design at the SPR Level 

This describes what the operations with the new WT separation modes and ATC tools are actually 
like internally and includes all those system properties that are not directly required by the users but 
are implicitly necessary in order to fulfil the specification and thereby satisfy the User requirements. 
5ŜǎƛƎƴ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ŀƴ ƛƴǘŜǊƴŀƭΣ ƻǊ άǿƘƛǘŜ-ōƻȄέΣ ǾƛŜǿ ƻŦ ǘƘŜ ƻǇŜǊŀǘƛƻƴǎ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ ƴŜǿ WT 
separation modes and ATC tools.  This is more generally called the SPR-level Model for the new WT 
separation modes in terms oŦ ƘǳƳŀƴ ŀƴŘ ƳŀŎƘƛƴŜ άŀŎǘƻǊǎέ ǘƘŀǘ ŘŜƭƛǾŜǊ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅΦ 

From a safety perspective, the Design is expressed in the form of Safety Requirements (sub-divided 
into functionality & performance and integrity/reliability properties), which are derived during the V2 
(initial safety requirements) and V3 (detailed safety requirements) phases of the development 
lifecycle.  The purpose here is to feed the SESAR Solution PJ02-01 SPR-INTEROP/OSED Part I with a 
complete and correct set of safety requirements. Furthermore, where relevant, the requirements 
inform the validation exercises with respect to the inclusion of related additional validation 
objectives for which validation feedback is required. 

2.7 Scope of the Safety Assessment 

This Safety Assessment Report (SAR) is limited to the scope of SESAR Solution PJ02-01 in the frame of 
SESAR 2020. SESAR Solution PJ02-01 is addressing the Static Pair Wise Separation (PWS), Optimised 
Runway/Separation Delivery (ORD/OSD) and Weather Dependent Separation (WDS) concepts for 
Arrivals and Departures and is looking at ways to improve Wake Risk Monitoring and Awareness and 
a way to facilitate Enhancing Wake Decay in ground proximity on final approach. 

This safety assessment defines the set of Safety Criteria (SAC), Safety Objectives (SOs) and Safety 
Requirements (SRs) for all the SESAR Solution PJ02-01 concepts solutions.  

Meanwhile, whilst outlining the strategy employed by SESAR Solution PJ02-01 for demonstrating the 
compliance with all SACs, this safety assessment focuses on the design of ATC supporting tools 
(separation indicators displayed to ATCOs) and working methods/procedures required for the 
separation delivery with the new WT separation modes, i.e. the correct application of the new WT 
separation minima for the arrivals concepts solutions and the departures concepts solutions. 

This safety assessment does not support the Separation design i.e. the definition of new WT 
separation minima which, if correctly applied in operation, guarantee safe operations on the final 
approach segment for the arrivals concepts solutions and the initial departure path for the 
departures concepts solutions. However, the relevant pieces of safety evidence (mainly in terms of 
wake turbulence encounter risk assessment) have been produced by P06.08.01 in SESAR 1 and are 
referenced and summarized within the SAC demonstration strategy. This evidence has been used by 
the RECAT-EU-PWS Safety Case submitted to EASA for approval [20]. 

This safety assessment covers the design and validation activities, encompassing Safety specification 
at the OSED Level and Safe Design at the SPR Level. 
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2.8 Layout of the Document 

Section 1 presents the executive summary of the document. 

Section 2 provides background information regarding the definition, design and validation of the 
PWS with ORD/OSD and WDS for Arrivals and Departures, the Wake Risk Monitoring and Awareness 
and the Wake Decay Enhancing Concepts Solutions, the principles for safety assessment in SESAR 
Programme and the scope of this safety assessment. 

Section 3 addresses the safety specification at OSED level, through the definition of Safety Criteria 
(SAC), the determination of Safety Objectives (SO) and link to validation objectives. 

Section 4 addresses the safe design at SPR level, through the derivation of high level and detailed 
Safety Requirements (SR) and link to validation results. 

Appendix A presents the consolidated list of Safety Objectives 

Appendix B presents the consolidated list of Safety Requirements with traceability to the Safety 
Objectives  

Appendix C presents the list of Assumptions, Issues, Recommendations and Assessment Limitations 

Appendix D outlines the Accident Incident Models (AIM) relevant for SESAR Solution 02-01. 

Appendix E presents the Hazard Identification table in outcome of the HAZID workshop conducted 
within P6.8.1 TBS Phase 2 (this continues to be relevant for the arrival separation delivery concepts 
addressed in this SAR). 

Appendix F presents the results of the PJ02.01 arrivals and departures SAF & HP workshop which 
took place on the 30th of October 2018 in the frame of SESAR 2020 

Appendix J presents the results of the workshop with pilots from Air France and CDG ATCOs which 
took place on the 28th of January 2019 in the frame of SESAR 2020 

Appendix H presents the Risk Classification Schemes for the relevant accident-incident types 

Appendix I presents the EATMA models for the arrivals and departures concepts 

Appendix J presents the A-WDS-Xw methodology 

Appendix K presents the D-WDS-Xw methodology 
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3 Safety Specifications at the OSED Level 

This Section covers the following Concepts Solutions: 

¶ Arrivals Concepts Solution in Section 3.1 

¶ Departures Concepts Solutions in Section 3.2 

¶ Wake Decay Enhancing in Section 3.3 

Each group of Concepts Solutions have independent Operational Improvements that should be 
selectable with respect to deployment at capacity constrained Very Large, Large and Medium sized 
airports. 

It should be noted that no input into this SAR is expected from the Wake Risk Monitoring concept so 
no specific sections have been created for these two OI steps. 

3.1 Arrivals Concepts Solutions 

3.1.1 Scope for the Arrivals Concepts Solutions 

This section addresses the following activities: 

¶ Concept overview, describing the baseline and solutions scenarios - Section 3.1.2 

¶ Description of the key properties of the Operational Environment which are relevant to the 
safety assessment ς Section 3.1.3 

¶ Identification of the airspace users requirements ς Section 3.1.4 

¶ Identification of the pre-existing hazards that affect traffic in the relevant operational 
environment (airspace, airport) and the risks which are reasonably expected to be mitigated 
to some degree and extent by the operational services provided by the Arrivals Concepts 
Solutions ς Section 3.1.5 

¶ Setting of the SAfety Criteria for the Arrivals Concepts Solutions (from the Safety Plan[27]) ς 
Section 3.1.6 

¶ Comprehensive determination of the operational services that are provided by the Arrivals 
Concepts Solutions to address the relevant pre-existing hazards and derivation of Safety 
Objectives (success approach) in order to mitigate the pre-existing risks under normal 
operational conditions ς Section 3.1.7 

¶ Assessment of the adequacy of the operational services provided by the Arrivals Concepts 
Solutions under abnormal conditions of the Operational Environment ς Section 3.1.8 

¶ Assessment of the adequacy of the operational services provided by the Arrivals Concepts 
Solutions in the case of internal failures and mitigation of the System-generated hazards 
(derivation of Safety Objectives (failure approach)) ς Section 3.1.9 

¶ Achievability of the SAfety Criteria for the Arrivals Concepts Solutions ς Section 3.1.10 

¶ Validation & verification of the safety specification for the Arrivals Concepts Solutions ς 
Section 3.1.11 
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3.1.2 Concept Overview 

 Baseline Scenario 

3.1.2.1.1 Current separation schemes 

Separation schemes applied in the reference scenarios: 

¶ The distance-based WT separation regulations for arrivals based on WT categories as per e.g. 
ICAO, RECAT-EU 6 category or UK6 CAT.  

Please see PJ.02-01 SPR-INTEROP/OSED [22] section 3 for more information about the ICAO and 
RECAT-EU distance based schemes. 

3.1.2.1.2 Current operating method for the arrivals concepts solutions 

The standard procedures currently used to transfer an arriving aircraft from En-route airspace 
through TMA and approach to touchdown are summarized in this sub-section.   

MERGE FOR FINAL APPROACH INTERCEPTION 

Typically, an aircraft will transition from En-route airspace into the TMA and approach to join the 
flow for the active landing runway via a Standard Arrival Route (STAR). Within the TMA, the aircraft is 
first controlled by one or more ς dependent on the traffic density and the number of directions 
aircraft can come from ς Approach (radar) controllers. The role of these positions is to merge and 
descend traffic into a single flow. The names of these controllers and their distribution of tasks may 
vary from unit to unit. E.g., there may be an initial controller (INI), an intermediate controller (INT) or 
feeder, and final controller (FIN) or director (see Figure 1). The majority of alterations to the landing 
sequence of aircraft occur in the INI and INT controller positions. Unless an emergency or missed 
approach, event occurs it is rare for the FIN controller to make a change to the sequence flow of 
arrivals from the INT controller.   

The FIN controller vectors the aircraft to the final approach fix on the localizer before transferring to 
the tower (TWR) or runway controller. 
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Figure 1: Example approach segments between controller positions 

Speed control ƛǎ ŘŜŦƛƴŜŘ ƛƴ Ƴŀƴȅ ŀƛǊǇƻǊǘǎΩ !LtΣ ǘƘƻǳƎƘ ǘƘŜ ǘŀŎǘƛŎŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘƛǎ ǿƛƭƭ ōŜ ǎǳōƧŜŎǘ 
to variables such as wind and traffic density.  

The speed control profile generally outlined is 220 KIAS on base leg until localizer interception, then 
reduce to 180 KIAS until on glide slope, then reduce to 160 KIAS until the Deceleration Fix at 4 NM 
from the runway landing threshold. Afterwards, the aircraft adopts its Final Approach Speed (FAS); 
see Figure 2. Because of differences in Final Approach Points (FAP), varying between approximately 
5.5 NM and 13 NM from the runway landing threshold, the length of the segments where a certain 
speed is controlled may vary.  

 

Figure 2: Generic speed control procedure on approach 

Variation in ground speed can be about +/- 30 knots, decreasing to +/- 10 knots on the segment after 
the Deceleration Fix at 4 NM from the runway landing threshold until touchdown. It has furthermore 
been observed in radar data that the statistical distribution of speed can vary considerably over 
airports. 

The speed profile from the last instructed speed to the Final Approach Speed (FAS), starting from 
around 6 NM to 4 NM from the runway threshold until touchdown, varies considerably depending on 
aircraft type, landing weight, stabilization altitude, stabilization mode, weather conditions, and the 
associated airline operator cockpit procedures (from under 100 KIAS for some Light wake category 
aircraft types to over 160 KIAS for some Heavy wake category aircraft types). Aircraft starts 
decelerating at Deceleration Fix (DF) and FAS is reached at Stabilization Fix (SF). 

SEPARATION ASSURANCE 

Considering the approach path, the location of the FAP, the speed control applied and the wind 
conditions, the resulting ground speed profile of two succeeding aircraft determines how the 
separation develops on the final approach. 

Based on experience, the approach controller(s) will set up the initial separation, taking into account 
the above-mentioned factors. In addition, the applicable separation minimum (WT or MRS) is 
considered.  
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The point until where the defined minimum should be assured is split into two main practices: 
delivery to threshold (most common) and delivery to the Deceleration Fix at 4 NM from the runway 
landing threshold. Note that in both cases, ATC is responsible for separation to threshold. In the 
latter case, WT separation minima are ensured to the Deceleration Fix at 4 NM from the runway 
landing threshold, taking into account compression after the Deceleration Fix to touchdown.  

The separation targeted for, usually includes a certain buffer to account for compression of the 
distance separation on the last segment of the approach (beyond the Deceleration Fix). The 
separation buffer applied is primarily based on the experience of the controller, taking into account 
the actual traffic and wind situation.  

Monitoring separation is primarily done using the distance markers on the radar screen as a 
ǊŜŦŜǊŜƴŎŜΦ bŜȄǘ ǘƻ ǘƘŀǘΣ Ƴƻǎǘ ǳƴƛǘǎ ƘŀǾŜ ǎƻƳŜ ƪƛƴŘ ƻŦ ΨŦŜŜŘŜǊ ŎǳǊǎƻǊΩ ǘƻ ƳŜŀǎǳǊŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ 
two selected aircraft. At some airports, there is predictive information on how the distance develops, 
but this seems to be used rarely. 

Generally speaking, the TWR controller has few options to directly manage separation. However, in 
some ATC units the TWR controller has responsibility already from 6 NM or 8 NM before the runway 
landing threshold and has a radar rating. Otherwise, to resolve a loss of separation, the controller can 
apply or offer the aircraft visual separation (provided VMC applies), give a go-around instruction, or ς 
and in exceptional cases and when the runway configuration allows ς let the aircraft divert to the 
parallel runway. It is also possible to ask the approach controller to let the following aircraft reduce 
speed. 

The next sub-sections provide a brief description of the TBS, ORD, S-PWS and WDS concepts. 

The concepts described here are for segregated mode use only: arrivals on singular runway different 
from the runway used for departures.  

 Solution Scenario 

3.1.2.2.1 Static Pair Wise Separation (PWS-A) concept for the Arrivals Concepts Solutions 

The PWS-A concept is a wake turbulence scheme which is based upon individual aircraft types rather 
than grouping aircraft types into wake categories.  In a wake category scheme the separations need 
to be designed to protect the lightest follower aircraft type in a category from the heaviest leader 
aircraft type in a category.  This leads to inefficient separations between other aircraft type pairs 
which do not need the same amount of protection. The PWS-A WT scheme provides more efficient 
separations (at a resolution of 0.5 NM) as they can be optimised for each aircraft type pair based 
upon the static characteristics of each aircraft type. 

The PWS-A WT schemes include RECAT-2 (a 96 x 96 aircraft type matrix) together with a 20-CAT 
matrix (RECAT-EU 6-CAT with 14 sub-categories) which have been developed by EUROCONTROL. 

The PWS-A concept could be operated in distance-based mode (DB-PWS-A) or in time-based mode 
(TB-PWS-A). Both modes of operation involve reduced separations (compared with current day 
operations) as the WT separations have been optimised at the level of aircraft type pairs.  The time-
based mode will have further reductions of separation as a function of the headwind conditions. 
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The concept aims to improve overall runway throughput through using the more efficient WT 
separations.  However, it could also be used to improve runway throughput resilience to delay 
(assuming no change in declared capacity). In TB-PWS-A mode the concept can be used to improve 
predictability through improved resilience to headwind conditions. 

In either mode a Separation Delivery tool will be required as the controllers will not know the 
required separation (even in a distance-based operation).  The same Separation Delivery tool as is 
used in the TBS concept can be used to operate the TB-PWS-A concept.  This includes the Final Target 
Distance Indicator (FTD) for providing an indication of the required separation to apply at threshold 
(or 1 NM) and the Initial Target Distance Indicator (ITD) to provide an indication of the predicted 
compression.  When using TB PWS-A, the FTD will use the same method used in the TBS concept.  
When using DB-PWS-A the FTD will be defined based on the DB-PWS-A WT scheme.  The methods for 
calculating the ITD remain the same. 

A PWS-A concept could be operated only in DB-PWS-A mode in which case there will be no need for 
mode transition.  However if the concept is extended to include the TB-PWS-A mode then there will 
be a need to support mode transitions, which in case the required wind conditions service (e.g. 
runway surface and glide path) becomes unavailable, will support the mode switch from TB-PWS-A 
to DB-PWS-A mode. 

Operational constraints which affect TBS which include ROT and MRS will remain applicable in the 
PWS-A concept. 

3.1.2.2.2  Weather Dependant Separation (WDS-A) concept for the Arrivals Concepts 
Solutions 

WT separation could be reduced as a function of weather. In conditions of sufficient total wind or 
crosswind, the time separation equivalent to the applicable DBS separation could be reduced by 
taking advantage of the positive effect of wind on wake decay and transportation.  

The key principle of WDS-A is to define the minimum distance in trail separation to apply as a 
function of weather.  This can either be a function of total wind or cross wind.   

If it is based on a total wind, then as the magnitude of the total wind increases, the decay rate of 
wake turbulence increases allowing a reduction of wake turbulence separations.  That would allow 
for a reduction of the time separations compared to the ones observed in low wind conditions 
between aircraft landing pairs using distance-based separation based on WT categories or PWS-A 
such that the wake encounter risk is equivalent or lower. There is a need to consider the impact on 
both IGE and OGE decay rates, particularly as OGE decay rates may not be impacted as much as IGE 
decay rates.    

If it is based on a crosswind, then as the magnitude of the crosswind increases, the probability of the 
WT to be transported out of the follower aircraft path increases allowing a reduction of wake 
turbulence separations.  When the cross wind exceeds a certain value, the WT can be assured of 
being crosswind transported out of the path of the follower aircraft within a defined time separation, 
allowing for the reduction of the WT separation to the defined time separation. Moreover, as for the 
total wind concept, the crosswind also increases the decay rate of wake turbulence and hence 
decreases the severity in case of wake turbulence encounter. 
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The concept achieves the same predictability improvement through improved resilience as is 
achieved with the TBS concept but can give additional gains due to reduced separations based on the 
total wind or cross wind. 

The WDS-A concept can use as reference for the time separation computation the distance-based 
separation based on WT categories, in which case the WT separation modes within this safety 
assessment are abbreviated A-TB-WDS-Tw for total wind and A-TB-WDS-Xw for cross wind.  

The WDS-A concept can also be combined with the PWS-A concept, using as reference for the time 
separation computation the TB-PWS-A, in which case the WT separation modes within this safety 
assessment are abbreviated A-TB-WD-PWS-Tw for total wind and A-TB-WD-PWS-Xw for cross wind.  

The WDS-A time separation minima defined as a function of the respectively total and cross wind 
shall account for the local wind measurement uncertainty and evolution between computation time 
and actual separation delivery time.  

For that purpose, either a buffer might be added in the design of the time separation or a buffer 
might be added in the wind threshold definition. 

Similarly, to the TBS concept, in case of conditional application of the TB-WDS-A mode, there is a 
need for mode transitions driven by criteria (wind activation threshold):   

¶ A-TB-WDS-Tw and A-TB-WD-PWS-Tw modes shall be activated only when the reference total 
wind (as used in the separation minima design) is equal or greater than the A-WDS-Tw 
threshold (to be determined as function of local conditions).  

¶ A-TB-WDS-Xw and A-TB-WD-PWS-Xw modes shall be activated only when the cross wind (as 
used in the separation minima design) is equal or greater than the A-WDS-Xw wind 
threshold. 

Either form of the WDS-A concept will use the same HMI that is proposed for the TBS and PWS-A 
concepts.  This includes the FTD for providing the required separation to apply at the separation 
delivery point and the ITD to provide an indication of the predicted compression (ORD 
concept).  When using the A-WDS-Tw (resp. A-WDS-Xw) modes, the FTD will be computed applying 
the same method as that used in the TBS concept but using a reduced time separation depending on 
the total wind (resp. crosswind). The definition of the total wind and crosswind used to define 
allowed time separation reduction is to be defined locally. It can range from anemometer wind up to 
full glide path profile.  

In either form of WDS-A mode, and as for the TBS mode, the FTD will be based on the largest 
amongst all operational constraints (i.e. WDS-A WT separation, MRS, ROT or other runway spacing). 
The methods for calculating the ITD remain the same as for TBS. 

The WDS-A concept will need the same headwind forecasting and measuring services as used in TBS 
for the FTD and ITD computation.  However, there will also be other total- or cross- wind forecasting 
considerations depending on the nature of the WDS-A concept.   

For the ECTL TBS concept, the activation threshold only applies at the surface (below 300ft) which 
means the longer-term forecast (1-2 hours) is only needed for the surface.  With regards to the needs 
for FTD and ITD computation, the GWCS only needs to forecast several minutes ahead. 
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In addition, if the WDS-A concept is intended to be used strategically to improve airport capacity, 
then the wind forecasting horizon for the wind thresholds increases to several hours in order to 
provide the Network Manager sufficient time to plan ahead. 

Another consideration is the different components of a wind forecast.  You can forecast the wind 
magnitude and / or the wind direction 

As the WDS-A concept is developed the wind forecasting / measuring requirements will be refined 
and updated accordingly. 

3.1.2.2.3 Optimised Runway Delivery on Final Approach 

This section is a summary of section 3.3.2.1.1 from the SPR-INTEROP/OSED[22].  For more details, 
please see the corresponding section in the OSED.  

This section describes the ORD concept and in particular the Separation Delivery tool that supports 
and is used by the Controllers in delivering the required separation or spacing on approach to the 
runway landing threshold. The Separation Delivery tool calculates and displays Target Distance 
Indicators (TDIs) on the Approach and Tower CWPs. The TDIs include an FTD indicator which displays 
the required separation / spacing to be delivered to the required delivery point and an Initial Target 
Distance (ITD) indicator which displays the required spacing to deliver at the DF to support the 
Controller in delivering the required separation / spacing.  The ITD is the FTD plus the predicted 
compression distance plus any additional buffer (if needed, as safety mitigation to uncertainty in the 
aircraft speed or wind forecast). The compression distance is the difference between the distance 
the leader travels from the DF to the point of delivery and the distance the follower travels in the 
same period of time. 

The key steps regarding the calculation and display of these TDIs are as follows: 

¶ Determine the Approach Arrival Sequence; 

¶ LŘŜƴǘƛŦȅ ŀƭƭ ŀǇǇƭƛŎŀōƭŜ ǎŜǇŀǊŀǘƛƻƴǎ κ ǎǇŀŎƛƴƎΩǎ ǇŜǊ ŀǊǊƛǾŀƭ ǇŀƛǊ όƛƴŎƭǳŘŜǎ ƛƴ-trail and not-in-trail 
pairs); 

¶ Compute the equivalent distance for any time separations or spacƛƴƎΩǎΤ 

¶ Select the maximum applicable separation or spacing which is known as the FTD; 

¶ Compute the ITD by taking into account the effect of compression; 

¶ Determine if the TDI should be displayed; 

¶ Display the TDI on all applicable CWPs. 

Target Distance Indications (TDIs) are displayed on the extended runway centreline of the Final 
Approach controller radar display and the Tower controller Air Traffic Monitor (ATM) display. 

The initial arrival sequence could be taken from an AMAN server and input into the separation tool.  
Alternatively, it can be generated by a dedicated functionality based on actual aircraft position and 
the expected distance to fly to threshold or it can be taken from the Electronic Flight Progress Strip 
(EFPS).  The controllers shall have the ability to manually alter this sequence using a sequence 
switching HMI. 

TDIs are to be displayed on the extended runway centreline for all leader aircraft that are established 
on the localiser. The computation and display of ITD and FTD shall start at a moment defined 
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ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŦŀŎǘƻǊǎ ǊŜƭŀǘƛƴƎ ǘƻ ŀƴ ŀƛǊŎǊŀŦǘΩǎ Ǉƻǎƛǘƛƻƴ ŀƴŘ ǾŜŎǘƻǊ ǿƛǘƘƛƴ ŀ ŘŜŦƛƴŜŘ 
volume of airspace.  

Figure 3 below shows an example of implementation design for the TDIs: in this example, shapes are 
constraints specific and colours are CWP specific. 

 

Figure 3: Example of HMI Design for TDIs 

MODES OF OPERATION 

In case of conditional application of the time-based mode, the concept utilises a wind threshold to 
provide a safety buffer depending upon the local airport wind variability and the wind forecasting 
reliability to ensure that the concept allows for a maximum x seconds of errors in the FTD 
computation.  This means the system requires two modes of operation: 

¶ Distance Based (DBS); 

¶ Time Based (TBS). 

In both modes (under normal operating conditions) the same HMI will be used.  In DBS mode the FTD 
will be defined by the distance separations of the selected WT scheme, whilst in TBS mode the FTD 
will be computed as a function of leader and follower category pair, the time separation from the 
Pairwise time separation table, the glideslope headwind profile and the follower final approach TAS 
profile or time-to-fly profile.  In both modes the ITD will be computed as a distance added to the FTD, 
function of leader and follower final approach TAS profile or time-to-fly profile and headwind profile 
on the glideslope.  The controllers and supervisors are shown the current mode of operation through 
an indication on the HMI. 

The decision to switch between DBS mode and TBS mode shall be taken by the Approach and Tower 
Supervisor on the basis of the information provided by the MET services. 
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The separations are applied on the basis of wind conditions that may change from the time the 
separation is computed (at the latest before interception) and the time the aircraft reach the safety 
critical region of the glide below 300ft, meaning these separations have to be robust to wind 
conditions variation. 
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If the glideslope headwind profile is, for example, overestimated by the forecast, the result will be to 
observe a higher average groundspeed compared to the Separation Delivery Tool expectations and, 
as a consequence, a lower time separation applied than initially expected by the tool which could 
increase the risk of WVE. 

The decision to activate the TBS mode shall be based on a criterion (total wind threshold) ensuring 
that whatever the reduction allowed in distance separation, the WVE risk will remain acceptable. As 
an example, because wake decay is strongly correlated to wind the threshold could be based on the 
total wind (not only headwind) in the critical region (below 300ft: reasonable worst location on the 
glide path where separations are designed). 

The transition from one mode (TBS or DBS) to the other shall not jeopardize the capability of the 
ATCO to perform his separation duties. The two different modes share the same HMI and they both 
have TDIs (unless in case of system failure). The main significant difference with TBS mode active 
with respect to DBS mode is that the FTD is reduced compared to the DB separations. 

A decision on the transition from DBS mode to TBS mode or vice versa shall have been made through 
a coordination process between the Approach and Tower Supervisor and the MET services. The 
decision shall be based on information about stable wind conditions and above a pre-defined wind 
threshold. 

Once the decision is taken, both the Approach and Tower controllers are informed, and the 
requested operations are done in due time in order to have the same mode of operation on all the 
working positions. 

In case of an unexpected drop in the total wind below the minimum threshold a tactical decision to 
go back to DB mode shall be taken. Once again, the decision is coordinated amongst the Approach 
and Tower Supervisors and the MET service. This is however considered as an abnormal mode and 
should remain a rare event. For avoiding it, a tactical decision (coordinated with MET services) to 
switch mode can be anticipated or postponed if the weather evolution turns out to deviate from the 
initial prediction. 

HARMONISATION WITH OTHER SEPARATION AND SPACING CONSTRAINTS ON FINAL APPROACH 

The separation delivery tool can use different Wake Turbulence scheme to maintain the separations 
between aircraft pair. The schemes can be the standard reference used nowadays at European 
airport like ICAO or RECAT-EU or more advanced schemes. Two of these new advanced schemes are 
part of the PJ02.01 work: Static Pairwise Separation and Weather Dependent Separations for Arrivals 
(see sections 3.1.2.2.1 and 3.1.2.2.2). 

The Separation Delivery Tool factors in the Minimum Radar Separation (3NM or 2.5NM), the runway 
occupancy time (ROT) or other additional in-trail/not -in-trail separation/spacing constraints (e.g. 
scenario specific spacing, spacing minimum which may be different from the MRS, specific airborne 
constraint, etc.). 

The Final Target Distance indicator is required to reflect the maximum separation or spacing 
constraint to be applied between the arrival pair. 
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  Summary of WT separation modes covered by this safety assessment for 
the arrivals concepts solutions 

The following WT separation modes of operation based on combinations of the new WT separation 
concepts outlined in the previous sub-sections are covered in this safety assessment: 

Id. WT separation scheme& associated 
operation 

Concepts involved 

DB-PWS-A Distance Based PWS-A (RECAT-EU-PWS) PWS-A, ORD 

TB-PWS-A Time Based PWS-A (TB RECAT-EU-PWS) TB, PWS-A, ORD 

A-TB-WDS-Tw WDS-A Total wind based on conditional reduction of 
TBS minima  

A-WDS-Tw, TB, ORD 

A-TB-WDS-Xw WDS-A Crosswind based on conditional reduction of 
TBS minima 

A-WDS-Xw, TB, ORD 

A-TB-WD-PWS-Tw WDS-A Total wind based on conditional reduction of 
TB-PWS-A minima 

A-WDS-Tw, TB, PWS-A, ORD 

TB-WD-PWS-Xw WDS Cross wind based on conditional reduction of TB-
S-PWS minima 

A-WDS-Xw, TB, PWS-A, ORD 

 

All WT separation modes are based on the use of Target Distance Indicators (TDI) and as such are 
supported by the ORD separation delivery tool. 

In the current report the DBS and DB-PWS-! ƳƻŘŜǎ ǿƛƭƭ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ά5ƛǎǘŀƴŎŜ .ŀǎŜŘέ ό5.ύ 
modes whilst the TB-PWS-A, A-TB-WDS-Tw, A-TB-WDS-Xw, A-TB-WD-PWS-Tw and A-TB-WD-PWS-Xw 
ƳƻŘŜǎ ǿƛƭƭ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ά¢ƛƳŜ .ŀǎŜŘέ ό¢.ύ Ƴƻdes. The WDS-A modes represent a sub-category 
of the Time-Based modes.  The headwind TBS concept applied currently at Heathrow (with no 
ŎƻƴŘƛǘƛƻƴŀƭ ŀǇǇƭƛŎŀǘƛƻƴύ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ά¢.{έΦ   

Note that the safety assessment for the TB and DB modes with indicators has been done in SESAR 1. 

 

3.1.3 Arrivals Concepts Solutions Operations Environment and Key 
Properties 

This section describes the key properties of the Operational Environment that are relevant to the 
SESAR Solution PJ02-01 safety assessment (information summarized from SPR-INTEROP/OSED Part I 
Section 3.2[22]) relevant for the Arrivals Concepts Solutions. 

 Airspace and Airport characteristics for the Arrivals Concepts Solutions 

The Arrivals Concepts Solutions are applicable to capacity constrained Very Large Airports (more than 
250k movements per year), Large Airports (between 150k and 250k movements per year) and 
Medium Airports (between 40k and 150k movements per year). These airports typically operate in 
Very High, High or Medium Complexity TMA sub-operating environments. 
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The runway configurations and modes of runway operations employed at European Very Large, Large 
and Medium Airports include: 

¶ Single runway operating in mixed mode operations 

¶ Independent parallel runways operating in segregated mode operations 

¶ Dependent parallel runways operating in segregated mode operations with the option of 
some arrival aircraft landing on the designated departure runway 

¶ Closely spaced parallel runways operating in segregated mode operations 

¶ Closely spaced parallel runways operating in mixed mode operations 

 Types of Airspace ς ICAO Classification for the Arrivals Concepts Solutions 

Control areas around aerodromes are usually ICAO Class C or D:  

¶ ICAO Class C: IFR and VFR flights are permitted, all flights are provided with air traffic control 
service and IFR flights are separated from other IFR flights and from VFR flights. VFR flights 
are separated from IFR flights and receive traffic information in respect of other VFR flights 

¶ ICAO Class D: IFR and VFR flights are permitted, and all flights are provided with air traffic 
control service, IFR flights are separated from other IFR flights and receive traffic information 
in respect to VFR flights, VFR flights receive traffic information in respect of all other flights. 

An ATC clearance is needed and compliance with ATC instructions is mandatory. A speed limit of 250 
KIAS applies if the aircraft is below FL 100 (10,000ft) in the UK. 

 Airspace Users ς Flight Rules for the Arrivals Concepts Solutions 

The type of traffic permitted at an aerodrome and the associated restrictions is specified in the 
Aeronautical Information Publication (AIP) for the aerodrome. For example, Heathrow permits IFR 
traffic and also VFR and SVFR traffic under associated restrictions. 

 Traffic Levels and complexity for the Arrivals Concepts Solutions 

In the Reference Scenarios the level of arrivals traffic in peak hours is as per the current RWY 
throughput at the respectively Very Large, Large and Medium airports. 

In the Solutions Scenarios the level of arrivals traffic in peak hours is as per the increased RWY 
throughput enabled by the Solutions. 

 Separation Minima 

In Baseline: 

¶ The ICAO radar separation standards for arrivals and departures including MRS, which 
prevents aircraft collision, and WT separation which is intended to protect aircraft from 
adverse Wake Turbulence Encounters (WTEs). 

¶ For Arrivals, that involves distance-based WT separations based on WT categories as per e.g. 
ICAO, RECAT-EU 6 category or UK 6 category schemes.  
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¶ For arriving aircraft category pairs with no defined WT separation then the MRS is to be 
applied.  This is typically 3 Nautical Miles (NM) although can be 2.5NM under certain 
conditions prescribed in ICAO Doc 4444 or as prescribed by the appropriate Air Traffic 
Services (ATS) authority. 

With the Solution Scenarios: 

¶ With PWS-A the ATCOs will apply a separation scheme where separations are based on each 
aircraft type pair instead of the standard separations scheme where aircraft types are 
grouped on categories. Additionally, a refined wake category scheme of 20 categories 
(RECAT-EU 6-CAT plus a further breakdown to an additional 14 refined categories) has been 
defined for aircraft types not covered by the aircraft type pairwise matrix. 

¶ With WDS-A the WT separations will be reduced thanks to weather conditions (total wind or 
crosswind) favourable for the concepts. With the crosswind concept there is still a need to 
provide for sufficient time for the upwind vortex generated by the lead aircraft type to be 
crosswind transported clear of the downwind wing of the follower aircraft type taking into 
account the relative lateral navigation performance of the lead and follower aircraft along 
the extended runway centre-line of the straight-in approach path. For the total wind concept 
there is still a need to take into account the time separation required for the wake 
turbulence generated by the lead aircraft to decay so that it is safe to be encountered by the 
follower aircraft. 

¶ When the runway occupancy time spacing for providing for clearance of the runway by the 
lead aircraft in time for the follower aircraft to be able to be given clearance to land (ROT 
Spacing) is the largest separation or spacing constraint then this is required to be applied 
between the arrival pair. This may be applied as a pre-defined ROT Spacing between wake 
category pairs where the lead aircraft type has a mean arrival runway occupancy time (aROT) 
significantly greater than 50s (such as RECAT-EU CAT-A aircraft types of up to around 90s, 
RECAT-EU CAT-B aircraft types of up to around 75s and RECAT-EU CAT-C aircraft types of up 
to around 65s), or as Spacing Minimum adjusted dependent on the headwind conditions on 
final approach for non-wake pairs where the lead aircraft has a mean aROT of less than 50s  
(e.g. RECAT-EU CAT-D, CAT-E and CAT-F aircraft types). 

 Aircraft ATM capabilities for the Arrivals Concepts Solutions 

The Aircraft ATM capabilities are as per the Reference Scenario IFR/VFR/SVFR operations at the 
respectively Very Large, Large and Medium airports. No additional ATM capabilities are envisaged. 

The Aircraft ATM Capabilities include the following: 

¶ Transponder (Elementary Mode-S Surveillance (ELS) or Mode A/C) 

¶ Transponder (Enhanced Mode S Surveillance (EHS) (for UK Airports) 

¶ Air-Ground Voice Communication System (VCS) 

¶ Flight Management System (FMS) Capability 
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 Ground ATM capabilities 

In the Reference Scenarios: 

¶ Flight Data Processing System 

¶ Arrival Manager 

¶ Departure Manager (for mixed mode)  

¶ Airport Collaborative Decision Making (A-CDM) (for mixed mode) 

¶ Advanced Meteorological Information 

¶ Surveillance System for Surface Movement (e.g. Advanced Surface Movement Guidance and 
Control System (A-SMGCS)) 

¶ Tower CWPs (Airport Tower Supervisor, Tower Runway Controller, Tower Ground Controller, 
Tower Clearance Delivery Controller or Apron Manager) 

o Electronic Flight Progress Strips 
o Traffic Situation View Display 
o Meteorological Information Display 
o ATC Voice Communications 

¶ TMA CWPs (TMA Supervisor, TMA Planning Controller, TMA Executive Departure Controller, 
Final Approach Controller) 

o Flight Progress Strips (Either electronic or paper) 
o Radar Situation View Display 
o ATC Voice Communications 

With the Solution Scenarios: 

Besides the ATCO delivery Tool support for Arrivals which are part of the Change (see details at 
§2.3.2 in the SAP) the following ground ATM capabilities are considered in the operational 
environment:  

¶ Local environment weather information and wind forecasting and monitoring capabilities 
(TBS, ORD, PWS-A and WDS-A concepts rely on wind forecasting and monitoring at the 
surface and along the final approach path). 

¶ Aircraft performance information in support of ORD concept 

¶ Trajectories information in support of ORD concept. 

 Terrain Features ς Obstacles for the Arrivals Concepts Solutions 

There is a requirement to take into account terrain features and obstacles that may impact the wind 
field when developing and validating the WDS-A concepts. The local topography such as hangar 
buildings, terminal buildings and high ground in the vicinity of the aerodrome may impact both 
surface winds and winds aloft on the straight-in approach path. 
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 CNS Aids for the Arrivals Concepts Solutions 

No anticipated change from Reference Scenarios for current operations. These include: 

¶ Air-Ground Voice Communication System 

¶ Ground-Ground Voice Communications System 

¶ Instrument Landing System (ILS) and possibly Microwave Landing System (MLS) for some 
airports 

¶ RNAV / GNSS Navigation Services 

¶ Possibly Ground Based Augmentation System (GBAS) for some airports 

¶ Primary & Secondary Radar Surveillance System for the TMA and Initial, Intermediate and 
Final Approach 

o Elementary Mode-S Surveillance (ELS) or Mode A/C 
o Enhanced Mode S Surveillance (EHS) (for UK Airports) 

¶ Surveillance System for Surface Movement (e.g. Advanced Surface Movement Guidance and 
Control System (A-SMGCS)) including some coverage of the landing stabilisation phase of 
Final Approach. 

3.1.4 Airspace Users Requirements for the Arrivals Concepts Solutions 

According to the OSED, the following airspace user requirements are relevant for PJ02 01: 

¶ Flight Crews shall be briefed on the applicable concept (e.g. PWS-A or WDS-A) to ensure 
sufficient understanding. Also, they shall be aware of the current mode of operation at the 
airport which can be achieved through the Digital Automatic Terminal Information Service 
(D-ATIS).  

¶ Flight Crew shall notify the Approach Controller of an inability to fly the standard procedure 
or of any non-conformant final approach speeds. 

¶ The aircraft type is an important input into the Separation Delivery tool due to the possible 
implications of an error. The Flight Crew could be required to confirm aircraft type on first 
call to allow the Controllers to cross check it. If this is not feasible then an alternative method 
to reduce the chance of aircraft type errors will need to be found (i.e. via Datalink). 

¶ The cautionary wake vortex advisory phraseology may require to be modified for the 
applicable concept. 

¶ Additional spacing can be requested by Flight Crew but it is expected to be rare as Flight 
Crew will be briefed on the applicable concept. 

3.1.5 Relevant Pre-existing Hazards for the Arrivals Concepts Solutions 

A pre-condition for performing the safety assessment for the introduction of a new concept is to 
understand the impact it would have in the overall ATM risk picture. The SRM Guidance D and E [2] 
provide a set of Accident Incident Models (AIM - one per each type of accident) which represent an 
integrated risk picture with respect to ATM contribution to aviation accidents. 

  



SESAR SOLUTION PJ02-01 SPR-INTEROP/OSED FOR V3 - PART II - SAFETY ASSESSMENT 
REPORT 

 
 

  

 

 

 45 
 

 

 

In order to determine which AIMs are relevant for each of the PJ02.01 Arrivals Concepts Solutions, 
this sub-section presents the relevant aviation hazards (that pre-exist in the operational environment 
before any form of de-confliction has taken place) that have been identified within the HP & SAF 
scoping & change assessment session (using Guidance F.2.2 of [2]). 

It has been concluded that the safety-relevant impact of the change brought in by the Arrivals 
Concepts Solutions is limited to the Interception and Final Approach Path (including initiation of a 
Missed Approach (Go-Around)). The relevant pre-existing hazards, together with the corresponding 
ATM-related accident types and AIMs are presented in Table 1 for the Arrivals Concepts Solutions.   

Pre-existing Hazards [Hp] ATM-related accident type & AIM model 

Hp#1a ά!ŘǾŜǊǎŜ ²ŀƪŜ 9ƴŎƻǳƴǘŜǊ on Final 
!ǇǇǊƻŀŎƘέ 

Wake Turbulence-induced Accident (WTA) on Final 
Approach Path & associated AIM in Appendix D 

Hp#2a ά{ƛǘǳŀǘƛƻƴ ƛƴ ǿƘƛŎƘ ǘƘŜ ƛƴǘŜnded 4D 
trajectories of two or more airborne aircraft are in 
conflict- Cƛƴŀƭ !ǇǇǊƻŀŎƘέ 

Mid-Air Collision (MAC) on the Final Approach Path & 
associated AIM in Appendix D 

Hp#3 ά¢ƘŜ ǇǊŜŎŜŘƛƴƎ ƭŀƴŘƛƴƎ ŀƛǊŎǊŀŦǘ ŀǊŜ ƴƻǘ ŎƭŜŀǊ 
of the runway-in-ǳǎŜέ 

Runway Collision (RC) & associated AIM in Appendix D 

Table 1: Pre-existing hazards relevant for the PJ02-01 Arrivals Concepts Solutions 

3.1.6 SAfety Criteria for the Arrivals Concepts Solutions 

This section defines the set of SAfety Criteria applicable to the operational scenarios for the arrivals 
concepts solutions. 

SAfety Criteria (SAC) define the acceptable level of safety (i.e. accident and incident risk level) to be 
achieved by the Solution under assessment, considering its impact on the ATM/ANS functional 
system and its operation.  

The SAC setting is driven by the analysis of the impact of the Change on the relevant AIM models 
(models identified at §3.1.5) and it needs to be consistent with the SESAR safety performance targets 
defined by PJ 19.04 (as per [21]).  

For PJ02-01 the Safety Validation Target is: 

ά¢ƘŜ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ²!Y9 Cƛƴŀƭ Approach accidents per year of -0.33% and in the 
total number of RWY Collision accidents per year of -0.53%, due to SESAR 2020 improvements with 
ǊŜǎǇŜŎǘ ǘƻ ŀ ƘȅǇƻǘƘŜǘƛŎŀƭ άŘƻ ƴƻǘƘƛƴƎέ ǎŎŜƴŀǊƛƻΣ ƛƴ ǿƘƛŎƘ ƴƻ ŎƘŀƴƎŜǎ ŀǊŜ ƳŀŘŜ ǘƻ !¢a ǎŀŦŜǘȅ ƻŦ ǘƘŜ 
Baseline (2005) while traffic is allowed to increase until it reaches the capacity level targeted for 
{9{!w ƛƴ нлорΦέ 

(note that the safety benefit is the outcome of maintaining the Baseline safety levels whilst accepting 
the Capacity benefit i.e. traffic increase brought in by the Concept) 

Two sets of safety criteria are formulated: 

¶ A first one aimed at ensuring an appropriate Separation design i.e. definition of WT 
separation minima which, if correctly applied in operation, guarantee safe operations on final 
approach segment and initial common approach path respectively; 



SESAR SOLUTION PJ02-01 SPR-INTEROP/OSED FOR V3 - PART II - SAFETY ASSESSMENT 
REPORT 

 
 

  

 

 

 46 
 

 

 

¶ A second one aimed at ensuring correct Separation delivery i.e. that the defined WT 
separation minima are correctly applied by ATC. 

SEPARATION DESIGN 

The following definition will be employed to designate a pair of aircraft: 

Two consecutive arrivals on the same runway, or on Closely Spaced Parallel RWYs (CSPR), or an 
arrival following a departure in mixed mode on the same runway or on CSPR. 

A SAC is defined for each Arrival WT separation mode within the scope (PWS-A, WDS-A) driven by the 
applicable WT Accident AIM model (Final Approach ς see Appendix D). 

¶ on risk of WT Encounter on Final Approach related to correct application of the WT scheme 
under consideration (see in AIM WT on Final Approach model Appendix D Figure 27 the 
ƻǳǘŎƻƳŜ ƻŦ ǇǊŜŎǳǊǎƻǊ ²ŀƪŜ 9ƴŎƻǳƴǘŜǊ ό²9ύ с{ άLƳƳƛƴŜƴǘ ǿŀƪŜ ŜƴŎƻǳƴǘŜǊ ǳƴŘŜǊ Ŧŀǳƭǘ-free 
ŎƻƴŘƛǘƛƻƴǎέ ƴƻǘ ƳƛǘƛƎŀǘŜŘ ōȅ ōŀǊǊƛŜǊ .н ά²ŀƪŜ ŜƴŎƻǳƴǘŜǊ ŀǾƻƛŘŀƴŎŜέύ 

A-TB-WDS-Tw-SAC#1: The probability per approach of wake turbulence encounter of a given 
severity for a given traffic pair spaced at WDS Total wind minima on Final Approach segment 
for any applicable total wind conditions shall not increase compared to the same traffic pair 
spaced at reference distance WTC-based minima in reasonable worst-case conditions*. 

* Reasonable worst-case conditions recognized for WT separation design (as detailed at [7] 
§4.2.1) 

A-TB-WDS-Xw-SAC#1: The probability per approach of wake turbulence encounter of a given 
severity for a given traffic pair spaced at WDS Cross wind minima on Final Approach segment 
for any applicable cross wind conditions shall not increase compared to the same traffic pair 
spaced at reference distance WTC-based minima in reasonable worst-case conditions*. 

 

RECAT-EU-PWS-SAC#1:  For an aircraft type pair at RECAT-EU-PWS minima on Final Approach 
segment, the pair-wise wake turbulence encounter severity shall not be higher than the 
severity of reference aircraft type pair (selected as acceptable baseline with proven extensive 
operations) at ICAO minima and in reasonable worst-case conditions* 

The strategy intended for meeting the above SACs will rely upon the analysis of experimental data 
(traffic, meteo, wake) possibly combined with modelling.  

Once the Design has met the SAC above, the following safety issue still remains to be addressed: 

Safety issue: The frequency of wake turbulence encounters at lower severity levels might increase 
due to the reduced separation minima. As the frequency of wake turbulence encounters at each 
level of severity depends on local traffic mix, local wind conditions and proportion of time of 
application of the concept, there is a need to find a suitable way for controlling the associated 
potential for WT-related risk increase.  
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An additional SAC, to be derived on each WT separation mode, is defined in order to cap the safety 
risk from the case where the correctly defined WT separation minima are not correctly applied, with 
potential for severe wake encounter higher than if those minima were correctly applied.  

¶ on risk of Imminent wake encounter under unmanaged under-separation (see WE 6F in AIM 
WTA Final Approach model Appendix D Figure 27): 

A-SAC#F1: The probability per approach of imminent wake encounter under unmanaged 
under-separation on Final Approach shall be no greater in operations based on WT scheme 
under consideration than in current operations applying reference minima (e.g. ICAO or an 
established operational baseline) 

The strategy intended for meeting the A-SAC#F1 relies upon qualitatively showing that the use of the 
tool will involve a significant reduction of the frequency of unmanaged under-separations which will 
compensate for the risk increase brought in by the higher probability of imminent wake encounter 
associated to those unmanaged under-separations. 

SEPARATION DELIVERY 

A set of SACs, to be derived on each WT separation mode, are defined in order to ensure that the 
defined WT separation minima are correctly applied for separation delivery, i.e. that the right 
Functional System in terms of People, Procedures, Equipment (e.g. separation delivery tool) is 
designed such as to enable safe operation in each separation mode.  The correct application of WT 
separation minima needs to account for the additional separation constraints imposed by the 
Surveillance separation (during interception and along the final approach path) and the need of 
preventing RWY collision3. For achieving that, the safety risk related to under-separation and its 
precursors needs to be controlled, driven by the AIM WT on Final Approach models and accounting 
for constraints imposed by the MRS minima and by the AIM RWY collision model. 

¶ on risk of Unmanaged under-separation (WT) in adequate separation mode during 
interception and final approach (see WE 7F.1 in AIM WT on Final Approach model Appendix 
D Figure 27):   

A-SAC#F2: The probability per approach of Unmanaged under-separation (WT) in adequate 
separation mode during interception & final approach shall be no greater in operations 
based on WT scheme under consideration than in current operations applying reference 
minima (e.g. ICAO or an established operational baseline) 

¶ on risk of Unmanaged under-separation induced by inadequate selection & management of 
separation mode i.e. selection of and transition between any adequate modes of operation 
i.e. A-WDS-Tw, A-WDS-Xw, DBS (see WE 7F.2 in AIM WT accident on Final Approach model): 

                                                           

 

3 In case of aircraft inability to recover from a severe wake encounter a wake accident will occur (encompassing 
loss of control or uncontrolled flight into terrain; that is not related to the Controlled Flight into Terrain 
accident and associated AIM model) 
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A-SAC#F3: The probability per approach of unmanaged under-separation (WT) during 
interception & final approach shall not increase due to inadequate selection of or transition 
between any adequate modes of operation 

¶ on risk of Imminent infringement (WT) during interception and final approach (see WE 8 in 
AIM WT accident on Final Approach model): 

A-SAC#F4: The probability per approach of Imminent infringement (WT) during Interception 
& final approach shall be no greater in operations based on WT scheme under consideration 
than in current operations applying reference minima (e.g. ICAO or an established 
operational baseline) 

¶ on risk of Imminent collision during interception and final approach path (see in AIM MAC 
FAP model MF4):   

A-SAC#F6: The probability per approach of Imminent collision during interception and final 
approach shall be no greater in operations based on WT scheme under consideration than in 
current operations applying reference minima (e.g. ICAO or an established operational 
baseline). 

¶ on risk of Imminent infringement (radar separation) during interception and final approach 
path (see in AIM MAC FAP model MF5.1 and MF7.1): 

A-SAC#F7: The probability per approach of Imminent infringement (radar separation) during 
interception and final approach shall be no greater in operations based on WT scheme under 
consideration than in current operations applying reference minima (e.g. ICAO or an 
established operational baseline). 

¶ on risk of Crew/Aircraft induced spacing conflicts (spacing conflicts induced by Crew/Aircraft 
and not related to ATC instructions for speed adjustment) during interception and final 
approach (see WE 10/11 in AIM WT accident on Final Approach model): 

A-SAC#F5: The probability per approach of Crew/Aircraft induced spacing conflicts during 
interception & final approach shall be no greater in operations based on WT scheme under 
consideration than in current operations applying reference minima (e.g. ICAO or an 
established operational baseline) 

¶ on risk of runway conflict due to conflicting ATC clearances (see in AIM RWY collision model 
D.2, the precursor RP2.4 which might be caused by e.g. spacing management by APP ATCO 
without considering ROT constraint or APP ATCO clearing a/c to land while another a/c has 
been cleared for line-up (applicable only in mixed mode) and which outcome is mitigated by 
B2: ATC Collision Avoidance involving e.g. last moment detection by TWR ATCO with or 
without Runway Incursion Monitoring and Conflict Alert System RIMCAS): 

A-SAC#R1: The probability per approach of Runway Conflict resulting from Conflicting ATC 
clearances shall be no greater in operations based on WT scheme under consideration than 
in current operations applying reference minima (e.g. ICAO or an established operational 
baseline) 
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It should be noted that no SAC was derived for the risk of Runway conflict due to premature landing 

(not cleared by ATCO) or unauthorised RWY entry of ac/vehicle as no change is introduced by the 

ŀǊǊƛǾŀƭǎ ŎƻƴŎŜǇǘǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƻŘŀȅΩǎ ƻǇŜǊŀǘƛƻƴǎΦ 

3.1.7 Mitigation of the Pre-existing Risks ς Normal Operations for the 
Arrivals Concepts Solutions 

 Operational Services to Address the Pre-existing Hazards for the Arrivals 
Concepts Solutions 

The arrival concepts under assessment are applicable to the final approach operations from merging 
for interception until the aircraft has landed. Therefore, both Approach Control Service and 
Aerodrome Control Service are impacted by these concepts. The operational services (i.e. delivered 
to the Airspace Users) listed in Table 2 have been seen as relevant to these concepts.  

ID4 Air Navigation Service Objective Pre-existing Hazard 

Airport Operational Scenario Planning Phase 

ACT Determination and activation of the separation mode (in 
case of conditional application of the Time-Based modes) 

Note: only automatic de-activation is possible (TB to DB 
mode), the activation (DB to TB mode) has to always be 
done manually by the controllers/supervisors  

Hp#1a (Wake risk) 

GPM Coordination of pre-planned or tactical GAP 
management 

Hp#3 (Runway collision risk) 

Approach and Landing 

FCF Facilitate capture of the Final approach  Hp#1a (Final Approach wake 
risk) 

Hp#2a (Final Approach MAC risk) 

SP2 Maintain separation between aircraft intercepting 
different final approach paths (closely spaced parallel 
runways) 

Hp#1a (Final Approach wake 
risk) 

Hp#2a (Final Approach MAC risk) 

SP3 Maintain spacing/separation between aircraft on the 
same final approach path  

Hp#1a (Final Approach wake 
risk) 

Hp#2a (Final Approach MAC risk) 

Hp#3 (Runway collision risk) 

SP4 Maintain aircraft separation between successive arrivals 
on the Runway Protected Area (RPA)  

Hp#3 (Runway collision risk) 

SP5 Maintain aircraft separation between arrivals and Hp#3 (Runway collision risk) 

                                                           

 

4SP= SeParate aircraft with other aircraft; FCF= Facilitate Capture of the Final approach; ACT = 
Activation/Transition phase.  
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departures in mixed mode (departure behind an arrival 
vacating or departure in front of arrival) on the Runway 
Protected Area (RPA) 

Table 2: Relevant ATM/ANS services and Pre-existing Hazards for the PJ02-01 Arrivals Concepts Solutions 

 Derivation of Safety Objectives (Functionality & Performance ς success 
approach) for Normal Operations for the Arrivals Concepts Solutions 

The purpose of this section is to derive functionality & performance Safety Objectives (as part of the 
success approach) in order to mitigate the pre-existing aviation risks under normal operational 
conditions (i.e. those conditions that are expected to occur on a day-to-day basis) such as to meet 
the defined Safety Criteria. 

To derive the Safety Objectives one needs to interpret, from a safety perspective, the OSED 
Operational Concept specification (i.e. how the PJ02-01 concept contributes to the aviation safety) 
by making use of the European Air Traffic Management Architecture (EATMA) representation as per 
the Operational layer. More specifically, this means using the OSED Use Cases and their 
representation through the EATMA Process Models as defined by the PJ02-01 OSED. The purpose is 
to derive a complete list of Safety Objectives, allowing to specify the Change involved by the Concept 
at the operational service level, by considering the PJ02.01 concepts as a series of continuous 
processes described through the Use Cases. This allows showing how the Safety Objectives 
participate in the achievement of the relevant operational services and contribute to safety barriers 
(in the relevant AIM models) i.e. how they contribute to meeting the Safety Criteria. 

The OSED presents the consolidated list of functionality & performance Safety Objectives (SO) under 
normal operational conditions. The link to the Safety Criteria is shown in the last column for each SO, 
via the relevant Use Case and operational service that are concerned with the change and allowed 
the SO derivation.
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ID Safety Objective  
(success approach) 

Use Case Operational Service Related SAC# 
(AIM Barrier 
or Precursor) 

 ATC shall be able to apply consistent and accurate DBS, 
TBS, PWS-A or WDS-A wake turbulence separation rules 
on final approach (encompassing interception) and 
landing, through operating under Distance Based modes 
(DBS, DB-PWS-A) and Time Based modes (TBS, T-PWS-A, 
A-WDS-Tw and A-WDS-Xw), with the possibility to safely 
switch between a TB-mode and the corresponding DB-
mode. 

LIM#005: Regarding the conditional application of Time-
Based modes, in line with the OSED, only the activation 
and deactivation conditions of each WT separation mode 
and the switching between each TB-mode and the 
corresponding DB-mode are covered within this 
specification and related safety assessment, but not other 
transitions between modes.   

Airport Operational 
Scenario Planning 
Phase for PWS, WDS 
and ORD for Arrivals 

ACT: Determination and activation of 
the separation mode (in case of 
conditional application of the Time-
Based modes) 

SAC#F2 
SAC#F3 

SO 
002 

 

In case of conditional application of Time Based (TB) 
modes, ATC shall apply the correspondent WT separation 
minima only when the predefined activation criteria for 
the considered TB-mode are met i.e. specified wind 
parameter(s) measured against pre-determined wind 
threshold(s).   

As above As above SAC#F3 

SO 
003 

In case of conditional application of TB-modes the wind 
threshold(s) for the activation criteria specific to each TB-

As above As above Any mode-A-
SAC#F1 
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ID Safety Objective  
(success approach) 

Use Case Operational Service Related SAC# 
(AIM Barrier 
or Precursor) 

mode shall be determined to mitigate the risk of wake 
vortex encounter due to the uncertainties on the wind 
profile prediction data and on the aircraft adherence to 
the generic airspeed profile 

SAC#F3 

 

SO 
004 

In case of conditional application of TB- modes, ATC shall 
apply the corresponding distance-based WT separation 
mode (DBS or respectively DB-PWS-A) when the 
activation criteria for TBS, TB-WDS-A modes or 
respectively TB-PWS-A and A-TB-WD-PWS modes are not 
met anymore 

As above As above SAC#F3 

SO 
005 

In a given WT separation mode, ATC shall sequence and 
instruct aircraft to intercept the final approach path such 
as to establish and maintain applicable separation minima 
on final approach segment based on the displayed Target 
Distance Indicators corresponding to that separation 
mode 

 FCF: Facilitate capture of the Final 
approach path 

 

SP3: Maintain spacing/separation 
between aircraft on the same final 
approach path 

A-SAC#F2 
A-SAC#F4 

 

SO 
006 

The Target Distance Indicators shall be calculated and 
displayed to correctly and accurately represent the 
greatest constraint out of wake separation minima of the 
mode under consideration (for all traffic pairs and in the 
full range of weather and operating conditions pertinent 
for that mode), the MRS, the runway spacing or other 

 FCF: Facilitate capture of the Final 
approach path 

 
SP3: Maintain spacing/separation 
between aircraft on the same final 

A-SAC#F2 
A-SAC#F4 
A-SAC#F6 
A-SAC#F7 
A-SAC#R1 
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ID Safety Objective  
(success approach) 

Use Case Operational Service Related SAC# 
(AIM Barrier 
or Precursor) 

spacing constraint (e.g. departure gaps) approach path 

 
GPM: Coordination of pre-planned or 
tactical GAP management 

A-SAC#R2 

 

SO 
007 

The design of the Separation Delivery Tool and associated 
operating procedures and practises shall not negatively 
impact Flight Crew/Aircraft who shall be able to follow 
ATC instructions in order to correctly intercept the final 
approach path in the mode under consideration 

 FCF: Facilitate capture of the Final 
approach path 

A-SAC#F5  

 

SO 
008 

In a given WT separation mode, ATC shall provide correct 
spacing minima delivery from final approach path 
acquisition until landing based on separation indicators 
correctly computed for that separation mode. 

 SP3: Maintain spacing/separation 
between aircraft on the same final 
approach path 

A-SAC#F2 
A-SAC#F4 
A-SAC#F6 
A-SAC#F7 
A-SAC#R1 
A-SAC#R2 

SO 
009 

ATC and Flight Crew/Aircraft shall ensure that the final 
approach path is flown whilst respecting the aircraft 
speed profile (unless instructed otherwise by ATC or 
airborne conditions require to initiate go around) in order 
to ensure correctness of the separation indicators 

 SP2: Maintain separation between 
aircraft intercepting different final 
approach path (closely spaced parallel 
runways) 

 
SP3: Maintain spacing/separation 
between aircraft on the same final 

A-SAC#F5  
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ID Safety Objective  
(success approach) 

Use Case Operational Service Related SAC# 
(AIM Barrier 
or Precursor) 

approach 

SO 
010 

ATC (and potentially Flight Crew/Aircraft) shall consider 
the potential for WDS separation infringement due to 
lateral deviation from final approach path (e.g. dog leg 
when WDS crosswind is operated) 

 As above A-SAC#F2 
A-SAC#F4 
A-SAC#F5  

SO 
011 

 

The runway spacing or other spacing constraint (e.g. 
departure gaps) shall be input to and accounted for the 
Separation Delivery Tool (in support of SO 006) 

It is assumed that landing clearances will be provided in 
the same manner as per current operations based on WTC 
scheme 

 SP4: Maintain aircraft separation 
between successive arrivals on the 
Runway Protected Area (RPA)   

Maintain aircraft separation between 
arrivals and departures in mixed mode 
(departure behind an arrival vacating or 
departure in front of arrival) on the 
Runway Protected Area (RPA) 

GPM: Coordination of pre-planned or 
tactical GAP management 

A-SAC#R1 

SO 
012 

TWR ATC shall request the insertion of departure gaps 
from APP ATC, and shall coordinate with APP the 
modification and cancellation of these gaps as 
operationally needed 

 GPM: Coordination of pre-planned or 
tactical GAP management 

 

Maintain aircraft separation between 
arrivals and departures in mixed mode 

A-SAC#R1 
A-SAC#R2 
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ID Safety Objective  
(success approach) 

Use Case Operational Service Related SAC# 
(AIM Barrier 
or Precursor) 

(departure behind an arrival vacating or 
departure in front of arrival) on the 
Runway Protected Area (RPA) 

Table 3 PJ02.01 Safety Objectives (success approach)  
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The next table shows the success case safety objectives for arrivals per execution phase and their 
associated SAC: 

ID Description Ref. SAC 

WT Separation Mode Activation/Transition Phase 

SO 001 ATC shall be able to apply consistent and accurate DBS, TBS, PWS-A or WDS-A 
wake turbulence separation rules on final approach (encompassing 
interception) and landing, through operating under Distance Based modes 
(DBS, DB-PWS-A) and Time Based modes (TBS, T-PWS-A, A-WDS-Tw and A-
WDS-Xw), with the possibility to safely switch between a TB-mode and the 
corresponding DB-mode. 

SAC#F2 
SAC#F3 

SO 002 In case of conditional application of Time Based (TB) modes, ATC shall apply 
the correspondent WT separation minima only when the predefined activation 
criteria for the considered TB-mode are met i.e. specified wind parameter(s) 
measured against pre-determined wind threshold(s).   

SAC#F3 

SO 003 In case of conditional application of TB-modes the wind threshold(s) for the 
activation criteria specific to each TB-mode shall be determined to mitigate the 
risk of wake vortex encounter due to the uncertainties on the wind profile 
prediction data and on the aircraft adherence to the generic airspeed profile 

Any mode-
SAC#1 
SAC#F3 

 

SO 004 In case of conditional application of Time Based (TB) modes, ATC shall apply 
the corresponding distance-based WT separation mode (DBS or respectively 
DB-PWS-A) when the activation criteria for TBS, TB-WDS-A modes or 
respectively TB-PWS-A, A-TB-WD-PWS modes are not met anymore 

SAC#F3 

 

Execution Phase ς Interception 

SO 005 In a given WT separation mode, ATC shall sequence and instruct aircraft to 
intercept the final approach path such as to establish and maintain applicable 
separation minima on final approach segment based on the displayed Target 
Distance Indicators corresponding to that separation mode 

A-SAC#F2 
A-SAC#F4 

SO 006 The Target Distance Indicators shall be calculated and displayed to correctly 
and accurately represent the greatest constraint out of wake separation 
minima of the mode under consideration (for all traffic pairs and in the full 
range of weather and operating conditions pertinent for that mode), the MRS, 
the runway spacing or other spacing constraint (e.g. departure gaps) 

A-SAC#F2 

A-SAC#F4 

A-SAC#F6 

A-SAC#F7 

A-SAC#R1 

A-SAC#R2 

SO 007 The design of the Separation Delivery Tool and associated operating 
procedures and practises shall not negatively impact Flight Crew/Aircraft who 
shall be able to follow ATC instructions in order to correctly intercept the final 
approach path in the mode under consideration 

A-SAC#F5 

Execution Phase ς Final Approach 

SO 008 In a given WT separation mode, ATC shall provide correct spacing minima 
delivery from final approach path acquisition until landing based on separation 
indicators correctly computed for that separation mode. 

A-SAC#F2 

A-SAC#F4 

A-SAC#F6 

A-SAC#F7 
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A-SAC#R1 

A-SAC#R2 

SO 006 See above 

SO 009 ATC and Flight Crew/Aircraft shall ensure that the final approach path is flown 
whilst respecting the aircraft speed profile (unless instructed otherwise by ATC 
or airborne conditions require to initiate go around) in order to ensure 
correctness of the separation indicators 

A-SAC#F5 

SO 010 ATC (and potentially Flight Crew/Aircraft) shall consider the potential for WDS-
A separation infringement due to lateral deviation from final approach path 
(e.g. dog leg when WDS crosswind is operated) 

A-SAC#F2 
A-SAC#F4 
A-SAC#F5 

SO 011 The runway spacing, or other spacing constraint shall be input to and 
accounted for the Separation Delivery Tool (in support of SO 006) 

A-SAC#R1 

SO 012 TWR ATC shall request the insertion of departure gaps from APP ATC, and shall 
coordinate with APP the modification and cancellation of these gaps as 
operationally needed 

A-SAC#R1 
A-SAC#R2 

Table 4: List of Safety Objectives (success approach) for Normal Operations for the PJ02-01 Arrivals Concepts 
Solutions 

3.1.8 Safety Objectives for Arrivals Concepts Solutions under Abnormal 
Conditions 

The purpose of this section is to assess the ability of operations based on the new WT separation 
modes and ATC tools to work through (robustness), or at least recover from (resilience) any 
abnormal conditions that might be encountered relatively infrequently (these might be either 
operational situations/use cases that have not been covered in 3.1.7.2 or conditions external to the 
scope of the new System which are not under our control). 

 Identification of Abnormal Conditions for the Arrivals Concepts Solutions 

The following abnormal conditions have been identified in Project 06.08.01 in SESAR 1, also relevant 
for this iteration.   

ID Abnormal Scenario 

1 Change of Aircraft landing runway intent 

2 Abnormal procedural aircraft airspeed and/or abnormal stabilized approach speed 

3 Lead aircraft go-around 

4 Delegation of separation to Flight Crew  

5 Actual Wind on final approach different from the wind used for FTD/ITD computation 

6 Flight Crew Notification of Aircraft Speed non-conformance  

7 Unexpected drop of ground wind below safe threshold 

8 Late change of landing runway (not planned) 

9 Scenario specific spacing requests (e.g. unforeseen need for RWY inspection)  
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1/  CHANGE OF AIRCRAFT LANDING RUNWAY INTENT  

This situation represents the case of an aircraft changing its runway intent late and requiring to be 
ƛƴǎŜǊǘŜŘ ƛƴ ǘƘŜ ǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ άƴŜǿέ Ǌǳƴǿŀȅ ǿƛǘƘ ŀ ǎŜǉǳŜƴŎŜ ŀƭǊŜŀŘȅ ŜǎǘŀōƭƛǎƘŜŘΦ  

Two distinct cases need to be addressed: 

¶  Change of aircraft intent before merging towards Final Approach 

¶  Change of aircraft intent after merging towards Final Approach or already established 

The second case differs from the first one, as the Approach controllers have less time to handle a late 
change. The risk is for the aircraft to be inserted in the sequence without updating the arrival 
sequence, which, if not detected involves the use of incorrect TDIs (corresponding to a different 
aircraft) with potential for imminent infringement and ultimately large under-separation ς mitigation 
is derived as per SO 103. 

2/  ABNORMAL PROCEDURAL AIRCRAFT AIRSPEED AND/ OR ABNORMAL STABILIZED APPROACH SPEED 

This situation represents the case of an aircraft not respecting the procedural airspeed before the 
Deceleration Fix (e.g. respecting 160 KIAS) or the stabilized approach speed specific to the aircraft 
type (e.g. VAPP) after the Deceleration Fix. 

For TB-modes, the risk is that both FTD and ITD are erroneous, as their computation is based on the 
pre-defined TAS profile for that aircraft type, with potential for imminent infringement and 
ultimately large under-separation ς mitigation is derived as per SO 102, i.e. aircraft speed 
conformance alert. 

For DB-modes, only the precision of ITD is affected, with risk of imminent infringement and need to 
instruct a missed approach due to compression after the deceleration fix ς mitigation as per SO 102 

For the affected aircraft pair, ATC either needs to apply speed corrections or to manage compression 
manually and, if in TB-modes, to apply distance-based WTC separation minima if speed corrections 
ŎŀƴΩǘ ōŜ ŀǇǇƭƛŜŘ.  

3/  LEAD AIRCRAFT GO-AROUND 

This situation represents the case where the lead Aircraft is executing a missed approach at any point 
during the final approach (either instructed by ATC or decided by Flight Crew). 

The risk is for ATCO to not update the arrival sequence which might involve the use of incorrect TDIs 
(corresponding to a different aircraft) with potential for imminent infringement and ultimately large 
under-separation ς mitigation is derived as per SO 103. 

4/  DELEGATION OF SEPARATION TO FLIGHT CREW 

This situation occurs in good visibility conditions, in case the Final APP or TWR ATCO needs to 
delegate the WT separation to Flight Crew (e.g. in case the FTD is going to be infringed, in order to 
avoid initiating a go around).  

If the Flight Crew accepts the request, the Final Approach ATCO or Tower Runway ATCO shall instruct 
the Flight Crew to maintain visual separation with the aircraft ahead.  In this case the responsibility 
to maintain separation will be passed to the Flight Crew. 
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No change compared to current operations based on DBS without indicators. 

5/  ACTUAL WIND ON FINAL APPROACH DIFFERENT FROM THE WIND USED FOR FTD/ITD COMPUTATION 

Impact on the computed/displayed FTD 

For the Time-Based modes, if the actual wind conditions on final approach are different from the 
wind conditions provided by the short term MET prediction and used for FTD computation, the 
displayed FTD will not provide the right separation minima to be applied and in the worst case the 
shown distance will be lower than the correct one, with risk of under-separation. More specifically 
the wind conditions used for the FTD computation are: 

¶  In TB-PWS-A modes: glideslope wind profile, 

¶  In A-TB-WDS-Tw and A-TB-WD-PWS-Tw modes: reference Total wind, 

¶  In A-TB-WDS-Xw and A-TB-WD-PWS-Xw modes: reference Cross wind. 

In the current safety assessment, the risk of under-separation induced by the uncertainty in 
glideslope wind prediction (together with the one induced by uncertainty in the actual final approach 
speed profile) is mitigated as follows:  

¶ Define time separation buffers for the applicable time separation minima and for various 
wind conditions; these buffers decrease as the wind increases; 

¶ Select, amongst the considered wind conditions, the one which displays the maximum time 
separation buffer;  

¶ In case of conditional application, reduce the time separation buffer. The conditional 
application is expected to be used in many implementations, in order to maintain acceptable 
performance in terms of resilience and/or throughput (note that at airports where wind 
conditions are stable adding a separation buffer in the design of separation minima to be 
used by the FTD will be sufficient to mitigate that risk; however, at airports with changing 
wind conditions a conjunction of an added separation buffer and the conditional application 
of the time based modes will be necessary).  

However, the above mitigations are not sufficient in the longer term, because if the difference in 
wind conditions persists the operation will be performed with reduced safety margins and higher 
exposure to risk of imminent infringement and under-separation. An additional mitigation is derived 
as per SO 101 i.e. wind conditions monitoring and alerting, whilst specifically considering the 
type/component of wind relevant for each time-based separation concept. If in WDS-Tw/Xw, upon 
being alerted, the ATCOs shall revert to the correspondent distance-based separation mode (DBS or 
DB-PWS-A).  If in TBS or TB-PWS-A, the tool shall re-compute the TDIs based on the correct wind 
value.   

Note: No impact on FTD in DBS and DB-PWS-A modes. 

Impact on the computed/displayed ITD 

For all WT separation modes, the difference between the actual head wind on the glideslope and the 
glideslope headwind profile used by the separation delivery tool will impact the accuracy of the ITD 
and in the worst case the spacing shown will be lower than the correct one with risk for needing to 
instruct a missed approach due to the non-anticipated compression after the deceleration fix. The 
mitigation derived above can be re used here ς SO 101 (with monitoring of the glideslope wind 
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conditions). Upon being alerted the ATCOs shall manage compression without indicators as per today 
operations.  

Note: The case of wind conditions resulting in a significant difference in the ground speed of aircraft 
being merged from opposite sides of the extended runway centre-line and a significant change in 
ground speed as the aircraft turn on to final approach does not involve any change in the way APP 
ATCO is managing the turn for interception in the current DBS operations without indicators. The 
Target Distance Indicators are correctly displayed, and ATCO will target them when instructing 
aircraft to turn for interception whilst accounting for the challenging wind conditions in the same 
way they do it in current operations. 

6/  FLIGHT CREW NOTIFICATION OF AIRCRAFT SPEED NON-CONFORMANCE 

Flight crew provides notification of approach procedural airspeed non-conformance issues and/or 
unusually slow or fast landing stabilisation speed for the aircraft type. 

In order to mitigate the subsequent risk of not providing adequate spacing to cope with the 
compression effect, APP ATCO shall take into account, for the merging on to final approach, the 
notified speed-related aspects to determine the additional spacing that is required to be set up 
behind the ITD indication ς mitigation is derived as per SO 104. 

7/  UNEXPECTED DROP OF REFERENCE WIND BELOW SAFE THRESHOLD 

In case of conditional application of the Time Based modes, when the TB-mode activation criteria is 
not met anymore (i.e. an unexpected drop of the reference wind below the safe threshold), the TB- 
mode shall be deactivated (revert to correspondent DB- mode) ς see SO 004 (derived at §3.1.7.2) 

8/  LATE CHANGE OF LANDING RUNWAY (NOT PLANNED) 

This situation represents the case of a change of the assigned landing runway which was not 
planned, requiring an establishment of a new arrival sequence for this switched runway. 

The risk is for using a not correctly updated arrival sequence which, if not detected involves the use 
of incorrect TDIs (corresponding to a different aircraft) with potential for imminent infringement and 
ultimately large under-separation ς mitigation is derived as per SO 105.   

9/  SCENARIO SPECIFIC SPACING REQUESTS 

ATCO shall be able to handle requests for spacing which are specific to scenarios like e.g. unforeseen 
RWY inspection or temporary blockage or aircraft difficulty for braking. The separation delivery tool 
shall be able to display TDIs behind the adequate aircraft, based on Controller input, as per SO 106. 

The following OSED Use case/Non-nominal flows will be addressed when failure conditions are 
analysed at §4.1.5: 

¶  Insufficient spacing on Final approach 

¶  ITD catch-up alert on Final approach.  
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 Safety Objectives for Abnormal Conditions for the Arrivals Concepts 
Solutions 

The following Safety Objectives considering the abnormal conditions identified above have been 
derived for arrivals: 

ID Description Abnormal 
Scenario 

Ref. SAC 

SO 101 ATC shall be alerted when the actual wind conditions differ significantly 
from the wind conditions used for the TDIs computation (wind 
conditions monitoring alert): for the FTD -glideslope wind in TB-modes 
only; for the ITD ς glideslope wind in all modes (TB and DB). 

5 A-SAC#F2 
A-SAC#F3 

SO 102 ATC shall be alerted when the aircraft speed varies significantly from 
the procedural airspeed and/or the stabilized approach speed used for 
the TDIs computation (speed conformance alert) in order to manage 
compression manually 

2 A-SAC#F5 

SO 103 ATC shall maintain an updated arrival sequence order following a late 
change of aircraft runway intent or a go-around  

1 and 3 A-SAC#F2 
A-SAC#F4 
A-SAC#F5 
A-SAC#F6 
A-SAC#R1 

SO 104 ATC shall take into account, for the merging on to final approach, the 
notified approach procedural airspeed non-conformance issues and any 
notified employment of a slow or fast landing stabilisation speed to 
determine the additional spacing that is required to be set up behind 
the ITD indication 

6 A-SAC#F5 

SO 105 The Target Distance Indicators shall be correctly updated in case of late 
(not planned) change of landing runway 

 

Issue 02: In case of a late landing runway change, it should be verified if 
the arrival sequencing tool can be timely reconfigured in order to 
display the Approach Arrival Sequence for the switched runway and 
update the TDIs accordingly. 

8 A-SAC#F2 
A-SAC#F4 
A-SAC#F5 
A-SAC#F6 
A-SAC#R1 

SO 106 ATC shall be able to handle scenario specific spacing requests while 
using the separation delivery tool  

9 A-SAC#R1 
A-SAC#R2 

Table 5: List of Safety Objectives (success approach) for Abnormal Operations for the PJ02-01 Arrivals 
Concepts Solutions 

3.1.9 Mitigation of System-generated Risks (failure approach) for the Arrivals 
Concepts Solutions 

This section concerns operations in the case of internal failures. Before any conclusion can be 
reached concerning the adequacy of the safety specification at the OSED level, it is necessary to 
assess the possible adverse effects that failures internal to the end-to-end Functional System 
supporting the new WT separation modes and ATC tools might have upon the provision of the 
relevant operations and to derive safety objectives (failure approach) to mitigate against these 
effects. 



SESAR SOLUTION PJ02-01 SPR-INTEROP/OSED FOR V3 - PART II - SAFETY ASSESSMENT 
REPORT 

 
 

  

 

 

 62 
 

 

 

This section provides the list of the identified Operational Hazards, their operational effects, with the 
mitigation of those effects and the associated severity. The severity classification scheme is based on 
the Wake Turbulence Accident Model (see Appendix D). 

 Identification and Analysis of System-generated Hazards for the Arrivals 
Concepts Solutions 

The list of hazards for arrivals is based on the analysis which was previously done in Project 
P06.08.01 in SESAR 1.  These hazards have been refined further for this iteration.   

In SESAR 1, a number of safety workshops for TBS phase 1 took place at NATS premises and were 
facilitated by NATS safety representatives and involving Approach and Tower Controllers. Hazards, 
their causes and consequences were identified and assessed during these workshops.  

Further on, in TBS phase 2, the Operational Hazards relevant for TB-PWS-A with indicators 
(corresponding to the  TBS separation mode) and DB-PWS-A with indicators (corresponding to DBS 
separation mode) have been identified and analysed within the TB-PWS-A SAF/HF workshop (Dec 
2014) [8], complemented by further safety expert analysis supported by project and operational 
expertise, and the outcomes have been documented in the TB-PWS-A Safety Assessment Report [8]. 
Appendix E presents the OHA/HAZID table which led to the identification of the Operational Hazards 
for TBS and DBS modes, including failure mode, possible causes, preventive mitigations; operational 
effects and protective mitigations based on workshop and brainstorming activities.  

In the frame of P06.08.01, the TB-PWS-A hazard identification and analysis has been further 
extended by the safety, project and operational experts in order to encompass the newly introduced 
WT separation modes and ATC tools (based on the use of Target Distance Indicators). 

The hazards and mitigations were further refined to reflect the developments of PJ02.01 during a 
workshop which took place at EUROCONTROL Bretigny on October 30th, 2018.   The workshop was 
facilitated by SAF and HP experts from EUROCONTROL and it included APP, TWR ATCOs and 
Supervisors, together with safety, human performance and concept experts. For the full list of 
participants please see Appendix F. Further, a workshop with pilots from Air France and CDG ATCOs 
took place on the 28th of January 2019 on the Air France premises at CDG airport.  The workshop was 
facilitated by SAF and HP experts from EUROCONTROL and it included APP and TWR ATCOs from 
DSNA, pilots from Air France, together with safety, human performance and concept experts from 
EUROCONTROL. The workshop helped clarifying remaining SAF/HP and concept questions for 
projects PJ02.01, PJ02.02 and PJ02.03.  However, only results from PJ02.01 and PJ02.03 were kept in 
this SAR. For the detailed results of this workshop please see Appendix G. 

The Operational Hazards have been identified at operational service level, i.e. aligned to the Safety 
Objectives in normal conditions and such as to allow their anchoring into the AIM Wake Turbulence 
Accident model. 

It should be noted that hazards Hz#01a, 01b, 02a, 02b, 03a, 03b, 04a, 04b apply in the Reference 
operations as well (i.e. current operations using DBS minima without indicators), with the same 
operational effects. Meanwhile most of the means for mitigating the hazard effects are modified by 
the introduction of the new WT separation modes, as Target Distance Indicators are provided to 
ATCOs for the application of the separation minima applicable in each mode, whilst ensuring that the 
severity of the hazard effects is not degraded. Obviously, certain hazard causes and associated 
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preventive mitigations are also changed, but that aspect will be tackled within the failure analysis of 
the SPR-level design in 4.1.5. 

The following table provide the consolidated list of the Operational Hazards, with their operational 
effects, the mitigations protecting against effect propagation and the allocated severity. The severity 
allocation was based on the severity classification schemes of the relevant Accident Incident Models 
(AIM) as per the guidance to SRM [2] (Guidance E) and which are included in Appendix D.
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ID Hazard 
Description 

High Level Causes 
(derived from 
Success SO)  

Operational Effects Mitigations protecting against 
propagation of effects 

Severity (most probable 

effect) 

  Inadequate ATCO 
instruction 

Inadequate ATCO-
pilot communication 

 

When applying WDS for 
example, ATCO may be 
drawn into reducing to the 
new separation minima 
before the current 
transition procedures (e.g. 
from 3 to 2.5NM or 1000ft) 
allow, especially when the 
Separation Delivery Tool is 
used, due to the ATCO 
being drawn in delivering 
to the TDI.  

This means an imminent 
infringement, i.e. spacing is 
eroded with risk for 
temporary and limited 
under-separation (e.g. less 
than 0.5 NM) during 
separation establishment 

Protective Mitigations 

Resolve situation by vectoring, level 
instructions or go-around 

WAKE FAP B3 Management of 
Imminent Infringement 

MAC FAP B3 ATC Collision 
Avoidance 

WK-FA-SC3b 

MAC-FA-SC3 

                                                           

 

5 Example: LOC overshoot resulting in the follower catching-up the leader that performed the overshot; one cause might be the wrong or untimely ATCO heading 
instruction; a second cause might be the late Pilot response. 
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on Final App or later during 
Final App can happen.  

 Separation not 
being recovered 
following  
imminent 
infringement of 
A/C pair 
instructed by ATC 
to merge on the 
Final Approach 
interception 

(e.g. Go around, 
break off etc- 
depends on the 
triggering event) 

ATCO failure to 
instruct timely the 
separation recovery 
action before the 
imminent 
infringement is 
evolving to a large 
under-separation  

Pilot failure to timely 
execute the 
separation recovery 
instruction 

Large under-separation (of 
more than e.g. 0.5 NM) 
occurs during separation 
establishment on Final App 
or later during Final App.  

 

Protective Mitigations 

With respect to WTE risk:  

Follower within WV influence area, 
WV survival in the flight path (F6) ς 
this is degraded with MRS 2NM 
(compared to MRS 2.5NM)  

The use of tool is expected to 
mitigate that risk increase by 
contributing to the reduction of 
separation infringements thanks to 
the increased separation delivery 
accuracy. 

WAKE FAP F6 Wake Decay & 
Transport   

MAC FAP B2 ACAS Warning 

WK-FA-SC3a 

MAC-FA-SC2b 

 Inadequate 
separation 
management of a 
spacing conflict 
due to aircraft 
deviation from 
Final Approach 

Unanticipated 
pilot/aircraft 
behaviour during 
interception 
(overshoot; a/c 
lateral, vertical or 
speed deviation; 

Spacing is eroded with risk 
for temporary and limited 
under-separation (e.g. less 
than 0.5 NM) during 
separation establishment 
on Final App or later during 

Protective Mitigations 

ATC recovery from imminent 
infringement by adequate action  
(vectoring, level instructions or go-
around) 

WAKE FAP B3 Management of 

WK-FA-SC3b 

MAC-FA-SC3 
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interception 
profile without 
ATC instruction 
given 

 

wrong a/c turns on 
the indicator) 

Final App Imminent Infringement 

MAC FAP B3 ATC Collision 
Avoidance 

 Separation not 
being recovered 
following 
imminent 
infringement due 
to aircraft 
deviation from 
Final Approach 
interception 
profile without 
ATC instruction 
given 

    

 Inadequate 
separation 
management of 
an aircraft pair 
naturally 
catching-up  as 
instructed by ATC 
on the Final 
Approach 

Inadequate use of 
separation indicators 
by the APP ATCO 
when a/c is 
established on final 
 
Lack/loss of indicator 
for one aircraft on 
Final App 
 

Imminent infringement, 
i.e. spacing is eroded with 
risk for temporary and 
limited under-separation 
(e.g. less than 0.5 NM)  the 
Final App 

Protective Mitigations 

ATCO detects the missing indicator 
and: 

Aircraft established on Final 
approach stabilized with 160kts IAS 
and behind ITD is allowed to 
continue the approach,  

WK-FA-SC3b 

MAC-FA-SC3 
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 otherwise initiate Go around 

WAKE FAP B3 Management of 
Imminent Infringement 

MAC FAP B3 ATC Collision 
Avoidance 

 Separation not 
being recovered 
following 
imminent 
infringement by 
an aircraft pair 
instructed by ATC 
on the Final 
Approach 

    

 Inadequate 
separation 
management of a 
spacing conflict 
due to aircraft 
deviation from 
Final Approach  
profile without 
ATC instruction 
given 

 Spacing is eroded with risk 
for temporary and limited 
under-separation (e.g. less 
than 0.5 NM) on the Final 
App 

Protective Mitigations 

Supported by catch-up warning; Re-
clear a/c to fly a different speed if 
possible OR  

Go-around;  

WAKE FAP B3 Management of 
Imminent Infringement 

MAC FAP B3 ATC Collision 
Avoidance 

WK-FA-SC3b 

MAC-FA-SC3 
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 Separation not 
being recovered 
following 
imminent 
infringement due 
to aircraft 
deviation from 
Final Approach  
profile without 
ATC instruction 
given 

    

 One or multiple 
separation 
minima 
infringements due 
to undetected 
corruption of 
separation 
indicator 

Corruption of one or 
multiple separation 
indicators  
 

Large under-separation (of 
more than e.g. 0.5 NM)  
occurs for one or multiple 
aircraft pairs on the Final 
App  

Protective Mitigations 

Partial mitigation: Buffer for ITD and 
FTD take margins on the wind 
computation.  

 

In DB-mode: ATCO will realise that 
the tool is using incorrect wind 
reference because successive 
aircraft separated correctly using 
the indicators will have the 
tendency to infringe the correct FTD 
as the leader decelerates, triggering 
a go-around by the TWR controller.   

 

WK-FA-SC3a 

MAC-FA-SC2b 

However, because 
multiple aircraft might 
be affected before 
failure is detected, a 
Safety Objective more 
demanding than the 
corresponding hazard 
severity will be 
allocated via an impact 
modification factor 
IM=20 
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In TB-modes: It is difficult for the 
ATCO to realise that the tool is using 
incorrect wind reference.  The a/c 
will be separated according to a 
wrong FTD, i.e. wake separation 
infringement.   

For the incorrect separation 
indicator in relation to speed non-
conformance: go-around of the 
follower (because TDI might be 
wrong) 

WAKE FAP F6 Wake Decay & 
Transport   

MAC FAP B2 ACAS Warning 

 One or multiple 
imminent 
infringements due 
to lack/loss of 
separation 
indicator for 
multiple or all 
aircraft 

 One or multiple imminent 
infringements, i.e. spacing 
is eroded with risk for 
temporary and limited 
under-separation (e.g. less 
than 0.5 NM)  on the Final 
App 

Protective Mitigations 

ATCO detects the missing indicators 
and reverts to Baseline DBS (a 
supporting DBS table is required, 
especially in TB PWS with multiple 
categories) 

 

Aircraft established on Final 
approach stabilized with 160kts IAS 
and behind ITD are allowed to 

WK-FA-SC3b 

MAC-FA-SC3 

However, because 
multiple aircraft might 
be affected before 
failure is detected, a 
Safety Objective more 
demanding than the 
corresponding hazard 
severity will be 
allocated via an impact 
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continue the approach 

All other aircraft ς either not 
established on Final or not at  
stabilized IAS 160kts or not behind 
ITD: 

-  Initiate Go-around or break 
off 

- Establish ICAO DBS asap  

WAKE FAP B3 Management of 
Imminent Infringement 

MAC FAP B3 ATC Collision 
Avoidance 

modification factor 
IM=10 

 One or multiple 
separation 
minima 
infringements 
induced by ATC 
through 
inadequate 
selection & 
management of 
the separation 
mode  

 Large under-separation (of 
more than e.g. 0.5 NM)  
occurs for one or multiple 
aircraft pairs during 
separation establishment 
on Final App or later during 
the Final App 

WAKE FAP F6 Wake Decay & 
Transport   

MAC FAP B2 ACAS Warning 

WK-FA-SC3a 

MAC-FA-SC2b 

However, because 
multiple aircraft might 
be affected before 
failure is detected, a 
Safety Objective more 
demanding than the 
corresponding hazard 
severity will be 
allocated via an impact 
modification factor 
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IM=20 

 Runway conflict 
due to landing 
clearance in 
conflict with 
another landing 
(ROT not 
respected) or with 
cleared line-
up/take-off (GAP 
not respected) 

Inappropriate line-up 
instruction given by 
controller (not 
enough time for 
take-off without 
infringing separation 
with landing aircraft) 
 
Lack or wrong 
coordination with 
APP ATCO regarding 
the gap in front of 
the arrival 
 
Pilot slow in 
executing line-
up/take-off results in 
consuming the 
arrival gap 
 
ATCO delayed 
instruction for take-
off 
 
ATCO not compliant 
with correct ROT 
 
Wrong sequence 

The situation when an 
arrival aircraft is landing on 
a runway which is being 
used by a departing 
aircraft, the two aircraft 
being thus in conflict, but 
where the situation is 
solved by the corrective 
action of the TWR ATCO 
(e.g. initiate go-around). 

Preventive Mitigations: 

A wrong Sequence planning 
information is systematically 
detected by ATCO (via his situation 
awareness & own view of the 
correct sequence and possible use 
of a gap) 

A failure, loss or corruption of the 
sequence list tool will have an 
impact on the ATCO performance, 
but is safely mitigated by ATCO 
keeping full awareness of the 
sequence in the short term. ATCO 
will apply a more conservative 
strategy (e.g. instruct 2 departures 
in a gap instead of the 3 initially 
planned), will estimate the 
departures fitting in the arrival gaps 
by himself. 

Protective Mitigations 

Go around timely instructed & 
executed (RWY Col AIM Barrier B2) 

RWY-C SC3 
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planning information 
 
Loss or corruption of 
the sequence list tool 

 Runway Conflict 
not prevented by 
ATCO involving 
unauthorised 
AC/vehicle  

 The situation when an 
arrival aircraft is landing on 
a runway which is being 
used by a departing 
aircraft, the two aircraft 
being thus in conflict, but 
where the situation is 
solved by the corrective 
action of the TWR ATCO 
(e.g. initiate go-around). 

 

Table 6: System-Generated Hazards and Analysis for the PJ02-01 Arrivals Concepts Solutions 
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During the 06.08.01 TB-PWS HP/SAF workshop [9], the separation minima infringement (Wake 
turbulence separation or MRS) was discussed and the outcome of the discussion was the following: 

¶  !ǇǇǊƻŀŎƘƛƴƎ ǘƘŜ ǎŜǇŀǊŀǘƛƻƴ ƛƴŘƛŎŀǘƻǊ όάC¢5έύ ǿƛǘƘ Ǉotential for over-passing it, is seen as an 
imminent infringement (considered a hazard) that requires a separation recovery action (e.g. 
speed adjustment, Go around as appropriate). In case, whilst waiting for the separation 
recovery action to become effective, the aircraft temporarily over-passes the FTD with no 
more than 0.5 NM, that occurrence remains at the same severity level as an imminent 
infringement. 

¶ If the separation recovery is not timely or not effective, that is an even higher severity hazard 
(corresponding to a Large under-separation in the Wake Turbulence Accident AIM). 

o tŀǎǎƛƴƎ ƳƻǊŜ ǘƘŀƴ лΦр ba ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ ǎŜǇŀǊŀǘƛƻƴ ƛƴŘƛŎŀǘƻǊ όάC¢5έύ ƛǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ 
safety occurrence that is required to be recorded & analysed. 

Based on this discussion: 

¶ A spacing conflict induced by Crew/Aircraft (i.e. due to aircraft deviation from interception or 
Final Approach profile) and adequately managed by ATC (no imminent infringement) is 
classified with a severity SC3b (WAKE FAP) and SC3 (MAC FAP). 

¶ An imminent infringement (encompassing situations where separation minima is temporarily 
infringed of no more than 0.5 NM, waiting for the separation recovery action to become 
effective) is classified with a severity SC3b (WAKE FAP) and SC3 (MAC FAP). 

¶ A separation minima infringement of more than 0.5 NM (Large under-separation) is classified 
with a severity SC3a (WAKE FAP) and SC2b (MAC FAP). 

It should be noted that, in the Wake Turbulence Accident AIM, an imminent infringement which is 
correctly recovered (which might involve a temporary separation infringement of no more than 0.5 
NM) is considered to have the same potential for wake encounter as any traffic correctly separated 
according to the rule.  

 Derivation of Safety Objectives (integrity/reliability) for the Arrivals 
Concepts Solutions 

Safety Objectives (addressing integrity/reliability) are formulated to limit the frequency at which the 
operational hazards identified in the previous section could be allowed to occur using the Risk 
Classification Scheme defined in Appendix H. 

Table 7 lists the failure Safety Objectives (integrity/reliability) to be considered during the design 
phase for arrivals.  

Even though all the hazards identified previously have been allocated two severities since they 
impact both WAKE FAP and MAC FAP, quantitative figures have been assigned only for the WAKE FAP 
severities. This is because there were no figures for the severity classification scheme of the MAC FAP 
model at the creation of this safety assessment report.  When the figures for the MAC FAP model will 
be available, the two severities (MAC and WAKE) will have to be compared and the most stringent 
should be applied for the Safety Objectives in Table 7. 

SO ref (hazard Safety Objectives (integrity/reliability) 
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severity) 

Safety Objectives relative to the Final Approach interception phase 

SO 201 

Hz#01a 

 

(WK-FA SC-3b 

MAC-FA-SC3) 

The frequency of occurrence of the inadequate separation management  of a pair of 
aircraft instructed by ATC to merge on the Final Approach interception (which is 
nevertheless recovered by ATC i.e. SMI6ҖлΦрbaύΣ ǎƘŀƭƭ ƴƻǘ ōŜ ƎǊŜŀǘŜǊ ǘƘŀƴ нȄмл-3 
/approach 

( 2x10-3/approach means 2 occurrences every 3 days for an airport with 135,000 
landings per year) 

Explanation: 

Computation of the Safety Objective: 

SO = 
ᶻ

= 
ᶻ

 = 2E-03 occurrences per approach 

Computation of the no of occurrences per day: 2E-03*135000/365 = 0.74 

Which comes to 2 occurrences every 3 days 

SO 202 

Hz#01b 

 

(WK-FA-SC3a 

MAC-FA-SC2b) 

The frequency of occurrence of separation not being recovered following  imminent 
infringement of A/C pair instructed by ATC to merge on the Final Approach 
interception (SMI>0.5NM) shall not be greater than 4x10-5/ approach 

(4x10-5/approach means 6 occurrence per year for an airport with 135,000 landings 
per year) 

SO 203 

Hz#02a 

 

(WK-FA SC-3b 

MAC-FA-SC3) 

The frequency of occurrence of the inadequate separation management of a spacing 
conflict due to aircraft deviation from Final Approach interception profile without ATC 
ƛƴǎǘǊǳŎǘƛƻƴ ƎƛǾŜƴ όǿƘƛŎƘ ƛǎ ƴŜǾŜǊǘƘŜƭŜǎǎ ǊŜŎƻǾŜǊŜŘ ōȅ !¢/ ƛΦŜΦ {aLҖлΦрbaύΣ ǎƘŀƭƭ ƴƻǘ 
be greater than 2x10-3 /approach 

( 2x10-3/approach means 2 occurrences every 3 days for an airport with 135,000 
landings per year) 

SO 204 

Hz#02b  

 

(WK-FA-SC3a 

MAC-FA-SC2b) 

The frequency of occurrence of separation not being recovered following imminent 
infringement  due to aircraft deviation from Final Approach interception profile 
without ATC instruction given (SMI>0.5NM) shall not be greater than 4x10-5/approach 

(4x10-5/approach means 6 occurrence per year for an airport with 135,000 landings 
per year) 

Safety Objectives relative to the Final Approach phase 

SO 205 

Hz#03a 

 

(WK-FA SC-3b 

The frequency of occurrence of the inadequate separation management of an aircraft 
pair naturally catching-up as instructed by ATC on the Final Approach (which is 
nevertheless recovered by ATC i.e. SMLҖлΦрbaύ ǎƘŀƭƭ ƴƻǘ ōŜ ƎǊŜŀǘŜǊ ǘƘŀƴ нȄмл-3 
/approach 

(2x10-3/approach means 2 occurrences every 3 days for an airport with 135,000 

                                                           

 

6 SMI stands for Separation Minima Infringement (WT or MRS) 
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MAC-FA-SC3) landings per year) 

SO 206 

Hz#03b 

 

(WK-FA-SC3a 

MAC-FA-SC2b) 

The frequency of occurrence of separation not being recovered following imminent 
infringement by an aircraft pair instructed by ATC on the Final Approach (SMI>0.5NM) 
shall not be greater than 4x10-5/approach 

(4x10-5/approach means 6 occurrences per year for an airport with 135,000 landings 
per year) 

SO 207 

Hz#04a 

 

(WK-FA SC-3b 

MAC-FA-SC3) 

The frequency of occurrence of the inadequate separation management of a spacing 
conflict due to aircraft deviation from Final Approach  profile without ATC instruction 
ƎƛǾŜƴ όǿƘƛŎƘ ƛǎ ƴŜǾŜǊǘƘŜƭŜǎǎ ǊŜŎƻǾŜǊŜŘ ōȅ !¢/ ƛΦŜΦ {aLҖлΦрbaύ ǎhall not be greater 
than 2x10-3 /approach 

(2x10-3/approach means 2 occurrences every 3 days for an airport with 135,000 
landings per year) 

SO 208 

Hz#04b 

 

(WK-FA-SC3a 

MAC-FA-SC2b) 

The frequency of occurrence of separation not being recovered following imminent 
infringement due to aircraft deviation from Final Approach  profile without ATC 
instruction given (SMI>0.5NM) shall not be greater than 4x10-5/approach 

(4x10-5/approach means 6 occurrences per year for an airport with 135,000 landings 
per year) 

Safety Objectives relative to Interception and Final Approach (common mode failures) 

SO 209 

Hz#05 

 

(WK-FA-SC3a 

MAC-FA-SC2b; IM=20) 

The frequency of occurrence of one or multiple separation minima infringements due 
to undetected corruption of separation indicator (SMI>0.5NM) shall not be greater 
than 2x10-6/approach 

(2x10-6/approach means 1 occurrences every 4 years for an airport with 135,000 
landings per year) 

Explanation: 

Computation of the no of occurrences per year: 2E-6*135000/365 = 7.4E-04 

Which comes to 1 occurrence every 1350 days which represents 1 occurrence every 3.7 
years (rounded to 1 occurrence every 4 years) 

SO 210 

Hz#06 

 

(WK-FA-SC3a 

MAC-FA-SC2b; IM=10) 

The frequency of occurrence of one or multiple imminent infringements due to 
lack/loss of separation indicator for multiple or all aircraft (which are nevertheless 
ǊŜŎƻǾŜǊŜŘ ōȅ !¢/ ƛΦŜΦ {aLҖлΦрbaύ ǎƘŀƭƭ ƴƻǘ ōŜ ƎǊŜŀǘŜǊ than 2x10-4 /approach 

( 2x10-4/approach means 1 occurrence every 15 days for an airport with 135,000 
landings per year) 

Safety Objectives relative to the management of the separation mode 

SO 211 

Hz#07 

 

(WK-FA-SC3a 

MAC-FA-SC2b; IM=20) 

The frequency of occurrence of one or multiple separation minima infringements 
induced by ATC through inadequate selection or management of a separation mode  
shall not be greater than 2x10-6/approach 

(2x10-6/approach means 1 occurrences every 4 years for an airport with 135,000 
landings per year) 

Safety Objectives relative to mixed mode of operations 

SO 212 The frequency of occurrence of a runway conflict due to conflicting ATC clearances 
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Hz#08 

 

(RWY-C SC3) 

shall not be greater than 10-7/movement. 

 

(10-7/movement means 2,6x10-4/day) 

 

It should be noted that 2,6x10-4/day is too stringent for this type of operational 
hazard.  This value will be updated once the Severity Classification Scheme for the 
Runway Collision Model is updated. 

Table 7: Safety Objectives (integrity/reliability) for the PJ02-01 Arrivals Concepts Solutions 

Figure 4 depicts the structure relating the different Safety Objectives as determined by the causal 
links between the corresponding hazards, respectively for the interception phase (IA) and during the 
final approach (FA).  The safety objectives corresponding to the hazards based on common modes 
failures (addressing both phases) are stand-alone (no link to other hazards). This structure will be 
further detailed in 4.1.5.1 within the causal analysis of each hazard, based on Fault Trees. 

                                                           Separation Minima infringement (SMI)>0.5Nm
                                    IA: SO 202/  FA: SO 206                                               IA: SO 204 / FA: SO 208 SC3a

                                                           Separation Minima infringement (SMI)<0.5Nm  
                           IA: SO 201 / FA: SO 205                                                       IA: SO 203 / FA: SO 207

 Failure of ATC separation 
recovery

 SMI<0.5Nm following ATC instruction
(IA: Hz#01a / FA: Hz#03a)

SMI<0.5Nm due to aircraft deviation from profile without 

ATC instruction given (IA: Hz#02a / FA: Hz#04a)

SC3b

 SMI>0.5Nm following ATC instruction
(IA: Hz#01b / FA: Hz#03b)

SMI>0.5Nm due to aircraft deviation from profile without ATC 

instruction given (IA: Hz#02b / FA: Hz#04b)

 

Figure 4: Safety Objectives with Hazards associated to: The Interception of the Final Approach (IA) 
respectively the Final Approach until delivery at the threshold (FA) for the Arrivals Concepts Solutions 

3.1.10  Achievability of the Safety Criteria for the Arrivals Concepts Solutions 

As specified in the Safety Plan[27], safety evidence will be collected from the planned validation.  
Safety Validation Objectives are defined for each exercise and the safety-related outcomes of the 
validation exercises will feed the Safety Criteria and will be traced back to the safety validation 
objectives.   Decision for deriving (or not) new Safety Requirements or further refining existing ones 
will be taken from these results.   

The exercise safety validation objectives and the related success criteria are summarized in  

Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

RTS01 - Conducted by 
EUROCONTROL to assess 

OBJ-PJ02.01-V3-VALP-
SA1: To assess the 

CRT-PJ02.01-V3-VALP-
SA1-001: There is 

A-SAC#F2,       
A-SAC#F3,        
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

the application of time 
based Weather 
Dependent Separations 
(WDS -AO-0310) with 
Optimised Runway 
Delivery (ORD - AO-0328) 
for arriving aircraft using 
the Paris CDG airport and 
approach environment 

impact of weather 
dependent separations 
on the final approach on 
operational safety 
compared to current 
wake vortex separation 
scheme 

evidence that the level of 
operational safety is 
maintained and not 
negatively impacted 
under weather dependent 
separations on the final 
approach compared to 
the current operations 
applying wake vortex 
separation scheme 
without ORD tool. 

A-SAC#F4,        
A-SAC#F5,        
A-SAC#R1,        
A-SAC#R2,        
A-SAC#R3 

CRT-PJ02.01-V3-VALP-
SA1-002: There is 
evidence that WDS with 
ORD tool for arrivals does 
not increase the number 
of minor under-
separations and decreases 
the number of large 
under-separations (i.e. 
those with potential for 
severe wake encounters) 
compared to the current 
operations wake vortex 
separation scheme 
without ORD tool. 

A-SAC#F2,        
A-SAC#F3,        
A-SAC#F4,         
A-SAC#R1 

CRT-PJ02.01-V3-VALP-
SA1-003: The probability 
of Go around due to 
inadequate consideration 
of ROT constraint is not 
increased 

 

A-SAC#R1 

RTS2 - Conducted by 
EUROCONTROL to assess 
the application of wake 
turbulence separations 
based on static aircraft 
characteristics for 
arriving aircraft (static 
PairWise Separations - 
PWS-A -AO-0310) with 
ORD (AO-0328) 
 

OBJ-PJ2.02-V3-VALP-
SA2: To assess the 
impact of static pairwise 
separations for arrivals 
with ORD on operational 
safety compared to 
current wake vortex 
separation scheme 
 

CRT-PJ2.01-V3-VALP-SA2-
001: To assess the impact 
of time based Static Pair 
Wise separations for 
arrivals PWS-A with ORD 
on operational safety 
compared to current 
operations applying wake 
vortex separation scheme 
without ORD tool in single 
runway mixed mode 

A-SAC#F2,        
A-SAC#F3,         
A-SAC#F4,         
A-SAC#F5,         
A-SAC#R1,         
A-SAC#R2,         
A-SAC#R3 
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

 operations under nominal 
conditions. 
 
 

CRT-PJ2.01-V3-VALP-SA2-
002: To collect partial 
supporting evidence that 
S-PWS with ORD tool for 
arrivals does not increase 
the number of minor 
under-separations and 
decreases the number of 
large under-separations 
(i.e. those with potential 
for severe wake 
encounters) compared to 
the current operations 
wake vortex separation 
scheme without ORD tool. 

A-SAC#F1,        
A-SAC#F2,         
A-SAC#F3,         
A-SAC#F4        

CRT-PJ2.01-V3-VALP-SA2-
003: that time based 
Static Pair Wise 
separations for arrivals 
PWS-A with ORD 
maintains the same 
probability of Go around 
due to inadequate 
consideration of ROT 
constraint as per the 
reference scenario 

A-SAC#R1 

RTS03a - Conducted by 
EUROCONTROL to assess 
the application of wake 
turbulence separations 
based on static aircraft 
characteristics for 
arriving aircraft (static 
PairWise Separations - 
PWS-A -AO-0310) and 
wake turbulence 
separations based on 
static aircraft 
characteristics for 
departures (static 
PairWise Separations - 

OBJ-PJ2.02-V3-VALP-
SA3: To assess the 
impact of the ORD on 
operational safety 
compared to current 
operations applying 
wake vortex separation 
scheme without ORD 
tool in single runway 
mixed mode operations 
under nominal 
conditions. 

CRT-PJ2.01-V3-VALP-SA2-
001: To assess the impact 
of time based Static Pair 
Wise separations for 
arrivals PWS-A with ORD 
on operational safety 
compared to current 
operations applying wake 
vortex separation scheme 
without ORD tool in single 
runway mixed mode 
operations under nominal 
conditions. 
 
CRT-PJ2.01-V3-VALP-SA3-

A-SAC#F2,        
A-SAC#F3,         
A-SAC#F4,         
A-SAC#F5,         
A-SAC#R1,         
A-SAC#R2,         
A-SAC#R3 



SESAR SOLUTION PJ02-01 SPR-INTEROP/OSED FOR V3 - PART II - SAFETY ASSESSMENT 
REPORT 

 
 

  

 

 

 79 
 

 

 

Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

PWS-D -AO-0323) 001 : To assess the impact 
of the ORD on operational 
safety compared to 
current operations 
applying wake vortex 
separation scheme 
without ORD tool in single 
runway mixed mode 
operations under nominal 
conditions. 

  CRT-PJ2.01-V3-VALP-SA2-
002: To collect partial 
supporting evidence that 
S-PWS with ORD tool for 
arrivals does not increase 
the number of minor 
under-separations and 
decreases the number of 
large under-separations 
(i.e. those with potential 
for severe wake 
encounters) compared to 
the current operations 
wake vortex separation 
scheme without ORD tool. 
 
CRT-PJ2.01-V3-VALP-SA3-
003 : To collect partial 
supporting evidence that 
the ORD maintains the 
same probability of Go 
around due to inadequate 
consideration of ROT 
constraint as per the 
reference scenario 

A-SAC#F1,        
A-SAC#F2,         
A-SAC#F3,         
A-SAC#F4        

  CRT-PJ2.01-V3-VALP-SA2-
003: that time based 
Static Pair Wise 
separations for arrivals 
PWS-A with ORD 
maintains the same 
probability of Go around 
due to inadequate 
consideration of ROT 
constraint as per the 

A-SAC#R1 
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

reference scenario 

RTS03b - Conducted by 
EUROCONTROL to assess 
the application the 
operational feasibility of 
time based separations 
with the Optimised 
Runway Delivery (ORD - 
AO-0328) tool in a 
Performance Based 
Navigation environment 

OBJ-PJ2.02-V3-VALP-
SA3: To assess the 
impact of the ORD tool 
with separation 
requirements based on 
the current wake vortex 
categories compared to 
no ORD on operational 
safety. 

CRT-PJ2.01-V3-VALP-SA3-
001: To assess the impact 
of TBS with the ORD tool 
on operational safety 
compared to distance 
based separation in 
segregated runways mode 
operations under nominal 
conditions. 

A-SAC#F2,       
A-SAC#F3,        
A-SAC#F4,        
A-SAC#F5,        
A-SAC#R1,        
A-SAC#R2,        
A-SAC#R3 

CRT-PJ2.01-V3-VALP-SA3-
002: To collect partial 
supporting evidence that 
TBS with ORD tool for 
arrivals does not increase 
the number of minor 
under-separations and 
decreases the number of 
large under-separations 
(i.e. those with potential 
for severe wake 
encounters) compared to 
the current operations 
wake vortex separation 
scheme without ORD tool. 

A-SAC#F2,        
A-SAC#F3,        
A-SAC#F4,         
A-SAC#R1 

CRT-PJ2.01-V3-VALP-SA3-
003: To collect partial 
supporting evidence that 
TBS with ORD maintains 
the same probability of Go 
around due to inadequate 
consideration of ROT 
constraint as per the 
reference scenario 

A-SAC#R1 

RTS04a ς Please see 
Departures section 

   

RTS04b - Conducted by 
EUROCONTROL 
 The first aim is to assess 
the operational 
feasibility of time based 
static Pair-Wise 

OBJ-PJ2.02-V3-VALP-
SA2: To assess the 
impact of static pairwise 
separations for arrivals 
with ORD on operational 
safety compared to 

CRT-PJ2.01-V3-VALP-SA2-
001: To assess the impact 
of arrivals PWS-A with the 
ORD in CSPR environment 
on operational safety 
compared to current 

A-SAC#F2,        
A-SAC#F3,         
A-SAC#F4,         
A-SAC#F5,         
A-SAC#R1,         
A-SAC#R2,         
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

Separation (S-PWS-A - 
AO-0310)  with 
Optimised Runway 
Delivery (ORD - AO-0328) 
for arriving aircraft in a 
closely spaced parallel 
runway environment;  
The second aim is to 
assess the operational 
feasibility of the Static 
PairWise Separations 
departure concept (S-
PWS) - wake turbulence 
separations for departing 
aircraft based on static 
aircraft characteristics 
(AO-0323).under partially 
segregated runway 
departure operations.  
RTS4b will us conducted 
using g the Paris CDG 
airport and approach 
environment.   

current wake vortex 
separation scheme 

operations applying wake 
vortex separation scheme 
without ORD tool in a non 
CSPR environment under 
nominal conditions. 

A-SAC#R3 

CRT-PJ2.01-V3-VALP-SA2-
002: To collect partial 
supporting evidence that 
S-PWS with ORD tool for 
arrivals in a CSPR 
environment does not 
increase the number of 
minor under-separations 
and decreases the 
number of large under-
separations (i.e. those 
with potential for severe 
wake encounters) 
compared to the current 
operations wake vortex 
separation scheme 
without ORD tool. 

A-SAC#F1,        
A-SAC#F2,         
A-SAC#F3,         
A-SAC#F4 

CRT-PJ2.01-V3-VALP-SA2-
003: To collect partial 
supporting evidence that 
time based Static Pair 
Wise separations for 
arrivals PWS-A with ORD 
under CSPR maintains the 
same probability of Go 
around due to inadequate 
consideration of ROT 
constraint as per the 
reference scenario. 

A-SAC#R1 

RTS5 ς Please see 
Departures section 

   

RTS06 ς Conducted by 
CRIDA/ENAIRE to assess 
OI Steps AO-0310 and 
AO-0328 for arrivals, AO-
0323 and AO-0329 for 
departures, which 
address weather 
dependent separations 

OBJ-PJ2.02-V3-VALP-
SA1: To assess the 
impact of weather 
dependent separations 
on the final approach on 
operational safety 
compared to current 
wake vortex separation 

CRT-PJ2.01-V3-VALP-SA1-
001: There is evidence 
that the level of 
operational safety is 
maintained and not 
negatively impacted 
under weather dependent 
separations on the final 

A-SAC#F2,        
A-SAC#F3,         
A-SAC#F4,         
A-SAC#F5,         
A-SAC#R1,         
A-SAC#R2,         
A-SAC#R3 
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

for arrivals (WDS-A) and 
Wake Turbulence 
Separations (for 
Departures) based on 
Static Aircraft 
Characteristics (S-PWS-D) 

scheme  approach compared to 
the current operations 
applying wake vortex 
separation scheme 
without ORD tool. 

FTS09 ς conducted by 
EUROCONTROL to 
support the CBA for the 
wake separation 
concepts. To assess the 
performance impact of 
the different wake 
separation solutions on 
arrivals of the different 
concepts both when 
solutions are deployed in 
combination (e.g. PWS-A 
with ORD tool) and/or 
when solutions are 
deployed individually.  
The FTS takes as input 
the expected traffic 
sequence at IAF and 
different parameters 
(WV separation, MRS, 
ROT, etc.) to provide an 
estimate of the expected 
throughput and spacing 
between landing aircraft. 

No Safety Validation Objective needed to be set for this FTS 

Table 8 below, for all the safety relevant exercises performed in the frame of PJ02.01.  The last 
column indicates the Safety Criteria that are covered by each validation exercise or other validation 
method (e.g. safety assessment through analysis and brainstorming with operational experts). 

Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

RTS01 - Conducted by 
EUROCONTROL to assess 
the application of time 
based Weather 
Dependent Separations 
(WDS -AO-0310) with 
Optimised Runway 
Delivery (ORD - AO-0328) 

OBJ-PJ02.01-V3-VALP-
SA1: To assess the 
impact of weather 
dependent separations 
on the final approach on 
operational safety 
compared to current 
wake vortex separation 

CRT-PJ02.01-V3-VALP-
SA1-001: There is 
evidence that the level of 
operational safety is 
maintained and not 
negatively impacted 
under weather dependent 
separations on the final 

A-SAC#F2,       
A-SAC#F3,        
A-SAC#F4,        
A-SAC#F5,        
A-SAC#R1,        
A-SAC#R2,        
A-SAC#R3 
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

for arriving aircraft using 
the Paris CDG airport and 
approach environment 

scheme approach compared to 
the current operations 
applying wake vortex 
separation scheme 
without ORD tool. 

CRT-PJ02.01-V3-VALP-
SA1-002: There is 
evidence that WDS with 
ORD tool for arrivals does 
not increase the number 
of minor under-
separations and decreases 
the number of large 
under-separations (i.e. 
those with potential for 
severe wake encounters) 
compared to the current 
operations wake vortex 
separation scheme 
without ORD tool. 

A-SAC#F2,        
A-SAC#F3,        
A-SAC#F4,         
A-SAC#R1 

CRT-PJ02.01-V3-VALP-
SA1-003: The probability 
of Go around due to 
inadequate consideration 
of ROT constraint is not 
increased 

 

A-SAC#R1 

RTS2 - Conducted by 
EUROCONTROL to assess 
the application of wake 
turbulence separations 
based on static aircraft 
characteristics for 
arriving aircraft (static 
PairWise Separations - 
PWS-A -AO-0310) with 
ORD (AO-0328) 
 
 

OBJ-PJ2.02-V3-VALP-
SA2: To assess the 
impact of static pairwise 
separations for arrivals 
with ORD on operational 
safety compared to 
current wake vortex 
separation scheme 
 

CRT-PJ2.01-V3-VALP-SA2-
001: To assess the impact 
of time based Static Pair 
Wise separations for 
arrivals PWS-A with ORD 
on operational safety 
compared to current 
operations applying wake 
vortex separation scheme 
without ORD tool in single 
runway mixed mode 
operations under nominal 
conditions. 
 
 

A-SAC#F2,        
A-SAC#F3,         
A-SAC#F4,         
A-SAC#F5,         
A-SAC#R1,         
A-SAC#R2,         
A-SAC#R3 
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

CRT-PJ2.01-V3-VALP-SA2-
002: To collect partial 
supporting evidence that 
S-PWS with ORD tool for 
arrivals does not increase 
the number of minor 
under-separations and 
decreases the number of 
large under-separations 
(i.e. those with potential 
for severe wake 
encounters) compared to 
the current operations 
wake vortex separation 
scheme without ORD tool. 

A-SAC#F1,        
A-SAC#F2,         
A-SAC#F3,         
A-SAC#F4        

CRT-PJ2.01-V3-VALP-SA2-
003: that time based 
Static Pair Wise 
separations for arrivals 
PWS-A with ORD 
maintains the same 
probability of Go around 
due to inadequate 
consideration of ROT 
constraint as per the 
reference scenario 

A-SAC#R1 

RTS03a - Conducted by 
EUROCONTROL to assess 
the application of wake 
turbulence separations 
based on static aircraft 
characteristics for 
arriving aircraft (static 
PairWise Separations - 
PWS-A -AO-0310) and 
wake turbulence 
separations based on 
static aircraft 
characteristics for 
departures (static 
PairWise Separations - 
PWS-D -AO-0323) 

OBJ-PJ2.02-V3-VALP-
SA3: To assess the 
impact of the ORD on 
operational safety 
compared to current 
operations applying 
wake vortex separation 
scheme without ORD 
tool in single runway 
mixed mode operations 
under nominal 
conditions. 

CRT-PJ2.01-V3-VALP-SA2-
001: To assess the impact 
of time based Static Pair 
Wise separations for 
arrivals PWS-A with ORD 
on operational safety 
compared to current 
operations applying wake 
vortex separation scheme 
without ORD tool in single 
runway mixed mode 
operations under nominal 
conditions. 
 
CRT-PJ2.01-V3-VALP-SA3-
001 : To assess the impact 
of the ORD on operational 
safety compared to 
current operations 

A-SAC#F2,        
A-SAC#F3,         
A-SAC#F4,         
A-SAC#F5,         
A-SAC#R1,         
A-SAC#R2,         
A-SAC#R3 
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

applying wake vortex 
separation scheme 
without ORD tool in single 
runway mixed mode 
operations under nominal 
conditions. 

  CRT-PJ2.01-V3-VALP-SA2-
002: To collect partial 
supporting evidence that 
S-PWS with ORD tool for 
arrivals does not increase 
the number of minor 
under-separations and 
decreases the number of 
large under-separations 
(i.e. those with potential 
for severe wake 
encounters) compared to 
the current operations 
wake vortex separation 
scheme without ORD tool. 
 
CRT-PJ2.01-V3-VALP-SA3-
003 : To collect partial 
supporting evidence that 
the ORD maintains the 
same probability of Go 
around due to inadequate 
consideration of ROT 
constraint as per the 
reference scenario 

A-SAC#F1,        
A-SAC#F2,         
A-SAC#F3,         
A-SAC#F4        

  CRT-PJ2.01-V3-VALP-SA2-
003: that time based 
Static Pair Wise 
separations for arrivals 
PWS-A with ORD 
maintains the same 
probability of Go around 
due to inadequate 
consideration of ROT 
constraint as per the 
reference scenario 

A-SAC#R1 

RTS03b - Conducted by 
EUROCONTROL to assess 
the application the 

OBJ-PJ2.02-V3-VALP-
SA3: To assess the 
impact of the ORD tool 

CRT-PJ2.01-V3-VALP-SA3-
001: To assess the impact 
of TBS with the ORD tool 

A-SAC#F2,       
A-SAC#F3,        
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

operational feasibility of 
time based separations 
with the Optimised 
Runway Delivery (ORD - 
AO-0328) tool in a 
Performance Based 
Navigation environment 

with separation 
requirements based on 
the current wake vortex 
categories compared to 
no ORD on operational 
safety. 

on operational safety 
compared to distance 
based separation in 
segregated runways mode 
operations under nominal 
conditions. 

A-SAC#F4,        
A-SAC#F5,        
A-SAC#R1,        
A-SAC#R2,        
A-SAC#R3 

CRT-PJ2.01-V3-VALP-SA3-
002: To collect partial 
supporting evidence that 
TBS with ORD tool for 
arrivals does not increase 
the number of minor 
under-separations and 
decreases the number of 
large under-separations 
(i.e. those with potential 
for severe wake 
encounters) compared to 
the current operations 
wake vortex separation 
scheme without ORD tool. 

A-SAC#F2,        
A-SAC#F3,        
A-SAC#F4,         
A-SAC#R1 

CRT-PJ2.01-V3-VALP-SA3-
003: To collect partial 
supporting evidence that 
TBS with ORD maintains 
the same probability of Go 
around due to inadequate 
consideration of ROT 
constraint as per the 
reference scenario 

A-SAC#R1 

RTS04a ς Please see 
Departures section 

   

RTS04b - Conducted by 
EUROCONTROL 
 The first aim is to assess 
the operational 
feasibility of time based 
static Pair-Wise 
Separation (S-PWS-A - 
AO-0310)  with 
Optimised Runway 
Delivery (ORD - AO-0328) 
for arriving aircraft in a 

OBJ-PJ2.02-V3-VALP-
SA2: To assess the 
impact of static pairwise 
separations for arrivals 
with ORD on operational 
safety compared to 
current wake vortex 
separation scheme 

CRT-PJ2.01-V3-VALP-SA2-
001: To assess the impact 
of arrivals PWS-A with the 
ORD in CSPR environment 
on operational safety 
compared to current 
operations applying wake 
vortex separation scheme 
without ORD tool in a non 
CSPR environment under 
nominal conditions. 

A-SAC#F2,        
A-SAC#F3,         
A-SAC#F4,         
A-SAC#F5,         
A-SAC#R1,         
A-SAC#R2,         
A-SAC#R3 
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

closely spaced parallel 
runway environment;  
The second aim is to 
assess the operational 
feasibility of the Static 
PairWise Separations 
departure concept (S-
PWS) - wake turbulence 
separations for departing 
aircraft based on static 
aircraft characteristics 
(AO-0323).under partially 
segregated runway 
departure operations.  
RTS4b will us conducted 
using g the Paris CDG 
airport and approach 
environment.   

CRT-PJ2.01-V3-VALP-SA2-
002: To collect partial 
supporting evidence that 
S-PWS with ORD tool for 
arrivals in a CSPR 
environment does not 
increase the number of 
minor under-separations 
and decreases the 
number of large under-
separations (i.e. those 
with potential for severe 
wake encounters) 
compared to the current 
operations wake vortex 
separation scheme 
without ORD tool. 

A-SAC#F1,        
A-SAC#F2,         
A-SAC#F3,         
A-SAC#F4 

CRT-PJ2.01-V3-VALP-SA2-
003: To collect partial 
supporting evidence that 
time based Static Pair 
Wise separations for 
arrivals PWS-A with ORD 
under CSPR maintains the 
same probability of Go 
around due to inadequate 
consideration of ROT 
constraint as per the 
reference scenario. 

A-SAC#R1 

RTS5 ς Please see 
Departures section 

   

RTS06 ς Conducted by 
CRIDA/ENAIRE to assess 
OI Steps AO-0310 and 
AO-0328 for arrivals, AO-
0323 and AO-0329 for 
departures, which 
address weather 
dependent separations 
for arrivals (WDS-A) and 
Wake Turbulence 
Separations (for 
Departures) based on 
Static Aircraft 

OBJ-PJ2.02-V3-VALP-
SA1: To assess the 
impact of weather 
dependent separations 
on the final approach on 
operational safety 
compared to current 
wake vortex separation 
scheme  

CRT-PJ2.01-V3-VALP-SA1-
001: There is evidence 
that the level of 
operational safety is 
maintained and not 
negatively impacted 
under weather dependent 
separations on the final 
approach compared to 
the current operations 
applying wake vortex 
separation scheme 
without ORD tool. 

A-SAC#F2,        
A-SAC#F3,         
A-SAC#F4,         
A-SAC#F5,         
A-SAC#R1,         
A-SAC#R2,         
A-SAC#R3 
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Exercise ID, Name, 
Objective 

Exercise Validation 
objective 

Success criterion Safety Criteria 
coverage 

Characteristics (S-PWS-D) 

FTS09 ς conducted by 
EUROCONTROL to 
support the CBA for the 
wake separation 
concepts. To assess the 
performance impact of 
the different wake 
separation solutions on 
arrivals of the different 
concepts both when 
solutions are deployed in 
combination (e.g. PWS-A 
with ORD tool) and/or 
when solutions are 
deployed individually.  
The FTS takes as input 
the expected traffic 
sequence at IAF and 
different parameters 
(WV separation, MRS, 
ROT, etc.) to provide an 
estimate of the expected 
throughput and spacing 
between landing aircraft. 

No Safety Validation Objective needed to be set for this FTS 

Table 8 PJ02.01 exercise safety validation objectives and the related success criteria 
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3.1.11  Validation & Verification of the Safety Specification for the Arrivals 
Concepts Solutions 

This section describes the processes by which safety criteria and objectives were derived as well as 
details of the competencies of the personnel involved. 

The Safety Criteria and the functionality and performance SOs (normal conditions) have been derived 
based on information collected during the P06.08.01 TB S-PWS Safety Assessment[6], and were 
subsequently updated with the developments in this iteration.  More specifically, the functionality 
and performance SOs (normal conditions) have been mapped on the up to date EATMA Process 
Models (Appendix I) describing the OSED Use Cases.   

The hazards were initially derived in the SAF/HP workshop organised in December 2014 with the 
support of operational people including controllers and pilots, which addressed TBS operations and 
DBS operations with indicators in normal, abnormal and failure conditions (see the TBS HAZID table 
in Appendix E).  A further PJ02.01 SAF/HP HAZID session was organised at EUROCONTROL Bretigny 
on the 30th of October 2018, in order to address the concepts to date.  The workshop was facilitated 
by SAF and HP experts from EUROCONTROL and it included APP, TWR ATCOs and Supervisors, 
together with safety, human performance and concept experts.  For the full list of participants and 
more details about the workshop results please see Appendix F.   

Additionally, workshop with pilots from Air France and CDG ATCOs has taken place on the 28th of 
January 2019 on the Air France premises at CDG airport. The workshop was facilitated by SAF and HP 
experts from EUROCONTROL and it included APP and TWR ATCOs from DSNA, pilots from Air France, 
together with safety, human performance and concept experts from EUROCONTROL. The workshop 
helped clarifying remaining SAF/HP and concept questions for project PJ02.01.  The full outcome of 
the workshop can be found in Appendix G. 
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3.2 Departures Concepts Solutions 

3.2.1  Scope for the Departures Concepts Solutions7 

This section addresses the following activities: 

¶ Identification of the pre-existing hazards that affect traffic in the relevant operational 
environment (airspace, airport) and the risks which are reasonably expected to be mitigated 
to some degree and extent by the operational services provided by the Departures Concepts 
Solutions  

¶ Setting of the SAfety Criteria (SAC) for the Departures Concepts Solutions (from the Safety 
Plan[27])8  

¶ Determination of the operational services that are provided by the Departures Concepts 
Solutions to address the relevant pre-existing hazards and derivation of Safety Objectives 
(success approach) to mitigate the pre-existing risks under normal operational conditions  

¶ Assessment of the adequacy of the operational services provided by the Departures 
Concepts Solutions under abnormal conditions of the Operational Environment  

¶ Assessment of the adequacy of the operational services provided by the Departures 
Concepts Solutions in the case of internal failures and mitigation of the System-generated 
hazards (derivation of Safety Objectives (failure approach))  

¶ Achievability of the SAC for the Departures Concepts Solutions  

¶ Validation & verification of the safety specification for the Departures Concepts Solutions  

3.2.2 Departures Concepts Solution Operational Environment and Key 
Properties 

This section describes the key properties of the Operational Environment that are relevant to the 
SESAR Solution PJ02-01 safety assessment (information summarized from SPR-INTEROP/OSED Part I 
Section 3.2[22]) relevant for the Departures Concepts Solutions. 

 Airspace Structure and Boundaries for the Departures Concepts Solutions 

The airspace associated with the departuresΩ solution for the NATS thread is that associated with 
EGLL9. A diagram showing the runway layout is illustrated below. 

The NATS thread focusses on the required Standard Instrument Departures (SID) as published for 
EGLL and the associated RECAT-EU departure wake separation requirements. 

                                                           

 

7 The key properties of the Operational Environment which are relevant to the safety assessment are covered 
in the SPR-INTEROP/OSED Part 1 Section 3.2 

8 Amended in line with the revised Wake AIM (Departures) 

9 London Heathrow Airport 






















































































































































































































































































































































































































































































































































































































































































































































