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Summary

Within the Sourdine Il project, various noise-efficient aircraft operation procedures have been
developed. In the Sourdine Il report [S || D6.6 v0.2], a concept of operations has been developed for
one of these procedures, approach procedure II-A. This Continuous Descent Approach (CDA)
procedure features a fixed three-dimensional flight path, which is flown using P-RNAV (Precision Area
Navigation). Characteristic for this procedure is that from 7000ft a fixed descent angle of 2° is used
until the glide path intercept. The procedure thus does not include a horizontal segment before glide
path intercept, but it is not a classical CDA with idle thrust; some speed constraints are in force, and
thrust has to be applied when required. This way it is aimed to reduce noise hindrance, while
maintaining capacity.

Obviously, a newly proposed concept of operation cannot be implemented if it is not sufficiently safe.
Therefore, the risks associated with this specific operation applied to Schiphol airport have been
assessed using the safety assessment methodology TOPAZ [TOPAZ]. This methodology combines
an argumentation-based approach with a simulation-based approach. This safety assessment is
documented in four parts:

Safety assessment of approach procedure II-A on Schiphol airport

D4.2-2a Main document

D4.2-2b Argumentation-based analysis
D4.2-2c Simulation-based analysis
D4.2-2d Collection of expert interviews

The current document is D4.2-2c. Document D4.2-2a is the main document of the safety assessment
for this operation, and contains the description of the study, the main results, the conclusions, and an
executive summary of the safety assessment.
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1. Introduction

1.1. Background

With the continuing growth of air traffic as well as the ever increasing level of urbanisation around
most airports in Western Europe, the impact of aircraft noise and emissions on the quality of life for
the surrounding communities has become a serious issue to be dealt with. Many European airports
already face the conflicting problems of increasing their airport capacity to meet the amount of traffic,
and the increasing pressure from the general public to reduce environmental impact, particularly noise
and emissions, of the increased traffic volume. This has already resulted in specific local constraints
to the operation of aircraft, not only around major airports such as Schiphol, Gatwick or Frankfurt, but
also more regional airports are already experiencing the pressure to impose constraints to aircraft
movements. Therefore, reduced nuisance to the community is a serious issue for the airline transport
industry if the projected sustained growth is to be pursued.

A possible solution to noise reduction around an airport is the definition of new approach and
departures procedures. By modifying or optimising the operations and traffic flow of aircraft around
the airport, it should be possible to achieve noise reduction. In workpackage 3 of the Sourdine Il
project, many new noise abatement procedures were defined [S 1l D3.1-1]. All these procedures were
assessed with respect to their noise impact, by executing very accurate single event simulations for
the A320 and the A340 aircraft [S 1l D5.3]. Based on these simulations, apart of a baseline approach
procedure and a baseline departure procedure, 4 approach procedures and 2 departure procedures
were selected for further evaluation [S || D3.1-2].

The four approach procedures are Continuous Descent Approach (CDA) procedures. Each of these
features either a fixed three-dimensional flight path, or a vertical flight path that is flown with a
constant speed. Furthermore the configuration in which the procedure is flown varies; also one of the
procedures includes a steeper final approach path. The departure procedures considered are
optimised versions of the noise abatement procedures NADP1 and NADP2 of ICAO. One of these
aims to decrease the noise level close to the runway (‘optimised close-in’), the other further away
from the runway (‘optimised distant’). All six procedures are flown with P-RNAV (Precision Area
Navigation).

1.2. Objective

This document supports a safety assessment of a particular Sourdine 1l operation, developed for
approach procedure II-A on Schiphol airport in [S Il D6.6 v0.2] and based on the corresponding
procedure developed in [S Il D3.1-2]. The operation considered is a Continuous Descent Approach
(CDA) procedure on Schiphol airport. It features a fixed three-dimensional flight path, which is flown
using P-RNAV (Precision Area Navigation). Characteristic for this procedure is that from 7000ft a
fixed descent angle of 2° is used until the glide path intercept. It is not a classical CDA with idle thrust;
some speed constraints are in force, and thrust has to be applied when required. This way it is aimed
to reduce noise hindrance, while maintaining capacity. The term CDA is however stuck to, as the
procedure does not feature a horizontal segment before glide path intercept.

Main objective of the safety assessment is to provide an overview of the risks associated with this
operation. Using the safety assessment methodology TOPAZ (Traffic Organization and Perturbation
AnalyZer) [TOPAZ], the assessment aims to show which parts of the operation are most safety
critical, and to give feedback to the operational concept designers. An argumentation-based approach
and a simulation-based approach are combined; using the argumentation-based approach
conclusions are drawn using argumentations built from input retrieved mainly from operational
experts, whereas the simulation-based approach features Monte Carlo simulations of a stochastic
model.
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The operation of which the safety is assessed is the one described in Section 4 of [S Il D4.2-2a]. This
description of the operation is based on the description of approach procedure II-A for Schiphol airport
in [S 11 D6.6 v0.2].

1.3. Relations with other documents
The Sourdine Il safety assessment of approach procedure II-A on Schiphol airport is documented in
four parts:

Safety assessment of approach procedure II-A on Schiphol airport

D4.2-2a Main document

D4.2-2b Argumentation-based analysis
D4.2-2c Simulation-based analysis
D4.2-2d Collection of expert interviews

The current document is D4.2-2c. Document D4.2-2a [S Il D4.2-2a] is the main document of the
safety assessment of approach procedure II-A on Schiphol airport. It contains the description of the
study, the main results, and the conclusions. In this document so-called conflict scenarios are
constructed, for which the detailed analysis takes place in D4.2-2b [S Il D4.2-2b] and the current
D4.2-2c. In D4.2-2b this analysis is done for the conflict scenarios that are analysed using an
argumentation-based approach, and in the current D4.2-2¢ for the conflict scenario that is analysed
using a simulation-based approach. In D4.2-2d [S Il D4.2-2d] the minutes of all operational expert
interviews held for this safety assessment are collected.

The above set of four documents is part of the Sourdine Il safety assessments. The main deliverable
structure of the safety assessments is:

D4.2-1 Safety assessment of Sourdine Il procedures (Top-level document).
D4.2-2 Safety assessment of approach procedure II-A on Schiphol airport.
D4.2-3 Safety assessment of approach procedure V and departure procedure 2 on Barajas airport.

D4.2-1 [S 1l D4.2-1] is the top-level document of the safety assessment of 4 approach procedures and
2 departure procedures selected for further evaluation in [S Il D3.1-2]. D4.2-1 contains the overall
approach, the main results and the conclusions. The safety assessment of approach procedure II-A
on Schiphol airport is described in the documents constituting D4.2-2, among which the current
document. The safety assessments for approach procedure V and departure procedure 2 on Barajas
airport are described in [S |l D4.2-3].

The relations between all these documents is illustrated by the following figure:
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jm——————— - -

Figure 1: Overview of the Sourdine 1l D4.2 delivera  bles and their relations.

Apart from these Sourdine Il deliverables, two NLR company confidential documents have been
produced of which the results are used as input in D4.2-2c. These are:

An NLR memorandum [DCPN] on the construction of a Dynamically Coloured Petri Net (DCPN)
used for the implementation of the mathematical model described in D4.2-2c; and

An NLR memorandum [B&U assessment] on the details of the bias and uncertainty assessment
used in D4.2-2c.

1.4. Structure of this document
The structure of this document, D4.2-2c, is as follows:

- Section 1 introduces the current document;

- Section 2 presents the conflict scenario that is evaluated in this simulation-based safety
assessment;

- Section 3 briefly outlines the simulation-based approach, describes the developed model to be
used in the simulations and gives the adopted model assumptions;

- Section 4 presents the results of the evaluation of the accident risk;

- Section 5 describes the results of the bias and uncertainty assessment which is done to complete
the simulation-based safety assessment;

- Section 6 summarises the results;

- Appendix A gives some model details;

- Appendix B provides the model parameter values used;
- Appendix C provides the collision risk equations;

- Appendix D gives the simulation results.
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As this document contains the analyses part of the safety assessment described in [S 1l D4.2-2a], no
conclusions are drawn here. For conclusions one is referred to [S || D4.2-2a].

1.5. Glossary

3D 3-dimensional

APP Approach Control

ARR Arrival controller

ATC Air Traffic Control

ATCo Air Traffic Controller

ATD Along Track Distance

ATIS Automatic Terminal Information Service
BADA Base of Aircraft Data

B&U Bias and Uncertainty

CAT Category

CDA Continuous Descent Approach

Crl Credibility Interval

CRM Collision Risk Model

DCPN Dynamically Coloured Petri Net

FAF Final Approach Fix

FANOMOS FLight track and Aircraft Noise Monitoring System
FAS Final Approach Speed

FL Flightlevel

ft feet

GPWS Ground Proximity Warning Systems
IAF Initial Approach Fix

ICAO International Civil Aviation Organisation
ILS Instrument Landing System

kts knots

LOC Localizer

MA.X Model Assumption number x

NA.X Numerical approximation Assumption number x
NM Nautical Mile

NTZ No Transgression Zone

P-RNAV Precision Area Navigation

RNAV Area Navigation

RNP Required Navigation Performance
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RWY Runway

Sourdine Study of Optimisation procedURes for Decreasing the Impact of NoisE

STCA Short Term Conflict Alert

TCAS Traffic alert and Collision Avoidance System

THR Threshold

TMA Terminal Manoeuvring Area

TOD Top Of Descent

TWR Tower

VHF Very High Frequency
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2. Conflict scenario description

2.1. Introduction

In [S Il D4.2-23] it is explained that this study considers aircraft on approach for two parallel runways
at Schiphol airport. Aircraft on approach for runway 18R follow the RIVER/SUGOL transition; aircraft
on approach for runway 18C follow the ARTIP transition, see the figure below.

/ e\
NARSI EH707 ~ ASEGRU
200 ktsp, 180 ki, —_—
EH o8 EH700 ARTIP
250 Jls
SUGOL (IAF)
250 kt
V
A~MICOL ‘r
220 kts
" EH6QS
RIVER_(IAF)
250 kts

\

Figure 2: Arrival route structure associated with M ode 2, with speed constraints indicated.

The approach procedure is procedure II-A (CDA with standard glide slope). The aircraft navigate
using RNAV and perform a continuous descent approach (CDA) onto the ILS (Instrument Landing
System). Approaching aircraft for 18R reach the IAF (Initial Approach Fix) at 7000 ft for SUGOL and
8000 ft (or above) for RIVER, with a speed of 250 kts. At MICOL the speed is 220 kts and the SUGOL
and RIVER transitions are merged. After the merging, a continuous descent approach (CDA) with a 2
degrees flight path angle is performed. The ILS localizer is intercepted at EH708. The ILS localizer
and the ILS glide slope are intercepted while descending, but if the aircraft reaches 3000 ft before
glide slope intercept, it levels off at 3000 ft. The ILS has a glide slope of 3 degrees.

Section 2 of [S Il D4.2-2a] outlines the TOPAZ safety assessment methodology which is used to carry
out the safety assessment for this situation. It is explained that after the operation has been described
and after the hazards have been identified, the hazards are clustered, and each cluster plays a part in
one or more conflict scenarios. Each conflict scenario is next assessed on safety using either an
argumentation-based approach or a simulation-based approach.

Section 5 of [S Il D4.2-2a] explained that for the safety assessment within Sourdine I, five conflict
scenarios have been identified, see the table and figure below for an overview.
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Table 1: Conflict scenarios and sub scenarios, and the relations with the hazard clusters.

Conflict scenario

1 | Conflict between aircraft | 1a | Conflict between two aircraft merging onto one route at MICOL
mergin - - -
ging 1b | Conflict between two aircraft merging onto one route at NARSI
1c Conflict between two aircraft merging onto one route at EH708
(after an extended downwind)
2 | Conflict on same route | 2a | Conflict between two aircraft on the same route before the
before CDA CDA (from ARTIP, SUGOL or RIVER)
2b | Conflict between two aircraft on the same route on the same
CDA (from ARTIP or the one from RIVER/ SUGOL)
2c Conflict between two aircraft on the same route, on the
extended downwind
2d Conflict between two aircraft on the same route, on the same
ILS
3 | Conflict between aircraft | 3 Conflict between two aircraft established on their respective
on parallel ILSes localizers (one for 18R and one for 18C)
4 | Conflict between aircraft | 4 Conflict between two aircraft (one for 18R and one for 18C) of
turning in which at least one is turning in to intercept its localizer, the
other aircraft may also be turning in or already be established
on its own localizer.
5 | Wake vortex encounter | 5a | An aircraft flies into the wake vortex of an aircraft of the traffic
flow that it is to be merged with
5b | An aircraft flies into the wake vortex of the preceding aircraft in
the same approach flow
5c¢ | On the parallel approach an aircraft flies into the wake vortex
of the aircraft flying on the parallel lane
5d | While turning in for parallel approaches an aircraft flies into the

wake vortex of the aircraft turning in on the parallel lane
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ARTIP IAF

Runway
18C —— Conflict scenario 1

Conflict scenario 2
Conflict scenario 3

Conflict scenario 4

Conflict scenario 5

RIVER IAF

Figure 3: Overview of the considered routes and the locations of the conflict scenarios and
sub-scenarios on the map of the Schiphol TMA and su rroundings. For readability of the figure,
the ARTIP approach and the RIVER / SUGOL approach h ave been moved away from each
other.

Section 5.3 of [S Il D4.2-2a] argued that conflict scenarios 1, 2, 3 and 5 are to be assessed using an
argumentation-based approach and that conflict scenario 4 is to be assessed using a simulation-
based approach. The argumentation-based assessment is outlined in [S Il D4.2-2b]. The simulation-
based assessment is outlined in the current document, also referred to as [S Il D4.2-2c]. The current
section explains conflict scenario 4 in a little more detail.

2.2. Conflict scenario 4 description

Conflict scenario 4 is defined as a conflict between two aircraft, one on the RIVER/SUGOL 1B
transition and one on the SEGRU 1 transition, of which at least one is supposed to be turning in to
intercept its ILS. An aircraft is supposed to be turning in to intercept its ILS when it passes the ILS
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interception point (i.e. EH708 for runway 18R and EH700 for runway 18C, see Figure 3. After turning
in at the ILS interception point, the aircraft is aligned with the (extended) runway centreline.

In the next subsection, conflict scenario 4 is analysed further, by distinction of nine different encounter
scenarios.

2.3. Nine encounter scenarios for Conflict scenario 4
At the ILS interception point, we distinguish between three different cases for an aircraft that is
supposed to turn in for the ILS interception of runway 18R:

18R Correct : The aircraft turns in to intercept the ILS of runway 18R with a possible overshoot,

18R Wrong: The aircraft turns in to intercept the ILS of runway 18C with a possible overshoot,

18R Not: The aircraft does not turn in for ILS interception.

Since above three cases can also occur for aircraft that are supposed to intercept the ILS for runway
18C, we have 9 different encounter scenarios for conflict scenario 4, which are given in Table 2:

Table 2: Overview of the nine different encounter s cenarios distinguished for conflict scenario
4.

Aircraft for RWY 18C Aircraft for RWY 18C Aircraft for RWY 18C
turns in for ILS 18C turns in for ILS 18R does not turn in for ILS
Aircraft for RWY 18R Correct x 18R Correct x 18R Correct x
18R turns in for 18C Correct 18C Wrong 18C Not
(LS (encounter scenario1l ) | (encounter scenario2 ) | (encounter scenario 3 )
Aircraft for RWY 18R Wrong x 18R Wrong x 18R Wrong x
18R turns in for 18C Correct 18C Wrong 18C Not
LS (encounter scenario4 ) | (encounter scenario5 ) | (encounter scenario 6 )
Aircraft for RWY 18R Not x 18R Not x 18R Not x
18R does not 18C Correct 18C Wrong 18C Not

turn in for ILS . . .
(encounter scenario 7 ) | (encounter scenario 8 ) | (encounter scenario 9 )
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3. Model specification

This simulation-based approach uses four steps, as described in [S 1l D4.2-2a]:
1. Development of mathematical model

2. Model-based accident risk assessment

3. Bias and uncertainty assessment

4. Combination of results of step 2 and 3.

The bias and uncertainty assessment (step 3) judges all model assumptions adopted during the
model-based accident risk assessment (steps 1 and 2), and assesses the factor by which model-
based accident risk should be multiplied to compensate for the effect of these model assumptions.
The result of step 4 is an expected accident risk value and a 95% uncertainty area for realistic
accident risk.

In this section, a concise description of the mathematical model used for the simulation-based
collision risk evaluations is given. The mathematical model is developed using Dynamically Coloured
Petri Nets (DCPN) [Everdij et al., 1997]. The complete description of the mathematical DCPN model is
given in [DCPN].

3.1. Model description outline

We consider the situation in which two aircraft are approaching two parallel runways. One aircraft is
approaching runway 18R and the other aircraft is approaching runway 18C. Both aircraft are flying an
RNAYV transition route until the ILS interception point. During the RNAV transition route the aircraft
can deviate from the intended path due to wind disturbances, navigation accuracy, etc. At the ILS
interception point, we distinguish between three situations:

1. The aircraft turns in for ILS localizer course intercept with a possible overshoot;
2. The aircraft turns in for the wrong runway ILS localizer course with a possible overshoot;
3. The aircraft does not turn in for an ILS localizer course;

Situation 3 arises when, at the ILS interception point, either the ILS ground facility or the ILS
equipment of the aircraft is not working or if an incorrect ILS localizer frequency is selected. Situation
2 arises when the ILS frequency of the wrong runway is chosen. Otherwise, situation 1 occurs.

In situation 1, the aircraft returns to the localizer path after the possible overshoot and continues to
the runway threshold along the ILS path, with small deviations from the intended path. In situation 2,
the aircraft joins the ILS localizer course of the other runway, whereas in situation 3, the aircraft
continues in a straight line from the ILS localizer intercept point. In situation 1 and situation 2, the
possible overshoot during ILS localizer course intercept is drawn from a given distribution based on
FANOMOS data (see Appendix A.9 and [Smeltink, 2003]).

Two arrival controllers are defined in the operational concept, with each controller monitoring its
associated traffic stream (one stream for runway 18R and one stream for runway 18C). The time
between two consecutive monitoring actions is exponentially distributed. The controller is supposed to
detect aircraft flying into the No Transgression Zone (NTZ), which is defined as a rectangular area
between the two parallel approach paths. The controller will only detect aircraft flying into the NTZ for
aircraft under his/her control. Upon detecting an aircraft flying into the NTZ, the controller co-ordinates
with the other arrival controller and then sends a breakout instruction to the aircraft to initiate a conflict
avoiding turn away from the other runway. The other arrival controller also sends a breakout
instruction to the other aircraft to initiate a conflict avoiding turn. The controller uses a radar display to
determine if an aircraft is flying into the NTZ. The radar display presents the position estimates of the
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aircraft, which are based on the true position of the aircraft, and also presents the boundaries of the
NTZ.

The time to implement the controller’'s breakout instruction by the aircraft crew depends on the state
of the crew, which can be “relaxed” or “busy”. Besides, there is a possibility that the crew does not or
incorrectly understands the breakout instruction, implying that the controller’s instruction is not
implemented.

The mathematical model is built from the following elements

- Aircraft evolution model for both aircraft,

- Aircrew model for both aircrews,

- Controller model for both controllers,

- Technical systems (Communication, Navigation and Surveillance) model.

An overview of these elements and their interactions is given in Figure 4 Subsections 3.2 through 3.5
describe them in a little more detail. Subsection 3.6 lists the model assumptions adopted.

| Aircraft for 18R|. Navigation | Aircraft for 18C|
evolution systems evolution
Aircraft | Comm. | Aircraft
crew 18R systems crew 18C
Arrival | | Arrival
controller 18R controller 18Q
| Surveillance]
systems

Figure 4: Schematic overview of the mathematical mo  del.

3.2. Aircraft evolution model

The aircraft evolution model describes the evolution of the aircraft state during the approach
procedure. The true aircraft position is based on the reference position and the deviation from this
reference position,

St=5 +S;,

where s; is the true position, s; is the reference position, and s; is the deviation of the aircraft. The
position describes the 3D position of the aircraft in the North (x), East (y) and Upward (z) direction.
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The evolution of the aircraft is determined by the current aircraft mode. The current aircraft mode is a
combination of the modes in longitudinal, lateral and vertical direction, i.e.:

- Longitudinal mode: constant speed or decelerating
- Lateral mode: straight movement or turning
- Vertical mode: level flight or descent

For the reference position, the following differential equations apply (between jumps) [ARAMIS, 1997]:

Sxt Vg,t COS Cy Vi a
dSyy = Vggsinegg dt andd g = 0 dt
Szt Vgt tang ¢t Vgt/Rum

where V, is the velocity of the aircraft, a the constant acceleration, c¢; is the course of the aircraft
(measured from the x-axis), g is the flight-path angle, Rym is the constant radius of the turn and Vg, is
the ground speed of the aircraft, determined from:

— 2 : 2 2
Vi =4[V €OS ¢ - Wy ) + (Vg SiN €1 - Wy ) + (Vg tan gt - W)

where (W ,Wy ,W )T is the wind vector in North, East and Upward direction. The horizontal wind
speed is changing with height, according to [Gurke & Lafferton, 1997]

m
Wyt _ m(Z/Zroughness)‘ Wt

Wy t In(zm /Zroughness) W{/n,t

where W)Tt,W)Tt is the wind in North and East direction at measured height z,,. The parameter

Zyoughness 1S @ location specific parameter and for Schiphol airport this value equals 0.1 [KNMI, 1997].

The deceleration a is determined from [BADA 3.1] as

0 if longitudinal mode is constant speed

a= m—%/t{(T - DV - mgVg i tang} if longitudinal mode is decelerating

where T is the thrust, D the aerodynamic drag, m the mass of the aircraft and g the gravitational force.
The radius of the turn is determined at the start of the turn and is given by Ry =Vt / Wy Where

Wy is the standard rate of turn of 3°/s. Note that on a straight segment, Ry, = ¥.

The deviation of the aircraft s; is based on the deviation of the aircraft in longitudinal ()’Z,',yt), lateral

()7' ) and vertical (%'\J) direction, i.e.

Sxt coscy singg O Xir
Syt = sincg -cosc¢ O >?"t
Syt 0 0 1 X,
The deviation process of the aircraft until ILS interception is such that the aircraft is flying RNP1.0.

The deviation process of the aircraft after ILS interception is such that it coincides with the ICAO CRM
model for ILS Cat | [[ICAO CRM, 1980].

In the following, we will describe above equations in more detail for each of the identified route
segments. We identify the following three nominal route segments:
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- Until ILS interception: Representing the transition path until ILS interception;

- ILS localizer intercept: Representing the path of the aircraft during ILS interception;
- On ILS: Representing the path of the aircraft on the ILS.

The following two modes have been identified to represent non-nominal behaviour:

- Straight on ILS interception: Representing the straight continuation in case the aircraft does not
intercept an ILS;

- Wrong ILS interception: Representing the situation that an aircraft is intercepting the wrong ILS.
Finally, one mode is identified to represent conflict avoidance behaviour.

- Breakout: Representing the breakout manoeuvre in order to avoid a (possible) collision.

Initial state

The initial reference position is somewhat before the Top of Descent (TOD) at a height of 7000ft. The
initial velocity is 220 kts indicated airspeed and the initial flight-path angle is zero. The course of the
aircraft equals the course to the next waypoint.

The deviation from the initial reference position is given by.

Xjp =0

=l RNAV
X'y~ fpe(¥0,s )
XA - foe (0,sRNAY)

where “~ " means drawn from distribution, and fpg() denotes the Double Exponential or Laplace

distribution.

Until ILS interception

The reference trajectory until ILS interception is determined by the waypoints, where the turn between
two straight segments is performed with a constant radius depending on the initial ground speed at
the start of the turn and a standard rate of turn. The vertical path of the aircraft is fixed with a - 2°
flight-path angle. The CDA starts when the along track distance to threshold is such that at threshold
the reference height of the aircraft is 50 ft above the ground.

The deviation process is given by [Stroeve et al., 2002]:

o ——

Xie Vi Vire - agsign(X; ) - agv bydw ¢
dxX', =V dtanddV'; = -agsign(X';)- a,v'; dt+ bydw |
<A \7,'\,t \7,'\,t - ag sign(ﬂyt)- a6\7kt bsdw ¢

where w is standard Brownian motion and where sign(X) is defined as:
+1 forx >0
sign(x)= 0 ifx=0
-1 forx<0

The parameters ay,...,as and by,...,bs characterise the deviation process and depend on the position of
the aircraft along the transition path. They are functions of other parameters; these functions and
these other parameters are further detailed in the [DCPN] document.
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ILS interception
The overshoot during the ILS interception is determined as

drltngx - fE(*”ngx)-

where fg() denotes the Exponential distribution. The mean value of the ILS overshoot is determined
from FANOMOS data. The aircraft performs a turning manoeuvre with constant radius reaching a
maximum distance from the ILS localizer path of legx. The starting position of the turn depends on

the ground speed, the maximum overshoot dITgX and the standard rate of turn. As long as the aircraft

is above 3000ft, the aircraft is descending with constant flight-path angle of - 2°. At 3000ft the aircraft
levels off. After reaching the Final Approach Fix (FAF), the flight-path angle is - 3°.

The deviation process is equal to the deviation process of the until ILS interception, except with
different parameters a,...,as and by,...,bs.

OonlILS

When the aircraft is established on the ILS localizer course, the aircraft continues to descend with a
fixed - 2° flight-path angle until glide slope intercept (FAF). Afterwards, the aircraft descends with a

fixed - 3° flight-path angle. If the aircraft reaches 3000ft before glide slope intercept (FAF), the aircraft
levels off.

The deviation process around the ILS path is equal to the deviation process of the Until ILS
interception, except with different parameters ag,...,as and by,...,bs.

During the ILS, starting from the FAF, the airspeed is reduced to the final approach speed.

Straight on ILS interception

If the ILS localizer course is not intercepted, the aircraft continues to fly straight on. The aircraft levels
off as soon as 3000ft is reached. The deviation process is equal to the deviation process of the Until
ILS interception.

At the moment the ILS localizer should be intercepted, the ILS localizer course is not intercepted
when (a) the ILS ground system is not functioning, or (b) the ILS equipment on board the aircraft is
not functioning or (c) the ILS frequency is not tuned to the ILS frequency of one of the two runways.

Wrong ILS selection

If the ILS frequency of the wrong runway is selected, the aircraft follows the same trajectory as with
(standard) ILS interception, except the turn starts such that it overshoots the “wrong” ILS localizer

max
ILS

fixed - 3° flight-path angle. After localizer course intercept, the aircraft continues on the ILS towards
the wrong runway. The deviation process is equal to the deviation process of the ILS interception and
On ILS.

course with d . The aircraft levels off at 3000 ft until FAF, afterwards the aircraft descends with a

Breakout Manoeuvre
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The breakout manoeuvre is performed with constant speed, at a constant height and with a constant
rate of turn of 6°/s. There is no deviation during the breakout manoeuvre. The breakout manoeuvre
can only be initiated after receiving a conflict avoidance instruction from the arrival controller.

3.3.  Arrival Controller

The arrival controller monitors the progress of the aircraft on their assigned route. At exponentially
distributed times, the controller updates his/her mental picture of the traffic based on the position of
the aircraft on a radar display. If an aircraft deviates such that it enters the Non Transgression Zone
(NTZ) between the two parallel runways, and the controller detects this on the radar display, a conflict
is detected and the following actions are taken sequentially:

1. Co-ordination is commenced with the other arrival controller. This co-ordination lasts for a
Rayleigh distributed time,

2. After the co-ordination, an instruction is sent to the associated aircraft to start a conflict avoidance
manoeuvre. This instruction is sent after a Rayleigh distributed time.

3. The other arrival controller also sends a conflict avoidance instruction to the aircraft on the parallel
ILS after a Rayleigh distributed time.

3.4. Aircraft crew

It is assumed that the aircraft crew does not actively detect aircraft deviations due to ILS failures or
selection of wrong ILS frequencies. The breakout manoeuvre can only be initiated after a received
instruction from the controller. Upon receiving the breakout call, it takes an exponentially distributed
time before the instruction is implemented and the breakout manoeuvre starts. This exponentially
distributed implementation time depends on the state of the aircraft crew, which can be busy or
relaxed. Besides, there is a possibility that the instruction is not understood by the aircraft crew, with a
probability depending on the state of the aircraft crew. The state of the aircraft crew is independent of
the position of the aircraft on the transition path and is switching between the two states after
exponentially distributed times.

3.5. Technical systems
Communication systems

The following communication systems are considered:

- Controller communication system (one for each controller), which can be Working, Delaying or
Down. In the Delaying state, it takes a Rayleigh distributed time to transfer the clearance;

- Ground communication system, which can be Working or Down;

- Aircraft communication system (one for each aircraft), which can be Working, Delaying or Down.
In the Delaying state, it takes a Rayleigh distributed time to transfer the clearance;

- Frequency selecting device onboard the aircraft (one for each aircraft) that can be Correct or
Incorrect, indicating that the frequency for the correct arrival controller is selected or not.

Navigation systems

The following navigation systems are considered:
- ILS ground facility (one for each runway), which can be Working or Down;

- ILS equipment onboard the aircraft (one for each aircraft), which can be Working or Down;
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- ILS frequency selecting device (one for each aircraft), which can be Correct, Wrong or Other
indicating that the correct ILS frequency is selected, the ILS frequency of the wrong (parallel)
runway is selected or that another frequency is selected.

Surveillance systems

The surveillance systems consist of the radar tracking facility and the radar display for each controller.

Update i
Radar seconds. Initially, the radar

estimate contains the exact aircraft position and velocity. The update of the aircraft's estimated state
is determined by:

The radar estimate of the aircraft's state is updated every T,

o Update '

R _ 1-a (- a)Tgaiar X1, 3pdate (X +g,n,)
Vik - blTgpdae 1- b Vxk-1  O/TRadar

5 Update Y)

Yk o 1-a (4 )Tgadar Vi1 + 3pdate (y +gyny)
i Update i
Vy,k - b/TRéi)dal’ 1- b Vy,k-l b/TRadar

5 Update 5

Azk = 1-a (- @)TRadar AZk_l + 5pdate (z+9;n;)
Vzk - b/-l—éJ;ddaarte 1- b Vzk-1 b1 Tgadar

where (X, y, z) is the 3D position of the aircraft, and n,, n,, n, are standard Gaussian noise processes.
The parameters a and b indicate the dependency of the new state estimate on the previous state
estimate. The above equations describe an implementation of the a-b filter by [Lewis, 1986]. Based
on the estimated positions of the aircraft, it is determined, for each aircraft, whether or not the aircraft
is within the NTZ. Both the radar tracking facility and the radar display can be working or down.

3.6. Model assumptions

The model as described in the previous section and presented in a mathematical framework in
[DCPN] has had to adopt several model assumptions. These model assumptions can be of two types:
Parameter value assumptions, and Non-parameter value assumptions. Assumptions of the first type
are given in Appendix B; all assumptions of the second type are collected below, where each model
assumption is denoted by MA.x with x a unique identifier. Tables mentioned in this list are given in
Appendix A.

Scenario assumptions.

MA.1 During Mode 2, the distribution of aircraft types approaching runway 18R and runway 18C
is as in Table 13.

MA.2 During Mode 2, the total flow for arrivals on 18R and 18C is as in Table 14.

MA.3 The dimensions of considered aircraft types are as in Table 15.

MA.4 The aircraft type specific parameters (aerodynamics and engine characteristics) are as in
Table 16 and Table 17.

MA.5 Only the collision risk between two approaching aircraft on different transition routes (i.e.
one for 18R and one for 18C) is considered.

MA.6 The conditions under which a collision is counted are specified in Appendix A.10. Both
aircraft are represented by a cylinder and a collision is counted when the two cylinders
overlap.

MA.7 None of the aircraft is TCAS equipped.
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MA.8 GPWS does not exist.

MA.9 STCA is notin use.

MA.10 Degraded ILS signals have no influence on the collision risk.

MA.11 Degraded navigation performance or loss of navigation performance does not influence the
collision risk.

MA.12 No wake vortex induced collision risk.

MA.13 The time (distance) between two aircraft on the same transition route is always equal to the
landing interval; i.e. if the runway facilitates 36 landings per hour, then the landing interval
is 100 seconds and the time (distance) between two consecutive aircraft is always 100
seconds.

MA.14 | At z,, m above the ground, the wind strength is uniformly distributed between 0 and w2
kts and the wind direction is uniformly distributed between w'9"®" and wYPP®" _ The wind
increases with height as specified in Appendix A.6.

MA.15 Between runway 18R and runway 18C, a No Transgression Zone (NTZ) is defined
according to ICAO guidelines. This NTZ is specified in Table 21 in Appendix A.8.

MA.16 The entrance time of the aircraft on the RIVER/SUGOL 1B transition is uniformly
distributed around the entrance time of the aircraft on the SEGRU 1 transition.

MA.17 All Pilots/Aircrew follow and are able to follow the procedures until ILS interception as
specified.

MA.18 In case the aircraft has to make an extended downwind before intercepting the ILS
localizer course, the probability of a collision is not higher than the case in which the
aircraft does not have to make an extended downwind.

MA.63 Both aircraft and ATC hold the correct up-to-date flight-plan.

MA.64 Procedures are always correctly coded in database and can always be flown by aircraft.

MA.65 ATIS does not cause deviations/confusion/problems.

MA.66 Turbulence has no effect on collision risk.

MA.67 Abortion of operation has no effect on the collision risk.

Aircraft evolution assumptions

MA.19 For aircraft arriving from RIVER or SUGOL, the initial position is at the merging point
MICOL. For aircraft arriving from ARTIP, the initial position is at ARTIP. The initial height of
the aircraft is FL70, and the initial indicated airspeed is 220 kts.

MA.20 The CDA starts when the along track distance (ATD) from the current aircraft position to
the runway threshold is such that with the prescribed vertical profile the aircraft has an
expected height of 50 ft above the runway threshold.

MA.21 All turns during the RNAV transition route are performed with a constant radius of turn
depending on the ground speed at the start of the turn and the standard rate of turn of
V\‘turn :

MA.22 The speed profile during the RNAYV transition route is according to Table 18 and Table 19.

MA.23 To decelerate, a deceleration is determined according to the BADA total-energy model
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(see A.5).

MA.24 During the RNAYV transition route, there are no longitudinal deviations.

MA.25 During the RNAV transition route, the aircraft’s navigation performance is better then
RNP1.0 in the lateral direction. It is indirectly assumed that the controller resolves
deviations larger than 1 NM from the intended path before ILS interception.

MA.26 During the RNAV transition route, until ILS localizer intercept, the vertical deviation from
the reference trajectory is Laplace distributed with zero mean and standard deviation

RNAV
SA .

MA.27 The overshoot during ILS localizer course intercept is Exponentially distributed with a
mean value based on FANOMOS data (see Appendix A.9) and is independent of the
overshoot of aircraft on approach for the other parallel runway.

MA.28 The ILS localizer course intercept manoeuvre is such that with a turn of constant radius,
depending on the ground speed and the standard rate of turn, the maximum deviation from
the ILS localizer course is equal to the ILS overshoot from MA.27.

MA.29 For lateral deviations from ILS localizer course until the ILS glide path intercept, the ICAO
CRM Cat | model for lateral deviations from ILS glide path is applicable.

MA.30 For vertical and lateral deviations from ILS glide path, the ICAO CRM Cat | model is
applicable.

MA.31 If the ILS systems on the ground or the ILS equipment onboard the aircraft is not
functioning, the aircraft does not turn in for ILS localizer course intercept but continues
straight on. The aircraft levels off at 3000 ft.

MA.32 If the ILS frequency of the other runway is selected, the aircraft aims to intercept the ILS
localizer course of the other runway with the same manoeuvre as in MA.27 and MA.28.

MA.33 A conflict-avoiding turn is executed with a constant radius of turn away from the other
runway. The radius of the turn is determined from the ground speed at the start of the turn
and a rate of turn of Wyreak-out -

MA.34 The conflict-avoiding turn is performed with constant airspeed and at a constant height.

MA.35 The conflict-avoiding turn ends when a course perpendicular to the runway is reached.

Aircraft crew assumptions

MA.36 The crew of the aircraft can be in a relaxed or busy performance state.

MA.37 The performance state of the aircraft crew is independent of the position of the aircraft on
the transition route and switches between the two states after exponentially distributed
times.

MA.38 If the crew of the aircraft has been given a breakout instruction, it is initiated with a
probability depending on the aircraft crew performance state. Otherwise, the crew takes no
conflict avoidance action.

MA.39 When an ATCo call to breakout is received, the breakout action is executed after an
exponentially distributed time with a mean time depending on the performance of the
aircraft crew.

MA.40 The conflict avoidance instruction is not read-back by the aircraft crew.

MA.41 The crew of an aircraft will only correct for ILS localizer course overshoot if an ATCo
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‘ instruction is received; i.e. the crew will not detect ILS overshoot itself.

ATCo assumptions

MA.42 Each runway controller updates his/her situational awareness regarding the aircraft
position on the radar display after exponentially distributed times with mean niA“Toggme”’a' .

MA.43 Only the arrival controller for runway 18C detects NTZ penetrations from aircraft
approaching 18C and only the arrival controller for runway 18R detects NTZ penetrations
from aircraft approaching 18R.

MA.44 The controller makes no mistakes when updating his/her situational awareness.

MA.45 The controller only gives a breakout instruction to aircraft that are within (or past) the NTZ.

MA.46 Upon conflict detection, the controller initiates co-ordination with the other arrival controller.

; ; ; fetri ; ; uration

The co-ordination takes a Rayleigh distributed time with mean ngoordination .

MA.47 After the co-ordination, both controllers issue a conflict avoidance instruction to their

; ; i atri : ; uration

aircraft under control after a Rayleigh distributed time with mean nglearance .

MA.48 The conflict avoiding instruction will always be an immediate turn away from the other
runway until perpendicular to the runway.

MA.49 The approach controllers and runway controllers are not considered within this model.

MA.50 All aircraft have been given an RNAV clearance and an approach clearance.

MA.62 The controller’'s monitoring behaviour is not dependent on the position of the aircraft.

Technical systems assumptions

MA.51 The radar tracking facility may be functioning or not.

MA.52 The estimated position of the aircraft by the radar is based on an alpha-beta filter.

MA.53 Radar track drop is not considered.

MA.54 The radar plot has always the correct call-sign label.

MA.55 The radar display of the controller may be functioning or not.

MA.56 The ILS system of the runway may be functioning or not.

MA.57 The ILS system in the aircraft may be functioning or not.

MA.58 The ILS frequency, selected by the aircraft crew, can be tuned to the correct runway, the
wrong runway or to another frequency not associated with one of the two runways.

MA.59 The VHF communication system between an ATCo and an aircraft crew may be
functioning nominally without delay, with a delay or not functioning.

MA.60 The VHF communication system between an ATCo and an aircraft crew consists of an
ATCo VHF communication system, an aircraft VHF communication system and a ground
VHF communication system.

MA.61 The aircraft crew can select the frequency of the arrival controller or (wrongly) select a

different frequency such that communication between the aircraft crew and the ATCo is not
possible. A wrong frequency selection is not corrected for.

Page 28




Safety assessment of approach
procedure II-A on Schiphol airport

(Simulation-based analysis)

Public

4. Model-based risk evaluation

This section describes the risk evaluation method and presents the model-based accident risk
evaluation results.

4.1. Risk evaluation method

4.1.1. Collision risk equations

To evaluate the collision risk for conflict scenario 4, we use the decomposition into the 9 different
encounter scenarios given in Section 2 (see Table 2). For each encounter scenario dedicated Monte
Carlo simulations are performed to evaluate the collision risk per encounter scenario. Summing up the
conditional collision risks per encounter scenario multiplied by the probability for that encounter
scenario yields the model-based collision risk. The encounter scenario probabilities are determined
analytically from the model parameters. To account for possible different traffic flows per approach
path, we distinguish between the collision risk per approach via the RIVER/SUGOL 1B transition
(A(l:%a) and the collision risk per approach via the SEGRU 1 transition (Aéssa). Let K be the set

containing the nine different encounter scenarios, then these two collision risks can be written as:
A18R _ 18R _
Acsa ‘k TKRcs4|k(ks)"P{k‘ks} (1a)
S

A18C _ 18C _
Acsa ‘k TKRCS4|k(kS)xP{k =ks} (1b)
S

where R(1:883|k(ks) and Régsalk(ks) are the conditional collision risks per approach and where

P{k = ks} is the probability for each encounter scenario k51 K. As can be seen from Appendix C,
above equations can be written as:

A18R _ 2U _ i
Acsa D 4 TKP{k = ks} Pk (ks) (2a)
S

~ 2u i
A%:%i == Pk :ks}’Pc”oluk(ks) (2b)
i ks K
where D; and D; are time differences between two consecutive aircraft on the RIVER/SUGOL 1B

transition and the SEGRU 1 transition respectively. The parameter u is defined according to the
following numerical approximation assumption:

NA.1 No collision can occur if the time difference between the two ILS interceptions is more
than u.

-, I . j . .
and the conditional collision risk PcoII|k(kS) is evaluated as:

N u
Pcuoll|k(k5) = P(,ljoll|k,ti,tj (ks,t +t,2)dt . 3)
-u

with ¢; and ¢; the two ILS interception times for an aircraft on the RIVER/SUGOL 1B transition and
an aircraft on the SEGRU 1 transition respectively.
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The conditional collision risks for each encounter scenario are evaluated using dedicated Monte Carlo
simulations. During these Monte Carlo simulations, aircraft trajectories are generated according to the
mathematical model specified in Section 3. For each pair of trajectories, one for RIVER/SUGOL 1B
and one for SEGRU 1, it was determined if these trajectories resulted in a collision at some moment
during the simulation. The conditional collision risk is then determined using the following assumption:

NA.2 The conditional collision risk, resulting from dedicated Monte Carlo simulations, is
evaluated as the number of counted collisions during these simulations plus one, divided
by the total number of Monte Carlo simulations.

In mathematical terms, assumption NA.2 states that
i
i (k )_Ccoll|k(k5)+l
colllk\"*s/ — i
NZ (ks)
where Cgomk(ks) is the number of counted collisions during Monte Carlo simulations for encounter

scenario kg1 K and where NE(/(S) is the total number of simulations for that encounter scenario. In

the following sections, we discuss the Monte Carlo simulations for all nine encounter scenarios.
Relevant parameter settings for these simulations are:

Parameter Explanation Value

nf Time distance between aircraft on the RIVER/SUGOL 1B | 106 seconds.
transition when taken into account 34 aircraft/hr.

Dj Time distance between aircraft on the SEGRU 1 transition | 106 seconds.
when taken into account 34 aircraft/hr.
u Maximum time difference between the two ILS | 150 seconds.

interceptions, such that no collision will occur if the time
difference is bigger.

4.1.2. Monte Carlo simulations for encounter scenar 01l

For encounter scenario 1, i.e. 18R Correct x 18C Correct, it was decided to simulate only the aircraft
trajectories and not the other elements of the mathematical model. This implies that in the model no
corrective actions are taken for aircraft severely overshooting the ILS localizer course.

The following numerical assumptions are used to evaluate the collision risk for encounter scenario 1.

NA.3 ‘ For encounter scenarios 1, 5, 6, 8 and 9 the controller has no effect on the accident risk.

This assumption was made to save the simulation running time which is consumed by a full air traffic
controller model. For these particular encounter scenarios this was possible since they do not
contribute much to total collision risk, even if the positive effect of the controller is ignored.

NA.4 The collision risk does not change if only aircraft of type Boeing 747-400 are taken into
account.

In the model, all aircraft are assumed to be of type Boeing 747-400.

NA.5 ‘ For integration actions, the composite trapezoidal rule is applicable [Atkinson, 1989].

This rule is explained in Appendix C.4.
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4.1.3. Monte Carlo simulations for encounter scenar ios2,3,4and 7

For encounter scenarios 2, 3, 4 and 7 we will simulate the complete mathematical model. To gain
more insight into the effect of radar availability and communication availability we distinguish between
the following 5 cases:

1. The radar equipment is working and the communication is working.

2. The radar equipment is working, however the communication with the aircraft on the
RIVER/SUGOL 1B transition is not working while the communication with the aircraft on the
SEGRU 1 transition is working.

3. The radar equipment is working, however the communication with the aircraft on the SEGRU 1
transition is not working while the communication with the aircraft on the RIVER/SUGOL 1B
transition is working.

4. The radar equipment is working, however the communication with both aircraft is not working.

The radar equipment of one of the controllers is not working. For encounter scenario 2 and 3, the
radar equipment of the controller for runway 18C is not working and for encounter scenario 4 and
7, the radar equipment of the controller for runway 18R is not working. The functionality of the
communication is not set and can be working or down.

Note that since we assumed that the controller will only detect NTZ penetrations for aircraft under
his/her control, in case 5 the aircraft that is intercepting the wrong ILS or is not intercepting an ILS is
not detected until the radar equipment is back online.

The following numerical assumptions are used to evaluate the collision risk for these encounter
scenarios.

NA.4 The collision risk does not change if only aircraft of type Boeing 747-400 are taken into
account.

NA.5 For integration actions, the composite trapezoidal rule is applicable [Atkinson, 1989].

NA.7 Variations in longitudinal velocity have no effect on collision risk.

4.1.4. Monte Carlo simulations for encounter scenar 05, 6,8 and 9

Since the probabilities for these encounter scenarios are very low (see Table 23, appendix D.1), there
is no need to perform an extensive assessment for these encounter scenarios. It was decided to run
simulations in which only the aircraft trajectories were generated and in which the controller is not
taken into account.

The following numerical assumptions are used to evaluate the collision risk for these encounter
scenarios.

NA.3 For encounter scenarios 1, 5, 6, 8 and 9 the controller has no effect on the accident risk.

NA.4 The collision risk does not change if only aircraft of type Boeing 747-400 are taken into
account.

NA.5 For integration actions, the composite trapezoidal rule is used [Atkinson, 1989].

4.2. Model-based risk evaluation results

This section gives the results of the model-based collision risk evaluation for conflict scenario 4. For
an aircraft approaching via the RIVER/SUGOL 1B transition the collision risks are given in Table 3,
considering a traffic flow of 34 aircraft/hr on the SEGRU 1 transition. For an aircraft approaching via
the SEGRU 1 transition the collision risks are given in Table 4, considering a traffic flow of 34
aircraft/hr on the RIVER/SUGOL 1B transition. In Table 5 the total collision risk per approach is given.
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Appendix D gives the simulation results per encounter scenario from which the results beneath are
determined using equations (2a) and (2b).

A18R _
Acsa= D.
ksl K ]
A18C _ 2u
Acsa = D.
ksl K Hi

It is stressed that the results below apply to the mathematical model,

2u ii
— Pk = ks}>‘PcUo|||k(ks)

— Pk :ks})‘P(ijo”M(ks)

under all assumptions

adopted . Compensation for the effect of the assumptions is done in Section 5.

Table 3: Model-based collision risks per encounter

1B transition.

scenario per approach via RIVER/SUGOL

18C Correct 18C Wrong 18C Not

18R Correct 1.4 x10™ 6.8 x10™" 1.1 x10™
18R Wrong 2.8x10™ 5.9 x10™ 1.4 x10™
18R Not 7.2x10"° 1.2 x10™° 3.4 x10™"

Table 4: Model-based collision risks per encounter

scenario per approach via SEGRU 1

transition.
18C Correct 18C Wrong 18C Not
18R Correct 1.4 x10™ 6.8 x10™"* 1.1 x10™°
18R Wrong 2.8x10™ 5.9 x10™ 1.4 x10™
18R Not 7.2x10"° 1.2 x10™ 3.4 x10°"
Table 5: Total model-based collision risk per appro  ach.

Transition

Total Collision Risk per approach

RIVER/SUGOL 1B transition

1.2 x107°

SEGRU 1 transition

1.2 x107°

From Table 3, Table 4 it can be seen that the biggest contributors to model-based risk are as below:

Table 6: Biggest contributors to model-based collis

ion risk per approach

Ranking Encounter scenario Risk contribution
1 18R Not x 18C Correct (encounter scenario 7) 60%

2 18R Wrong x 18C Correct (encounter scenario 4) 24%

3 18R Correct x 18C Not (encounter scenario 3) 9%
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Also from Table 27 (p. 68), Table 28 (p. 69), and Table 31 (p. 71) it can be seen for these three
biggest risk contributors, the case in which the Surveillance and Communication are working
contributes most to the collision risk.

As a final remark, we note that it is common practise (following ESARR 4, see [S Il D4.2-2a]) to use
the term accident risk instead of collision risk to measure safety. Here, one collision counts for two
accidents (following ICAO). However, since the model-based collision risk presented above is
determined for two transitions together, the values in Table 5 also present the model-based accident
risk per approach. This can be seen as follows: For example, if the simulation would process 100
aircraft down the RIVER/SUGOL 1B transition and 100 aircraft down the SEGRU 1 transition, and one
collision would occur, then this would be presented (in a table similar to Table 5) as a model-based

collision risk of 1/100. On the other hand, since there are 200 aircraft involved in such simulation
and two would be involved in an accident (i.e. the two aircraft that collide), this corresponds to a
model-based accident risk  of 2/200 = 1/100, which is equal to the model-based collision risk in this
case. Therefore, Table 5 also presents model-based accident risk.
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5. Bias and uncertainty assessment

A model-based accident risk assessment has no value if there is no insight into the model
assumptions adopted and into their effect on accident risk. Therefore, a model-based accident risk
assessment should always be complemented by a Bias and Uncertainty Assessment (B&UA). Such
bias and uncertainty assessment considers all model assumptions adopted, assesses their effect on
risk, and uses these effects to obtain an assessment for realistic accident risk, together with a 95%
uncertainty area for realistic accident risk. This realistic accident risk estimation equals model-based
accident risk, but compensated for all model assumptions adopted. Section 5.1 explains the bias and
uncertainty assessment method used. Section 5.2 presents the results obtained by application of this
method. For full details, see the [B&U assessment] report.

5.1. Bias and uncertainty assessment method

5.1.1. Introduction

It is the goal of the bias and uncertainty assessment to evaluate the effect of all assumptions, adopted
during the accident risk modelling and evaluation process, on the accident risk for a particular
operational concept, and to compensate for this effect. The effect of each assumption on the accident
risk can be of the following two kinds.

Bias: due to adoption of the assumption, the model-based accident risk is systematically higher or
lower than expected for the real operation.

Uncertainty: due to adoption of the assumption, there is uncertainty in the model-based accident
risk.

If the model-based accident risk is compensated for the combined effect of all assumptions, one
obtains an estimation of realistic accident risk, and a 95% uncertainty area for this risk.

The bias and uncertainty assessment method described in this section was developed in [Everdij and
Blom, 2002], with (minor) improvements reported in [Stroeve et al, 2003]. Hence, for complete details
we refer to these documents. This section gives a summary.

As basis for the bias and uncertainty assessment the following information is required as input:

The formal accident risk model. For the present study this is described in Section 3, Appendix A
and [DCPN].

Lists of formal model assumptions, which can be of two types:
Parameter value assumptions, due to the choice of the values of the model parameters.

Non-parameter value assumptions, e.g. numerical approximation assumptions, model
structure assumptions, non-coverage of hazards assumptions

All relevant model assumptions are provided in Section 3.6, Section 4.1 and Appendix B.

The expected number of aircraft accidents (accident risk) according to the formal model. The
model-based accident risk is provided in Section 4.2.

5.1.2. Assessment of parameter value assumptions
Suppose that in the mathematical model, the i parameter has been given a value v;. This value may
be biased, i.e. higher or lower than a more realistic value, and it may be uncertain. The effect on
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model-based accident risk of this bias and uncertainty in a parameter value is also dependent on how
sensitive accident risk is to changes in this parameter value, i.e. it is dependent on the risk sensitivity.

The bias and uncertainty and the risk sensitivity of a parameter value are defined below. Next it is
explained how these are combined.

Parameter bias and uncertainty

The bias and uncertainty of the i parameter is based on a 95% uncertainty area for the parameter
value, which can be written as:

[Cilli, Ci*i]v

where ¢l Ris the ‘centre’ of the interval and I [1, ¥) is the relative length of the interval. This relative
length is referred to as the Uncertainty of the parameter value. The Bias b; in the nominal parameter
value is defined as

b; = cilv;,
with bl (0, ¥). Using this bias, the 95% uncertainty area can be written as
[bixifli, bixk].

The bias can be smaller than one or larger than one. In this context we can write the bias as
b®
b =(bP)" , with

qb the bias base, which is always > 1, and qe the bias exponent, which can equal -1, 0 or 1.

Risk sensitivity

The risk sensitivity s; indicates how much the modelled accident risk changes if the parameter value
changes. If accident risk does not change if the parameter value changes, the risk sensitivity is zero.
If accident risk changes a lot if the parameter value is changed, then the risk sensitivity is far away
from zero. More precisely, the risk sensitivity is such that if the parameter value is multiplied by a

factor x, then the accident risk changes by a factor x3 . The risk sensitivity can be positive or
In([Risk withv, ~ x] / [Risk withy ])
In x '

negative. This yields that s; can be estimated by § =

Risk bias and uncertainty

It can be deduced [Everdij & Blom, 2002] that the uncertainty in the risk due to uncertainty in a
parameter value |; and a risk sensitivity s; is equal to Iih'. Moreover, it can be deduced that the bias in

the risk due to bias in a parameter value b; and a risk sensitivity s; is tf‘ . Note that the bias qs‘ in the
risk due to a parameter value assumption may be <1 or>1or = 1:

If QS‘ > 1 then the model parameter value v; was Optimistic: the accident risk is expected to be
higher than modelled due to the parameter value assumption,

If tf" < 1 then the model parameter value v; was Pessimistic: the accident risk is expected to be
lower than modelled due to the parameter value assumption, or
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If qs‘ = 1 then the effect of the model parameter value v; is Neutral: the accident risk is not

expected to be systematically higher or lower due to the parameter value assumption. This is the
case if the bias in the parameter value assumption is neutral or if the sensitivity is zero.

If IiISI and kf" have been determined for all parameter values, the results can be combined. This is
explained in Subsection 5.1.4.

Qualitative terminology

Sometimes it is easier, e.g. in a first assessment cycle, to determine values for the bias b;, the
uncertainty length |; and the risk sensitivity s; in qualitative terms rather than in quantitative terms.

The terms Major, Considerable, Significant, Minor, Small and Negligible are used to indicate the value
of the uncertainty length Il [1, ¥), the absolute value of the risk sensitivity |si|i [0, ¥), and the bias

base bibT [1, ¥). Translations of these terms into quantitative terms are given in Table 7. The terms

Positive, Negative and Neutral are used to indicate the value of the bias exponent qe and the sign of

the risk sensitivity s;. Table 7 provides for each term both an interval and a modal value. The modal
values are indicative of mean values of the intervals. Unless it is indicated that more exact values are
used, these modal values are applied in the accident risk bias and uncertainty assessment.

[Stroeve et al, 2003] provides tables for how to combine the qualitative values for the bias b;, the
uncertainty length |; and the risk sensitivity s; into qualitative values for IiISI and tf' . These tables are
repeated in the [B&U assessment] report. For example, these tables indicate that if |; is assessed as
being significant and s; is assessed as being minor, then their combination IiISI is assessed as being

minor. A translation of “ IiISI = minor” into quantitative terms can then again be found in Table 7.

Table 7: Definition of qualitative terminology for uncertainty length [I;, bias base Qb and

absolute value of risk sensitivity |s ;|. For each term both an interval and a model value is
provided. See text for further explanation.

Qualitative term Translation into quantitative Translation into quantitative
terms of I, hb- |i|a| terms of | sj|
Modal Value Interval Modal Value Interval

Major 10 [6.833, ¥) 4 [2.667, ¥)
Considerable 5 [3.15, 6.833) 2 [1.333, 2.667)
Significant 2.25 [1.75, 3.15) 1 [0.667, 1.333)
Minor 15 [1.3, 1.75) 0.5 [0.333, 0.667)
Small 1.2 [1.133,1.3) 0.25 [0.167, 0.333)
Negligible 1.1 [1,1.133) 0.125 [0, 0.167)

5.1.3. Assessment of non-parameter value assumption s
All non-parameter value assumptions are assessed using a single approach. In this approach the
following terminology is used:
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P; is the probability of the non-applicability of an assumption i,

Qi [1, ¥) is the size of the effect on the risk bias if assumption i does not apply,

di {-1,0,1} is the direction of assumption i on the risk, which may be optimistic (d; = 1),
pessimistic (d; = - 1) or neutral (d; = 0),

R is the risk prior to compensation of assumption i, and

R( is the risk after compensation for assumption i.

Using these variables the risk after correction for assumption i is
d.
Re={RQ™" +{- R)}IR

It expresses that the risk is compensated with a factor Qldi for the case that the assumption does not
apply (with probability P;) and remains the same for the case that the assumption does apply (with

probability 1-P;). Here, the factor QIOIi is assessed conditional on all previously assessed

assumptions. Based on this expression, the risk R is changed to R' after assessment of a set S of
ordered assumptions according to

Ro=RO {1+ R Q% -1)}.
irs
For the size of the bias effect Q;, the qualitative terms, modal values and intervals of the definitions for
bias base in Table 7 are used. For the probability P;, six classes with modal values and intervals are
provided in Table 8.
Table 8: Definition of probabilities that assumptio ns do not apply. For each probability a modal
value and an interval is provided.

Probability term Probability modal value Probability interval
Typical 0.8 [0.64, 1]

Regular 04 [0.25, 0.64)
Frequent 0.15 [0.09, 0.25)

Less Frequent 0.06 [0.04, 0.09)
Infrequent 0.028 [0.02, 0.04)
Unlikely 0.01 [0, 0.02)

5.1.4. Combining the risk bias and uncertainty ofa Il assumptions
When all parameter assumptions and non-parameter assumptions have been assessed as above, the
results are combined as follows:

If R, ,qe is the model-based accident risk prior to compensation for bias and uncertainty, then an
expression for realistic accident risk estimation is:

R-\ctuaI: Bexp(U /S)Rnode

and a 95% uncertainty area for this risk is

I95% = [Bexp(— \/U)Rmodeh B eXp@/U )Rmodell
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Here, U represents all risk uncertainty contributions:

U= (InlSh?
il Sp

and B represents all bias contributions:

B= ObY Hu+RQ% -1,

where Sp is the set of parameter value assumptions and &p is the set of all other assumptions.

Remark:

Note that the 95% uncertainty area for accident risk only incorporates uncertainty due to uncertainty in
parameter values. Uncertainty due to uncertainty in bias of non-parameter assumptions is not
explicitly covered, but is incorporated by taking a conservative approach. For example, consider a
non-parameter assumption which is judged to be optimistic. However, the factor by which model-
based accident risk should be compensated for is uncertain: one expert says it could be a factor 1.5
(Minor), another expert says it could be a factor 1.2 (Small), and the experts cannot agree. Then the
bias and uncertainty assessment takes a conservative approach and decides the assumption will be
judged Minor optimistic: Model-based accident risk will be raised by a factor 1.5 to compensate for
this particular assumption.

5.2. Bias and uncertainty assessment results

5.2.1. Introduction

In this section an overview is given of the main results of the bias and uncertainty assessment applied
for the formal model and assumptions considered in this report. Details of bias and uncertainty per
model assumption are given in [B&U assessment].

This bias and uncertainty assessment is based on:

expert interviews with three airline pilots PLT_05, PLT_08 and PLT_09, two former TWR/APP air
traffic controllers ATC_07 and ATC_09, and one system expert SYS_08, see [S Il D4.2-2d],

additional Monte Carlo simulations,

assessments by safety experts (including the authors of this document),

5.2.2. Bias and uncertainty assessment results

[B&U assessment] provides the complete details of all assumptions adopted by the model-based
accident risk assessment of [S 1l D4.2-2c] and [DCPN], and of the bias and uncertainty assessment of
these assumptions. Table 9 below gives a summary of the bias and uncertainty assessment results.
For example, the table indicates that there are two assumptions with significant pessimistic bias
(second column, fourth row) and two assumptions of minor uncertainty (fourth column, fifth row).

Table 9: Summary of bias and uncertainty results

Risk Effect Bias due to non- Bias due to parameter | Uncertainty due to
parameter value value assumptions parameter value
assumptions assumptions

Major - - -
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Risk Effect Bias due to non- Bias due to parameter | Uncertainty due to
parameter value value assumptions parameter value
assumptions assumptions

Considerable - - 1

Significant 2 pessimistic - 2

Minor 1~ pessimistic 17 optimistic 2
1~ optimistic (encounter
scenarios 2 and 4 only)

Small 1~ pessimistic - 4
1~ optimistic

Negligible 9 “ pessimistic 5’ pessimistic 55
157 optimistic 57 optimistic

Zero 44 (+1 for encounter | 72 19
scenarios 1, 3, 5-9)

Total 74 83 83

We can use the method in Section 5.1 to determine the model-based accident risk compensation
factor and a 95% uncertainty area for realistic accident risk. The results of Table 9 are combined in
Table 10 to obtain intermediate results.

Table 10: Bias and uncertainty assessment intermedi  ate results
Risk Effect Bias due to non-parameter value Bias due to parameter Uncertainty due to
assumptions value assumptions parameter value
assumptions
Major - (10)° - (10)° - 0" (In 10)2
Considerable | - (5)° - (1/5)° 1 17 (In5)y?
Significant 2 pessimistic | (1/2.25)° - (225" |2 27 (In2.25¥
Minor 1’ pessimistic | (1/1.5)" 1 optimistic | (1.5)" 2 2" (In1.5¢
1° optimistic | (1.5)"
(scen.2 and 4
only)
Small 1’ pessimistic | (1/1.2)" - 12y 4 47 (In1.2y
1° optimistic | (1.2)"
Negligible 9 pessimistic | (1/1.1)° 5" pessimistic | (1/1.1)° |55 55 " (In 1_1)2
15 optimistic | (1.1)*° 5° optimistic | (1.1)°
Zero 44 (+1 for ()™ 72 - 19 197 (In1)?
scen. 1, 3, 5-9)
Product of above Product Sum
=0.233 for scen of above of above
1,3,5-9 & =0.350

Page 39




Safety assessment of approach
procedure II-A on Schiphol airport

(Simulation-based analysis)
Public

| | for scen 2,4 ‘ =1.500 ‘ | = 4.867

Hence (use the equations presented in Section 2):

B= 6 lf O {1+R (Qidi -1)}, whichis B**® ®=1.500" 0.233 = 0.350, for encounter
i1Sy il Sp
p p

scenarios 1, 3, 5-9 and which is B?* =1.500 "~ 0.350 = 0.524 for encounter scenarios 2

and 4, while
U= (nih2=4867

From Table 5 we can take the model-based expected accident risk per approach, i.e. the accident risk
per approach determined before the bias and uncertainty assessment:

Roge = 1.2 10°.

(Note: this is the accident risk per approach for the RIVER/SUGOL 1B transition, which is also equal
to the accident risk per approach for the SEGRU 1 transition.)

This model-based risk is a sum of risk contributions for nine encounter scenarios considered. For
encounter scenarios 2 and 4 together this contribution is
2,4 _ - -10
R e =357 107,
while for encounter scenarios 1, 3 and 5 through 9 together this contribution is

3.5 9 =84 10_10.

odel

Using the uncertainty and bias terms, the expected accident risk per approach for the realistic
operation is

Rewa= B exp(U 18R+ B “exp(U /8)R;o, = 88" 107,

odel odel

and the 95% uncertainty area for the realistic accident risk per approach is
— [R2 2, 359 35 9
loss, = [B*“€XPE \/U)Rm:del"' B"** “exp¢ \/U)Rnlmdgl :
B*expW/U )R24 + BY*® ®exp(/U )RES °= 5.3 10™, 4.3" 107,

odel

Here, we remark again (see Subsection 5.1.4) that this 95% uncertainty area for accident risk only
incorporates uncertainty due to uncertainty in parameter values. Uncertainty due to uncertainty in bias
of non-parameter assumptions is not explicitly covered, but is incorporated by taking a conservative
approach.

5.2.3. Most important bias and uncertainty influenc  ing factors

Table 9 showed that there are nine assumptions that have a more than small effect on model-based
accident risk (for one of these assumptions the effect is even more than small in both the uncertainty
and the bias). These assumptions are listed in the table below.
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Table 11: Assumptions with a more than small bias a

nd uncertainty effect on accident risk

Assumption | Explanation Bias and uncertainty
assessment
5 RNAV Standard deviation of vertical deviation during | Minor optimistic bias and
transition route N .
Significant uncertainty
e Mean overshoot during ILS intercept Minor uncertainty
MA.43 Only the arrival controller for runway 18C detects | Significant pessimistic bias
NTZ penetrations from aircraft approaching 18C
and only the arrival controller for runway 18R
detects NTZ penetrations from  aircraft
approaching 18R
MA.45 The controller only gives a breakout instruction to | Significant pessimistic bias
aircraft that are within (or past) the NTZ
onjnterval | Mean duration of awaiting, i.e. mean duration | Minor uncertainty
TCo between two monitoring actions
pother Probability of having selected the wrong ILS | Considerable uncertainty
ILS.Freq frequency
pwrong Probability of having selected the ILS frequency of | Significant uncertainty
ILS, Freq the wrong runway
NA.4 The collision risk does not change if only aircraft | Minor pessimistic bias
of type Boeing 747-400 are taken into account.
NA.7 The variation in longitudinal velocity has no effect | Minor optimistic bias, for
on collision risk encounter scenarios 2 and
4 only

In more detail, we can analyse where the highest contributions to bias and uncertainty come from
even further:

The Risk bias (represented by B = 0.350 = 1 / 2.9 for encounter scenarios 1, 3, 5-9 and by B = 0.524
=1/ 1.9 for encounter scenarios 2 and 4) is composed of a factor due to pessimistic assumptions (i.e.
a factor 1/34.6) and a factor due to optimistic assumptions (i.e. a factor 12.1 for encounter scenarios
1, 3, 5-9 and a factor 18.2 for encounter scenarios 2 and 4).

The highest contributors into the pessimistic direction assumptions MA.43 and MA.45, both Significant
pessimistic, hence accounting for a factor 1/2.25 each. The remainder is due to 14 Negligible
pessimistic assumptions, together accounting for a factor 1/(1.1)** = 1/3.8, one Small pessimistic
assumption, accounting for a factor 1/1.2, and one Minor pessimistic assumption, accounting for a
factor 1/1.5.

Most of the optimistic direction comes from 20 Negligible optimistic assumptions, which together
account for a factor (1.1)*® = 6.7. The remainder is due to one Minor optimistic assumption (i.e.
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parameter s/\RNAV), accounting for a factor 1.5, another Minor optimistic assumption for encounter

scenarios 2 and 4 only, and one Small optimistic assumption, accounting for a factor 1.2.
53% of the Risk uncertainty (represented by U = 4.867) comes from the Considerable uncertainty in
parameter value pﬁ_tgﬁireq (ie. (IN5)?/4.867 = 53%). 14% comes from the Significant uncertainty in

parameter value SBNAV(i.e. (IN2.25 /4.867 = 14%), and another 14% comes from the Significant

uncertainty in parameter value P's req- The two other parameters in

Table 11 (each assessed to have Minor uncertainty) contribute to Risk uncertainty by 3% each. Most
of the remainder is due to 56 assumptions of Negligible uncertainty, which together have a 10%
contribution to U .
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6. Summary of results

The Sourdine Il safety assessment considers an operation as foreseen in the year 2015 at Schiphol. It
is expected that by then, Schiphol will accommodate 625,000 movements per year. To facilitate this
amount of aircraft, 2x2-runway usage is proposed. This implies two landing and two departure
runways are active simultaneously. Each runway has a capacity of 40 departures per hour or 34
arrivals per hour. The Schiphol TMA has the same size, the same patrtition in sectors, and the same
three Initial Approach Fixes (IAF’s) as in the present situation: RIVER, SUGOL, and ARTIP. For this
study new approach procedures have been developed. The main goal of these procedures is to
reduce noise load.

Obviously, a newly proposed concept of operation cannot be implemented if it is not sufficiently safe.
Therefore, the Sourdine 1l project includes a safety assessment of this proposed operation. This
safety assessment is documented in [S Il D4.2-2a], [S Il D4.2-2b] and a D4.2-2c being the current
document. Five conflict scenarios have been identified that represent all plausible ways in which
conflicts could occur and evolve in the operation (see [S Il D4.2-2a]), and each conflict scenario is
assessed using either an argumentation-based approach (results described in [S Il D4.2-2b]) or a
simulation-based approach (results described in current document).

The simulation-based approach is used on one conflict scenario, i.e. conflict scenario 4:

Conflict between two aircraft (one for 18R and one for 18C) of which at
least one is turning in to intercept its localizer, the other aircraft may
also be turning in or already be established on its own localizer.

This simulation-based approach uses four steps, as described in [S 1l D4.2-2a]:
1. Development of mathematical model

2. Model-based accident risk assessment

3. Bias and uncertainty assessment

4. Combination of results of step 2 and 3.

The bias and uncertainty assessment (step 3) judges all model assumptions adopted during the
model-based accident risk assessment (steps 1 and 2), and assesses the factor by which model-
based accident risk should be multiplied to compensate for the effect of these model assumptions.
The result of step 4 is an expected accident risk value and a 95% uncertainty area for realistic
accident risk due to uncertainty in parameter values.

The current document showed that for the concept of operation considered, under the limitations of
Section 3.3 of [S || D4.2-2a]:

The expected accident risk for conflict scenario 4 is equal to 8.8~ 10™'° per approach;

A 95% uncertainty area for the realistic accident risk for conflict scenario 4 per approach, due to
uncertainty in model parameter values is [5.3~ 10™, 43" 10'9].

As argued in [S 1l D4.2-2a], in this study it is assumed that the risk budget per conflict scenario is
equal to 1~ 10°. Under this assumption, an accident risk (per approach, for conflict scenario 4) lower
than 1~ 10° is considered TOLERABLE. An accident risk above 1~ 10 is considered UNACCEPTABLE. It
appears that about two thirds of the accident risk uncertainty distribution for conflict scenario 4 is in
the TOLERABLE risk region (i.e. Pr(Accident risk per approach <1 10°»» 2/3); the other third is in
the UNACCEPTABLE region. The expected accident risk result is in the TOLERABLE risk region.
Accordingly, since the weight of the 95% uncertainty area is both in the UNACCEPTABLE and in the
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TOLERABLE region, the risk associated with conflict scenario 4 is UNACCEPTABLE Or TOLERABLE. This
leads to the following risk tolerability matrix:

Table 12: Risk tolerability matrix for conflict sce nario 4
Severity ACCIDENT SERIOUS MAJOR SIGNIFICANT
Frequency INCIDENT INCIDENT INCIDENT
PROBABLE UNACCEPTABLE
REMOTE UNACCEPTABLE
NOT ASSESSED
EXTREMELY
REMOTE
EXTREMELY TOLERABLE
IMPROBABLE

The following figure gives the tolerability results in a little more detail, making use of the fact that for
the conflict scenario studied in this report, quantitative accident risk results are available.

Accident risk per conflict scenario per approach

1*10”

UNACCEPTABLE

1*10”

TOLERABLE

1*10™

Figure 5: Accident risk per approach for conflict s
risk, the area between the small square and small ¢

¢ < 4.3*10", Upperbound of 95% uncertainty area

# <—3.8*10", Expected accident risk

0 <€——5.3*10™, Lowerbound of 95% uncertainty area

»
»

Conflict scenario 4

cenario 4. The * denotes expected accident
ircle is the 95% uncertainty area.

Section 4.2 explained that the biggest contributor to model-based accident risk is the situation in
which an aircraft for runway 18R does not turn in for ILS, while an aircraft for runway 18C turns in for
ILS 18C. Main reasons why an aircraft would not turn in for an ILS localizer course are when, at the
ILS interception point, either the ILS ground facility or the ILS equipment of the aircraft is not working
or if an incorrect ILS localizer frequency is selected, while additionally these failures initially remain
undetected. From these three reasons, the last one (i.e. incorrect ILS localizer frequency is selected)
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is the most determining for risk, since its probability of occurrence is much higher than the probability
of occurrence of the other two reasons, and the risk sensitivity of this parameter is higher than for the
other two parameters (see [B&U assessment]). Hence, this issue can be regarded as a safety
bottleneck.

From the expert interviews (see [S Il D4.2-2d]), we find that incorrect ILS frequencies may especially
be selected in the context of changed set-up (e.g. runway change), However, the experts mention that
the controller gives the ILS frequency to the pilot, and there are several checks. In particular, a pilot
indicated that in most modern aircraft (over 50% of the current fleet at Amsterdam) selecting the ILS
frequency does not need a human action; it is auto-tuned after the selection of the approach
procedure in the FMS. One pilot does this, the other checks. Next the system ‘reads’ the ILS
frequency sent by the ground facility and checks the frequency. Before arming, thus before the
intercept, it is verified again. Possible causes of a selection of a wrong ILS are

A database error, e.g., runway 18R instead of 18C

If there exists an approach from RIVER to runway 18C then the pilot may select the wrong
runway.

An error when using a manual override in the FMS; then the ILS identifier (e.g., ‘PAMPA’ is
manually selected. This is rarely done, for instance when the auto-tune is not trusted).

The second bullet is definitively the most probable, but 9 of every 10 times this happens the air crew
will detect and recover. It is noted that not every selection of a wrong ILS will be the ILS of the parallel
runway, but this is the most probable one.

In less modern aircraft in which a manual selection of the ILS frequency is needed, one needs to read
this from the approach map. Note that most aircraft however feature the ‘modern’ selection discussed
above.

It should also be noted that it was assumed in the operational concept description that the autopilot
automatically drops LNAV once the localizer interception mode is engaged. This means that in case
the correct localizer frequency has not been selected the aircraft does not follow the defined route but
crosses the extended centreline. This operational concept assumption could be regarded as another
safety bottleneck.

A third important safety bottleneck was put forward by the two controllers and the pilot interviewed
during the bias and uncertainty assessment for this conflict scenario (see [S Il D4.2-2d]). They all
expected the biggest contributor to risk to be the fact that in this concept of operation (in contrast with
current Schiphol operations), there is no vertical separation between two aircraft turning in for their
respective ILSs for runways 18R and 18C. Indeed, if there would be 1000 ft vertical separation
between the two flows of traffic, the situation in which one aircraft does not intercept its ILS (i.e. the
safety bottleneck mentioned above) would not necessarily lead to loss of separation anymore, hence
the weight of the biggest contributor to risk as identified above would be reduced.

It is noted that these identified safety bottlenecks are not directly related to flying a CDA. The choice
taken by the operation designers to implement two CDAs with completely identical vertical paths on
the parallel runways however does cause that the aircraft cannot turn in for final approach with 1000ft
vertical separation. Furthermore it is noted that an important assumption taken was that the NTZ
stretches from the runway to beyond the ILS interception points; this is not in accordance with current
ICAO regulations.

An issue that might become subject for a next iteration is the set of biggest contributors to bias and
uncertainty, as given in Table 11. The existence of these contributors has made the model-based
accident risk deviate from realistic risk, and the aim of the bias and uncertainty assessment was to
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compensate for these deviations. The assumptions with a more than minor contribution to bias and
uncertainty are as follows:

Main contributors in bias:

Significant pessimistic bias due to the assumption that one arrival controller does not detect
NTZ penetrations from aircraft approaching the other parallel runway.

Significant pessimistic bias due to the assumption that the controller only gives a breakout
instruction to aircraft that are within (or past) the NTZ.

Main contributors in uncertainty:
Considerable uncertainty about the probability of having selected the wrong ILS frequency
Significant uncertainty about the vertical profile of the aircraft during the transition route.

Instead of compensating for the effects of these assumptions afterwards in a bias and uncertainty
analysis, another approach would be to reduce these effects by updating the mathematical model
(make it ‘more realistic’; less biased), or by gathering more statistic data or expert assessments to
reduce the uncertainty. However, one should judge first whether the possible improvement in the
results weighs up to the additional effort required to do this. In addition, any model adaptations may
lead to additional assumptions, yielding additional bias and uncertainty.

Another issue that deserves attention is the risk budget: As argued in [S Il D4.2-2a], in this study it is
assumed that the risk budget per conflict scenario is equal to 1 ~ 10°. Under this assumption, an
accident risk (per approach, for conflict scenario 4) lower than 1~ 10 is considered TOLERABLE. An
accident risk above 1~ 10 is considered UNACCEPTABLE. If the argumentation that leads to this risk
budget would be different, the risk budget could be different, and the tolerability results would be
different.
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Appendix A Model details

A.1 Aircraft type category percentages

Table 13 shows the traffic mix percentages per runway (18R and 18C) for the runway usage mode 2.
Following the concept of operation description in [S 1l D4.2-2a] the traffic mix for the year 2015 is as
currently.

Table 13: Traffic mix percentages per runway for Mo de 2 (18R and 18C).

Nr Aircraft type Percentage Percentage Category
RWY 18R (%) RWY 18C (%)

1 B747 7.4 7.4 Heavy
2a |(MD11 4.4 4.4 Heavy
2b [DC10

3 B767 4.7 4.7 Heavy

4  |A300 1.7 1.7 Heavy

5 B757 51 51 Medium

6 A320 7.7 7.7 Medium

7 B737 35.9 35.9 Medium
8a |(MD80 2.0 2.0 Medium
8b |MD90

9 BAel46 1.7 1.7 Medium
10a |F70 13.8 13.8 Medium
10b |F100
1l1a |F27 9.1 9.1 Medium
11b |F50
12 |ATR7 2.2 2.2 Medium
13 |ATR4 4.2 4.2 Medium

Table 14 shows the traffic flow (approaches) per hour of each runway (18R and 18C) for runway
usage mode 2 [S Il D4.2-2a].

Table 14: Traffic flow for runway combination durin g Mode 2 (18R and 18C).

Runway approaches/hr
18R 34
18C 34

A.2 Aircraft sizes
Table 15 shows the aircraft sizes for each aircraft type.
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Table 15: Aircraft sizes.

Nr Aircraft type Length d' (m) width d" (m) Height d" (m)
1 B747 70.7 64.4 19.4
2a MD11 61.2 51.7 17.6
2b DC10 61.2 51.7 17.6
3 B767 61.4 51.9 16.9
4 A300 54.1 44.9 16.6
5 B757 54.4 38.0 13.6
6 A320 37.6 34.1 11.8
7 B737 31.0 28.9 11.1
8a MD80 465 32.9 9.3
8b MD90 465 32.9 9.3
9 BAe146 28.5 26.3 8.6
10a F70 355 28.1 8.5
10b F100 355 28.1 8.5
11a F27 25.2 29.0 8.3
11b F50 25.2 29.0 8.3
12 ATR7 27.2 27.1 7.7
13 ATR4 22.7 24.6 7.6

A.3 Aircraft aerodynamic parameters
Table 16 shows the aircraft aerodynamic parameters for each aircraft type as available from [BADA

3.1].

Table 16: Aircraft aerodynamic parameters.

Nr Aircraft type EOW [kg] | MLW [kg] S[m7 Con Con
1 B747 180,000 260,000 512 0.022 0.045
2a |MD11 131,000 338.9 0.016 0.050
2b  |DC10 121,000 338 0.014 0.040
3 B767 89,900 145,150 283.3 0.014 0.049
4 A300 90,000 260 0.018 0.065
5 B757 64,500 101,605 185 0.020 0.047
6 A320 41,800 122.4 0.028 0.040
7 B737 31,900 105.4 0.020 0.055
8a |[MD80 36,500 118 0.021 0.047
8b  [MD90
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9 BAel46 23,900 77.3 0.020 0.036
10a F70 22,800 93.5 0.023 0.048
10b F100 22,800 93.5 0.022 0.041
1la F27 12,000 70 0.024 0.041
11b F50 12,000 70 0.022 0.034
12 ATR7 12,950 21,850 54.5 0.030 0.038
13 ATRA4 11,250 18,300 54.5 0.030 0.038

Table 17 shows the aircraft engine parameters for each aircraft (engine) type as available from [BADA
3.1].

Table 17: Aircraft engine parameters.

Nr Aircraft type Engine Type Crca Cic2 Crc3 Pidie
1 B747 jet 626680 18153 0 0.1
2a  |MD11 jet 470000 11582 2.26407 0.1
2b  |[DC10 jet 325000 17255 3.3420™" 0.1
3 B767 jet 296000 15514 45120 0.1
4 A300 jet 271000 14356 3.3420™ 0.1
5 B757 jet 192080 17252 2.06:40"° 0.1
6 A320 jet 140590 18196 0 0.1
7 B737 jet 112800 14849 9.5040™"° 0.1
8a |MD80 jet 132120 14919 5.9340° 0.1
8b  [MD90 jet 132120 14919 5.9320™ 0.1
9 BAel46 jet 79600 8504 5.25%07 0.1
10a |F70 jet 87000 10973 3.12207 0.1
10b  [F100 jet 76849 13675 1.4540° 0.1
1la [F27 prop 1543333 16154 3.801.0° 0.1
11b  |F50 prop 2273844 11278 6.5040° 0.1
12 |ATR7 prop 1774833 13746 7.001.0° 0.1
13 |ATR4 prop 1774833 13746 7.00%.0° 0.1

A.4 Speed profiles

Table 18: Indicated airspeed profile during approac  h procedure

RIVER 1B/SUGOL 1B SEGRU 1

Top of Descent (TOD) 220 kts 220 kts
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NARSI 200 kts n/a
REGRU n/a 200 kts
FAF 180 kts 180 kts
oM 165 kts 165 kts
THR FAS (Table 19) FAS (Table 19)

The final approach speed (FAS) is uniformly distributed between the lower bound and upper bound
that are given, per aircraft category, in Table 19. This table is based on ICAO values for the speed
above threshold [ICAO PANS-OPS II].

Table 19: Landing airspeed uniform density paramete  rs.

Speed category Airspeed lower bound Airspeed upper bound
Cat A (Light) 70 kts 90 kts
Cat B (Medium-Prop) 90 kts 120 kts
Cat C (Medium-Jet) 120 kts 140 kts
Cat D (Heavy) 140 kts 165 kts

A.5 Aircraft deceleration
From BADA [BADA 3.1] we use the total-energy model:
dh dv
- DV =mg(h)—+mV —
(T-D) g(h) pm pm
with T the thrust, D the aerodynamic drag, V the airspeed, m the mass of the aircraft and g the earth
gravitational force, such that

T=p>Ci1(1- h/Cy o + hZCtC’3) for jet-aircraft
T =p3(Cic1(1- h/Cy2)/V +Cyc 3) for Turboprop-aircraft
T =p3(Cic1(1- h/C2)+Cic3/V) for piston-aircraft

where the BADA coefficients are specified such that height h is in ft, and true airspeed V in kts. Thrust
setting p indicates the amount of thrust applied, with p = 0.1 for idle-thrust and p = 1 for max thrust.
Furthermore, the drag D is evaluated using

_ 2
D=2 r(hV?SCp
where r is the air density at height h, S is the wing area and Cy, is the drag coefficient, evaluated as:
_ 2
Cp =Cpo +Cp2C{
where Cpo and Cp, are BADA coefficients and C, is the lift coefficient, which is determined as:

_ 2mgcosg

C 2
r(hv2s

with gthe flight-path angle. The atmospheric circumstances are given by:
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2
r
h) =
g(h)=go h
dJo
{204y
ry=re 1+ R withm=
To r+h

Furthermore, the time derivative dh/dt is evaluated as:

dh
— =V, tan
at eend

with the ground-speed V4 determined from the true airspeed as (using V,, = V4 tan g):

V = (Vg c0S(€) - Wy (1) + (Vg sin(c) - wy (W) + (Vi +w, ())?
where c is the course of the aircraft and (wy (h),wy (h),w;(h)) is the wind vector at height h.

The derivative of the true airspeed is now given as:

dh
av _ (T - DV - mga
dt mV
A.6 Wind

The horizontal wind speed at height z is given by [Gurke and Lafferton, 1997]
|n+
Wy (2) __ Zroughness Wx,m
Wy (Z) |n27m Wy,m
Zroughness

where (W)(‘m,Wy‘m)T denotes the horizontal wind at measured height z,, and z,qygnness IS @ roughness

parameter. The roughness parameter value for Schiphol is 0.1 [KNMI, 1997]. With measured height

|n+
Zroughness

zm = 10 m and height z = 2000 ft, this means the factor is 1.9.

In——"—
Zroughness

A.7 Runway configuration parameters

ILS parameters

The runway co-ordinates for the Localizer (LOC), Localizer Course Width (LCW) and ILS GP antenna
are:

Table 20: Runway parameters.

Runway 18R Runway 18C
Localizer distance from threshold 3840 m 3551 m
Localizer Course Width at 210 m 210 m
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threshold

ILS glide path antenna distance 314 m 308 m
from threshold

A.8 No Transgression Zone
According to ICAO [ICAO, 1988], a No Transgression Zone (NTZ) is defined with the following
dimensions

Table 21: NTZ dimensions

Width of NTZ 0.3 NM

Length of NTZ 14.5 NM

Start of NTZ 0.5NM after THR 18C

Centerline of NTZ In the middle of the two extended centerlines
from runway 18R and runway 18C

The operational use of the NTZ is as follows [E-mail Beers]:

“All traffic, of the two arrival air traffic controllers (ARR-ATCos), must be separated by, at least, the
standard separation (3 NM or 1000 feet), until the ILS localizer final approach track of the concerned
runway has been intercepted. Between the aircraft on the same ILS localizer final approach track a
minimum separation of 3 NM must be maintained, between aircraft on different ILS localizer final
approach tracks no minimum radar separation is required. The ILS interception proceeds according to
the ICAO requirements. The ARR-ATCos monitor all approaches and make sure that aircraft do not
fly into the No Transgression Zone (NTZ). If an aircraft does fly into the NTZ, aircraft on the other ILS
localizer final approach track are given immediate avoidance instructions (course and/or altitude
instructions). The ARR-ATCos should perform timely co-ordination, where the responsibility of
detecting the infringement of the NTZ resides with ARR-ATCo of the concerned runway.”

A.9 ILS overshoot

Using FANOMOS data, selected for an accuracy analysis of RNAV-based night-time transitions at
Schiphol Airport [Smeltink, 2003], the maximum overshoot during ILS localizer capture can be
modelled through an exponential distribution with mean m'é*. This mean value was determined

through the analysis of 484 flight tracks of the current nighttime CDA transition to runway 18R at
Schiphol Airport. This CDA transition has an localizer intercept angle of 50 degrees, such that the
found mean value must be corrected for the localizer intercept angle of 30 degrees which is used in
this study. This is done through

ax _ tan(30°) max

LS tan(50°) LS,Data

where '&bata is the mean value found in the analysis of the flight tracks. The mean value found
from the data and the mean value used for ILS overshoot in this study are given in Table 22.

Table 22: ILS overshoot during localizer capture.

‘ Runway 18R Runway 18C
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Mean value for ILS overshoot 7f'&paa 185 m 185 m

with localizer intercept angle 50°

Mean value for ILS overshoot nf'&* with 90 m 90 m

localizer intercept angle 30°

The probability density function resulting from the data and the fitted exponential density functions are
given in Figure 6.

. Probability density functions for ILS overshoot during localizer capture
10 E T T T T T T T T T T T

pdf resulting from data
vershoot

107 — — exponential pdf with mean value E
3 nfLS,Data vershoot

—— exponential pdf with corrected mean value nfLS

10" F 3

107 F "~ 3
10 ¢ T~ E

107 F T E

107 ¢ E

107 ¢ 3

10 |
10 | | | | | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000

ILS overshoot [m]

Figure 6: ILS overshoot during ILS localizer captur  e.

A.10 Collision determination

Each aircraft can be represented by a cylinder. The radius of the cylinder is given by the maximum of
the aircraft length and aircraft width. The height of the cylindrical shape is given by the height of the
aircraft. An example is given in the following figure:
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max(d],d}")

Figure 7: Aircraft representation for collision ris k determination.

With the dimensions di' , d¥ and dih of aircraft i, define the radius R; and the half height d; as
R, =max{d/,d"}/2
di =dM/2

A collision is said to occur if

a) There is overlap in vertical direction, i.e. ‘zi - zj‘ £d, +dj AND

b) There is overlap in horizontal plane, i.e. \/(xi - xj)2 +(yi - yj)2 £R; +R;

where (xi, yi, zi) is the center position or aircraft i. It is assumed that the inclination angle of the aircraft
is not influencing the dimensions of the cylinder.
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Appendix B Model Parameters
Sources for all parameter values are provided in [DCPN].
B.1 Aircraft parameters
Parameter ‘ Explanation Value
Aircraft Type- i
L Lower bound of aircraft weight factor 0.5
Uy Upper bound of aircraft weight factor 1.0
Idle throttle setting 0.1
Pidie
Aircraft Evolution- i
5 RNAV Standard deviation of lateral deviation during transition route 225 m
5 RNAV Standard deviation of vertical deviation during transition route 10m
s \I/?NAV Standard deviation of lateral velocity during transition route 5m/s
s \l/?rA\JAv Standard deviation of vertical velocity during transition route 1m/s
ngAv Noise level of lateral velocity during transition route 1
ng?NAV Noise level of vertical velocity during transition route 0.1
slts Standard deviation of lateral deviation during ILS at 1200 meter | 16.4 m
1200 from threshold
sLS Standard deviation of lateral deviation during ILS at 4200 meter | 36.6 m
4200 from threshold
sLs Standard deviation of lateral deviation during ILS at 7800 meter | 69.6 m
7800 from threshold
slts Standard deviation of vertical deviation during ILS at 1200 meter | 5.8 m
1200 from threshold
slLs Standard deviation of vertical deviation during ILS at 4200 meter | 13.6 m
4200 from threshold
sls Standard deviation of vertical deviation during ILS at 7800 meter | 27.4 m
7800 from threshold
glts Standard deviation of lateral velocity during ILS 5m/s
v,
S\I/LAS Standard deviation of vertical velocity during ILS 1m/s
bI2LS Noise level of lateral velocity during ILS 1
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béLS Noise level of vertical velocity during ILS 0.1
9 Standard acceleration of free fall 9.80665 ms™
h Vertical temperature gradient -0.0065 Km™
R Gas constant 287.05287 m’sK™
ro (ISO) air density at sea level 1.225 kg m™
To (ISO) Temperature at sea level 288.15 K (= 15° C)
Whreak-out Rate of turn during break-out manoeuvre 6°/sec
straight Length of straight segment after break-out turn of after missing | 10 NM
ILS interception point
hm Height at which wind strength is measured 10m
Zroughness Roughness parameter for Schiphol Airport 0.1
ax Mean overshoot during ILS intercept 90 m
Aircraft Modes- i
Wum Rate of turn 3°Is
dcpa Along track distance during CDA 34913.32 m
dis Along track distance during ILS 17157.00 m
Weather
wmax Maximum strength of wind at 10 meter 25 kts
W|Cower Lower limit of wind direction -90°
w upper Upper limit of wind direction +90°
Entrance List
D Landing interval for runway 18R 105.88 sec
D Landing interval for runway 18C 105.88 sec
B.2 Aircraft Crew parameters
Parameter ‘ Explanation Value
Crew Performance- i
el,busy Mean duration of the Relaxed state 1hr.
AC,crew
usy,rel Mean duration of the Busy state 300 sec.
AC,crew
Conflict detection- i
pgt(e:t:grrgc\:\lr,rel Probability of erroneous clearance understanding in Relaxed | 0.005

mode.
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pdet,error,busy Probability of erroneous clearance understanding in Busy mode. | 0.01
AC,crew
Conflict actions- i
,ﬁA:ganict,Rel Mean time before action upon conflict when crew is relaxed. 2 sec.
,crew
onflict,Busy ean time before action upon conflict when crew is busy sec.
e M time bef ti flict wh is b 3
AC,crew
B.3 Arrival Controller parameters
Parameter ‘ Explanation Value
LPN Monitoring generator-
pnoninterval | Mean duration of awaiting, i.e. mean duration between two | 4 sec
ATCo monitoring actions.
LPN Conflict Actions- |
uration Mean duration of clearance specification 2 sec
learance
nguration Mean duration of clearance specification 2 sec
oordination
B.4 Communication Systems parameters
Parameter ‘ Explanation Value
LPN VHF Com Aircraft- i
%r?‘dA‘é' Mean duration of Nominal  Delaying 21752.75 sec
om,down Mean duration of Nominal  Down 899100 sec
HF,AC
el,nom Mean duration of Delaying  Nominal 780.68 sec
HF,AC
ﬂig%v(v:n Mean duration of Delaying  Down 899100 sec
oHv'\én,Angm Mean duration of Down ~ Nominal 1800 sec
own, del Mean duration of Down  Delaying 1800 sec
HF,AC
del Mean communication delay in Delaying 5 sec
T'VHF,AC
LPN VHF Com ATCo- j
m'%lc Mean duration of Nominal  Delaying 1575600 sec
s 0
?_in;,dAc_Jl_v(v:n Mean duration of Nominal  Down 2399400 sec
s 0
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el,nom Mean duration of Delaying  Nominal 18136 sec
HF,ATCo
el,down Mean duration of Delaying  Down 2399400 sec
HF,ATCo
own,nom Mean duration of Down ~ Nominal 1200 sec
HF,ATCo
own,del Mean duration of Down  Delaying 1200 sec
HF,ATCo
del Mean communication delay in Delaying 5sec
VHF,ATCo
LPN VHF Com Ground
pdown Probability of Down 140°
VHF,Ground
own, nom Mean duration of Down  Nominal 5 min
HF,Ground
LPN VHF Com Frequency- i
th ili _ =
p\(/)HFerFreq Probability that crew has selected a wrong frequency 140
B.5 Navigation parameters
Parameter ‘ Explanation Value
LPN ILS Ground- j
own Mean duration of Down  Nominal 10 min.
LS,Ground
d e -7
pIL%vyground Probability of undetected ILS Ground Down 5X0
LPN ILS equipment aircraft- i
g — - =
pII_osv’v’r&(: Probability of undetected ILS equipment Down 5X0
own,nom Mean time of ILS equipment Down 10 min
LS,AC
LPN ILS frequency- i
h o n -5
plol_ts‘,aFrreq Probability of having selected the wrong frequency 140
pivrong Probability of selecting the ILS frequency of the wrong runway 540°
ILS,Freq
B.6 Surveillance parameters
Parameter ‘ Explanation Value

LPN Surveillance availability
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down Probability of Surveillance Down 540°
pSurv,AvaiI
”gown,nom Mean time of Surveillance Down 15 min

urv, Avail
LPN Surveillance Data- i

Rad i ing ti 8s.

Tup%a?é (TAR) Tracking sampling time 48s
a filter gain 0.8
b filter gain 1
Ox Noise level in x-direction 50m
Oy Noise level in y-direction 50m
0, Noise level in z-direction 5m
LPN Radar Display- j

D oy . . _4
pRgdwgr‘DiSplay Probability of Radar Display being Down 140
ngown , Mean time of Radar Display being Down 5 min.

adar,Display

qw Width of No Transgression Zone 600 m

NTZ
c Course of NTZ centreline 183.3°

NTZ
XNTZ x-position of the starting point of the NTZ 52°21(35¢«
YNTZ y-position of the starting point of the NTZ 4°43(38¢

Page 59




Safety assessment of approach
procedure II-A on Schiphol airport

(Simulation-based analysis)

Public

Appendix C Collision Risk equations

This appendix describes the collision risk equations to be used for the collision risk evaluation within
the simulation-based safety assessment for conflict scenario 4.

For both aircraft, at the moment the aircraft passes the localizer interception point, we distinguish
between three cases:

1. The aircraft will intercept the correct localizer course with a possible overshoot
2. The aircraft will intercept the localizer course of the other runway with a possible overshoot
3. The aircraft will not intercept a localizer course.

For case 1, the ILS ground facility of the runway must be working, the ILS equipment onboard the
aircraft must be working and the correct ILS frequency must be set. For case 2, the ILS ground facility
of the other runway must be working, the ILS equipment onboard the aircraft must be working and the
ILS frequency for the other runway must be set. For case 3, the ILS ground facility for the selected
ILS frequency is down, or the aircraft ILS equipment is down or none of the two ILS frequencies is
selected. These three cases for both aircraft leads to the 9 different encounter scenarios to be
evaluated (see Table 2).

To account for possible different traffic flows per approach path, we distinguish between the collision
risk per approach via the RIVER/SUGOL 1B transition (AZ8Y ) and the collision risk per approach via

the SEGRU 1 transition (A(l;%a). Let K be the set containing the nine different encounter scenarios,
then these two collision risks can be written as:

A18R _ 18R -
Acsa ‘k TKRCS4|k(kS)XP{k =ks} (B.1a)
S

A18C _ 18C -
Acsa ‘k TKRCS4|k(kS)XP{k =ks} (B.1b)
S

where A(l:%mk(ks) and AéBSC4|k(ks) are the conditional collision risks per approach and where

P{k = k¢} is the probability for each encounter scenario ks 1 K. The probabilites P{k =k} are
evaluated using the law of total probability:
Pk =ks}=
al KiE g KiE B Ky hiTKAc /iiKli=req /jiKl;req
Pl =ks |KIS =aihiS =k =hKhe =hjktreq =/ ik e =/ 3% (8.2
PIIE = PPUNS =q)1P ke =Pk A =0V PikEreq =/ 1P lkLeq =/ 1)

with KlngsR the set of all states of ILS Ground-18R (Up or Down), KllLBSC the set of all states of ILS

Ground-18C (Up or Down), KiAc the set of all states of ILS equipment aircraft-i (Up or Down), K/jxc

the set of all states of ILS equipment aircraft-j (Up or Down), K,i:req the set of all values of ILS

frequency-i (18R, 18C, none) and K,i the set of all values of ILS frequency-j (18R, 18C, none).

req
Here, index i represents an aircraft on the RIVER/SUGOL 1B transition and index j represents an
aircraft on the SEGRU 1 transition.

Next, we continue with the evaluation of the conditional collision risks. Define #; as the time at which

the aircraft on the RIVER/SUGOL 1B transition passes the localizer interception waypoint (EH708).
The aircraft has passed the localizer interception waypoint when the aircraft passes a line through the
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waypoint EH708 and perpendicular to the reference flight path before the localizer interception point.
Similarly, define ¢; as the time at which the aircraft on the SEGRU 1 transition passes the localizer

interception waypoint (EH700). The aircraft has passed the localizer interception waypoint when the
aircraft passes a line through the waypoint EH700 and perpendicular to the reference flight path
before the localizer interception point.

If an aircraft gets a breakout instruction from the controller before the ILS localizer interception point is
reached, the time at the ILS interception point is estimated using the current state of the aircraft and
extrapolating this state until the ILS interception point is reached.

Now define P 0II|k(k ) as the collision risk for an aircraft i on the RIVER/SUGOL 1B transition route

with an aircraft j on the SEGRU 1 transition route given encounter scenario k1 K. Then, we can

write the conditional collision risk per encounter scenario for an aircraft approaching via the
RIVER/SUGOL 1B transition as follows

A(1388R4|k(ks): J co|||/((k) (B.3)

Now, by conditioning on the localizer interception point passing times we have

¥ ¥
18R _ i o
Acsak (Ks) = iy ¥Pc”o|||k,ri,tj(ks,t,S)XP{ti =t,¢; = s}dsdt
¥
:j , ¥Pc0II|kz‘ ‘i (ks t,8)P{t; =t|1; =s}P{r; =s}dsdt. (B.4)

Now, let ¢ be the time at which the aircraft on the SEGRU 1 transition passes the localizer
interception point, then

¥

AcEks) = Pc!olllkt ¢ s LE)PAL =t =23t (B5)
J -

Following assumption NA.1 that no collision can occur when |tj - ti| >u, we have that

AtSaks) = cholllkt ¢ kst + L)Y =L+t (8.6)
J -

Let Dj be the time between two consecutive aircraft on the SEGRU 1 transition, then we have

2u u ..
A(l:SSRzuk(ks):E Peolk i ¢ ks L FLL)AL (B.72)
J-u

Similarly, for an aircraft on the SEGRU 1 transition route, the collision risk with an aircraft on the
RIVER/SUGOL 1B transition can be written as:

2u
ACSaks) =3 Pc'omkf ¢ kst + )t (B.7b)

where Dj is the time between two aircraft on the RIVER/SUGOL 1B transition.

Comparing equation (B.7a) and equation (B.7b), we can write, using equations (B.1a) and (B.1b)
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A K
Acs, =Pk = ks}x

u .
1
oot ¢ | Ksrt 1)t (B.8)

u

such that AR =(2u/Dj)x AfLS, and ALS =(2u/D))x AL, .
S kS

In the following we will further evaluate equation (B.8) for the different encounter scenarios.

C.1 Risk equations for encounter scenario 1
For encounter scenario 18R Correct x 18C Correct (k1), we can evaluate the term in the integral of

equations (B.8) further through conditioning on the ILS overshoot distance of aircraft i:

) ¥ o
j - j
Peollkti ¢} ksl +61) OPcolllk,ti,tj,di”'S (Ks.t +t,z‘,x)><pdi”_s (x)ax . (B.9)

Note that, considering the geometry of the approach routes, it is more convenient to condition on the
maximum ILS overshoot of aircraft i than on aircraft j. For completeness, we have the following
equation to evaluate the collision risk for encounter scenario k4, using equations (B.8) and (B.9):

¥ u
Akl _— _ ij
A =P{k =k} x P kq,t +1,t,x)dt X x)dx .
CS4 { 1} o -u CO|||/(,l‘i,lj,di|LS( 1 ) diILS( ) (B 10)

C.2 Risk equations for encounter scenarios 2, 3,4 and 7
For encounter scenarios 18R Correct x 18C Wrong (45 ), 18R Correct x 18C Not (k3), 18R Wrong x

18C Correct (k) and 18R Not x 18C Correct (k7 ), we define the following:

- Stopping time f; =min(¢;,7;). Note that f;; is never an estimated value since the first ILS
interception time must always exist, otherwise no breakout instruction can be given.

- Communication for aircraft i: q(i;ommT {Up,Down} where q(i;omm =Up when VHF Com Aircraft-i
is Nominal or Delaying, VHF Com ATCo-18R is Nominal or Delaying, VHF Com Ground is
Nominal and VHF Com Frequency-i is ARR. The communication q(ijomm =Down in all other
cases.

- Communication for aircraft j: qéommT {Up,Down} where qéomm =Up when VHF Com Aircraft-j
is Nominal or Delaying, VHF Com ATCo-18C is Nominal or Delaying, VHF Com Ground is
Nominal and VHF Com Frequency-j is ARR. The communication qéomm =Down in all other
cases.

- Surveillance for controller 18R: qéﬁff,i {Up,Down} where qéﬁff, =Up when Surveillance

Availability is Nominal and Radar Display-18R has a token in Data. The surveillance

18R _ :
Qsyry =Down in all other cases.

- Surveillance for controller 18C: qéﬁﬁ,i {Up,Down} where qéﬁﬁ, =Up when Surveillance

Availability is Nominal and Radar Display-18C has a token in Data. The surveillance

18C _ :
G5y =Down in all other cases.
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Next, define
Up if q{;omm =Upattimet (t ££)
k(i:omm‘t = Down if q(i:omm =Down attimet (t £¢)
i .
kComm,tij ifts Lij
_ Up if qéomm =Upattimet (t £¢;)
K ommi = Down if 9 omm =Down attimet (t £2)
i i ,
kComm,tij ifts t'J
. Up if qéﬁﬁ, =Upattimet (t £¢;)
KSurvt = Down if geoR =Down attimet (t£¢)
| .
kSuI’V,l‘i ift3 [i
and
. Up ifqéﬁﬁ,:Upattimet(tEIj)
kot = Down if geoC =Down at time t (t £t))
i i .
kSurv,tj ifts tJ

We define the event sequence classification process as:
kt” = {k(llomm,tlk(J:omm,tlkISurv,tlkéurv‘t}
By conditioning on the defined event sequence classification process, we get from equation (B.8):

ij _ ij ij [
Pm”'k’[i'tj(ks,t +t,0) = P i (ksit +t,z‘,k1)>4=‘{/<[S = k")

4l i colkzij A (B.11)

where ¢4 is defined as:
o= t; ifs=4or7

S t; ifs=20r3
and K/ is the set of all possible values for the event sequence classification process.
We have the following equation for evaluating the collision risk by using (B.8) and (B.11):

u

A ks _ _ j j i — .
Al , =Pk =k }x P kg, b+t k7 )dt Pk, =k

cea =P{ st i oottty .41 (ks JdtP ik, } (B.12)

.. i
KK ts

fors=2,3,4and 7.

C.3 Risk equations for encounter scenarios 5, 6,8 and 9
For encounter scenarios 18R Wrong x 18C Wrong (45), 18R Wrong x 18C Not (4g), 18R Not x 18C

Wrong (kg) and 18R Not x 18C Not (kg ), we use equation (B.8) for evaluating the collision risk.
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C.4 Numerical evaluation of integrals
For the evaluation of the integrals in the equations above, we use the composite trapezoidal rule
[Atkinson, 1989]. The trapezoidal rule is as follows:

b
f(x)dx » %(b - a)(f(a) +f(b))
a
This rule is based on approximating the function f(x) by the straight line joining (a, f(a)) and (b, f(b)).
The error formula for this rule equals
b )3
Eilf) = 13- 1(b- a)i(a) +1(o) = - L2 @
a

for some x1 [a,b], given that f(x) is twice continuously differentiable on [a,b].

For [a,b] not sufficiently small, we use the composite trapezoidal rule, which is based on writing the
integral as a sum of integral over smaller subintervals, i.e.

b a+h a+2h a+(n-1h a+nh=b
f(x)dx = f(x)dx+ f(x)dx+ + f(x)dx + f(x)dx =
a a a+h a+(n-2)h a+(n-Dh
n a+ih n
= f(x)dx = %(a+ih -(@+(-Dh)(F(@+ (- DHh)+f(a+ih)) =
i=la+(i- Dh i=1

= hx{%f(a)+n_lf(a+ih)+%f(b)}
i=1

where h =(b- a)/n . For the error in the composite trapezoidal rule we have
_(b- a)h? .
12

for some x1 [a,b].

En(f) = ®)
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Appendix D Simulation results

The evaluation of the collision risk for conflict scenario 4 is based on Monte Carlo simulation for nine
encounter scenarios that are defined in Section 2. In this appendix the Monte Carlo simulation results
are presented for these nine encounter scenarios in appendices D.2 - D.10. First, in appendix D.1 the
encounter scenario probabilities are evaluated.

D.1 Encounter scenario probabilities
The probabilities of the encounter scenarios considered are evaluated in this section. Recall from
Appendix B, equation (B.2), how the encounter scenario probabilities are evaluated.
Pk =ks}=
18R 7 18C i Tl 7K Pl
s 9 Kiis B Kac ATKAC /il Kireq /1T Khreq
Plk =ks | Ki'S =GiKiS =05 Kne =i khc =) Kbreq =/ 1 Kreq =/ 1}
PR =g PSS =g )Plkpe MYtk =h}Pikbeq =/ i} Pikbeq =/ 1}

Gl K

We have the following probabilities from [DCPN]:

P{kL3R =up} 1-5.040" | pgxl . =Up} 1-5.0407 | pikfoq =Correct} | 1-1540°
P{/(IlL8$R = Down} 5.040 P{k,iAC = Down} 5.040" P{kli:req e 5.0%0°
P{kiS =Up) 1-5.020" | pl - =up} 150407 | p(khoq =Other} | LOR0°
P{ki% = Down} 5.040" P{k}. =Down} 5.040" P{/(éreq =Correct} | 1 15407
P{kf1eq =Wrong} 5.040"
Pikl,eq =Other} | 10407

With these probabilities we can construct the following table for the encounter scenario probabilities
by (analytical) evaluation of the equation above:

Table 23: Encounter scenario Probabilities

18C Correct 18C Wrong 18C Not

18R Correct 9.9997 x10* 5.0 x10® 1.1 x10°
18R Wrong 5.0 x10°® 25x10™" 5.3 x10™"
18R Not 1.1 x10” 5.3 x10™" 1.3 x10™

D.2 Encounter scenario 1: 18R Correct x 18C Correct

Within encounter scenario 18R Correct x 18C Correct, the collision risk is evaluated for two aircraft,
one on the RIVER/SUGOL 1B transition towards runway 18R and one on the SEGRU 1 transition
towards runway 18C, for the case

- the aircraft on the RIVER/SUGOL 1B transition is intercepting the ILS of runway 18R and
- the aircraft on the SEGRU 1 transition is intercepting the ILS of runway 18C.
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The collision risk is evaluated using equation (B.10), i.e.
AlL, =Pk =ky) < U pi L (Kt +2,x)dtp | o (x)dx
0 -u Colllkiitj.d; d,
=P{k = kq} Xz Pcijo|||k,di'LS (k1,X)Xpdi|LS (x)dx
The results of the Monte Carlo simulations are given in Table 24, where
- Probability denotes pdi'LS (x); and
- Conditional collision risk denotes Pcuolllk,di”‘s (k1,%);
Table 24: Monte Carlo simulation results for 18R Co  rrect x 18C Correct.
Monte Carlo simulations for 18R Correct x 18C Corre  ct
diILS Probability Co_ur_1ted Numbgr of Co_ngjitiorjal
collisions simulations collision risk
1000 1.66%07 5 301,000,000 1.99x10°
1250 1.0320° 119 301,000,000 3.9940"
1500 6.4220™"° 1343 301,000,000 4.4740°
1750 3.9940™ 1169 30,100,000 3.8940”
2000 2.4840™ 7057 30,100,000 2.3540"
2250 1.54407" 19508 30,100,000 6.4840™
2500 9.5940™" 23862 30,100,000 7.9320"
2750 5.9740™° 24540 30,100,000 8.1540™
3000 3.7120™" 24757 30,100,000 8.2310™

The collision risk is now evaluated by (exponentially) extrapolating the results for the conditional
collision risk towards di'LS =0and di'LS =4000. This is shown in Figure 8.

Conditional collision risk versus ILS overshoot

10° T T T T
—— Simulation
. Extrapolation

Conditional collision risk

. . . . . . .
0 500 1000 1500 2000 2500 3000 3500 4000
Maximum ILS overshoot d:Ls for aircraft i [m]
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Figure 8: Conditional collision risk versus maximum ILS overshoot for aircraft i.

Then, equation (B.10) is used to evaluate the collision risk. The results are specified in Table 25.

Table 25: Collision risk results for 18R Correct x 18C Correct.

Collision risk results for 18R Correct x 18C Correc t

Conditional Collision Risk 5.07%0 ™"
Probability for 18R Correct x 18C Correct 9.99968%0™"
Collision Risk for 18R Correct x 18C Correct 5.07%0™"

D.3 Encounter scenario 2: 18R Correct x 18C Wrong

Within encounter scenario 18R Correct x 18C Wrong, the collision risk is evaluated for two aircraft,
one on the RIVER/SUGOL 1B transition towards runway 18R and one on the SEGRU 1 transition
towards runway 18C, for the case

- the aircraft on the RIVER/SUGOL 1B transition is intercepting the ILS of runway 18R and
- the aircraft on the SEGRU 1 transition is intercepting the ILS of runway 18R.

The collision risk is evaluated using equation (B.12), i.e.

u
A, =Plk=k}x ) pl o (kz,r+t,r,k”)dt>43{kt”j ="}
kIJTKij -u colllktingy, tj
=Pk =hobx *Pcijomkkij (kz’kij)xp{kfijj =k}
K" Kij Tt

where Kﬁ is an aggregated version of Kj. The results of the Monte Carlo simulations and the
resulting collision risk values are given in Table 26, where

- Probability denotes P{k[ijj =k},

- Conditional collision risk denotes Pij (/(2,/(”) ; and

j
coll |k’kt j

- Collision risk denotes P ) (kz,kij)xp{/(} = kY.
col ,kI"J. J

Ik

Table 26: Collision risk results for encounter scen ario 18R Correct x 18C Wrong

Monte Carlo simulations for 18R Correct x 18C Wrong

Communication Probability Counted Number of Conditional Collision
collisions simulations collision risk
risk

Surveillance for 18C controller Working

18R Up x 18C Up 9.9740™ 14 5,000,000 3.0040° 2.9940°

18R Up x 18C Down 1.3540° 68 1,000,000 6.9040° 9.3040°
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18R Down x 18C Up 1.35%07 73 1,000,000 7.4040° 9.9740°
18R Down x 18C Down 1.1840° 1220 100,000 1.2240° 1.44207

Surveillance for 18C controller Not Working
Not conditioned 1.5020" 981 100,000 9.8240° 1.4720°
Conditional collision risk for 18R Correct x 18C Wr ong 4.80%0°
Probability for 18R Correct x 18C Wrong 5.00%0°
Collision Risk for 18R Correct x 18C Wrong 2.40%01

D.4 Encounter scenario 3: 18R Correct x 18C Not

Within encounter scenario 18R Correct x 18C Not, the collision risk is evaluated for two aircraft, one
on the RIVER/SUGOL 1B transition towards runway 18R and one on the SEGRU 1 transition towards
runway 18C, for the case

- the aircraft on the RIVER/SUGOL 1B transition is intercepting the ILS of runway 18R and
- the aircraft on the SEGRU 1 transition is not intercepting an ILS.

The collision risk is evaluated using equation (B.12), i.e.

u
‘K3 oo i i i = i
A =Pk = ko) x P o (kg t 1,8, k7 )dtPLk] =k
csa =P{ 3} i i -0 co|||k,[i,tj,k;1j( 3 )dt <P { 3 }
=Pk =kgtx PV (ke k)P = k)
it KG coll &,k I

Z

- where KE is an aggregated version of K; . The results of the Monte Carlo simulations and the
resulting collision risk values are given in
Table 27, where

- Probability denotes P{k}jj =k}

- Conditional collision risk denotes Pij

i (k3,k"); and
coII|k,ktJJ_

- Collision risk denotes PV . (ks k")P{k) =kU}.
co|||k,k[1, j

Table 27: Collision risk results for encounter scen ario 18R Correct x 18C Not

Monte Carlo simulations for 18R Correct x 18C Not

Communication Probability Counted Number of Conditional Collision
Collisions Simulations Collision Risk
Risk
Surveillance for 18C controller Working
18R Up x 18C Up 9.9710* 15 5,000,000 3.2040° 3.1940°
18R Up x 18C Down 1.35407 14 1,000,000 150407 2.0240°
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18R Down x 18C Up 1.35%07 41 5,000,000 8.4010° 1.1340°
18R Down x 18C Down 1.1840° 94 100,000 9.5040™ 1.1240°

Surveillance for 18C controller Not Working
Not conditioned 1.5020" 78 100000 7.9040™ 1.19407
Conditional collision risk for 18R Correct x 18C No  t 3.35%0°
Probability for 18R Correct x 18C Not 1.10%0°
Collision Risk for 18R Correct x 18C Not 3.69%0™!

D.5 Encounter scenario 4: 18R Wrong x 18C Correct

Within encounter scenario 18R Wrong x 18C Correct, the collision risk is evaluated for two aircraft,
one on the RIVER/SUGOL 1B transition towards runway 18R and one on the SEGRU 1 transition
towards runway 18C, for the case

- the aircraft on the RIVER/SUGOL 1B transition is intercepting the ILS of runway 18C and
- the aircraft on the SEGRU 1 transition is intercepting the ILS of runway 18C.

The collision risk is evaluated using equation (B.12), i.e.

u
A K i i i i
A%4 =Pk =k} x pY (kg t +1,0kYdt P LK) = k"
csa =P{ 4} ot - C0”|kvtivl‘jvk;1j( 4 )dt P { ] }
=Pk =k} x Pl (kg k)P kD = 4
{ 4} e collid (ka, k)] 3 }
]

Z

where KE is an aggregated version of Kj. The results of the Monte Carlo simulations and the
resulting collision risk values are given in Table 28, where

- Probability denotes P{kj}'j =4y,

- Conditional collision risk denotes Pl

(k4,k"); and
coll|k,k

ij
£

- Collision risk denotes P i (/(4,/(”)>P{/(}J'_ =Ky,
col kll‘l. ]

1|k,

Table 28: Collision risk results for encounter scen ario 18R Wrong x 18C Correct

Monte Carlo simulations for 18R Wrong x 18C Correct

Communication Probability Counted Number of Conditional Collision
Collisions Simulations Collision Risk
Risk
Surveillance for 18R controller Working
18R Up x 18C Up 9.9740" 17 1,000,000 1.8040° 179407
18R Up x 18C Down 1.35%07 131 1,000,000 1.32x10 1.7840"
18R Down x 18C Up 1.35407 71 1,000,000 7.2040° 9.7040°
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18R Down x 18C Down 118407 1339 100,000 1.34407 1.5840"
Surveillance for 18R controller Not Working
Not conditioned 1.5040™ 1101 100,000 1.1040° 1.6540°
Conditional collision risk for 18R Wrong x 18C Corr ect 2.00%0°
Probability for 18R Wrong x 18C Correct 5.00%0°
Collision Risk for 18R Wrong x 18C Correct 1.00%0™°

D.6 Encounter scenario 5: 18R Wrong x 18C Wrong

Within encounter scenario 18R Wrong x 18C Wrong, the collision risk is evaluated for two aircraft, one
on the RIVER/SUGOL 1B transition towards runway 18R and one on the SEGRU 1 transition towards
runway 18C, for the case

- the aircraft on the RIVER/SUGOL 1B transition is intercepting the ILS of runway 18C and
- the aircraft on the SEGRU 1 transition is intercepting the ILS of runway 18R.
The collision risk is evaluated using equation (B.8), i.e.
AKS =Pk =k }xup” (ks,t +t,0)dt
CcS4 5 _u colllk,tj,tj "5 '
The results of the Monte Carlo simulations and the resulting collision risk are given in Table 29.

Table 29: Collision risk results for encounter scen ario 18R Wrong x 18C Wrong

Monte Carlo simulations for 18R Wrong x 18C Wrong

Counted Collisions 252,024
Number of Simulations 301,000,000
Conditional Collision Risk 8.3740™

Collision risk for 18R Wrong x 18C Wrong
Probability for 18R Wrong x 18C Wrong 2.505%0™
Collision Risk for 18R Wrong x 18C Wrong 2.09%0*

D.7 Encounter scenario 6: 18R Wrong x 18C Not

Within encounter scenario 18R Wrong x 18C Not, the collision risk is evaluated for two aircraft, one on
the RIVER/SUGOL 1B transition towards runway 18R and one on the SEGRU 1 transition towards
runway 18C, for the case

- the aircraft on the RIVER/SUGOL 1B transition is intercepting the ILS of runway 18C and
- the aircraft on the SEGRU 1 transition is not intercepting an ILS.
The collision risk is evaluated using equation (B.8), i.e.

Ake

u ..
csa :P{k:k6}x PIJ J(ks,f +t,f)dt
-u

colllk.tj .t

The results of the Monte Carlo simulations and the resulting collision risk are given in Table 30.
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Table 30: Collision risk results for encounter scen

ario 18R Wrong x 18C Not

Monte Carlo simulations for 18R Wrong x 18C Not

Counted Collisions 47,455

Number of Simulations 49,692,993

Conditional Collision Risk 9.55%0™
Collision risk for 18R Wrong x 18C Not

Probability for 18R Wrong x 18C Not 5.25%0 ™

Collision Risk for 18R Wrong x 18C Not 5.01%0

D.8 Encounter scenario 7: 18R Not x 18C Correct

Within encounter scenario 18R Not x 18C Correct, the collision risk is evaluated for two aircraft, one
on the RIVER/SUGOL 1B transition towards runway 18R and one on the SEGRU 1 transition towards
runway 18C, for the case

- the aircraft on the RIVER/SUGOL 1B transition is not intercepting an ILS and
- the aircraft on the SEGRU 1 transition is intercepting the ILS of runway 18C.
The collision risk is evaluated using equation (B.12), i.e.

u
pY

Ak _— _
A =P{k = k;}x
csa =P1 e « . colllkditk

i (kaut +t,r,k'J)dt>P{k;Jj = ky
)
J

K1 Kjj
=Pk = ky}x PI o (kp kMK = k1)
kijTKﬁ colllk,ktjj j

where KE is an aggregated version of Kj. The results of the Monte Carlo simulations and the
resulting collision risk values are given in Table 31, where

- Probability denotes P{/([ijj :/(”};

- Conditional collision risk denotes P (k7,kij) ; and

collk k"

"
£

- Collision risk denotes Pl
col

(ko KNPk = Ty
ot kP =i
j

Table 31: Collision risk results for encounter scen ario 18R Not x 18C Correct

Monte Carlo simulations for 18R Not x 18C Correct

Communication Probability Counted Number of Conditional Collision
Collisions Simulations Collision Risk
Risk
Surveillance for 18R controller Working
18R Up x 18C Up 9.9740" 22 1,000,000 2.3040° 2.2940°
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18R Up x 18C Down 1.35%07 52 1,000,000 5.3040° 7.14%0°
18R Down x 18C Up 1.35407 23 1,000,000 2.4040° 3.2310°
18R Down x 18C Down 1.1840° 34 100,000 3.5040™ 414407

Surveillance for 18R controller Not Working
Not conditioned 1.5020™ 39 100,000 3.9040" 6.0040°
Conditional collision risk for 18R Not x 18C Correc  t 2.31%0°
Probability for 18R Not x 18C Correct 1.10%0°
Collision Risk for 18R Not x 18C Correct 2.54%0™°

D.9 Encounter scenario 8: 18R Not x 18C Wrong

Within encounter scenario 18R Not x 18C Wrong, the collision risk is evaluated for two aircraft, one on
the RIVER/SUGOL 1B transition towards runway 18R and one on the SEGRU 1 transition towards
runway 18C, for the case

- the aircraft on the RIVER/SUGOL 1B transition is not intercepting an ILS and
- the aircraft on the SEGRU 1 transition is intercepting the ILS of runway 18R.

The collision risk is evaluated using equation (B.8), i.e.
Ake i
Acsq =Pk =kg}x Pcolllk,li,z‘j (kg,f +1,0)dt
-u

The results of the Monte Carlo simulations and the resulting collision risk are given in Table 32.

Table 32: Collision risk results for encounter scen

ario 18R Not x 18C Wrong

Monte Carlo simulations for 18R Not x 18C Wrong

Counted Collisions 251,604
Number of Simulations 301,000,000
Conditional Collision Risk 8.363%0"
Collision risk for 18R Not x 18C Wrong
Probability for 18R Not x 18C Wrong 5.25%0 ™"
Collision Risk for 18R Not x 18C Wrong 4.39%0

D.10 Encounter scenario 9: 18R Not x 18C Not

Within encounter scenario 18R Not x 18C Not, the collision risk is evaluated for two aircraft, one on
the RIVER/SUGOL 1B transition towards runway 18R and one on the SEGRU 1 transition towards

runway 18C, for the case

- the aircraft on the RIVER/SUGOL 1B transition is not intercepting an ILS and

- the aircraft on the SEGRU 1 transition is not intercepting an ILS.

The collision risk is evaluated using equation (B.8), i.e.
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u

Ake _ - i

Acsy =PIk =kobx Pogyyey; ¢ (Koot +L.0)dE
-u

The results of the Monte Carlo simulations and the resulting collision risk are given in Table 33.

Table 33: Collision risk results for encounter scen ario 18R Not x 18C Not

Monte Carlo simulations for 18R Not x 18C Not

Counted Collisions 146,707
Number of Simulations 154,405,174
Conditional Collision Risk 9.50%0™
Collision risk for 18R Not x 18C Not
Probability for 18R Not x 18C Not 1.26%0™°
Collision Risk for 18R Not x 18C Not 1.20%0™"
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