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INCREASED RUNWAY ANRPORT THROUGHPUT

ThisSESAR Solutidad2-01 SPRNTEROP/OSED ParS#fety Assessment Repd@AR)is part of
project PJ02.01 EARTH ahds received funding from the SESARtJOndertaking Aunder grant
agreement Nor31781dzy RS NJ 9 dzNR LIS Yy ' yA2Yy Q& | 2NRT 2y HnHn NB:

Abstract

This document specifies the results of the safety assessments carried out in SESAR 2020 Wave 1 by
SESARSolution PD2-01 (Wake Turbulence Separation Optimisation) by EUROCONTROL, NATS
ENAIRENd DLR

This Safety Assessment Repd$AR)is contributing to the Operational Service and Environment
Definition (OSED)Safety and Performance Requirements (SPIR)eroperability (INTEROP)
RequirementsTechnical Specifications (T&hd Inerface Requirement Specificatis(iRS)

The current version includes coiftutions from EUROCONTRONATS ENAIREand 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 SES#R
Solution02-01 (Wake Turbulence Separation Optimisationt@pacity constrained Very Large, Large
and Medium sized airport operations. The report presents the assurance that the Safety
Requirements for the \\¥3 phases are complete, correct and realistic, thereby providing allrrabte

to adequately inform the SBRSdution PD2-01 development and validatian

This Safety Assessment Report (SAR) is contributing to the Operational Service and Environment
Definition (OSED)Safety and Performance Requirements (SPIR)eroperability (INTEROP)
RequirementsTechnicaBpecifications (TSnd hterface Requirement Specificatio(iRS)

This documenspecifies theSESARSolutionPD2-01 safety assessment results in the scope of the
operational scenarios designed andigtated by EUROCONTROL, NENAIRBNdDLR Thecurrent
version includescontributions from EUROCONTROL (arrivid®)T S(departures) and DLR (Wake
Decay Enhancing)lo contribution to this report is expected from Airbus (Wake Monitoring).

The Arrivals Concepts Solutiorsafety analysis in this SARbased on thesafety work done by
Project P06.08.01 in SESAR 1, contained in the correspondiRg6BA This version of the SAR
containsupdates of what hasbeen donefor both the Arrivalsand Departure ncepts Solutionsn
SESAR 2020

The safety assessmentdarried outby the Project partners (work sharing detailed in Secpin

five main threads:EUROONTROLNATSENAIRENd DLR EUROCONTROL (leading the Validation
Plan) is responsible for consolidating the SaféigsessmentPlan and NATS (leading tl&PR
INTEROP/OSEIS responsible for consolidating the Safagsessment Report (this document).

This safety assessment report aggregates file main working threads of the safety assessment
back to the four conceptareas of theSESAR Soluti¢id2-01:

9 Arrivak Concepts Solutions

o Pairwise Separations for ArrivgRBWSA) with Optimised Runway Delivery (ORD) tool
support

0 Weather Dependent Separations for Arrival§¥SA) with WDSA tool support and
Enhanced ORD tool support

1 Departures Concepts Solutions

o Pairwise Separations for Departures (RPDJSwith Optimised Segration Delivery
(OSD) tool support

0 Weather Dependent Separations for Departures (WD) Svith WDSD tool support
and Enhanced OSD tool support

1 Wake Risk Monitoring Concept Solution
1 Wake Decay Enhancing Concept Solution
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2 Introduction

This Safety Assessment Report (S&sRyddressing Project 02 Solution 01 (PODRWake Turbulence
Separation Optimisation in the frame of SEQARO.

PJ0201 encompasses the following operational improvements:

Arrivals Concepts Solutions

I AO0306: WakeTurbulence Separations (for arrivals) based on Static Aircraft Characteristics
(PWSA)

1 AO0310: Weatherdependentreductions of Wake Turbulencearations for final approach
(WDSA)

1 AO0328: Optimised Runway Delivery on Final Apprd&iRD)

Departures Caocepts Solutions

1 AO0323: Wake Turbulence Separations (for departures) based on Static Aircraft
Characteristic$PWED)

1 AO0304: Weatherdependent eductiors of Wake Turbulence 8paratiors for Departure
(WDSD)

T AO0329: Optimised Smration Delivery for Dgarture (OSD)

Wake Risk Monitoring Concept Solution

1 AO0327- Reduction of Wake Turbulence Risk through Wake Risk Monitoring

Wake Decay Enhancing Concept Solution

1 AO0325 - Reduction of Wake Turbulence Risk considering Acceleration of Wake Vortex
Decay inGround Proximity

The SESAR SolutidghD2-01 design and validation work is organized accordingye rhain threads,
defined via the following operational scenarios:

EUROCONTROL Thread

1 RT3 WDSAwith ORD for Arrivalgn single Runway (RWaperatingin segregated mode
for Paris CDG airpofencompassing transition from/to Distance Bimebased(DBS or TBS)
standard separations)

! 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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T RTS2WDSA with ORD for Arrivals, and WiBwith OSD foDepartures, onsingle RWY
operatingin mixed mode, for Paris CDQport

1 RTS3aPWSA with ORD for Arrivals, and PMISwith OSD for Departure®n a single RWY
operatingin mixed mode, for Vienna airport

1 RTS3bPWSA with ORD for Arrivals, oa single RWYoperating insegregatedmode, for
Copenhagen airport

I RTS4aPWSA with ORD for Arrivals, and PViZBwith OSD for Departuresn a singleRWY
operatingin mixedmode,for Vienna airport

T RTS4bPWSA and WD with ORD for Arrivals, and PWSand WD® with OSD for
Departurespn CSPRW$ operatingin segregated andnixed node,for Paris CDG airport

NATS Thread

1 RTS5PWSD andWDSD with OSDfor Departures, on ependent parallel RW\aperatingin
segregated modewith a small number of arrivals landing on the departure runway under
tactically enhanced arrival management, aedcompassing tragition in case of degraded
mode, for London Heathrow airport

ENAIRE Thread

1 RTS6: Real Time simulation conducted by ENAIREaluate the feasibility of WBS for
Arrivals, and PWB with OSD for Departures on parallel RWYs operating in segregated mode
for Barcelona airport

AIRBUS Thread

I 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

9 LT10: A livdrial conducted by DLR in Vienna airport to assess ihgieation of a wake
decay enhancing device in the Vieraigoort environment.

The above work share threads integrate back into the condpéads aglescribedbelow. For more
information about the concepts, pleasee &ction 3 in theSPRNTERORISEDPar{22].

2.1 Arrivals Concepts Solutions

All WT separation modeare supported by a separation delivery tool providing Target Distance
Indicators (TDI) to Approach aidwer runway controllers.

In the current report the ICAO, RECBRU andPWSA modeswhere distancebasedseparationis
appliecdg Af f 0S NBEFTSNNBR SRZ 105 . a5 N2 RISWesstink-baged (1 KS
separationis appliedwill be referred to agiTimebased 06¢. 0 Y2RSa ®

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 Safétiteria in normal, abnormal and failure conditions.
Finally when the highlevel design architecture supporting the operational lewelsdefined, 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
approacles as described by the SESAR Safety Reference Material [[§RM)

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

This Safety Assessment builds on B36.08.01Safety Assessment Report (SABN SESAR[&].

During this iterative processSafety Validation Objectives have been identified and have been
addressed during Validation Exercises.

This Stety Assessment was conducted jointly with the Human Performance assessmpatticular
during the different meetings/workshops, validation exercise and analysis. [€disto the
identification of common and consistent Safety and Human Performance resgents and
recommendations.

The following provides the key principles of each concept:

1 PWSAinvolves arrival wake turbulence separation according to a wake turbulence scheme
which is based upon aircrafiype pairs rather than grouping aircraftypes into wake
categories. This is to provide a better distribution of wake risk between aitypdtpairs as
well as to better optimise separations between airctigfte pairs compaed with using wake
categories. Additionallya refined wake category scheme 20 categories (RECAD 6CAT
plus a further breakdown to an additional 14 refined categories) has been defined for aircraft
types not covered by the aircraft type pairwise matrix.

T WDSA is the conditional reduction or suspension wike separation miniman final
approach, applicable under paefined wind conditions, on the basis that under those wind
conditions the wake turbulence generated by the lead aircraft is either transpdoyethe
wind out of the path of the follower aircraft on finalpproachor has decayed sufficiently to
be acceptable to be encountered by the follower aircraft.

1 Although there are some exceptions, the application of the arrival wake turbulence
separation rulesof the PWSA and WD&\ concepts requiresin Air Traffic Control (AC)
support tool to visualise the required minimum separation on the Controller Working
Position (CWPJThis is done through th®RDconcept whichprovides additional support to
assist Controllers in delivering the required minimum separation to the ryrmeeshold by
considering the effect of compression.

The current distancbased separation based on WT categories might fiefrem the support of the
separation indicators(indicators reflecting th distancebased WT categorieshence the DBS
concept @n also be operated with indicators (identifiadDBS 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 midair collision and runway collision kisSafety 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 maintainif§§8AR ATM
safety levels, dspite possible traffic increase in the future.
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Safety @jectives 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
assessmergthave 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.

Spedfic WVE risk assessments have been conducted to allow definition of acceptably safe separation
minima for each WT separation mode. For fiemeBasedmodes those risk assessments are based

on the comparison of the WVE risk for the new modes in differeindvepeed range against the
DistancebasedSeparation (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 diie highlevel 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
hightleveland detailedsafety requirements associated to the different ssystems (e.g. Separation
Delivery Tool, Arrival Sequencer tool, Wind sensor) and people (e.g. Controllers, Supervisors and
Flight Crew). In additigrRecommendations and Safety Issues to be considered in future steps up to
implementation have been identéd.

These safety requirements are leér functionality & performance omitigations to system
generated hazards. All Safety Requirements are listégppendix Bandhave been fed into the Part |

of this SPRNTEROP/OSEDheAppendix @f this Safety Assessment Report lists the Assumptions,
Limitations, Issues and Recommetidas.

2.2 Departures Concepts Solutions

This Safety Assessment presents the assurance that the identified Safety Requirements foeWghe V1
phases are complete, correct and realistind builds on the work completed for thEREDOS
PreliminarySafety Casgl9].

During this iterative process, Safety Validation Objectives have been identifiedenachddressed
during Validation Exercises.

The a&sessment was conducted jointly with Human Performaexperts andidentified common
Safety and Human Performance requiremts and recommendations.

The following provides the key principles of each concept:

1 PWSD involves departure wake turbulence separation according to a wake turbulence
scheme based upon aircrafiype pairs rather than grouping aircraftypes into wake
categories.

I WDSD is the conditional reduction or suspension of wake separation minima for departure
operations, applicable under prefined wind conditions, on the basis that under those
wind conditions the wake turbulence generated by the lead aircrafteither wind
transported out of the path of the follower aircraft on the initial departypath or has
decayed sufficiently to be acceptable to be encountered by the follower aircraft.
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1 Theapplication of the departure wake turbulence separation rules lived by PW® and
WDSD concepts requires (although there are some exceptions) ATC support jomsent
the support for aiding the delivery of thequired minimum separation on the CWP.

1 OSDis the ATC support tool to enable consistent and efficientvdg}l of the required
separation or spacing between departure pairs on the initial departure path.

Further details regarding the concepts can be found in the SRREROP/OSED Part 1 Section
3.24.2

The changewiill directly influercethe spacing orthe initial departurepath, and therefore, there is a

need to assess their impact on the wake turbulence encounteyaisik to some exteriton the mid

air collisionrisk 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 maintainingSESAR ATM safety levels, despite possible traffic
increase in the future.

Safety @jectives have been set to enswsatisfaction of the SAC in all operating conditions (normal,
abnormal and failureland a Functional hazard assessmehas beenconducted to identify the
relevant hazards and corresponding operationalsisk

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

Specific WVE risk assessmeate still to beconducted to allow definition of acceptably safe
separation minima for each WT separation modias 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 harwlysis andare listed as
mentioned above forthe ANRA @ f Q& / 2y OSLJi a

2.3 Reduction of Wake Turbulence Risk through Wake Risk
Monitoring ConceptSolutions

Groundbased identification of wake turbulence encounters using recordetdaard data and traffic
positions broadcast by surrounding aircraft via AD®ut helps to ensure safety by allowing to
objectively characterise wake turbulence risk as a functiba.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 lao positively impacts the Human Performance KPA by complementing
identification and reporting of wake turbulence encounters by Flight Crews and ATCOs.

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

22 At the time of writing the Departures AIM has not been finalised
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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 povides the key principles of the concept:

I Wake Decay Enhancing ConcepThe 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 becausé 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 ef@ted plate lines beyond the
runway tails (aliged 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 f0OBESAR Solution @2

2.5.1 Arrivals Concepts Solutions

For the arivals concept and the development of ATC support tool prototypesvious work from

Project P06.08.01 and OFA 01.03.0BESAR 1 is relevant. SESAR 1 Prd)6@8m®1 Flexible and
Dynamic Use of Wake Turbulence Separations focused on separation delivery of arriving aircraft,
which led to the operational deployment of @imebased Separation(s) (TBS) tool abndon
Heathrow. Other relevant research is REEATand REGAUPWS. RECAU and RECAUPWS

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 Departubesed on Stic Aircraft Characteristicaimsto
utilise the more efficient wake separations developed by the REELAAWS activitiegunder the re
categorisation programmjeunder approval by EASHKk SESAR (Project P06.08.0land in SESAR
2020 (PJOD1 ¢ in this SAR) RECAEU TB departure separations are currently employedaaidon
Heathrowwhilst all other UK airports continue to use the UK gfieavake turbulence separati@n
Barcelona continues to operate using standard ICAO wake categories.

The Weather Depatent Reductions of Wake Turbulence Separations for Departsieased on the
Crosswind Reduced Separation for Departures concept developed by the CREDOS Project in the
European Commission"6Framework Programme (EC" &P) from 2006 to 201Q12]. This was

further developed and validated iRroject P06.08.01 frorSESAR 1 which included the wind speed
NBfFGSR a¢20Ff qIB]yR¢ ONARGSNAI O2y OS LI

The Optimised Separation Delivery for Departures and the associated controller tool support is based
on the controller tool support developeih the CREDOS Projddt4], taking into account the
operational practitioner feedbacht the end of the CREDOS Project
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2.5.3 Wake Risk Monitoring Congé¢ Solution

Previous work in Project P09.11 from SESAR 1 is relevant. The project focusedooandoprediction
of wake turbulence encounters, and also performed some preliminary work on detection of wake
turbulence encounters based on #@-air data exbange.

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. Quavetita
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 @mdnvestigate 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) sgiecial 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 b¥iothe t

2.6 General Approach to Safety Assessment

The safety assessment has been conducted in accordance with the SESAR Safety Reference Material
(SRMJ1] and associated Guidan¢2]. The SRM is based on a twofold approach:

1 a newsuccessapproachwhich is concerned with the safety of operations supportedhsy
new WT separation modes and ATC taolshe absence of failure; and

1 a conventionafailure approachwhich is concerned with the safety of operations supported
by the newWT separion modes and ATC tooils the event of failure within the entb-end
System

These two approaches are applied to the derivation of safety properties at each of two successive
stages of the developmermtf the new WT separation modess follows:

Safety Speification at the OSED Level

This is defined as what the naWT separation modes and ATC tdwdwe to achieve at thair Traffic
Management ATM) operational level in ordeto satisfythe requirements of the airspace userse.

Al (11 S&2 Eé a@X Beddrhattbd ofoedationst Yy R Ay Of dzZRS& 6KI G A& a&:
the users (aircraft) and thair TrafficServic ATSProvides.

Froma safety perspective, the useequiremerts are expressed in the form of g4y 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 andpiiases othe development
lifecycle. The purpose is to check the completendsthe OSED and identify possilddditional
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 laat the operations with the newNT separation modes and ATC toafe 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 thgrsatisfy the User requirements.
58aA3y A& SaaSyidArl-dgmeéd yOMSE SN | i €S 2 NLIFNVRR A Sy a
separation modes and ATC toolShis is more generallyalledthe SPRevel Model forthe new WT
separation modes itermsofF  KdzYly |yR Yl OKAYS alF OG2NBRé¢ GKFG RS

From a safety perspective, the Design is expressed in the form of Safety Requiremettivifid

into functionality & performance and integrity/reliability properties), which are derived dutiegv2
(initial safety requirementspnd V3 (detailed safety requirementsphases of thedevelopment
lifecycle. The purpose here is to feed tBESR SolutionPD2-01 SPRNTERORISEDPart Iwith a
complete and caect set of safety requirements-urthemore, 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 (SaRnited to the scope SBESARolutionPD2-01 in the frame of
SESAR020. SESAR SolutiéhiD2-01 is addressing theStaticPair Wise Separation (PWS), Optimised
RunwaySeparation Delivery (ORIDSD and Weather Dependent Separation (W28Bhcepts for
Arrivals and Bparturesand is looking at ways to improve WaReskMonitoring and Awareness and
a wayto facilitate EnhancingVake Decayn ground proximity on final approach

This safety assessment defines the set of Safety Criteria,(SAfe}y Objective§SOs) and Safety
Requirements (SR&)r all the SESAR SolutiétiD2-01 concepts solutions

Meanwhile, whilst outlining the strategy employed 8% SAR SolutidhD2-01 for demonstratingthe
compliance with all SACs, this safety assessment focuses on #igndaf ATC supporting tools
(separation indicators displayed t&TC@Q) and working methods/procedures required for the
separation deliveryith the newWT separation modegs.e. the correct application of the new WT
separation minimdor the arrivals conepts 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 operatioribeofinal
approach sgment for the arrivals concepts solutionand the initial departure path for the
departures concepts solutionslowever the relevant pieces of safety evidence (mainly in terms of
wake turbulence encounter risk assessment) have been produced by PO6IOSESAR dnd are
referenced and summarized within the SAC demonstration strafEigig. evidence has been used by

the RECAEUPWS Safety Case submitted to EASA for appf20hl

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

Sectionl presents the executive summary of the document

Section2 provides background information regarding the definition, design and validation of the
PWSwith ORD/OSnd WDS for Arrivalsnd Departuresthe WakeRiskMonitoring and Awareness
and the Wake Decay¥nhancing @ncepts Solutions the principles for safety assessnt in SESAR
Programme and the scope of this safety assessment

Section3 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

Section4 addresses the safe design at SPR laliebugh the derivation ohigh level and detailed
Safety Requirements (SR) and link to validation results

Appendix Apresents the consolidated list of Safety Objectives

Appendix Bpresents the consolidated list of Safety Requirements with traceability to the Safety
Objectives

Appendix Goresents the list of Assumptions, Issues, Recommendations and Assésamiations
Appendix Doutlines the Accident Incident Models (AIM) relevant &&SAR Solution-02.

Appendix Epresents the Hazard Identification table in outcome of the HAZID workshop conducted
within P6.8.1 TBBhase Jqthis continues to be relevant for the arrival separation delivery concepts
addressed in this SAR)

Appendix F presents theresults of the PJ02.01 arrivals and departures &P workshop which
took place on the 30of October 2018 in the framef SESAR 2020

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

Appendix Hpresents the Risk Classification Schemes for the relevant acérdzaent types
Appendix Ipresents the EATMA models for the arrivals and departures concepts
Appendix Joresents the ANDSXw methodology

Appendix Kpresents the BADSXw methodology
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3 Safety Pecifications at the OSED Level

This Section covers the following Concepts Solutions:

1 Arrivals Concepts Solution in Secti&
1 Departures Concepts Solutions in SecBoh
1 Wake Decay Enhancing in Sectio8

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

It should be noted thaho input into this SAR is expected frahe Wake Risk Monitoringonceptso
no specific sections have been created for these two Ol steps.

3.1 Arrivals Concpts Solutions

3.1.1 Scopefor the Arrivals Concepts Solutions

This section addresses the following activities:

1 Concept overview, describing the baseline and solutions scendBiestion3.1.2

1 Description of the key properties of the Operational Environmehich are rele\ant to the

safety assessmerqtSction3.1.3

Identification of the airspace users requiremenqtSection3.1.4

Identification of the preexisting fazards that affect traffic in the relevant operational

environment (airspace, airport) and the risks whasle reasonably expected to be mitigated

to some degree and extent ke operational services provided by th&rivals Concepts

Solutiors¢ Sction3.1.5

1 Setting of the SAfety Criterfar the Arrivals Concepts Solutioffsom the Safety PIF27]) ¢
Section3.1.6

1 Comprehensive determination of the operational services that are provided bytfeals
ConceptsSolutiors to address therelevant preexisting hazards and derivation of Safety
Objectives (success approach) in order to mitigate the-gxisting risks under armal
operational conditiong Section3.1.7

I Assessment of the adequacy of the operational services provided bjrtinals Concepts
Solutiors under abnormal conditions dhe Operational Environmerg Section3.1.8

1 Assessment of the adequacy of the operational services provided bprtinals Concepts

Solutiors in the case of internal failures and mitigation of the Systggnerated hazards

(derivetion of Safety Ojectives (failure approach) Sction3.1.9

Achievability of the SAfety Criteriiar the Arrivals Concepts Solutiog&ection3.1.10

Validation & verification of the safety specification for the Arrivals Concepts Solutions

Section3.1.11

1
1

= =
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3.1.2 Concept Overview
3.1.2.1 Baseline Scenario

3.1.2.1.1 Current separation schemes
Separation schemes applied in the reference scenarios:

1 The distancébased WT separation regulations for arrivals based on WWeQo&es as per e.g.
ICAO, RECAIU 6 category or UK6 CAT.

Please see RP-01 SPRNTEROP/OSHP?2] section 3 for more information about the ICAO and
RECAEU distace based schemes.

3.1.2.1.2 Current operating method for the arrivals concepts solutions

The standard procedures currently used tt@nsfer an arriving aircraft from Eroute airspace
through TMA and approach to touchdown are summarized in thisssakion.

MERGHEORHNALAPPROACH INTERCEPTION

Typically,an aircraftwill transition from Erroute airspace into the TMA and approach to join the
flow for the active landing runway vaStandard Arrival Route (STAR). Within the TMA, the aircraft is
first controlled byone or morec¢ dependent on the traffic density and the number of directions
aircraft can come frong Approach (radar) controllers. The role of these positions is to merge and
descend traffic into a single flow. The names of these controllers and thaibdifon 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 (déigurel). 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 doviler 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.

V/
T ®— "’/1,&
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Figurel: Example approach segments between controller positions

Speedcontroh & RSTFAYSR Ay YlIyeé [FTANLERZNI&AQ !'Lt3X (K2dzaK
to variables such as wind and traffic density.

The speed control pffde 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 itelFApproach Speed (FAS);
seeFigure2. Because of differences in Final Approach Points (FAP), varying between approximately
5.5 NM and 13 NM from the runway landing ¢shold, the length of the segments where a certain
speed is controlled may vary.

X ~210/220

IAF

180

160 FAP

FAS
4 NM

Figure2: Generic speed control procedure on approach

Variation in ground speed can be about 30 knots, decreasing to +10 knots on the segméerafter

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 instructespeed 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 diz8taln 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
separationdevelops on theifhal approach.

Based on experience, the approach controller(s) will set up the initial separation, taking into account
the abovementioned factors. In addition, the applicable separation minimum (WT or MRS) is
considered.

Founding Members 31

O

EUROPEAN UNION  EUROCONTROL



SESAR SOLUTION RIDZPRNTEROP/OSHDR V3PART HSAFETY ASSESSMEN x»

REPORT X PJ02 SESAR

EIG-HTH JOINT UNDERTAKING

Founding Members 32

EUROPEAN UNION  EUROCONTROL



SESAR SOLUTION RIDZPRNTEROP/OSHDR V3PART HSAFETY ASSESSMEN 4

REPORT XPJUZ SESAR x »

EIG-HTH JOINT UNDERTAKING

The point until where the defed minimum should be assured is split into two main practices:
delivery to threshold (most common) and delivery to the Deceleration Fix at 4rdivithe runway
landing threshold. Note that in both cases, ATC is responsible for separation to threshdid. In t
latter case, WT separation minima are ensured to the Deceleration Fix at 4diMtlie runway
landing threshold, taking into account compression after the Deceleration Fix to touchdown.

The separation targeted for, usually includes a certain buffeadoount 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 siation.

Monitoring separation is primarily done using the distance markers on the radar screen as a
NEFSNByOSo® bSEG G2 dGKIFIGZ Y2ad dzyralia KIFI @S &a2vS
two selected aircraft. At some airports, there is predietinformation 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 orlgefdM 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), giveasogod instruction, oK

and in exceptional cases amehen the runway configuration allows 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 sutsections provide a brief description of the TBS, ORBWWSand WDS concepts.

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

3.1.2.2 Solution Scenario

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

The PWS&\ 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 aircraftpe 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 PAMET scheme provides more efficient
separations (at aesolution of 0.5 NM) as they can be optimised for each aircraft type pair based
upon the static characteristics of each aircraft type.

The PW&\ WT schemes include RE€CATa 96 x 96 aircraft type matjixogether with a 26CAT
matrix (RECAEU 6CAT withl4 subcategories) which hae been developed by EUROCONTROL.

The PWS\ concept could be operated itistancebasedmode (DBPWSA) or intime-basedmode
(TBPWSA). 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 pairstiniéae
basedmode 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). HPWEBA mode the conceptan 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 distancebasedoperation). The same Baration Delivery tool as is
used in the TBS concept can be used to operate tABVWEBA concept. This includes tikénal Target
Distance IndicatorKTD for providing an indication of the required separation to apply at threshold
(or 1 NM) and thdnitial Target Distance IndicatofTD to provide an indication of the predicted
compression. When using TB PWShe FTD will use the same method used in the TBS concept.
When using DBPWSA the FTD will be defined based on the PB'SA WT scheme. The maettis for
calculating the ITD remain the same.

A PWS$A concept could be operated only in {PBVSA mode in which case there will be no need for
mode transition. However if the concept is extended to include théTWEBA mode then there will
be a need to supprt mode transitions which in case the required wind conditions service (e.g.
runway surface and glide pathecomesunavailable will support the mode switch from TBWSA

to DBPWSA mode.

Operational constraints whichffect TBS which include ROT an®@#&will remain applicable in the
PWSA concept.

3.1.2.2.2 Weather Dependant Separation (WES 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 separ@in 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 WDB& is to define the minimum distance in trail separation to apply as a
function d 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 separatites.would allow

for a reduction of the time separations compared to the ones observed in low wind conditions
between aircraft landing pairs usirdjstancebasedseparation based on WT categorimsPWSEA

such that the wake encounter risk is equivalent ovédo. 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 probatiiy

WT to be transported out of the follower aircraft path increases allowing a reduction of wake
turbulence separationsWhen the cross wind exceeds a certamlue,the WT can be assured of
being crosswind transported out of the path of the follovagrcraft 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 sevity 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 wid.

The WDSA concept can use as reference for the time separation computatiordistancebased
separation based on WT categories, in which case the WT separation modes within this safety
assessment are abbreviated/BWDSTw for total wind and AABWDSXw for cross wind.

The WDSA concept can also be combined with the PXW8oncept, using as reference for the time
separation computation the FTBWSA, in which case the WT separation modes within this safety
assessment are abbreviated/BWD-PWSTw fortotal wind and ATBWD-PWSXw for cross wind.

The WD\ 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 sepat@n 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 th&VIDEBA mode,there is a
need for mode transitions driven by criteria (wind activation threshold):

1 ATBWDSTw and ATBWD-PWSTw modes shall be activated only when the reference total
wind (as used in the separation minima design) is equal or greater than -iWD&Tw
threshold (to be determined as function of local conditions).

1 ATBWDSXw and ATBWD-PWSXw modes shall be activated only when the cross wind (as
used in the separation minima desige) equal or greater than the -WDSXw wind
threshold.

Either form ofthe WDSA concept will use the same HMI that is proposed for the TBS andAPWS
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 compmrsgORD
concept). When using the AVDSTw (resp. AVDSXw) 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 thetalowind 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 WD&\ mode, and as for the TBS mode, the FTD will be based on the largest
amongst all operational constraints (i.e. WRBSVT separation, MRS, ROT or other runway spacing).
The methods for calculating the ITD remain the same as for TBS.

The WDSA concept will need the same headwind forecasting and measuring services as us&d in TB
for the FTD and ITD computatiorlowever,there will also be other totalor cross wind forecasting
considerations depending on the nature of the W®8oncept.

For the ECTL TBS concept, the activation threshold only applies at the surface (bdpwvi3iaa
means thdongerterm forecast (22 hours) is only needed for the surfacé/ith regards to the needs
for FTD and ITD computation, the GWCS only needs to forecast several minutes ahead.

Founding Members 35

EUROPEAN UNION  EUROCONTROL



SESAR SOLUTION RIDZPRNTEROP/OSHDR V3PART HSAFETY ASSESSMEN 4

REPORT XPJUZ SESAR x »

EIG-HTH JOINT UNDERTAKING

In addition, if the WD& concept is intended to be used ategically 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 wiiedecast. You can forecast the wind
magnitude and / or the wind direction

As the WD\ 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 i® summary of section 3.3.2.1.1 from the SRREROP/OSER]. For more details,
please see the corresponding section in the OSED.

This section describes the OR@ncept 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 Ta@elc®i
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 theuiegd 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 calculateomd display of these TDIs are as follows:

1 Determine the Approach Arrival Sequence;

f LRSYydGATe Fff | LILXAOFOES &SLI NltidxiRaddhéatin-kail a LI OA Y
pairs);

Compute the equivalent distance for any time separations orspaddd Qa T

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.

=A =4 =4 =4 =9

Target Distance Inditians (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 theaiepapol.
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 #bility to manually alter this sequence using a sequence
switching HMI.

TDls 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 starmmamant defined
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volume of airspace.

Figure3 below shows an examglof implementation design for the TDIs: in this example, shapes are
constraints specific and colours are CWP specific.

APFProach HMI:

( = WT/ MRS
l = ROT (Rumway Occupancy Tirme)
[ = Gap (inserted by APP)
Tower HMI:

c ='WT/ MRS separalion
= ROT {(Rurnway Occupancy Tirme)

= ROT Gap (inserled by APP)

Figure3: Example of HMI Design for TDIs

MODES OPPERATION

In case of conditional application of thiene-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. his means the system requires two modes of operation:

9 Distance Based (DBS);
I 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 Wiemme, 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 timeto-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 #ovdly profile and headwind profile

on the glideslope. The controllers and supervisors are shown the cuneaé¢ 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 thadis 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 timepseation 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, thgB\fisk 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 sepations 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 systaifure). 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 coordinaton process between the Approach and Tower Supervisor and the MET services. The
decision shall be based on information about stable wind conditions and abovedefined wind
threshold.

Once the decision is taken, both the Approach and Tower controdeesinformed, 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 modshall be taken. Oncagain,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 withddizices) to

switch mode can be anticipated or postponed if the weather evolution turns out to deviate from the
initial prediction.

HARMONISATION WITBTHERSEPARATION ANSPACINGCONSTRAINTS ORINALAPPROACH

The separation delivery tool can use differéVake Turbulence scheme to maintain the separations
between aircraft pair. The schemes can be the standard reference used nowadays at European
airport like ICAO or RECEU or more advanced schemes. Two of these new advanced schemes are
part of the PJO®1 work: Static Pairwise Separation and Weather Dependent Separations for Arrivals
(see section8.1.2.2.1and3.1.2.2.3.

The Separation Delivery Tool factors in the Minimum Radar Separation (3NM or 2.5NM), the runway
occupancy time (ROT) or other additionaitrail/not-in-trail separation/spacing constraint&.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 theraral pair.
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3.1.2.3 Summary of WT separation modes covered by this safety assessment for
the arrivals concepts solutions

The followingWT separation mode®sf operation based on combinations of the new WT separation
concepts outlined in the previous sigectionsare covered in this safety assessment:

Id. WT separation scheme& associated Concepts involved
operation

DBPWSA Distance Based PWS(RECAEUPWS) PWSA, ORD

TBPWSA Time Based PWA& (TB RECAUPWS) TB PWSA, ORD

A-TBWDSTw WDSA Total wind based on conditional reduction of] AWDSTw, TBORD
TBS minima

A-TBWDSXw WDSA Crosswind based on conditional reduction off AWDSXw, TBORD
TBS minima

A-TBWDPWSTw | WDSA Total wind based on conditional reduction of] AWDSTw, TBPWSA, ORD
TBPWSA minima

TBWD-PWSXw WDS Cross wind based on conditional reduction ef | AWDSXw, TBPWSA, ORD
SPWS minima

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

In the current report the DBS and BBVS! Y2 RS& gAff 0S NBFSNNBR G2 |
modes whilst the TRWSA, ATBWDSTw, ATBWDSXw, ATBWD-PWSTw and ATBWD-PWSXw

Y2RS& ¢Aff 0SS NBTSNNSds. e Wb&modes fepfésent alsdtselgary 0 ¢ . 0

of the TimeBasedmodes. The headwind TBS concept applied currently at Heathrow (with no
O2yRAGAZ2YFE FLILX AOF{GA2Yy 0 A& NBFSNNBR (G2 a a¢. {¢

Note that the safety assessment for the disl DBnodes with indicatrs 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 PJIR safety assessment (information somarized from SPINTEROP/OSED Phart
Section3.2[22]) relevant for the Arrivals Concepts Solutions.

3.1.3.1 Airspace and Airport characteristics for the Arrivals Conceptdutions

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 ye@hese airports typically operate in

Very High, High or Medium Complexity TMA-splerating environments.
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The runway configurations and modes of runway operations employed at European Very Large, Large
and Medium Airports include:

1 Single runway operatinig mixed mode operations

1 Independent parallel runways operating in segregated mode operations

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

1 Closelyspaced parallel runways operating in segregated mode operations

9 Closely spaced parallel runways operating in mixed mode operations

3.1.3.2 Types of Airspace ICAO Classification for the Arrivals Concepts Solutions
Control areas around aerodromes are usually ICAB8s C or D:

1 ICAO Class R 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 receiveficahformation in respect of other VFR flights

1 ICAO Class DER and VFR flights gpermitted, 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 ¥R 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.

3.1.3.3 Airspace Userg 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. é@mple,Heathrow permits IFR
traffic and also VFR and SVFR traffic under associated restrictions.

3.1.3.4 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 respedtely 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.

3.1.3.5 Separation Minima
In Baseline:

I The ICAO radar separation standards forvats and departures inclimth MRS which
prevents aircraft collisionand WT separation which is intended to protect aircraft from
adverse Wake Turbulence Encounters (WTES).

1 For Arrivals, that involves distanbased WT separations based on WT categomsesea e.g.
ICAO, RECAIU 6 category or UK 6 category schemes.
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9 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 presribed in ICAO Doc 4444 or as prescribed by the appropriate Air Traffic
Services (ATS) authority.

With the Solution Scenarios:

1 With PW&A the ATCOs will appdyseparation scheme where separations are based on each
aircraft type pair instead of the standdrseparations scheme where aircraft types are
grouped on categoriesAdditionally, a refined wake category scheme of 20 categories
(RECAEU 6CAT plus a further breakdown to an additional 14 refined categories) has been
defined for aircraft types not coved by the aircraft type pairwise matrix.

T With WDSA the WT separations will be reductthnksto weather conditions (total wind or
crosswind) favourable for the concepts. With the crosswind concept there is still a need to
provide for sufficient time fothe 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 extendedrunway centreline of the straightin 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 encounteltbe by
follower aircraft.

I 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 b® givenclearance 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 adefined ROT Spacing between wake
category pairs where the lead aircraft type has @eam arrival runway occupancy time (aROT)
significantly greater than 50s (such as REEBTCATA aircraft types of up to around 90s,
RECAEU CAB aircraft types of up to around 75s and REEATCAT aircraft types of up
to around 65s), or as Spacing Minim adjusted dependent on the headwind conditions on
final approach for noswake pairs where the lead aircraft has a mean aROT of less than 50s
(e.g. RECARU CAD, CATE and CAF aircraft types).

3.1.3.6 Aircraft ATM capabilities for the Arrivals Concepts Stdbns

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:

1 Transponder (Elementary Moe® Surveillance (ELS) or Mode A/C)
I Transponder (Enhanced Mode S Surveillance (EHS) (for UK Airports)
1 Air-Ground Voice Communication System (VCS)
I Flight Management System (FMS) Capability
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3.1.3.7 Ground ATM capabilities
In the Referene Scenarios:

Flight Data Processing System

Arrival Manager

Departure Manager (for mixed mode)

Airport Collaborative Decision Making-G®M) (for mixed mode)

Advanced Meteorological Information

Surveillance System for Surface Movement (e.g. Advanced 8fagement Guidance and
Control System &MGCS))

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

= =4 =48 -4 -8 -9

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

O O oo

T 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
0 ATC Voice Communications

With the Solution Scenarios:

Besides the ATCO delivery Tool support for Arrivals which are part of the Change (see details at
8§2.3.2 in the SAP) the following ground ATM capabilities are considered in the operational
environment:

I Local environment weather information and wind forecasting and monitoring capabilities
(TBS, ORD, PWASand WD®\ concepts rely on wind forecasting and monitoring at the
surface and along the final approach path).

9 Aircraft performance information in suppoof ORD concept

9 Trajectories information in support of ORD concept.

3.1.3.8 Terrain Featureg 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 developingand validating the WD& 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 straightapproach path.
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3.1.3.9 CNS Aids for the ArrivalConcepts Solutions
No anticipated change from Reference Scenarios for current operations. These include:

1 Air-Ground Voice Communication System

1 GroundGround Voice Communications System

1 Instrument Landing System (ILS) and possibly Microwave Landing S{tSh for some
airports

RNAYV / 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

= =4 =

o0 Elementary ModeS Surveillare (ELS) or Mode A/C
o Enhanced Mode S Surveillance (EHS) (for UK Airports)

9 Surveillance System for Surface Movement (e.g. Advanced Surface Movement Guidance and
Control System (SMGCYS)) including some coverage of the landing stabilisation phase of
Final Appoach.

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:

9 Flight Crews shall be briefed on the applicable concept (e.g-R\WSWDSA) to ensure
sufficient understandingAlso,they shall be aware of the current mode of operation at the
airport which can be achieved through the Digital Automatic Terminal Infeom&aervice
(D-ATIS).

9 Flight Crew shall notify the Approach Controller of an inability to fly the standard procedure
or of any norconformant final approach speeds.

I The aircraft type is an important input into the Separation Delivery tool due to theilgess
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 needo®found (i.e. via Datalink).

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

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

3.1.5 Relevant Preexisting Hazards for the Arrivals Concepts Solutions

A precondition 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 GRHd&nce D and ]
provide a set of Accident Incident Models (Adldne per each type of accident) which represent an
integrated risk picture with respect to ATM contribution to aviation accidents.
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In order © determine which AIMs are relevant for each of the PJ02.01 Arrivals Concepts Solutions,
this subsection presents the relevant aviation hazards (that-exest in the operational environment
before any form of deconfliction has taken place) that have e&entified within the HR& SAF
scoping & change assessment session (using Guidance HZ)2 of

It has been concluded that the safetglevant impact of the cinge brought in by the Arrivals
Concepts Solutions is limited to the Interception and Final Approach Path (including initiation of a
Missed Approach (GAround)). The relevant prexisting hazards, together with the corresponding
ATMrelated accident typeand AlMs are presented ifablel for the Arrivals Concepts Solutions.

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

Hp#lad ! ROSNB S 2 | 9nFin@ y O 2 ( Wake Turbulencénduced Accident (WTA) on Final
I LILINE | OK ¢ Approach Path & associated AIMAppendix D

Hp#2ad { A G dzl G A 2y kded4DK A O R Mid-Air Collision (MAC) on the Final Approach Path &
trajectories of two or more airborne aircraft are i| associated AIM iAppendix D
conflicc CAy I £ 1 LILINBI OK¢

Hp#3a ¢ KS LINBOSRAY 3 f Iy R| Runway Collision (RC) & associated Aligpendix D
of the runwayin-dza S ¢

Tablel: Preexisting hazards relevant for the PJ@A 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 &oriviads
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 8.1.5 and it needs to be consistent with tIBESAR safety performance targets
defined by PJ 19.0és perf21)).

For PJOD1 the Safety Validation Target is:

G¢KS NBRAzOGAZ2Y Ay (K SApjrcachladcideyitsipéroySaNar.3B% artd In¥h® CA Y |
total number of RWY Collision accidents per yeail0d3%, due to SESAR 2020 improvements with
NBaLlSOG (G2 | KeLRIKSGAOFE daR2 y20KAy3¢é aO0OSyl NR2:
Baseline (205) while traffic is allowed to increase until it reaches the capacity level targeted for
{9{!'"w AY HRNnopdE

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

Two sets of safety criteria are formulated:

1 A first one aimed at ensuring an appropriageparation desigri.e. definition of WT
separation minima which, if correctly applied in operation, guarantee safe operations on final
approachsegment and initial common approach path respectively;
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I A second one aimed at ensuring corregeparation deliveryi.e. that the defined WT
separation minima are correctly applied by ATC.

SEPARATIODESIGN

The following definition will be employed to desaje apair 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 withisdbpe (PW8, WDSA) driven by the
applicable WT Accident AIM model (Final ApproasbeAppendix D.

9 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 mégekendix DFigure27 the
2dz602YS 2F LINBOdzNE2NJ 21 1S 9yO2dzy i SN 5290 ¢ {
O2yRAGAZ2YAae y20. ¥AWART &SRy OZ2dzoilh SINRISEH2 A Rl yOS£ 0

A-TBWDSTw-SAC#1The probability per approach of wake turbulence encounter of a gjven
severity for a given traffic pair spaced at WDS Total wind minima on Final Approach segment
for any applicable total wind conditions shabt increase compared to the same traffic pair
spaced at reference distance Wib&sed minima in reasonableorst-caseconditions*.

* Reasonablevorst-caseconditions recognized for WT separation design (as detaildd]at
§4.2.1)

A-TBWDSXw-SAC#1The probability per approach of wake turbulence encounter of a gjven
severity for a given traffic pair spaced at WDS Cross wind minima on Final Appegaoént
for any applicable cross wind conditions shall not increase compared to the same traffic pair
spaced at reference distance Wib&sed minima in reasonableorst-caseconditions*.

RECAEUPWSSAC#1:For an aircraft type pair at REGETPWS minira on Final Approach
segment, the paiwise 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 woest 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 remairsltirdssed:

Safety issue The frequency of wake turbulence encounters at lower severity levels might incyease
due to the reduced separation minima. As the frequency of wake turbulence encounters at each
level of severity depends on local traffic mix, logahd conditions and proportion of time qf
application of the concept, there is a need to find a suitable way for controlling the associated
potential for WFrelated risk increase.
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An additional SAC, to lerivedon each WT separation mode, is definecbmder 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.

1 on risk of Imminent wake encounter undenmanaged undeseparation (see WE 6F in AIM
WTA Final Approach mod&ppendix OFigure27):

A-SAC#F1The probability per approach of imminent wake encounter under unmanaged
under-separation on Final Approach shall be no greater in operations based on WT sgheme
under consideration than in curremperations applying reference minima (e.g. ICAO or an
established operational baseline)

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

SEPARATIODNELIVERY

A set of SACs, to lerivedon 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 deliveris tool)
designed such as to enable safe operation in each separation mode. The correct application of WT
separation minimaneedsto account for the additional separation constraints imposed by the
Surveillance separation (during interception and along thel fagproach path) and the need of
preventing RWY collisibnFor achieving that, the safety risk related to undeparation and its
precursors needs to be controlled, driven by the AIM WT on Final Approach models and accounting
for constraints imposed byhe MRS minima and by the AIM RWY collision model.

1 on risk of Unmanaged undeeparation (WT) in adequate separation mode during
interception and final approach (see WE 7F.1 in AIM WT on Final Approach Ayppesidix
D Figure27):

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

1 on risk of Unmanaged undexeparation induced by inadequate selection & management of
separation mode i.e. selection of and transition between any adequate modes of operation
i.e. AWDSTw, AWDSXw, DBS (see WE 7F.2 in AIM WT accident on Final Approach model):

%1In 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 toetControlled Flight into Terrain
accident and associated AIM moylel
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A-SAC#F3The probability per approach of unmanaged undeparation (WT) during
interception & final approach shall not increase due to inadequate selection of or transition
between any adequate modes of operation

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

A-SAC#F4The probability per approach of Imminent infringement (WT) during Intercegtion
& final approach shall be no greater in operations based on WT scheme comgderation
than in current operations applying reference minima (e.g. ICAO or an established
operational baseline)

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

A-SAC#F6The probability per approach of Imminent collision during interception and final
approach shall be no greater in operatidmssed on WT scheme under consideratiban in
current operations applying referencminima (e.g. ICAO or an established operatigna
baseline).

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

A-SAC#FT7The probability per approach of Imminent infringement (radar separation) dyring
interceptionand final approach shall be no greater in operatibased on WT scheme under
considerationthan in current operations applying referencainima (e.g. ICAO or gn
established operational baseline).

9 on risk of Crew/Aircraft induced spaciognflicts §pacingconflicts 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#F5The probability per approach of Crew/Aircraft inducspiacing 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 o¢r an
established operational baseline)

9 on risk ofrunway conflct due to conflicting ATC clearandgge 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 constraiot AP ATCO clearirg/c to land while another a/c has
been clearedor line-up (applicable only imixed mode)and which outcome is mitigad by
B2: ATC Callision Avoidance involving e.g. last moment detection by TWR ATCO with or
without Runway Incursion Monitoring and Conflict Alert System RIMCAS):

A-SAC#R1The probability per approach of Runway Conflict resulting from Conflicting| ATC
cleaances shall be no greater in operatidngsed 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 derivedtfa risk of Runway condt due to premature landing
(not cleared by ATC@Yy unauthorisedRWY entry of ac/vehiclasno change is introduced by the
F NNA GFfa 02yOSLIia O2YLI NBR (2 G2RIFreQa 2LISNI A2y A

3.1.7 Mitigation of the Preexisting Riskg Normal Operations for the
ArrivalsConcepts Solutions

3.1.7.1 Operational Services to Address the Pegisting 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 lande 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 Trable2 have been seen as relevant to these concepts.

ID* Air Navigation Service Objective Pre-existing Hazard

Airport Operational Scenario Planning Phase

ACT Determination and activation of the separation mode (| Hp#la(Wake risk)
case of conditional application of tiémeBasedmodes)

Note: only automaticde-activationis possible (TB to DB
mode), the activation (DB to TB mode) hasikwayshe
done manually by the controllsfsupervisors

GPM Coordination of preplanned or tactical GAP Hp#3(Runway collision risk)
management

Approach and Landing

FCF Facilitate capture of the Final approach Hp#la(Final Approach wake
risk)
Hp#2a(Final Approach MAC risk
SP2 Maintain separation between aircraft intercepting Hp#la(Final Approach wake
different final approach path(closely spaced parallel risk)
runways) Hp#2a(Final Approach MAC risk
SP3 Maintain spacing/separation between aircraft on the | Hp#la(Final Approach wake
same final appach path risk)

Hp#2a(Final Approach MAC risk
Hp#3(Runway collision risk)

SP4 Maintain aircraft separation between successive arrivg Hp#3(Runway collision risk)
on the Runway Protected Area (RPA)

SP5 Maintain aircraftseparation 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.

Founding Members 49

O

EUROPEAN UNION  EUROCONTROL



SESAR SOLUTION RIDZPRNTEROP/OSHDR V3PART HSAFETY ASSESSMEN 4

REPORT XPJUZ SESAR X »

EIG-HTH JOINT UNDERTAKING

departures in mixed mode (departure behind an arriva
vacating or departure in front of arrival) on the Runway|
Protected Area (RPA)

Table2: Relevant ATM/ANS services aRte-existing Hazards for the PJ@2L Arrivals Concepts Solutions

3.1.7.2 Derivation of Safety Objectives (Functionality & Performangsuccess
approach) for Normal Operations for the Arrivals Concepts Solutions

The purpose of this section is to derive functiotyak performance Safety Objectives (as part of the
success approach) in order to mitigate the 4epdsting aviation risks under normal operational
conditions (i.e. those conditions that are expected to occur on atdalay basis) such as to meet
the defined Safety Criteria.

To derive the Safety Objectivame needs to interpret, from a safety perspective, the OSED
Operational Concept specification (i.e. how the PdDZoncept contributes to the aviation safety)

by making use of the European Air Traffiaddgement Architecture (EATMA) representation as per
the Operational layer. More specificallyhis means usinghe OSED Use Cases and their
representation through the EATMA Process Modeldefsed by the PJGR1 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 decribed 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 Safetgria.

The OSEpresents the consolidated list @inctionality & performancesafety Objectives (SQhder
normal operational conditionsihe link to the Safety Criteria is shown in the last column for each SO,
viathe relevant Use Case and operational service that are concerned with the change and allowed
the SO derivation.

Founding Members 50

O

EUROPEAN UNION  EUROCONTROL



SESAR SOLUTION RIOZPRNTEROP/OSHDR V3PART HSAFETY ASSESSMEN
REPORT

ID

Safety Objective

(success approach)

5 PJ02 SESAR i

y

EIG-HTH JOINT UNDERTAKING

Use Case

Operational Service

Related SAC{
(AIM  Barrier
or Precursor)

ATC shall be able tapply consistent and accurate DE
TBS, PWA or WDSA wake turbulence separation rule
on final approach (encompassing interception) &
landing, through operating under Distance Based mo
(DBS, DPWSA) and Time Based modes (TBRWSA,
A-WDSTw andA-WDSXw), with the possibility to safel
switch between a TH#hode and the corresponding Bl
mode.

LIM#005:Regarding the conditional application dfme
Basedmodes, in line with the OSED, only the activat
and deactivation conditions of each WT sepamatmode
and the switching between each -hibde and the
corresponding D®node are covered within thi
specification and related safety assessment, but not ot
transitions between modes.

Airport Operational
Scenario  Plannini
Phase for PWS, WL
and ORDdr Arrivals

ACT: Determination and activation
the separation mode (in case
conditional application of theTime
Basednodes)

SAC#F2
SAC#F3

SO
002

In case of conditional application of Time Based (
modes, ATC shall apply the correspondent WT sepatr
minima only when the predefined activation criteria f
the considered T#Bnhode are met i.e. specified win
parameter(s) measured against pdetermined wind
threshold(s).

As above

As above

SAC#F3

SO
003

In case of conditional application of -i®des the wind
threshold(s) for the activation criteria specific to each

As above

As above

Any modeA-
SAC#F1
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ID  Safety Objective Use Case Operational Service Related SAC{
(success approach) (AIM Barrier
or Precursor)
mode shall be determined to mitigate the risk of wa SAC#F3
vortex encounter due tahe uncertainties on the winc
profile prediction data and on the aircraft adherence
the generic airspeed profile
SO In case of conditional application of -TiBodes, ATC sha As above As above SACH#F3
004 apply the correspondinglistancebased WT separation
mode (DBS or respectively PBVSA) when the
activation criteria for TBS, TBDSA modes or
respectively TBPWSA and ATBWD-PWS modes are nc
met anymore
SO In a given WT separatiamode, ATC shihsequence anc FCF: Facilitate capture of the Finé A-SAC#F2
005 instruct aircraft to intercept the final approach path su approach path A-SACH#HF4
as to establish and maintain applicable separation min
on final approach segment based on the displayed Ta
Distance Indicators corresponding to that separat SP3:  Maintain  spacing/separatic
mode between aircraft on the same fine
approach path
SO The Target Distancéndicators shall be calculated ar FCF: Facilitate capture of the Finé A-SAC#F2
006 displayed to correctly and accurately represent t approach path A-SAC#HF4
greatest constraint out of wake separation minima of t A-SAC#HF6
mode under consideration (for all traffic pairs and in t A-SACHF7

full range of weather and operating conditions peetirt

for that mode), the MRS, the runway spacing or otl

SP3: Maintain  spacing/separatic
between aircraft on the same finé

A-SAC#R1
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Operational Service

Related SAC{
(AIM  Barrier
or Precursor)

spacing constraint (e.g. departure gaps)

approach path

GPM: Coadination of preplanned or
tactical GAP management

A-SAC#R2

SO The design of the Separation Delivery Tool and associ FCF: Facilitate capture of the Finé A-SAC#F5
007 operating procedures and practises shall not negati\ approach path
impact Flight Crew/Aircraftvho shall be able to follov
ATC instructions in order to correctly intercept the fir
approach path in the mode under consideration
SO In a given WT separation mode, ATC shall provide co SP3: Maintain  spacing/separatior A-SAC#F2
008 spacing minima delivery from final approach ps¢ between aircraft on the same finé A-SAC#F4
acquisition until landing based on separation indicat approach path A-SAC#F6
correctly computed for that separation mode. A-SACHF7
A-SAC#R1
A-SAC#R2
SO ATC and Flight Crew/Aircraft shall ensure that the f SP2: Maintain separation betweer A-SAC#F5
009 approach path is flown whilst respecting the aircr aircraft intercepting different fina

speed profile (unless instructed otherwise by ATC
airborne conditions require to initiate go around) in ord
to ensure correctness of the separation indicators

approach path (cleely spaced paralle
runways)

SP3: Maintain  spacing/separatic
between aircraft on the same fine

Founding Members

O

EUROPEAN UNION  EUROCONTROL

53



SESAR SOLUTION RIOZPRNTEROP/OSHDR V3PART HSAFETY ASSESSMEN 4

REPORT XPJUZ SESAR x »

EIG-HTH JOINT UNDERTAKING

Use Case Related SAC{

ID  Safety Objective

(success approach)

Operational Service

(AIM  Barrier
or Precursor)

approach
SO ATC (and potentially Flight Crew/Aircraft) shall consi As above A-SACH#F2
010 the potential for WDS separation infringement due A-SAC#HF4
lateral deviationfrom final approach path (e.g. dog le A-SAC#F5
when WDS crosswind is operated)
SO The runway spacing or other spacing constraint ( SP4: Maintain aircraft separatior A-SAC#R1
011 departure gaps) shall be input to and accounfed the between successive arrivals on t
Separation Delivery Tool (in support of &B) Runway Protected Area (RPA)
It is assumed that landing clearances will be providel Maintain aircraft separation betwee
the same manner as per current operations based on \ arrivals and departures in mixed moc
scheme (departure behind an arrival vacating
departure in front of arrival) on the
Runway Protected Area (RPA)
GPM: Coordination of preplanned or
tactical GAP management
SO TWR ATC shall request tlimsertion of departure gap: GPM: Coordination of preplanned or A-SAC#R1
012 from APP ATC, and shall coordinate with APP tactical GAP management A-SAC#R2
modification and cancellation of these gaps
operationally needed
Maintain aircraft separation betwee
arrivals and departures in mixed moc
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ID  Safety Objective Use Case Operational Service Related SAC{
(success approach) (AIM  Barrier
or Precursor)

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

Table3 PJ02.01Safety 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, TB®, 6('WMDSA | SAC#F2
wake turbulence separation rules on final approach (encompassing SAC#F3
interception) and landing, through operating undeistance Based modes
(DBS, DBPWSA) and Time Based modes (TBEBWSA, AWDSTw and A
WDSXw), with the possibility to safely switch between am&de and the
corresponding DBnode.

SO 002 | In case of conditional application of Time Based (TB) modes, ATC shall a SAC#F3
the correspondent WT separation minima only when the predefined actival
criteria for the considered FBiode are met i.e. specified wind parameter(s)
measured against prdetermined wind threshold(s).

SO 003 | In case of conditional application of -fil®des the wind threshold(s) for the | Any mode
activation criteria specific to each FBode shall be determined to mitigate th| SAC#1
risk of wake vortex encounter due to the uncertaintiestba wind profile SACH#F3
prediction data and on the aircraft adherence to the generic airspeed profil

SO 004 | In case of conditional application of Time Based (TB) modes, ATC shall ag SAC#F3
the corresponding distanebased WT separation mod®BS or respectively
DBPWSA) when the activation criteria for TBS,-TWBSA modes or
respectively TBPWSA, ATBWD-PWS modes are not met anymore

Execution Phase Interception

SO 005 | In a given WT separation mod&TC shall sequence amtruct aircraft to A-SAC#F2
intercept the final approach path such as to establish and maintain applical] A-SAC#F4
separation minima on final approach segment based on the displayed Tar(
Distance Indicators corresponding to that separation mode

SO 06 | The Target Distance Indicators shall be calculated and displayed to correc| A-SAC#F2
and accurately represent the greatest constraint out of wake separation | A.SAC#F4
minima of the mode under consideration (for all traffic pairs and in the full

range of weather and opetimg conditions pertinent for that mode), the MRS ASACHFE

the runway spacing or other spacing constrgig. departure gaps) A-SACHFT
A-SAC#R1

A-SAC#R2

SO 007 | The design of the Separation Delivery Tool and associated operating A-SAC#F5

procedures and practises shall not negatively impact Flight Crew/Aircraft w
shall be able to follow ATC instructions in order to correctly intercept the fiy
approach path in the mode under consideration

Execution Phase Final Approach

S0O008 | In a given WT separation mode, ATC shall provide correct spacing minimg A-SAC#F2
delivery from final approach path acquisition until landing based on separg a.sac#F4
indicators correctly computed for that separation mode. A-SACHES

A-SACHFT7
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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 fli A-SAC#F5
whilst respecting the aircraft speed profile (unless instructed otherwise by
or airborne conditions require to initiate go around)arder to ensure
correctness of the separation indicators

SO 010 | ATC (and potentially Flight Crew/Aircraft) shall consider the potential for-W A-SAC#F2
A separation infringement due to lateral deviation from final approach path| A-SAC#F4
(e.g. dog leg when WDxSosswind is operated) A-SAC#F5

SO 011 | The runway spacing, or other spacing constraint shall be input to and A-SAC#R1
accounted for the Separation Delivery Tool (in support of SO 006)

SO 012 | TWR ATC shall request the insertion of departgaps from APP ATC, and sh A-SAC#R1
coordinate with APP the modification and cancellation of these gaps as A-SAC#R2
operationally needed

Table4: List of Safety Objectives (success approach) for Normal Operations for the®J®@2rivals 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),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 covere®l in7.2or conditions external to the
scope of the new System which are not undar control).

3.1.8.1 Identification of Abnormal Conditions for the Arrivals Concepts Solutions

The following abnormatonditions have been identified in Project 06.08.01 in SESAROalrelevant
for this iteration.

O

Abnormal Scenario

Change of Aircraft landing runway intent

Abnormal procedural aircraft airspeed and/or abnormal stabilized approach speed

Leadaircraft gearound

Delegation of separation to Flight Crew

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

Flight Crew Notification of Aircraft Speed noonformance

Unexpected drop of ground wind below sdfgeshold

Late change of landing runwégyot planned)

Ol | N[fojoa || W[IN]|PF

Scenario specific spacing requests (e.g. unforeseen need for RWY inspection)
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1/ CHANGE OAIRCRAFT LANDING RUNYINTENT

This situation represents the case of an aircraft changing its runway intent late and requiring to be
AYaSNISR Ay (KS aSljdzSyO0S 2F GKS aySégé NMzyogl & oAl

Two distinct cases need to be addressed:

I Change of aircraft intent befe merging towards Final Approach
1 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 theraiaft 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 uneeparationg mitigation

is derived as per SID3.

2/ ABNORMAL PROCEDURAR@RAFT AIRSPEED AGR ABNORMAL STABEIYAPPROACH SPEED

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

For TBmodes the risk is that both FTD and ITD are erroneous, as their computation is based on the
pre-defined TAS profile for that aircraft tgp with potential for imminent infringement and
ultimately large undesseparation ¢ mitigation is derived as per S@02 i.e. aircraft speed
conformance alert.

For DBmodes, only the precision of ITD is affected, with risk of imminent infringement andtoneed
instruct a missed approach due to compression after the deceleratiggmiitigation as per SQ02

For the affected aircrafpair, ATCeither needs to apply speed corrections o manage compression
manually andjf in TBmodes, to applydistancebased WTC separation minimid speed corrections
OFyQi oS L} ASR

3/ LEAD AIRCRAFT &®ROUND

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 detiole 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
underseparation¢ mitigation isderived as per SQ03.

4/ DELEGATION OF SEPARAITOF IGHTCREW

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 infringddr to o
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 maintainseparation will be passed to the Flight Crew.
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No change compared to current operations based on DBS without indicators.

5/ ACTUAIWIND ON FINAL APPRAAOIFFERENT FROM WMEID USED FORTD/ITDCOMPUTATION

Impact on the computed/displayed FTD

For theTimeBasedmodes, 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 appliedirathe worst case the
shown distance will be lower than the correct one, with risk of urgbgraration. More specifically

the wind conditions used for the FTD computation are:

1 In TBPWSA modes: glideslope wind profile,
T In ATBWDSTw and ATBWD-PWSTw modes: reference Total wind,
T In ATBWDSXw and ATBWD-PWSXw modes: reference Cross wind.

In the current safetyassessmentthe risk of undetseparation induced by the uncertainty in
glideslope wind prediction (together with the one induced by undetiain the actual final approach
speed profile) is mitigated as follows:

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

1 Select, amongst the considetevind conditions, the one which displays the maximum time
separation buffer;

1 In case ofconditional application reduce the time separation buffer. The conditional
application is expected to be used in many implementations, in order to maintain acceptabl
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 aspaith 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 uneparation. An additional mitigation is derived

as per SOL01 i.e. wind conditions monitoring and alerting, wtilspecifically considering the
type/component of wind relevantfor eachtime-basedseparation conceptlf in WDSTw/Xw, pon
being alerted, the ATCOs shalert to the correspondentlistancebasedseparation mode (DBS or
DBPWSA). If in TBS or FBWSA, the tool shall reompute the TDIs based on the correct wind
value.

Note: No impact on FTD in DBS and®YBSA modes.

Impact on the computed/displayed ITD

Forall WT separation modeghe difference between the actual head wind on the glideslope #ed t
glideslope headwind profile used by the separation delivery tool will impact the accuracy of the ITD
and in the worst case thgpacingshownwill be lower than the correct one with risk for needing to
instruct a missed approach due to the nanticipated compression after the deceleration fix. The
mitigation derived above can be re used heyesO 101(with monitoring of the glideslope wind

Founding Members 59

EUROPEAN UNION  EUROCONTROL



SESAR SOLUTION RIDZPRNTEROP/OSHDR V3PART HSAFETY ASSESSMEN 4

REPORT XPJUZ SESAR X »

EIG-HTH JOINT UNDERTAKING

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 celiiee and a significant change in
ground speed as the aircraft turn on to final approach doesinvolve 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 correctlisplayed,and ATCO will target them when instructing
aircraft to turn for inteception whilst accounting for the challenging wind conditions in the same
way they do it in current operations.

6/ FLIGHTCREWNOTIFICATION OWNRCRAFEPEED NONONFORMANCE

Flight crew provides notification of approach procedural airspeed-camformanceissues 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 foralt@pproach, the
notified speedrelated aspects to determine the additional spacing that is required to be set up
behind the ITD indicatiog mitigation is derived as per SID4.

7/ UNEXPECTED DROP OFERRENCE WIND BELOA¥EB THRESHOLD

In case of contibnal application of the Time Based modes, when thenidgle 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 BBde)¢ see SM04 (derived at 8.1.7.2

8/ LATE CHANGE OF LANGIRUNWAYNOT 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) wititential for imminent infringement and
ultimately large undesseparation¢ mitigation is derived as per SID5.

9/ SCENARIO SPECIFIC GRS 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, aslio& SO

The following OSED Use case/Mmminal flows will e addressed when failure conditions are
analysed at 4.1.5

9 Insufficient spacing on Final approach
1 ITD catckup alert on Final approach.
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3.1.8.2 Safety yjectives 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 | Ref. SAG
Scenario

SO 101| ATC shall belerted when the actual wind conditions differ significant| 5 A-SAC#F2

from the wind conditions used for the TDIs computation (wind A-SACH#F3

conditions monitoring alert): for the FTDlideslope wind in TBodes
only; for the ITDy glideslope wind in all modes (TB and DB).

SO 102| ATC shall be alerted when the aircraft speed varies significantly fron 2 A-SAC#F5
the procedural airspeed and/or the stabilized approach speed used
the TDIs computation (speed conformance alert) in order to manage
compression manually

SO 103| ATC shall maintain an updated arrival sequence order following alg 1 and 3 A-SAC#HF2
change of aircraft runway intent or a gwound A-SAC#F4
A-SACHF5

A-SACH#F6

A-SAC#R1

SO 104| ATC shall take into account, for the merging on to fipglraach, the 6 A-SACH#F5

notified approach procedural airspeed neonformance issues and ar
notified employment of a slow or fast landing stabilisation speed to
determine the additional spacing that is required to be set up behing
the ITD indication

SO105 | The Target Distance Indicators shall be correctly updated in case off 8 A-SAC#F2
(not planned) change of landing runway A-SAC#F4
A-SACH#F5
Issue 02In case of a late landing runway change, it should be verifig ASACHTE
. . . . - A-SAC#R1
the arrival sequencing tool can be timely reconfigured in ortde
display the Approach Arrival Sequence for the switched runway and
update the TDIs accordingly.
SO 106| ATC shall be able to handle scenario specific spacing requests whil{ 9 A-SAC#R1
using the separation delivery ¢b A-SAC#R2

Table5: List of Safety Objectives (success approach) for Abnormal Operations for the@JB2rivals
Concepts Solutions

3.1.9 Mitigation of Systemgenerated Risks (failure approach) for the Arrivals
ConceptsSolutions

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 failurdermal to the endto-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.
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This section prades 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 (S&gpendix D).

3.1.9.1 ldentification and Analysis of Systeigenerated Hazards for the Arrivals
Concepts Solutions

The list of hazards for arrivals is based on the analysis whah 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 phiaek filaceat NATS premises andere
facilitated by NATS safety representativa®d involving Approach and Tower Controllerbazards,
their causes and consequences were identified and assetig#ng these workshops

Further on, in TBS phase 2, the Operational Hazards relevant t#6"WH with indicators
(corresponding to the TBS seption mode) and DBPWSA with indicators (corresponding to DBS
separation mode) have been identified and analysed within thd®\NEBA 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 théTWEBA Safety Assessment Rep(si.
Apperdix Epresents the OHA/HAZID table which led to the identification of the Operational Hazards
for TBS and DBS modés;ludingfailure mode, possible causes, preventive mitigations; operational
effects and protective mitigations based on workshop and brainstorming activities.

In the frame of P06.08.01, the FBNVSA hazard identification and analysis has been further
extended by the safety, project and operational experts in order to encompassethly mtroduced
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 ©8@h&018. The workshop was
facilitated by SAF and HP experts from BORNTROL and it included APP, TWR ATCOs and
Supervisors, together with safety, human performance and concept experts. For the full list of
participants please seappendix FFurther,a workshop with pilots from Air France and CDG ATCOs
took place on the 280of January 2019 on the Air France premises at CDG airpbe.workshop was
facilitated by SAF and HP experts from BGRNTROL and it included APP and TWR ATCOs from
DSNA, pilots from Air France, together with safety, human performance and concept experts from
EUROCONTROTLhe workshop helped clarifying remaining SAF/HP and concept quesfar
projects PJ02.01, PJ02.02 and PJO2HX3wever, aly results from PJ02.01 and PJ02.03 were kept

this SARFor the detailed results of this workshop please 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 thahazards Hz#01a, 01lb, 02a, 02b, 03a, 03b, 04a, 04b apply in the Reference
operations as well (i.e. current operations using DBS minima without imdgatvith the same
operational effects. Meanwhile most of the means for mitigating the hazard effectmadified 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 degradd€dbviously, 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 SPRevel design id.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 SR (Guidance E) ah which are included imMAppendix D
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ID Hazard High Level Cause Operational Effects Mitigations  protecting against Severity (most probable
Description (derived from propagation of effects effect)
Success SO)
Inadequate ATCC When applying WDS fc Protective Mitigations WK-FASC3b
instruction example, ATCO may b

drawn into reducing to the Resolve situation by vectoring, lev MAGFASC3
Inadequate  ATCC pew separation minime instructions or gearound

pilot communication pefore the current
transition procedures €.9.
from 3 to 2.5NM or 1000ft
allow, especially en the mMaACc  FAP B3 ATC  Collis
Separation Delivery Tool ayoidance

used, due to the ATC
being drawn in delivering
to the TDI.

WAKE FAP B3 Management
Imminent Infringement

This means an imminer
infringement, i.e. spacing i
eroded with risk for
temporary and limited
under-separation (e.g. les
than 0.5 NM) during
separation esthlishment

5 Example: LOC oversha@sulting in the followercatchingup the lealer 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 durin
Final App can happen.

Separation not (e.g. Go around Large undesseparation (of Protective Mitigations WK-FASC3a
being recoverec break off ete more than e.g. 0.5NM) _ )
following depends on the occurs during separatiol With respect to WTE risk: MAGFASC2b
imminent triggering event) establishment on Final Ap Follower within WV influence ares
infringement qf ATCO  failure i or later during Final App. WV survival in the flight path (Fg)
A/C par instruct timelv the this is degraded with MRS 2N
instructed by ATC . y q
to merge on the separation recovery (compared to MRS 2.5NM)
Final ~ Approact action before  the The use of tool is expected tc
interception :nmf?r:ngrr::ent < mitigate that risk increase by

evolvgijn 0 a large contributing to the reduction of

un der—s?a aration g separation infringements thanks t

b the increased separation delive

Pilot failure to timely accuracy.

execute the WAKE FAP F6 Wake Decay

separation recovery Transport

instruction P

MAC FAP B2 ACAS Warning

Inadequate Unanticipated Spacing is eroded with ris Protective Mitigations WK-FASC3b
separation pilot/aircraft for temporary and limited o
management of ¢ behaviour during underseparation (e.g. les ATC ~ recovery from imminer MAGFASC3
spacing  conflict interception than 0.5 NM) during Infringement by adequate actio
due to aircraft (overshoot; alc separation establishmen (vectoring, level instructions or gc
deviation  from lateral, vertical or on Final Ap or later during around)
Final  Approacl speed deviation; WAKE FAP B3 Management
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interception wrong a/c turns on Final App Imminent Infringement
profile  without the indicator) _
ATC  instructior MAQ FAP B3 ATC Collis
given Avoidance
Separation not
being recoverec
following
imminent
infringement due
to aircraft
deviation  from
Final  Approact
interception
profile  without
ATC  instructior
given
Inadequate Inadequate use o Imminent infringement, Protective Mitigations WK-FASC3b
separation separation indicators i.e. spacing is eroded wit S
management of by the APP ATC risk for temporary and ATCO detects the missing indicat MAGFASC3
an aircraft pair when alc is limited underseparation and:
naturglly established on final (g.g. less than 0.5 NM) th Aircraft  established on  Fing
catchingup  as _ Final App approach abilized with 160kts IAS
instructed by ATC Lack/loss of indicator and behind ITD is allowed t
on the Final for one aircrafton continue the approach
Approach Final App '

Founding Members

[ -4

EUROPEAN UNION  EUROCONTROL

66



SESABOLUTION PJ02 SIRINTEROP/OSED FCGR FART HSAFETXSSESSMENT

REPORT

" EARTH

PJ02 SESAR y

Y

JOINT UNDERTAKING

otherwise initiate Go around

WAKE FAP B3 Management
Imminent Infringement

MAC FAP B3 ATC Collis
Avoidance

Separation not
being recoverec
following

imminent

infringement by
an aircraft pair
instructed by ATC
on the Final

Approach

Inadequate Spacing is eroded with ris Protective Mitigations WK-FASC3b
separation for temporary and limited _

management of & under-separation (e.g. les Supported by catclup warning; Re MAGFASC3
spacing  conflict than 0.5 NM) on the Fine clear a/c to fly a different speed

due to aircraft
deviation from
Final  Approact
profile  without
ATC  instructior
given

App

possible OR
Goaround;

WAKE FAP B3 Management
Imminent Infringement

MAC FAP B3 ATC Collis
Avoidance
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Separation not
being recoverec
following

imminent

infringement due
to aircraft
deviation  from
Final  Approact
profile  without
ATC  instructior
given

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

Corruption of one or
multiple separation
indicators

Large undesseparation (of
more than e.g. 0.5 NM
occurs for one or multiple
aircraft pairs on the Fing

App

Protective Mitigations

Partial mitigation: Buffer for ITD an
FTD take margins on the wir
computation.

In DBmode: ATCO will realise thi
the tool is using incorrect win
reference  because  successi
aircraft separated aoectly using
the indicators will have the
tendency to infringe the correct FT
as the leader decelerates, triggerir
a goaround by the TWR controller.

WK-FASC3a
MAGFASC2b

However, becaus:i
multiple aircraft might
be affected before
failure is detected, ¢
Safety Objective mor

demanding than the
corresponding hazarc
severity will be
allocatedvia an impact
modification factor
IM=20
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In TBmodes: It is difficult for the
ATCO to realise that the tool is usi
incorrect wind reference The al/c
will be separated according to
wrong FTD, i.e. wake separatic
infringement.

For the incorrect separatio
indicator in relation to speed ner
conformance: go-around of the
follower (because TDI might b
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
underseparation (e.g. les
than 0.5 NM) on the Fine

App

Protective Mitigations

ATCO detects the missing indicatc
and reverts to Baseline DBS
supporting DBS table is require
especially in TBPWS with multiple
categories)

Aircraft established on Fine
approach stabilized with 160kts 14
and behind ITD are allowed t

WK-FASC3b
MAGFASC3

However, becaus:
multiple aircraft might
be affected before
failure is detected, ¢
Safety Objeiive more
demanding than the
corresponding hazarc
severity will be
allocated via an impac
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continue the approach

All other aircraft ¢ either not
established on Final or not ¢
stabilized IAS 160kts or not behir
ITD:

- Initiate Goearound or break
off
- Establish ICAO DBS asap

WAKE FAP B3 Management
Imminent Infringement

MAC FAP B3 ATC Collis
Avoidance

modification factor
IM=10

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

Large undesseparation (of
more than e.g. 0.5 NM
occurs for one or multiple
aircraft ~ pairs  during
separation establishmen
on Final App or later durin
the Final App

WAKE FAP F6 Wake Decay
Transport

MAC FAP B2 ACAS Warning

WK-FASC3a
MAGFASC2b

However, becaus!
multiple aircraft might
be affected before
failure is detected, ¢
Safety Objective mor
demanding than the
corresponding hazar
seveity will be
allocated via an impac
modification factor
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Runway conflict Inappropriate lineup The situation when ar Preventive Mitigations: RWYC SC3
due to landing instruction givenby arrival aircraft is landing o _
clearance in controller (not a runway which is being A Wrong — Sequence  plannir
conflict with enough time for used by a departing information is  systematically
another landing take-off without = aircraft, the two aircraft detected by ATCO (via his situati

(ROT not infringing separation being thus in conflict, bu awareness & own view of th
respected) or with with landing aircraft) where the situation is correct sequence and possible u
cleared line solved by the corrective Of @ 9ap)

up/take-off (GAP
not respected)

Lack or  wrong
coordination  with
APP ATCO regardir
the gap in front of
the arrival

Pilot slow in
executing line

up/take-off results in
consuming the
arrival gap

ATCO delaye!

instruction for take
off

ATCOnot compliant
with correct ROT

Wrong sequence

action of the TWR ATC
(e.g.initiate go-around).

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

Protective Mitigations

Go around timely instructed &
executed (RWY Col AIM Barrier Bz
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planning information

Loss or corruption o
the sequence list too

Runway Conflic The situation when an
not prevented by arrival aircraft is landing o
ATCO involvin a runway which is bein
unauthorised used by a departing
AC/vehicle aircraft, the two aircraft

being thus in conflict, bu
where the situation is
solved by the corrective
action of the TWR ATC
(e.g. initiate gearound).

Table6: SystemGenerated Hazards and Analysis for the PA2Arrivals Concepts Solutions
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During the 06.08.01 TBPWSHP/SAF workshof®], the separation minima infringement (Wak
turbulence separation or MR&)as discussed and the outcome of the discussion was the following:

f !'LIWINEFOKAY3I GKS &SLJI Nlotéaniat fgr overfeRsin® itisiseeNas@mt C ¢ 5 € 0
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 temponarverpasses the FTD with no
more than 0.5 NM, that occurrence remains at the same severity level as an imminent
infringement.

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

o tlhaaiay3ad Y2NB (GKIYy nodp ba Ay FNRYyd 2F GKS
safety occurrence that is required to be recorded & analysed.

Based orthis discussion:

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

1 An imminent infringement (encompassing sitions 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 severi§C3b (WAKE FAP) and SC3 (MAC FAP).

I A separation minima infringement of more tharbONM (Large undeseparation) is classified
with a severitySC3a (WAKE FAP) and SC2b (MAC FAP).

It should be noted that,ni the Wake Turbulence Accident AIMy immminent infringement which is
correctly recovered (which might involve a temporary separatidringement 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.

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

SafetyObjectives (addressing integrity/reliability) are formulated to limit the frequency at which the
operational hazardsdentified in the previous sectiolould be allowed to occuusing the Risk
Classification Scheme definedAppendix H

Table7 lists the failure Safety Objectives (integrity/reliability) to be considered duringdésgn
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 therere@o 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 thetnmgsins

should be applied for the Safety Objective§ able7.

SO ref (hazard Safety Objectives (integrity/reliability)
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severity)
Safety Objectives relative to the Final Approach interception phase
SO 201 The frequencyf occurrence of the inadequate separation management of a pair
Hz01a aircraft instructed by ATC to merge on the Final Approach interception (which is
nevertheless recovered by ATCi.e. SKii dpbavz akKlff y23 o
/approach
(WKFA S@Gb (2x10-3/approach means 2 occurrences every 3 days for an airport with 135,000
MAGFASC3) landings per year)
Explanation:
Computation of the Safety Objective:
SO =——~=——=2E03 occurrences per approach
Computation othe no of occurrences per @e?2E03*135000/365= 0.74
Which comes to 2 occurrences every 3 days
SO 202 The frequency of occurrence of separation not being recovered following imming
Hz01b infringement of A/C pair instructed by ATC to merge on the Bipaloach
interception (SMI>0.5NM) shall not be greater than 4%1@pproach
(WKFASC3a (4x105/approach means 6 occurrence per year for an airport with 135,000 landin
per year)
MAGFASC2b)
SO 203 The frequency of occurrence of the inadequatparation management of a spacing
Hz02a conflict due to aircraft deviation from Final Approach interception profile without A
AyaiaNHzOGA2y IAGBSY 06KAOK A& ySOSNIKS
be greater than 2x13 /approach
(WKFA S@Gb . .
(2x103/approach means 2 occurrences every 3 days for an airport with 135,000
MAGFASC3) landings per year)
SO 204 The frequency of occurrence of separation not being recovered following immine
Hzt02b infringement due to aircraft deviation from Findpproach interception profile
without ATC instruction given (SMI>0.5NM) shall not be greater than-8fefdproach
(WKFASC3a (4x105/approach means 6 occurrence per year for an airport with 135,000 landin
per year)
MAGFASC2b)
Safety Objectives relative to the Fin&lpproach phase
SO 205 The frequency of occurrence of the inadequate separation management of an air
Hzt03a pair naturally catchingip as instructed by ATC on the Final Appro@dfich is
nevertheless recovered by ATC i.elSMn ®pbav aKFff y23 0
5 /approach
(WKFA SG (2x1063/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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MAGCFASC3) landings per year)

SO 206 The frequency of occurrence of separation not being recovésdwing imminent

Hzt03b infringement by an aircraft pair instructed by ATC on the Final Approach (SMI>0.
shall not be greater than 4x1&approach

(WKFASC3a (4x1G65/approach means 6 occurrences per year for an airport with 135,000 landi
per year)

MACFASC2b)

SO 207 The frequency of occurrence of the inadequate separation management of a spa

Hz#04a conflict due to aircraft deviation from Final Approach profile without ATC instructi
IAPGSY 06KAOK A& ySOSNIUKSE S adl naui Qreaies N
than 2x103 /approach

(WK-FA S&b . )
(2x103/approach means 2 occurrences every 3 days for an airport with 135,000

MAGFASC3) landings per year)

SO 208 The frequency of occurrence of separation not being recovered folloimngnent

Hzt04b infringement due to aircraft deviation from Final Approach profile without ATC
instruction given (SMI>0.5NM) shall not be greater than 4x/Hpproach

(WKFASC3a (4x1065/approach means 6 occurrences per year for an airport with 135,000 landi
per year)

MAGFASC2b)

Safety Objectives relative to Interception and Final Approach (common mode failureg

SO 209 The frequency of occurrence of one or multiple separation minima infringements
HZ05 to undetected corruption of separation indicator (SMI>0.5NM) shall not be greate
than 2x10-6/approach

(2x106/approach means 1 occurrences every 4 years for an airporth®5000
landings per year)

Explanation:

(WKFASC3a
MACFASC2b; IM=20
Computation of tle no of occurrences per ye@&6*135000/365 = 7.48B4

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

SO 210 The frequency of occurrence of one or multiple imminent infringements due to
Hz#06 lack/loss of separation indicator for multiple or all aircraft (which are nevertheless|
NEO2@3SNBR o0& !¢/ AdSod {thah2K®4Npppreadh & K |
( 2x104/approach means 1 occurrence every 15 days for an airport with 135,000

(WKFASC3a .
landings per year)

MAGFASC2b; IM=10

Safety Objectives relative to the management of the separation mode

SO 211 The frequency obccurrence of one or multiple separation minima infringements
HZ07 induced by ATC through inadequate selection or management of a separation m(
shall not be greater than 2x1&/approach

(2x106/approach means 1 occurrences every 4 years for an airport @&0Q0

(WKFASC3a .
landings per year)

MAGFASC2b; IM=20

Safety Objectives relative to mixed mode of operations

S0212 The frequency of occurrence of a runway conflict due to conflicting ATC clearanc
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Hz#08 shall not be greater that0O-7/movement.

(RWY¥C SC3) (106-7/movement mean,6x104/day)

It should be noted tha®,6x104/day istoo stringentfor this type of operational
hazard. This value will be updated once the Severity Classification Scheme for th
Runway Collision Model is updated.

Table7: Safely Objectives (integrity/reliability) for the PJO®1 Arrivals Concepts Solutions

Figure4 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 stahohe (no link to other hazards). This structure will be
further detailed in4.1.5.1within the causal analysis of each hazard, based on Fault Trees.

Separation Minima infringemerf&M)>0.5Nm
I1A: SO202/ FA SO206 IA: SO204/ FA SO208 SG3
SMP0.5Nm following ATC instruction SMP0.5Nm due toaircraft deviation from profile without ATC
(IA: Hz#01b / FA HZz#03b) instruction given (IA: Hz#02b / FA Hz#04b)

Failure of ATC separation

recovery
Separation Minima infringemer&M)<0.5Nm SCGh
IA: SO201/ FA SO205 IA: SO203/ FA SO207
TT |
SMKO.5Nm foIIoWing ATC instruction SMKO.5Nm due toaircraft deviation from profile without
(IA: Hz#01a/ FA HZ#03a) ATC instruction given (IA: Hz#02a/ FA Hz#04a)

Figure4: Safety Objectives with Hazards associated Tdre Interception of the Final Approach (I1A)
respectively the Final Approach until delivery at the threshold (FA) for the Arrivals Concepts Solutions

3.1.10Achievability of the Safety Criteria for the Arrivals Concepts Solutions

As specified in the Safety PJaii], safety evidence will be collected from tipdanned validation.
Safety Validation Objectives are defingd each exercisand the safetyrelated 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)ew Safety Requirementsr further refining existingnes

will be takenfrom these results.

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

Exercise ID, Name, Exercise Validation Success criterion Safety Criteria
Objective objective coverage

RTS01- Conducted by OBJPJ02.01V3-VALP CRTPJ02.03V3-VALR A-SACH#F2,
EUROCONTR@L assesy SAl: To assess th{ SAL001: There S| A-SACH#FS3,
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Exercise ID, Name, Exercise Validation Success criterion Safety Criteria
Objective objective coverage
the application of timel impact of weather| evidence that the level o A-SAC#F4,
based Weathel dependent separationy operational safety i A-SAC#F5,
Dependent Separation| on the final approach o maintained and  nof A-SAC#R1,
(WDS -AC0310) with| operational safety| negatively impacteq A-SAC#R2,
Optimised Runway compared to current underweather dependent A-SAC#R3
Delivery (ORBDAG0328)| wake vortex separatioll separations on the fina
for arriving aircraft usind scheme approach compared tq
the Paris CDG airport ar the current operations
approach environment applying wake vorte)
separation schemg
without ORD tool.
CR1PJ02.013V3-VALR A-SACHF?2,
SAX002: There is A-SACHF3,
evidence that WDS wit| A-SACH#F4,
ORD tool for arrivals dog A-SAC#R1
not increase the numbe
of minor under
separations and decreasg
the number of large
under-separations (i.e
those with potential for
severe wake encounters
comparedto the current
operations wake vorte)
separation schemg
without ORD tool.
CRTPJ02.02V3-VALR A-SACHR1
SAX003: The probability
of Go around due tc
inadequate consideratior
of ROT constraint is nc
increased
RTS2 - Conducted by OB3PJ2.02V3-VALR CRTPJ2.03V3-VALRSA2 A-SACH#F2,
EUROCONTR®@. assesy SA2: To assess th{001l:To assess the impa A-SACHF3,
the application of wakg impact of static pairwisq of time based Static Pal p.sa@F4,
turbulence  separationy separations for arrival{ Wise separations  forl A.SAC#FS5,
based on static aircraf with ORD on operationg arrivals PW& with ORQ a.SAC#R1,
characteristics fol safety compared tqon operational safety A.SAC#R2,
arriving aircraft (statiq current wake vorte compared to curren| A.SAC#R3
PairWise Separations | separation scheme operations applying waki
PWSA -A0O0310) with vortex separation schem|
ORD (A@D328) without ORD tool in singl
runway mixed mode
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Exercise ID, Name,
Objective

Exercise Validation
objective

Success criterion

Safety Criteria
coverage

operations under nominag
conditions.

CRTPJ2.01V3-VALPSA2

002: To collect partial
supporting evidence thal
SPWS with ORD tool fq
arrivals does not increas
the number of minor,
under-separations and
decreases tB number of
large  underseparations
(i.e. those with potential
for severe wake
encounters) compared t¢
the current operations
wake vortex separatiof
scheme without ORD tool

A-SACHF1,
A-SACHF2,
A-SACHF3,
A-SACHF4

CRTPJ2.01V3-VALRSA2

003: that time based
Static Pair Wisg
separations for arrivalj
PWSA with ORD
maintains  the  same
probability of Go around
due to inadequate
consideration of RO]
constraint as per the
reference scenario

A-SAC#R1

RTS03a- Conducted by
EUROCONTR®@L assess
the application of wake
turbulence separation:
based on static aircraf
characteristics fol
arriving aircraft (statidg
PairWise Separations
PWSA -A00310) and
wake turbulence
separations based o
static aircraft
characteristics fol
departures (static

PairWise Separations

OBJPJ2.02V3-VALR
SA3: To assess thi
impact of the ORD ol
operational safety
compared current
operations applying
wake vortex separatiof
scheme without ORI
tool in single runway
mixed mode opedtions
under nominal
conditions.

to

CRTPJ2.01V3-VALPSA2
001: To assess the impay
of time based Static Pa
Wise separations fo
arrivals PW&\ with ORD
on operational safety
compared to current
operations applying waki
vortex separation schem|
without ORDtool in single
runway mixed mode
operations under nominag
conditions.

CRTPJ2.03V3-VALRSA3

A-SACH#F2,
A-SACHF3,
A-SACH#FA4,
A-SACHFS5,
A-SAC#R1,
A-SAC#HR2,
A-SAC#R3
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Exercise ID, Name, Exercise Validation Success criterion Safety Criteria
Objective objective coverage
PWSD-AG0323) 001: To assess the impay

of the ORD on operationg
safety  compared tg

current operations
applying wake vorte)
separation schemg

without ORD tool in singli
runway mixed mode
operations under nomina
conditions.

CRTPJ2.03V3-VALPSAZ | A SACHF1,
002: To collect partial o-sACHF2,
supporting evidence thal A.SACE3,
SPWS with ORDool for | oA.SACH#F4
arrivals does not increas
the number of minor,
under-separations and
decreases the number ¢
large  underseparations
(i.e. those with potential
for severe wake
encounters) compared t¢
the current operations
wake vortex separatiof
scheme without @D tool.

CRTPJ2.01V3-VALPSA3
003: To collect partial
supporting evidence thal
the ORD maintains thi
same probability of Go
around due to inadequatg
consideration of RO]
constraint as per the
reference scenario

CRTPJ2.0V3-VALRSAZ | A SACHR1
003: that time based
Static Pair Wist
separations for arrivalj
PWSA with OREC
maintains  the  same
probability of Go around
due to inadequate
consideration of RO]
constraint as per the
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Exercise ID, Name, Exercise Validation Success criterion Safety Criteria

Objective objective coverage
reference scenario

RTS03b- Conducted by OBJPJ2.02V3-VALR CRTPJ2.03V3-VALPSA3 | ASACHF2,

EUROCONTR®l assesy SA3: To assess thg 001:To assess the impa{ A.SAC#F3,

the  application  the| impact of the ORD toq of TBS with the ORD to| A.SAC#F4,

operational feasibility of with separation| on  operational  safety A.SAC#FS5,
time based separation| requirements based of compared to distance| A-SAC#R1,
with  the  Optimised| the current wake vortey based  separation il A.SAC#R?2,

Runway Delivery (ORD| categories compared t{ segregated runways mod A.SAC#R3

AC0328) tool in a no ORD on operationd operations under noming

Performance Base| safety. conditions.

Navigation environment CRTPJ2.03V3-VALPSA3 | ASACHF2,
002:To collect partial A-SACH#F3,
supporting evidence that [ A.SAC#F4,
TBS with ORD tool for A-SACH#R1
arrivals does not increase
the number of minor
under-separations and
decreases the number of
large underseparations
(i.e. those with potential
for severe wake
encounters) compared to
the current operations
wake vortex separation
scheme without ORD tool
CRTPJ2.03V3VALRSA3 | A-SACHR1
003:To collect partial
supporting evidence that
TBS with ORD maintains
the same probability oGo
around due to inadequate
consideration of ROT
constraint as per the
reference scenario

RTS04& Please see

Departures section

RTS04b- Conducted by OB3PJ2.02V3-VALR CRTPJ2.03V3-VALRSA2 A-SACH#F2,

EUROCONTROL SA2:To assess the 001:To assess the impac| A-SAC#F3,

The first aim is to asse{ impact of static pairwise| of arrivals PW& with the | A.saC#F4,

the operational| separations for arrivals | ORD in CSPR environme| A.SACH#F5,

feasibility of time baseq with ORD on operational on operational safety A-SAC#R1,
static PaifWise | safety compared to compared to current A-SAC#R?2,
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Exercise ID, Name, Exercise Validation Success criterion Safety Criteria
Objective objective coverage
Separation (PWSA - | current wake vortex operations applying wake| A-SAC#R3
AC0310) with| separation scheme vortex separation scheme
Optimised Runway without ORD tool in a non
Delivery (ORBAOG0328) CSPR environment undel
for arriving aircraft in ¢ nominal conditiams.
closely spaced parall CRTPJ2.03V3-VALPSAZ | ASACHF1,
runway environment; 002:To collect partial A-SACHF2,
The second aim isot supporting evidence that | A.SAC#F3,
assess the operationg SPWS with ORD tool for | A.sAC#E4
feasibility of the Static arrivals in a CSPR
PairWise Separation environment doesiot
departure concept (§ increase the number of
PWS)- wake turbulence minor underseparations
separations for departing and decreases the
aircraft based on stati number of large under
aircraft  characteristic separations (i.e. those
(AG0323).under partially with potential for severe
segregated runway wake encounters)
departure  operations compared to the current
RTS4b will us conductg operations wake vortex
using g the Paris CDO separation scheme
airport and approach without ORD tool.
environment. CRTPJ2.03V3-VALRSA2 | A.SACHR1
003:To collect partial
supporting evidence that
time based Static Pair
Wise separations for
arrivals PW&\ with ORD
under CSPR maintains th
same probability oGo
around due tanadequate
consideration of ROT
constraint as per the
reference scenario.
RTS5 ¢ Please se¢
Departures section
RTS06¢ Conducted by OB3PJ2.02V3-VALR CRTPJ2.03V3-VALRSAL | ASACHF2,
CRIDA/ENAIR®® assesq SA1:To assess the 001:There is evidence A-SACH#F3,
Ol Steps A®310 and| impact of weather that the level of A-SACH#F4.
AO0328 for arrivals, AQ dependent separations | operational safety is A-SACHF5.
0323 and A@329 for| on the final approah on | maintained and not A-SAC#R1,
departures, which operational safety negatively impacted A-SAC#R2,
address weathe| compared to current under weather dependen| A.SAC#R3
dependent separationy wake vortex separation | separations on the final
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Exercise ID, Name,
Objective

Exercise Validation
objective

Success criterion

Safety Criteria
coverage

for arrivals (WD®&\) and
Wake Turbulencs
Separations (fol
Departures) based of
Static Aircraft
Characteristics (BWSD)

scheme

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

FTS09¢ conducted by
EUROCONTROL
support the CBA for the
wake separation
concepts. To assess tf
performance impact of
the  different  wake
separation solutions of
arrivals of the different
concepts both  wher
solutions are deployed il
combination (e.g. PWA
with  ORD tool) and/ol
when  solutions  are
deployed individually.
The FTS takes as inp
the expected traffic
sequence at IAF an
different parameters
(WV separation, MR
ROT, etc.) to provide &
estimate of the expecte(
throughput and spacing

between landing aircraft.

No Safety Validatio@bjective needed to be set for this FTS

Table8 below, for all the safety relevant exercises performed in the frame of PJOZI 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
EUROCONTR@L assess
the application of time
based Weathel
Dependent Separation
(WDS -A00310) with
Optimised Runway

Delivery (ORBAO-0328)

OBJPJ02.0V3-VALR

SAl: To assess thi
impact of weather
dependent separation:
on the final approach o
operational safety
compared to current

wake vortex separatiol

CRTPJ02.01V3-VALR

SA1001: There is
evidence that the level o
operational  safety i
maintained and  not
negatively impactec
underweather dependent

separations on the fing

A-SACH#F2,
A-SACHF3,
A-SACH#FA4,
A-SACHFS5,
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 ar
approach environment

scheme

approach compared tq
the current operations
applying wake vorte)
separation schemg
without ORD tool.

CRTPJ02.01V3-VALR
SA1002: There is
evidence that WDS wit]
ORD tool for arrivals dog
not increase the numbe
of minor under
separations and decreasg
the number of large
under-separations (i.e
those with potential for
severe wake encounters
comparedto the current
operations wake vorte)
separation schemg
without ORD tool.

A-SACHF2,
A-SACHF3,
A-SACHFA4,
A-SAC#R1

CRTPJ02.03V3-VALR
SA1003: The probability
of Go around due ftc
inadequate consideratiof
of ROT constraint is nc
increased

A-SAC#R1

RTS2 - Conducted by
EUROCONTR@L assess
the application of wake
turbulence separation:
based on static aircrat
characteristics fol
arriving aircraft (statig
PairWise Separations
PWSA -A0-0310) with
ORD (AD328)

OBJPJ2.02V3-VALR

SA2: To assess thi
impact of static pairwise
separations for arrivaly
with ORD on operationg
safety compared tc
current wake vortex
separation scheme

CRTPJ2.01V3-VALRSA2
001: To assess the impa
of time based Static Pa
Wise separations for
arrivals PW&\ with ORLC
on operational safety
compared to current
operations applying waki
vortex separation schem|
without ORD tool in singl
runway mixed mode
operations under nominag
conditions.

A-SACHF2,
A-SACHF3,
A-SA@F4,

A-SACHFS5,
A-SACH#R1,
A-SACHR?2,
A-SAC#R3
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Exercise ID, Name,
Objective

Exercise Validation
objective

Success criterion

Safety Criteria
coverage

CRTPJ2.01V3-VALRSA2

002: To collect partial
supporting evidence thal
SPWS with ORD tool fc
arrivals does not increas
the number of minor
under-separations and
decreases tb number of
large  underseparations
(i.e. those with potential
for severe wake
encounters) compared t
the current operations
wake vortex separatiof
scheme without ORD tool

A-SACHF1,
A-SACHF2,
A-SACHF3,
A-SACHF4

CRTPJ2.01V3-VALRSA2

003: that time based
Static Pair Wisg
separations for arrivalj
PWSA with ORD
maintains  the  same
probability of Go around
due to inadequate
consideration of RO]
constraint as per the
reference scenario

A-SAC#R1

RTS03a- Conducted by
EUROCONTR@assess
the application of wake
turbulence separation:s
based on static aircrat
characteristics fol
arriving aircraft (statidg
PairWise Separations
PWSA -AO0310) and
wake turbulence
separations based o
static aircraft
characteristics fol
departures (static
PairWise Separations
PWSD-AG-0323)

OBJPJ2.02V3-VALR
SA3: To assess thi
impact of the ORD ol
operational safety
compared current
operations applying
wake vortex separatiof
scheme without ORI
tool in single runway
mixed mode opedtions
under nominal
conditions.

to

CRTPJ2.01V3-VALPSA2
001: To assess the impay
of time based Static Pa
Wise separations fo
arrivals PW&\ with ORD
on operational safety
compared to current
operations applying waki
vortex separation schem|
without ORDtool in single
runway mixed mode
operations under nomina
conditions.

CRTPJ2.03V3-VALRSA3

001: To assess the impay
of the ORD on operationg
safety  compared tg

current operations

A-SACH#F2,
A-SACHF3,
A-SACH#FA4,
A-SACHFS5,
A-SAC#R1,
A-SAC#HR2,
A-SAC#R3
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Exercise ID, Name, Exercise Validation Success criterion Safety Criteria
Objective objective coverage

applying wake vorte)
separation schemg
without ORD tool in singli
runway mixed mode
operations under nominag
conditions.

CRTPJ2.03V3-VALPSAZ | ASACHF1,
002: To collect partial o-saCHF2,
supporting evidence thal A.SACES,
SPWS with ORDool for | A.SACHF4
arrivals does not increas
the number of minor
under-separations and
decreases the number ¢
large  underseparations
(i.e. those with potential
for severe wake
encounters) compared t¢
the current operations
wake vortex separatiof
scheme without &D tool.

CRTPJ2.01V3-VALPSA3
003: To collect partial
supporting evidence thal
the ORD maintains thi
same probability of Go
around due to inadequat
consideration of RO]
constraint as per the
reference scenario

CRTPJ2.03V3-VALRSA2 | A.SACHR1
003: that time based
Static Pair Wisg
separations for arrivaly
PWSA with ORD
maintains  the  same
probability of Go around
due to inadequate
consideration of RO]
constraint as per the
reference scenario

RTSO03b- Conducted by OB3PJ2.02V3-VALR CRTPJ2.03V3-VALRSA3 | ASACHF2,
EUROCONTR@®l assesy SA3: To assess thg 001: To assess the impa{ A.SAC#F3,
the application the| impact of the ORD tod of TBS with the ORD to|
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Exercise ID, Name, Exercise Validation Success criterion Safety Criteria
Objective objective coverage
operational feasibility of with separation| on  operational safety A-SAC#F4,
time based separation| requirements based of compared to distance| A-SAC#F5,
with  the  Optimised| the current wake vorteq based  separation il A-SAC#R1,
Runway Delivery (ORD| categories compared t{ segregated runways mod| A-SAC#R2,
AO0328) tool in a no ORD on operationg operations under nomina A-SAC#R3
Performance Base( safety. conditions.

Navigation environment CRTPJ2.03V3-VALRPSA3 A-SACHF2,
002:To collect partial A-SACH#F3,
supporting evidence that [ A.SAC#F4,
TBS with ORD tool for A-SACH#R1
arrivals does not increase
the number of minor
under-separations and
decreases the number of
large underseparations
(i.e. those with potential
for severe wake
encounters) compared to
the current operations
wake vortex separation
scheme without ORD tool
CRTPJ2.03V3VALRSA3 | A-SACHR1
003:To collect partial
supporting evidence that
TBS with ORD maintains
the same probability oGo
around due to inadequate
consideration of ROT
constraint as per the
reference scenario

RTS04& Please see

Departures section

RTS04b- Conducted by OB3PJ2.02V3-VALR CRTFPJ2.03V3-VALRSAZ | ASACHF2,

EUROCONTROL SA2:To assess the 001:To assess the impac| A-SAC#F3,

The first aim is to asseq impact of static pairwise| of arrivals PW& with the | A.saC#F4,

the operational| separations for arrivals | ORD in CSPR environme| A.SAC#F5,

feasibility of time baseq with ORD on operational on operational safety A-SAC#R1,
static PaifWise | safety compared to compared to current A-SAC#R?2,

Separation (PWSA - | current wake vortex operations applying wake| A-SAC#R3

AG0310) with| separation scheme vortex separation scheme

Optimised Runway without ORD tool in a non

Delivery (ORBAO0328) CSPR environment undel

for arriving aircraft in ¢ nominal conditims.
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Exercise ID, Name, Exercise Validation Success criterion Safety Criteria
Objective objective coverage
closely spaced parall CRTPJ2.03V3-VALRSAZ | ASACHFI,
runway environment; 002:To collect partial A-SACH#F2,
The second aim isot supporting evidence that [ A.SAC#F3,
assess the operation: SPWS with ORD tool for | oA.saAC#F4
feasibility of the Static arrivals in a CSPR
PairWise Separation environment doesot
departure concept (§ increase the number of
PWS)- wake turbulence minor underseparations
separations for departing and decreases the
aircraft based on stati number of large under
aircraft  characteristic separations (i.e. those
(AG0323).under partially with potential for severe
segregated runway wake encounters)
departure  operations compared to the current
RTS4b will us conducte operations wake vortex
using g the Paris CD separation scheme
airport and approach without ORD tool.
environment. CRTPJ2.01V3-VALRSA2 | A.SACHR1
003:To collect partial
supporting evidence that
time based Static Pair
Wise separations for
arrivals PW&\ with ORD
under CSPR maintains th
same probability oGo
around due tanadequate
consideration of ROT
constraint as per the
reference scenario.
RTS5 ¢ Please se¢
Departures section
RTS06¢ Conducted by OB3PJ2.02V3-VALR CRTPJ2.03V3-VALRSAL | ASACHF2,
CRIDA/ENAIRE assesd SAl:To assess the 001:There is evidence A-SACH#F3,
Ol Steps A@310 and| impact of weather that the level of A-SACH#F4,
AO0328 for arrivals, AQ dependent separations | operational safety is A-SACH#FS5,
0323 and A@329 for| on the final approah on | maintained and not A-SAC#R1,
departures, which operational safety negatively impacted A-SAC#R?2,
address weathe| compared to current under weather dependeni{ A.SAC#R3
dependent separationy wake vortex separation | separations on the final
for arrivals (WD&\) and| scheme approah compared to
Wake Turbulence the current operations
Separations (fol applying wake vortex
Departures) based ol separation scheme
Static Aircraft without ORD tool.

Founding Members
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Exercise ID, Name, Exercise Validation Success criterion Safety Criteria
Objective objective coverage

Characteristics (BWSD)

FTS09¢ conducted byl No Safety Validatio®bjective needed to be set for this FTS
EUROCONTROL

support the CBA for the
wake separation
concepts. To assess tf
performance impact o
the different  wake
separation solutions of
arrivals of the different
concepts both  wher
solutions are deployed i
combination (e.g. PWA&
with  ORD tool) and/ol
when  solutions  are
deployed individually.

The FTS takes as inp
the expected traffic
sequence at IAF an
different parameters
(WV  separation, MR
ROT, etc.) to provide &
estimate of the expecte(
throughput and spacing
between landing aircraft,

Table8 PJ02.01 exercise safety validation objectives and the related success criteria
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3.1.11Validation & 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 Criteriand the functionality and performance SOs (normal conditibaskebeen derived
based on information collected during tHe06.08.01 TB-BWS Safety Assessmf&jt and were
subsequently updated with the developmentsthis iteration. More specifically, the functionality
and performance SOs (normal conditions) have bewpped onthe up to date EATMA Process
Models(Appendix ) describing the OSED Use Cases.

The hazardswere initially derived inhe 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 indicatons normal, abnormal and failure conditions (see the TBS HAZID table
in Appendix £ A further PJ02.01 SAF/HP HAZID session was organised at ENKTROC@retigny

on the 30" of October 2018, in order to address the concgfat date. The workshop was facilitated

by SAF and HP experts from EXI®NTROL 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 sg@endix F

Additionally, workshop with pilots from Air France and CDG ATCOs has taken place ori"tbé 28
January 2019 on the Air France premises at CDG aifffoetworkshop was facilitated by SAF and HP
experts from EUBCONTROL and it included APP and TWR ATCOs from DSNA, pilots from Air France,
together with safety, human performance and concept experts from EUROCONIHRQLorkshop

helped clarifying remaining SAF/HP and concept questions for proje2tC®J The full outcome of

the workshop can be found iippendix G
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3.2 Departures Concepts Solutions

3.2.1 Scope for the Departures Concepts Solutiéns

This section addressehe following activities:

1 Identification of the preexisting 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 operatiosairvices provided by the Departures Concepts
Solutions

I Setting of the SAfety CriteriggACYor the Departures Concepts Solutions (from the Safety
Plarf27])®

1 Determination of the operational services that are provided by the Departures Concepts
Solutions to address the relevant pesisting hazards and derivation of Safety Objectives
(success ggroach)to mitigate the preexisting risks under normal operational conditions

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

1 Assessment of theadequacy of the operational services provided by the Departures
Concepts Solutions in the case of internal failures and mitigation of the Sysrarated
hazards (derivation of Safety Objectives (failure approach))

1 Achievability of thesAQor the Depatures Concepts Solutions

9 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 Operationalr@mient that are relevant to the
SESAR Solution PJIR safety assessment (information summarized from-BAEROP/OSED Part |
Section 3.f22]) relevant for the Depadures Concepts Solutions.

HEE Airspace Structure and Boundaries for the Departures Concepts Solutions

The airspace associated with tldeparture€solution for the NATS thread is that associated with
EGLYL A diagram showing the runway layout is illustrabedow.

The NATS thread focusses on the required Standard InstruBepartures(SID)as published for
EGLL and the associated REERNTdeparture wake separation requirements.

" The key properties of th®perational Environment which are relevant to the safety assessment are covered
in the SPRNTEROP/OSED Part 1 Section 3.2

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

9 London Heathrow Airport
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