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Executive Summary 

 

Introduction 

In May 2014 Heathrow Airport submitted proposals for a third runway to the Airports 
Commission. In its proposal Heathrow suggests that the three-runway airport would be 
able to handle a typical hourly capacity of 128 movements. 

In October 2014 DFS was appointed by Gatwick Airport Ltd (GAL) to test whether this 
capacity would be achievable and, if not, to identify a realistic capacity given the 
operating methods proposed. 

DFS, the German Air Navigation Service Provider, has 25 years of experience of 
simulating the capacity of runway and airspace systems and has used its proven 
specialist modelling tools to test the validity of the Heathrow proposals. 

Methodology 

The approach taken was to: 

1. Review the runway proposals and operating modes submitted by 

Heathrow to identify those modes that are potentially the most 

challenging from a capacity perspective. 

2. Build a detailed simulation model of each runway mode to be tested with 

compliant procedures and flight-paths designed to replicate those 

proposed by Heathrow.   

3. Load the models with a busy day traffic sample designed to replicate the 

volume and traffic mix proposed by Heathrow. 

4. Test the capability of each scenario to accommodate the traffic sample 

and, by analysing the results, determine what level of throughput would 

be manageable within acceptable service levels. 

The definition of capacity used for this study is the maximum sustainable hourly 
throughput that can be accommodated by the runway/airspace system with average 
arrival and departure delays of no more than 10 minutes.  

The Scenarios tested 

 Two operating modes were identified for detailed modelling, as both appear to have 
dependencies and restrictions that could limit capacity. Both of these operating modes 
were modelled separately. 
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Period 1 (Scenario 1) 

In this operating mode Heathrow has proposed that the northern runway is used in mixed 
mode, the central runway is used for arrivals and the southern runway is used for 
departures. In this case the parallel arrivals streams are separated by 1,035m. While this 
meets the ICAO criteria for independent parallel arrivals, this is conditional on being able 
to safely separate the arriving aircraft at the point where they join the final approach path. 
The separation of aircraft for parallel independent approaches is usually achieved by 
vectoring aircraft on the different final approach vertically separated by 1000ft e.g. at 
4000ft and 5000ft. This is done at least 10 to 15NM away from the runway. Once the 
lateral track of aircraft is stabilised and the localiser signal has been established aircraft 
can start to descend and infringe the 1000ft vertical separation.  

Heathrow has proposed a system of curved approaches with aircraft joining the final 
approach at different points up to as close as 4nm from touch-down. This is to minimise 
the noise impact of aircraft on the population of West London. This pattern of curved 
approaches does not meet the current standards for independent approaches. Instead, 
arriving aircraft on adjacent approach paths will need to be separated by 2.5nm. This 
modelling scenario tested the capacity implications of this restriction. 

Period 3 (Scenario 2) 

In this operating mode Heathrow has proposed that the northern runway is used for 
arrivals, the central runway is used for departures and the southern runway is used in 
mixed mode. This creates two dependency situations: 

 Missed approaches to the northern runway could be in conflict with northern de-

partures from the central runway. To ensure the safe separation of aircraft a 2nm 

long ‘no-fly zone’ would be needed whereby departures from the central runway 

would not be cleared to take-off when arrivals to the northern are within this no-

fly zone. 

 Southern departures from the central runway could be in conflict with departures 

from the southern runway. To ensure a safe operation minimum radar separation 

(3nm) would be applied between aircraft departing on these tracks. 

Results 

Scenario 1 

This operating mode is restrictive for arriving flights as aircraft approaching adjacent 
runways need to be separated by 2.5nm. This means that the number of arriving aircraft 
that can be accommodated in a typical hour is less than the 64 proposed by Heathrow. 
The model shows that average arrival delays exceed one hour as there is too much 
arrivals volume in the schedule. The maximum sustainable arrivals throughput rate is 
around 50 per hour. As arrivals and departures capacity has to be balanced over the 
day, this means that the scheduling capacity of this operating mode is approximately 100 
movements per hour.  
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Scenario 2 

This operating mode is restrictive for departing flights owing to the interactions between 
departures on the central runway and missed-approaches on the northern runway, and 
between departures on the central and southern runways. This means that the number 
of departing aircraft that can be accommodated in a typical hour is less than the 64 
proposed by Heathrow. The model shows that average departure delays per aircraft 
exceed 65 minutes as there is too much departures volume in the schedule. The 
maximum sustainable departures throughput rate is around 59 per hour. As arrivals and 
departures capacity has to be balanced over the day, this means that the scheduling 
capacity of this operating mode is approximately 118 movements per hour. 

A further test was done replacing the reduced departure intervals used by NATS in the 
TAAM Ground Modelling simulation commissioned by Heathrow with separations based 
on current practice. In this case the departure capacity is reduced to 56 movements per 
hour and therefore the two-way capacity is approximately 112 movements per hour. 

Conclusions and Recommendations 

Heathrow has suggested a complex pattern of runway alternation and other practices 
(e.g. curved approaches to parallel runways) which introduce a high level of complexity 
and a degree of dependency into the operation. Assuming that these environmental 
mitigations are required in order to minimise the noise impact of the expanded airport, 
then the throughput will need to be reduced accordingly. In the worst case the achievable 
capacity may be as low as 100 movements per hour. At best the throughput will be 
around 118 movements per hour depending on the activated period. 

The capacity could possibly increase to 128 movements per hour but only if the runway 
operation and the ground movement pattern were optimised to maximise capacity. 
However this would require the removal of many of the environmental mitigation 
measures proposed by Heathrow including those designed to provide noise respite. 

These capacity estimates are derived from a model which seeks to replicate the 
Heathrow proposal using available information. However, owing to time limitations, the 
model does not fully simulate all the dependences identified and takes no account of the 
complex ground operation or of interactions with aircraft using other London airports. 
Therefore these estimates may symptomatically overstate the capacity potential.  

This work is meant to promote an awareness of the capacity limitations of the Heathrow 
proposals and is not meant to be a definitive statement of capacity. Given the critical 
importance of runway capacity in the Airports Commission’s considerations, it is 
recommended that the Commission carries out further, detailed studies to fully 
understand the true capability of the Heathrow proposal and how this is affected by the 
necessary environmental mitigation. 
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1 INTRODUCTION 

In May 2014 Heathrow Airport submitted proposals for a third runway to the Airports 
Commission. This proposal features a new runway located to the north and west of the 
existing airport. In its proposal Heathrow suggests the three-runway airport would be 
able to handle around 128 movements per hour. 
 
In October 2014 DFS was appointed by Gatwick Airport Ltd (GAL) to carry out detailed 
simulation modelling of the Heathrow proposal in order to confirm whether the stated 
capacity is achievable. This document is a short report describing the methodology and 
results of this simulation exercise. 
 
DFS, the German Air Navigation Service Provider, has conducted fast-time simulations 
since 1990 and has successfully carried out more than 250 simulation projects 
worldwide.  The DFS fast-time simulation team integrates the experience of civil and 
military air traffic controllers, flight data specialists, aeronautical engineers, pilots, and 
computer scientists. 

Heathrow has proposed a complex pattern of runway alternation, designed to mitigate 
air noise impacts. Each of the four runway operating modes, in each direction, has 
different characteristics which potentially affect the runway capacity. As the overall 
scheduling capacity of the airport has to reflect the constraints of the most restrictive 
operating mode, an exercise was carried out to identify which modes might have the 
lowest capacity.  

The modes selected were ‘Period 1 and Period 3 and the reasons for this are given in 
Chapter 3 and 4. As westerly operations are prevalent at Heathrow, only operations in 
the ‘27’ direction were considered in this analysis.  

The simulation modelling covers the runway system only. The taxiway and apron system 
was not modelled and therefore gate and taxiing delays could not be measured. However 
this is purely down to resource and timescale limitations and given the complex taxiway 
layout at Heathrow, these issues should not be neglected by the Airports Commission. 
This is because the ground operation can have a marked effect on the effectiveness and 
complexity of the airspace operation and vice versa. 
 
When this work was started there was a limited amount of information publically available 
on the Heathrow proposal. The initial work was based on material published in the 
following documents: 
 

 Taking Britain further, Heathrow’s plan for connecting the UK to growth, 
Volume1 Technical Submission  

 Heathrow’s North-West Runway Air and Ground Noise Assessment by AMEC  
 
During the course of the study, in December 2014, further Heathrow material was 
published by the Airports Commission. This included details of an airfield simulation 
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exercise carried out by NATS1 and more detailed plans of the proposed arrivals and 
departures routes2. This material was reviewed and, where possible, reflected in the 
DFS modelling. 
 
Given the limited public availability of information on the Heathrow proposal it is 
inevitable that differences will exist between the assumptions made by DFS and those 
made by Heathrow Airport. However, given the detailed nature of the modelling exercise 
described in this report, we are confident that the issues raised are relevant and realistic. 
The report is meant to promote an awareness of the potential capacity limitations of the 
Heathrow proposal and to prompt further work to investigate these so that the Airports 
Commission has an accurate basis on which to evaluate and compare the shortlisted 
options.    
 
Chapter 2 contains a description of the general methodology adopted for the simulation 
modelling including conditions, traffic samples and dependencies valid for all scenarios. 
 
Chapter 3 describes the simulation modelling of LHR ‘Period 1’  
 
Chapter 4 describes the simulation modelling of LHR ‘Period 3’ 
 
Chapter 5 provides a conclusion and recommendations 
  

                                                

1 Heathrow Airport R3 NW MDL W TAAM Modelling, Modelling Assumptions and Results 
Version 2.0 

2 NATS Support to the Airports Commission, Appraisal Module 14: Operational 
Efficiency: Airspace Efficiency Report. 
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2 METHODOLOGY 

2.1 SIMULATION MODEL 

The simulation was conducted with the fast-time simulation tool AirTOp3 Version 2.3.15 
or later. This software, which was developed by Airtopsoft and the DFS Deutsche 
Flugsicherung GmbH, is used in the operational planning and innovation department of 
DFS. 

Unlike other simulation tools, simulations on the AirTOp system can display the 
movements of aircraft in a manner similar to the display on a radar console. It is possible 
to provide the customer with an overview of the status of the simulation and/or of the 
project at any time. 

In the simulation phase the following functions are dynamically superimposed on each 
individual aircraft whose flight plan was entered during the definition phase 

 Calculation of the actual flight profile from the overall traffic situation for positioning 
in the landing sequence 

 Calculation of the actual take-off sequence by placing each departure in a ‘take-off 
window’ which is determined by the traffic situation 

 Generation of holding procedures in cases where landings cannot be organized 
with other delaying procedures like radar vectors and speed control 

 Calculation of and compliance with the prescribed separation minima (separation 
criteria) taking into account wake vortices. 

Flexible and continuously adjustable views permit both individual aircraft and complex 
traffic structures to be displayed. It is also possible to use AirTOp for modelling all ground 
movement of aircraft, tugs and other vehicles in a user definable level of accuracy. Since 
the purpose of this simulation study is simply the runway capacity the ground movement 
was not modelled in the simulation. 

The following features can also be displayed 

 Delay distribution 

 Holding patterns 

 Vertical flight profiles and 

 Time-dependency of the flight profiles. 

It is possible to execute comprehensive traffic analysis routines in the background while 
a simulation is running. This supports the evaluation of the simulation scenarios with 
comprehensive statistical data and contributes to an objective assessment of the 
simulation scenarios. 

                                                

3 AirTOp – Air Traffic Optimizer 
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The simulation methodology described in this chapter has been used to provide capacity 
and scheduling advice at many airports around the world. For example DFS has used 
this approach at all major German airports like Frankfurt, Munich, Berlin and abroad for 
example at Moskow Domodedovo and all major Polish airports. 

 

2.2 SIMULATION COVERAGE 

This simulation contains all arrivals and departures to or from Heathrow (EGLL) included 
in the traffic sample described later. Arrivals are introduced into the simulation around 
20 – 30NM before the initial approach fixes (IAF) and fly on Standard Instrument Arrival 
Routes in accordance with the actual used STAR structure and the trajectories published 
in the AMEC report4.  

Departures are connected to the route network via the actual departure fixes. The routing 
from the runway system to the departure fixes is done by newly designed standard 
instrument departure routes (SIDs) which are similar to the currently used SIDs but are 
also compatible with the trajectories published within the AMEC report.  

In the model departing aircraft are assumed to always start their take-off run at the 
departure runway threshold. This allows smaller wake turbulence separation values to 
be used, which are referenced in chapter 2.5. If aircraft would use intersections to start 
a take-off run (which in reality is the case), higher wake vortex separation values would 
be required. Therefore, in this regard, the model is slightly overestimating capacity.  

Arrivals are removed from the simulation on the runway when their speed is reduced 
below 45kts. This should realistically simulate the average runway occupancy time.  

Gate assignment, taxiing from the gate to the runway, selection of the runway entry and 
vice versa are not included in the simulation. 

The simulation of the other air traffic movements within the London Terminal Area, with 
destinations/origins other than Heathrow, are not included in the simulation. 
Nevertheless they may interact with the traffic to or from Heathrow and may have some 
impact on achievable capacity. 

All simulation scenarios use runway direction 27 which is the direction of operation found 
on around 75% of the year.   

  

                                                

4 Heathrow’s North-West Runway, Air and Ground Noise Assessment 
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2.3 TRAFFIC SAMPLE 

The traffic sample for the year 2040 was jointly prepared by ICF and DFS using the traffic 
forecast characteristics published by Heathrow as a guideline. Figure 1 shows the traffic 
demand over the day in rolling hours with a period length of 10 min. A rolling hour means 
that every 10 min a new hour starts. The values shown are the sums of all movements 
within such rolling hours. For example the value at 06:10h is the sum of the movements 
between 05:10h and 06:10h.  

The traffic sample contains 2056 movements starting at 05:00 local time and ending 
23:00 local. It has a peak of 66 arrivals and 70 departures movements per hour. The 
highest two-way flow, which is reached in the evening hours, is 131 movements.  

 

Figure 1: Demand during the course of the day 

Figure 2 shows a more detailed distribution of the arrival demand. There is a natural 
imbalance in the demand distribution over the day for example in the morning hours the 
main arrival flow to the southern runways arrives from North America via BEDEK. While 
the imbalance between different arrivals fixes is not such a problem the demand variation 
between the northern and southern arrival runway has to be adjusted depending on the 
location of the mixed mode runway as well. According to Heathrow’s planning documents 
the arrival capacity on the mixed mode runway is 28 arrivals per hour. Therefore an 
arrival balancing has been introduced in the scenarios allowing aircraft to vector from the 
southern downwind to the northern final and from the northern downwind to the southern 
final.  

Beyond capacity issues it should be noted that Heathrow proposes a terminal arrivals 
method of operation whereby the landing runway is allocated depending on the parking 
position of the aircraft. This is largely to reduce taxiing distances and complexity on the 
ground. Inevitably this will mean that a large proportion of arriving traffic will be switching 
between northern approaches and the southern landing runway and between southern 
approaches and the northern landing runway. While the logistics of achieving this 
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flexibility in the airspace is highly complex, if achievable it does provide the possibility of 
ensuring that the arrivals demand can be optimized between the two arrivals runways.    

 

Southern Arrival Runway 

 
Northern Arrival Runway 

 

Figure 2: Arrival Demand Separated By Initial Approach Fix 
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Figure 3 shows the distribution of the departure demand. From an operational point of 
view it makes sense to allocate Dover (DVR) and Midhurst (MID) departures preferably 
to the Southern departure runway and Brookman’s Park (BPK) and Wobun (WOB) to the 
Northern departure runway. Compton (CPT) and Southampton (SAM) departures are 
initially assigned to the departures only runway.   

Southern Departure Runway 

 
Northern Departure Runway 

 

Figure 3: Departure Demand Divided by Departure Fix 
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2.4 SEPARATION OF ARRIVING TRAFFIC 

When aircraft are flying behind each other in a 6 o`clock position and are not separated 
vertically by 1000ft or more wake vortex separation has to be taken into account. During 
the approach phase NATS today use a wake vortex separation matrix in Nautical Miles 
which as displayed in Table 1.  

Table 1: Wake turbulence matrix for approach in NM5 

 

The arrival separation between aircraft approaching to the same runway is the maximum 
value of: 

 Minimum radar separation of 3NM, or 

 Wake vortex separation from Table 3, or 

 4.5NM separation to permit a departure to be sequenced between consecutive 
arrivals, the runway is being used in mixed mode. 

2.5 SEPARATION OF DEPARTURE TRAFFIC 

The minimum departure interval between two aircraft is defined in minutes. There are 
two different time minima to be taken into account: Departure separation including wake 
vortex separation and separations applying to specific departure routes, or route 
segments. Separation between departing aircraft is applied so that, after the leading 
aircraft starts its take-off run, the following aircraft does not start its take-off run with less 
than the number of minutes needed. The separation applied is the maximum value of 
wake turbulence and route separation.  

Traffic departing from the same runway is separated by a departure interval of at least 1 
min. If wake turbulence separation has to be taken into account, the minimum departure 
separation is illustrated in Table 2. The separation for heavy after heavy was changed 
to 4NM or time equivalent by the CAA. Since all departures in our simulation are starting 

                                                

5 Based on document Supplementary Instruction (SI) CAP 493 MATS Part1, effective date 20 February 2014 page 3 

Follwing AC

Leading AC

A388 Heavy Upper
Medium 

Lower
Medium

Small Light

A388 - 6 7 7 7 8

Heavy - 4 5 5 6 7

Upper Medium - - 3 4 4 6

Lower Medium - - - - - -
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from the same runway position, using the full runway length, only this table is used and 
not the increased separation values, which are also specified by the CAA. Because the 
centre lines of all runways are more than 2500ft apart each other, wake turbulence 
separation has not to be taken into account for departures from different runways.  

Table 2: Wake turbulence separation matrix in minutes6 

 

The separation of aircraft following each other from the same runway to different 
departure fixes (the departure route separations) are depicted in the next tables. The 
assignment of the SAM/CPT departures prefers the runway used for departures only. 

Table 3: Departure Route Separations in Minutes from the Northern Departure Runway 

Leading Aircraft SID Trailing Aircraft SID Separation in Minutes 

SAME SID SAME SID 2 min 

BPK WOBUN 2 min 

WOBUN BPK 2 min 

BPK/WOBUN SAM/CPT 1 min 

SAM/CPT BPK/WOBUN 1 min 

SAM CPT 2 min 

CPT SAM 2 min 

 

  

                                                

6 Based on document Supplementary Instruction (SI) CAP 493 MATS Part1, effective date 20 February 2014 page 4. In 
the document 4NM are used, but for the simulation it must be converted into a time separation. Initially it was set to 
1:20 min. After discussions with operational experts, it was lowered to 60s to better cope with today’s operations at 
Heathrow. 
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Table 4: Departure Route Separations in Minutes from the Southern Departure Runway 

Leading Aircraft SID Trailing Aircraft SID Separation in Minutes 

SAME SID SAME SID 2 min 

DVR MID 2 min 

MID DVR 2 min 

SAM/CPT DVR/MAY/MID 1 min 

DVR/MAY/MID SAM/CPT 1 min 

SAM CPT 2 min 

CPT SAM 2 min 
 

In the TAAM ground modelling conducted by NATS different departure separation values 
for the departures only runway have been used7. Table 5 shows adapted departure 
interval values. SAM to CPT and CPT to SAM departures were separated by 90s, 
although they are flying around four to five minutes in-trail. If the following aircraft is faster 
than the preceding aircraft, the departure controller has to solve the conflict either by 
vertically separating the aircraft (holding the following aircraft in a lower altitude) leading 
to more noise impact on the ground, or by lateral separation if possible. Since the flight 
distances, to the point where departure routes to BPK and WOBUN separate, is similar 
to the CPT and SAM SIDs, the departures separation of 90s was used for these too.  

From our point of view the very short DVR / MID departure interval of just 1 minute is 
even more significant. As the initial turn of the departure route is similar and not diverging 
it is not clear why aircraft on those SIDs can be separated by only 60s from each other. 
This interval is very important since MID and DVR are the two busiest departure fixes 
and are heavily influencing the departure capacity on the southern departure runway. 
DFS has simulated additional scenarios using those NATS intervals to measure the 
influence on the departure capacity and delay. 

Table 5: Departure Route Separations in Minutes according to the NATS Simulation 

Leading Aircraft SID Trailing Aircraft SID Separation in Minutes 

SAME SID SAME SID 2 min 

SAM CPT 90 s 

CPT SAM 90 s 

BPK WOBUN 90 s 

WOBUN BPK 90 s 

BPK/WOBUN SAM/CPT 1 min 

SAM/CPT BPK/WOBUN 1 min 

DVR MID 1 min 

MID DVR 1 min 

                                                

7 Heathrow Airport R3 NW MDL W TAAM Modelling, Modelling Assumptions and Results Version 2.0, slide 18 
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2.6 OPTIMIZING THE DEPARTURE SEQUENCE 

The simulation was conducted without modelling ground movement. Therefore all aircraft 
which have reached their departure time are placed directly into the simulation queue. In 
fact each runway has two queues. One normal queue in which all aircraft are placed 
initially and a second queue in which all aircraft are transferred after they have waited 
longer than the ‘max duration in queue’ value in the normal queue. The ‘max duration in 
queue’ value is set in the simulation to 10 min. If the queue of long waiting aircraft is not 
empty the next departure is selected from this queue. In general all aircraft in a queue 
have the same chance to be selected as the next departure, as if there were an unlimited 
number of runway entries (in reality this would not be possible as some departing aircraft 
would be blocked by other queuing aircraft). AirTOp is testing each second of the 
simulation whether there is any aircraft waiting for departure and if all dependencies are 
currently met. The first aircraft in the queue (a list sorted by the time the aircraft entered 
the queue) which is able to commence a take-off run is allowed to line-up and take-off. 
‘Able to take-off’ means the aircraft has sufficient separation from the preceding aircraft 
and, if the runway is used in mixed mode, it will be able to overfly the departure end of 
the runway before the next approaching aircraft is overflies the landing threshold.  

2.7 THE SCENARIOS 

The simulation scenarios modelled were selected after examining the reports published 
by Heathrow including the Air Ground Noise Assessment report produced by AMEC8. 
Having reviewed these documents two specific operating modes were identified as 
having, potentially, the lowest hourly capacity. These were: 

 Period 1 (referred to in this report as Scenario 1) which has potential restrictions on 
arrivals capacity 

 Period 3 (referred to in this report as Scenario 2) which has potential restrictions in 
departures capacity. 

Scenario 1 Scenario 2 

  

Figure 4: Sketch of Scenarios 1 and 29 

                                                

8 Heathrow’s North-West Runway, Air and Ground Noise Assessment 

9 Ibidem Page 18 
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For expediency only westerly operations are simulated since this operation mode is 
currently used 75 percent of the time.  

The reasons for selecting these scenarios, and the results of the modelling, are given in 
Chapters 3 and 4. 

 

2.8 ESTIMATING CAPACITY 

The purpose of this study is to provide an estimate of the hourly capacity of the Heathrow 
proposal. This requires a definition of capacity to be established. For this study the term 
‘hourly capacity’ is taken as meaning the sustainable maximum hourly throughput level 
that can be maintained over the main operating day, without average hourly arrivals or 
departures delays exceeding 10 minutes. This provides a realistic indication of the level 
of scheduling capacity available and we believe this aligns with the definition of capacity 
used by Heathrow Airport. 

The modelling methodology used was to test both ‘period 1’ and ‘period 3’ against a 
schedule designed to replicate the traffic volume and characteristics proposed by 
Heathrow. Where the model was not able to process this volume of traffic the result was 
delayed flights. The model provides outputs describing these delays but it also provides 
an indication of the maximum and average hourly movements (arrivals and departures) 
that were able to be processed. 

The average number of flights processed in each 10 minute rolling hour between 08:00h 
and 21:00h local gives a good indication of the runway system capacity because during 
this period there is balanced, sustained flow of arrivals and departures. If the schedule 
is designed to approximately match this volume of activity, it is likely that it can be 
accommodated within a 10 minute average delay standard. This is explained further in 
Chapters 3 and 4. 
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3 SCENARIO 1 

3.1 INTRODUCTION 

The characteristics of Scenario 1 are depicted in Figure 5, which shows a graphical 
representation from the AMEC report. The final approach to the northern runway 27R is 
designed as a curved approach as indicated by the green lines. The blue lines are the 
different available departure routes. The graphic on the right side shows the runway 
usage with 27C used for arrivals only, 27L for departures only and 27R in mixed mode 
for arrivals and departures.    

 

 

Figure 5: Scenario 1 (Period 1) from AMEC Noise Assessment 

The reason that this scenario has been explored is a concern about the proposed curved 
approaches. For the available runway spacing, current standards require aircraft joining 
the final approach to one runway to be vertically separated by 1,000ft from aircraft 
approaching the other runway, at the point they join the final approach path. Alternatively 
aircraft approaching different runways must be separated laterally by the appropriate 
lateral radar separation. Given that Heathrow are proposing that aircraft join the final 
approach within 4NM of touchdown, it is not possible to provide the 1,000ft vertical 
separation. Therefore it will be necessary to stagger arrivals on both runways with around 
2.5NM between them. 

This coordination of arrivals on both runways will add to controller workload but will also 
reduce the runway capacity. The problem is made worse by the fact that one of the 
arrivals runways is in mixed mode and therefore departing flights need to be inserted 
between arrivals on that runway. 

In its reports, Heathrow claims that independent arrivals will be possible owing to the 
introduction of GBAS technologies which will allow the more accurate tracking of arriving 
aircraft on curved approaches and therefore relax current separation standards. 
However the curved approach to parallel runways proposed by Heathrow and illustrated 
above is so radically different from current standards and practices that we think it is 
inappropriate to assume at this stage that it would be possible in the near future.  

.  
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For this scenario DFS has designed arrival and departure procedures to replicate the 
blue and green coloured lines of the AMEC report. The result is shown in Figure 6. The 
procedures were included in an initial simulation model represented by the schematic 
drawing Figure 7. The shaded blue areas are called vectoring areas which can be used 
to vary the flight path of arriving aircraft to achieve the necessary separation between 
the aircraft.  

 

Figure 6: Arrival and Departure-Procedures replicating those outlined by the AMEC Report 

 

Figure 7: Schematic Drawing of Scenario 1 
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3.2 DEPENDENCES 

Table 6 shows the dependency matrix for Scenario 1. It describes the separations that 
need to be applied to the different combinations of runway movements, where the vertical 
axis shows the leading aircraft and the horizontal axis shows the following aircraft. So in 
the field which is the intersection of the second line and the second column this is a 
dependency between a departure from 27R followed by another departure from 27R. In 
this case the minimum separation is the radar separation of 3NM, the wake vortex 
separation or a departure interval. If a field is “NIL” it is because this combination is not 
applicable to this runway operating mode. If the field is green the aircraft are independent 
and do not need to be separated from each other by air traffic control.  

The most important dependency in this scenario is between the 27C arrival and the 27R 
arrival or vice versa. Those aircraft have to be separated by 2.5NM staggered from each 
other, because at the current time no curved precision approaches exists allowing 
parallel independent arrivals. This is limiting the arrival capacity of the runway system.  

It is quite complicated to achieve the staggered separation between the aircraft under 
high demand conditions, especially if they are flying a curved approach. The timing to 
take aircraft out the holding of Lambourne (LAM), Ockham (OCK) or Biggin (BIG) has to 
be very accurate. If too many aircraft are entering the final vectoring area defined in our 
simulation (which will be limited in area owing to noise abatement requirements) aircraft 
would not be separated sufficiently in the simulation. Alternatively where not enough 
demand is fed to the final vectoring area for one runway, arrivals capacity is wasted, 
leading to more delays for both arrivals and departures. In reality air traffic controllers 
(ATCOs) might be able to work this efficiently, but the simulation difficulties are a good 
indicator of the complexity and challenges that will be encountered. With the limited time 
available to build the simulation scenario it was decided to increase the lateral dimension 
of the final vectoring areas shown in Figure 8 - to be used for the tromboning - easing 
the task of separation for the simulation tool and guaranteeing that aircraft are separated 
by 2.5NM. It is very likely that the real trajectories would look similar if this scenario would 
be introduced in real operations. 

In this model there was no dependency entered between BPK/WOBUN departures from 
27C and 27L although this is likely to be necessary.   

 

Figure 8: Extension of the Vectoring Area in Scenario 1 
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Table 6: Dependencies in Scenario 1 
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3.3 SIMULATION RESULTS SCENARIO 1 

The model was initially tested with the full schedule. The results showed substantial 
delays for arrivals with an average delay per aircraft of over one hour. Also some arrivals 
were terminated by the model because the airspace and holding stacks had no further 
capacity. 

The average sustainable arrivals throughput achieved was 51 per hour and the average 
sustainable departures throughput was 62 per hour. The average two-way flow achieved 
was 113 per hour. 

The delays indicate that the demand is significantly exceeding the available arrivals 
capacity. The volume of arrivals was therefore reduced to try and achieve the maximum 
10 minute delay standard. By reducing the arrivals volume to 846 over the day, the 
average arrivals delay reduced to 9 minutes and 20 seconds. Therefore we think this is 
a good indication of the actual volume of daily arrivals that could be scheduled in this 
scenario. 

With the reduction in arrivals volume, the average arrivals throughput per hour was 
reduced to 50 and the departures increased to 63. The average two-way flow remained 
at 113 per hour. 

It can be seen that reducing the arrivals volume has addressed the delay issue. However 
it makes almost no difference to the average hourly throughputs achieved. Allowing for 
rounding the numbers change by less than one which is well within forecasting accuracy. 

From this we conclude that the maximum sustainable hourly movements for Scenario 1 
are 50 arrivals, 63 departures and 113 two-way. Of course over the day, arrivals and 
departures capacity needs to be in balance, therefore, the actual two-way scheduling 
capacity would be approximately 100 movements. 
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4 SCENARIO 2 

4.1 INTRODUCTION 

In Scenario 2 runway 27R and runway 27L are used for arrivals while 27L is used in 
mixed mode and 27C is a departure runway. Aircraft arriving from the north intending to 
land on runway 27R are flying first on the extended runway centreline of runway 27C 
before they turn right to intercept their final approach to 27R. This seems to be a noise 
abatement procedure for the scenario intended to reduce the number of people newly 
affected by air noise. 

 

 

Figure 9: Scenario 2 from AMEC Noise Assessment 

The reason for investigating Scenario 2 is that this appears to be the most challenging 
from a departures capacity perspective. There are two specific areas of concern: 

1) Interaction of 27R missed approaches and 27C departures 

Figure 10 shows a drawing of Heathrow’s runway system. A blue aircraft is approaching 
27R while a green aircraft is lined-up on runway 27C to take-off via Brookman’s Park or 
Wobun SID. If the arriving aircraft flies a missed approach, it might infringe the separation 
minimum from the aircraft flying on the northbound SID. This is particularly a problem if 
the visibility or the ceiling is low, because in this case the aircraft flying the missed 
approach, and an airborne departure from 27C, would be separated by much less than 
3NM, and would be controlled by the tower but probably on different frequencies. To 
avoid this situation arising, a ‘no-fly zone’ might be required (a 2NM zone is indicated in 
the drawing and used in the simulation). While an arrival is inside this area, the tower 
controller is not allowed to clear a northbound departure for take-off. The no-fly-zone can 
end a few hundred meters before runway 27R, because if a missed approach would 
happen at this stage, the departure on runway 27C could still be instructed to reject take-
off. 
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Figure 10: Dependency between missed approaches to runway 27R and departures from 
27C to the north 

2) Interaction of 27C departures to the south and 27 departures 

The second dependency applies to the departures from runway 27C to southwest 
(SAM/CPT) and the departures from runway 27L to the south via Midhurst and Dover. 
The reason is depicted in Figure 12. Because the primary obstacle clearance areas are 
intersecting and the departures from runway 27C have the same initial turn direction as 
the departures out of runway 27L, according to ICAO Doc 4444 PANS-ATM parallel 
independent departures on those routings are not possible. Figure 11 shows the 
necessary lateral separation of 3NM, when the succeeding aircraft is airborne.  

 

 

 

 

 

 

 

Figure 11: Minimum lateral separation of 3NM if both aircraft are airborne 
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Figure 12: Protection areas of 27C westbound and 27L southbound departure routes of 
RNAV1 SIDs (RNP 1.0) 

This dependency is bidirectional and has to be applied to a departure from 27L after a 
departure from 27C via SAM/CPT as well. Unfortunately for simulation reasons this 
dependency had to be deactivated. The reason is that the aircraft on runway 27C can 
always line-up earlier than departures on runway 27L, because the runway is used only 
for departures. Without simulating the ground operation the model cannot prevent aircraft 
from lining-up on runway 27C. In Figure 13 the lined-up departure to the west (orange 
aircraft) is blocked by the preceding departure (red aircraft) to BPK/WOBUN. The 
departure from runway 27L (not visible in drawing) is blocked by the departure on runway 
27C (orange aircraft) even though it has not departed yet. Activating this incorrectly 
working dependency in the simulation model would artificially increase the departure 

delay on runway 27L. 
However it should be noted 
that by not being able to 
model this dependency 
accurately, the results pre-
sented for this scenario will 
be overstating the capacity 
of the scenario. 

 

 

 
 
 

Figure 13: Runway 27C line-up problem 
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Figure 14: Arrival and Departure-Procedures replicating those outlined by the AMEC 
Report 

Figure 14 shows a reconstruction of the procedures from the AMEC report. Figure 15 
shows an extension of the vectoring area’s boundary to the east leading traffic over 
denser populated London areas. The extended vectoring areas are used to improve 
the separation and the demand pressure on the runways similar to Scenario 1. 
Additionally, as depicted in the figure, aircraft are allowed to vector from the northern 
downwind to the final of runway 27L and from the southern downwind to the northern 
27C/27R final, if the demand from the northern/southern direction is higher.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
 

 
Figure 15: Simulation view of the vectoring areas from Scenario 2 
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4.2 DEPENDENCES 

Table 7 summarises all dependencies for scenario 2. The field in the matrix coloured 
orange holds the deactivated dependency. As described earlier arrivals to runway 27R 
and departures from 27C to the north are dependent due to possible missed approaches.  

Table 7: Dependency matrix of scenario 2 

 

 

4.3 SIMULATION RESULTS SCENARIO 2 

The model was tested with the full schedule and initially we used the departures intervals 
used by NATS in the TAAM simulation (see 2.5). The results showed substantial delays 
for departures with an average delay of 37 minutes.  

As the focus of this scenario is on departures capacity the model assumes that 
independent parallel arrivals are possible (however this would need to be confirmed). 
Therefore the model indicates a sustainable arrivals capacity of approximately 64 
movements per hour, matching the traffic demand. In reality there will be interactions 
between the arrivals on 27R and northern departures from 27C and therefore this may 
be overstating the arrivals capacity.  

The average achieved departures throughput was 59 per hour. The average two-way 
flow was 120. As, over the day, arrivals and departures throughput has to be balanced 
a more realistic two-way scheduling capacity would be 118 movements. 
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As we do not understand how these departures intervals used by NATS could be 
achieved, we have also modelled this scenario with departures separations which reflect 
current practice. The results of this show that the sustained arrivals capacity remains at 
around 64 per hour but the departures capacity reduces to 56. Therefore a more realistic 
two-way scheduling capacity would be 112 per hour.  

As explained, and visible in the dependency table above, the 27C Departure to SAM/CPT 
followed by a 27L departure (MID/DVR) had to be deactivated. Therefore the simulated 
departure capacity is still too high. 

We believe this second simulation is a more realistic indicator of the true capacity of this 
runway operating mode. 
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5 CONCLUSION AND RECOMMENDATIONS 

This report describes the results of modelling two of the four proposed LHR runway 
operating modes, Period 1 (Scenario 1) and Period 3 (Scenario 2). 

The results show that the capacity claimed by Heathrow is unlikely to be achievable 
owing to operational dependences that we believe will affect the runway operation. 

For Period 1; under current operating guidelines, the airport could not schedule more 
than 100 movements per hour unless delays were allowed to exceed the 10 minute 
standard.  

For Period 2; if both of the identified operational dependences are proven to exist, the 
capacity will be limited to around 112 movements per hour. If the ambitious NATS 
departure intervals are used 118 movements per hour are possible. 

These throughputs are based on detailed simulation modelling and demonstrate the 
likely impact of valid and relevant concerns about the Heathrow operation. However 
many assumptions have had to be made and the modelling does not take account of any 
ground delays or any delays caused by interactions with flights from other UK airports 
especially in the London Terminal Area. Therefore these figures are not presented as 
definitive and final capacity estimates, but are meant to prompt further investigation to 
enable the true capability of the Heathrow option to be identified and reflected in the 
Airport Commission’s work. 

In order for a fully accurate comparison of all three shortlisted schemes to be made, it 
would be necessary to carry out the following work: 

 Analysis of the arrival procedures described in Period 1 and the departure 
procedures of Period 3 by independent experts of Air Navigation Services 

 Simulation of the critical scenarios including the ground operation using the 
recommendations of the independent operational experts 

It is recommended that the above activities are investigated by the Airports Commission 
so that the true capacity of Heathrow’s third runway proposal can be reflected in its 
review of the shortlisted options. In the simulation results all different kinds of delay, like 
departure gate delay, departure taxi delay, runway delay, arrival delay, arrival taxi delay 
and arrival gate delay should be measured and summarized to reflect the real average 
departure and arrival delay figures per aircraft. 
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6 ABBREVIATIONS 

A 

ANSP   Air Navigation Services Provider 
ATC   Air Traffic Control 
ATET   Around the end taxiway 

B 

BA   British Airways 

C 

CAT   Category 
CCO   Continuous Climb Operations 
CDO   Continuous Descend Operations 

D 

DER   Departure end of runway 
DFS   Deutsche Flugsicherung GmbH 
Doc   Document 
DPI   Departure Interval 
DVR   Designator for the navigation aid “Dover” 

F 

FMS   Flight Management System 
FT   feet 

G 

GAL   Gatwick Airport Ltd 
GBAS   Ground Based Augmentation System 

H 

HAL   Heathrow Airport Ltd 

I 

ICAO   International Civil Aviation Organization 
ILS   Instrument Landing System 
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M 

MDI   Minimum Departure Interval 
MLS   Microwave Landing System 

N 

NM   Nautical mile 

U 

UK   United Kingdom 

P 

PBN   Performance Based Navigation 
PDG   Procedure Design Gradient 
PDR   Peoples Democratic Republic 

R 

RNAV   Area navigation 
RNP   Required Navigation Performance 

S 

SID   Standard Instrument Departure 
SOIR   Simultaneous Operations on Parallel Instrument Runways 

T 

TMA   Terminal Control Area 
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