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Introduction

Background

The Airports Commission (AC) was established in 2012 by the UK Government to examine the need
for additional UK airport capacity and to recommend how any additional capacity requirements can be
met in the short, medium, and long-term. The AC is due to submit a Final Report to the UK
Government by the summer of 2015, assessing the environmental, economic and social costs and
benefits of various solutions to increase airport capacity, considering operational, commercial and
technical viability.

Shortly after its inception, the AC issued tenders for support contracts to engage independent
technical advice on a range of aspects of the Commission's work. Jacobs together with sub-
consultants Leigh Fisher and Bickerdike Allen Partners were appointed as the sole supplier on the
Airport Operations, Logistics and Engineering Support Contract (ref: RM1082), which runs throughout
the AC's lifespan up until the summer of 2015.

A key milestone in the AC's operational life was the delivery in December 2013 of an Interim Report.
Following a general call for evidence, the Interim Report detailed the results of analysis of the capacity
implications of forecast growth in UK aviation demand and a preliminary appraisal on a long-list of
proposals put forward by scheme promoters to address the UK's long-term aviation connectivity and
capacity needs. The associated appraisal process identified three short-listed options, two focussed
on expanding Heathrow Airport and one on expanding Gatwick. These options were then
subsequently further developed and appraised during an assessment that was published for
consultation in November 2014.

The pre-consultation assessment with respect to surface access constituted a static appraisal using
spreadsheet-based demand-forecasting models, which were developed primarily to assess the
surfacetransportc apaci ty i mplications of each expansion
surface access stakeholders (the Department for Transport (DfT), the Highways Agency (HA),

Network Rail (NR), and Transport for London (TfL)), further assessment of the surface access
implications of the three expansion options was undertaken during the consultation period from
November 2014 to January 2015.

Study scope

Under the terms of the RM1082 support contract, Jacobs were commissioned to undertake the
aforementioned surface access assessment of the short-listed expansion options during the
consultation period. This further post-consultation assessment focussed specifically on three key aims
as follows:

1

Undertaking further sensitivity-testing of the spreadsheet-based pre-consultation models to
determine the impact of key variables on airport-related surface access demand, notably
incorporating trip distribution forecasts from the DfT's National Air Passenger Allocation Model
(NAPAM);

Providing a more detailed dynamic assessment using network-based models of the capacity and
level-of-service implications of airport expansion associated with each short-listed option,
accounting particularly for the following:

the extent to which road and rail trips (including non-airport trips) change their route to avoid
congestion/over-crowding, and the associated knock-on impacts;

the extent to which new rail services related to currently uncommitted infrastructure may
induce an increase in background demand;

the wider impacts of crowding on the rail network providing secondary connections to airport
services, notably the London Underground;

op
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- the effect of forecast demand on junction performance and the resulting congestion impacts,
both on the strategic road network and on roads in the vicinity of the airports;

1 Providing traffic forecasts compatible with the requirements of the air quality assessment that will
be undertaken as a part of a separate environmental work-stream - the data requirements for this
work-stream are summarised in Appendix A.

1.2.2 The ultimate aim of the study was to provide further guidance to the AC on the feasibility of, and likely
surface transport issues associated with each expansion option, with specific reference to three
objectives set out in the AC's Appraisal Framework:

1  Objective 1 - to maximise the number of passengers and workforce accessing the airport via
sustainable modes of transport;

1  Objective 2 - to accommodate the needs of other users of transport networks, such as
commuters, intercity travellers and freight; and

1  Objective 3 - to enable access to the airport from a wide catchment area.

1.2.3 For reference, the pre-consultation reports are available to download fromthe AC6 s wé®Bhei t e
aforementioned surface access environmental impacts are considered as part of a separate work-
stream.

1.3 Methodology overview

1.3.1 This report is the dynamic modelling appraisal report for the post-consultation surface access
assessment of Heathrow Airport North West Runway. Three work-streams were undertaken as
follows:

1  Enhanced distribution/mode-share modelling i this involved enhancements to the pre-
consultation spreadsheet models i the air passenger and on-airport employee surface access
forecasts arising from the enhanced models provided inputs for the following two work-streams.

1 Dynamic rail modelling 1 rail surface access forecasts from the enhanced spreadsheet models
were input into the network-b a s eRdilpléin modeld(version 7, supplied by TfL) to assess the
dynamic impacts of increasing airport-related rail trips on network performance in London and the
South-East of England. Railplan was chosen as it is the industry-standard model, used by TfL
and Network Rail, to assess all rail schemes in London and the South East.

1  Dynamic highway modelling i highway surface access forecasts from the same spreadsheet
models were also inputintoTf L6s West London Hi ghway Acasdessh me n!
the dynamic impacts of increasing airport-related road trips on network performance in London
and the South-East. WeLHAM was chosen as it is a detailed network-based highway capacity
model of the South-West London covering the Heathrow Study area. It has been validated to a
2009 base year and is used by TfL to assess road schemes within London. An alternative
approach of wusi ng wdseavesiidated bubwaR rejectecbfa this gurpose due
to the lack of local network detail around Heathrow and age of model development and validation
in our study area.

1.3.2 The pre-consultation assessments focussed on a single AM peak-hour demand forecast for each of
the airport expansion options in 2030 i this was the peak-hour for airport passenger trips, which was
estimated from flight arrival/departure profiles and assumed terminal lag times as 0700-0800. Post-
consultation, the 2030 forecast year was retained but a range of time periods were assessed, driven
by the requirements of the dynamic modelling work-streams.

1.3.3 For the highway modelling, an AM peak hour (0800-0900) and a PM peak-hour (1700-1800) was
required to be consistent with the WeLHAM modelled time periods, along with an average Inter Peak
(IP) hour covering the period 1000-1600. For the Railplan modelling, a 3-hour AM peak (0700-1000)
period and a 6-hour inter-peak (1000-1600) period were modelled.

! https:/iwww.gov.uk/government/publications/additional-airport-capacity-surface-access-analysis



JACOBS

1.34 As a result of the difference in time periods, the outputs from the pre and post-consultation models are
not directly comparable. In addition, the capacity analysis undertaken pre-consultation was static in
nature i demand associated with a new North West Runway at Heathrow was added to estimates of
background demand in the spreadsheet model and the capacity implications were assessed without
consideration of the impacts of crowding and congestion on route choice and journey timing. The
dynamic nature of the capacity assessments undertaken post-consultation means that the resulting
forecasts do account for these elements and are consequently different from those reported pre-
consultation.

135 Furthermore, as discussed in section 2.1 below, the number of passengers assumed to be using
Heathrow was different between the pre-consultation (which adopted the HAL forecasts) and post-
consultaton( whi ch adopted Thadadd&Sl d6at b Grassessmerds. f or ec as
Similarly, as discussed in section 2.2 below, the number of Heathrow employees was different
between the pre-consultation (which adopted the HAL forecasts) and post-consultation (which
assumed some productivity efficiencies) assessments.

1.3.6 As with pre-consultation, the post-consultation assessment was undertaken with reference to a Core
and an Extended Transport Baseline, which together listed transport infrastructure and services
expected or likely to be in place by 2030 regardless of any airport expansion that may be delivered in
the UK. Details of the schemes included in these baselines are provided in Appendix B i the Core
Baseline only included those schemes that were fully committed and funded when the pre-consultation
assessment commenced.

1.3.7 The primary focus of all the analysis was on the Extended Baseline, as by 2030 it was judged very
likely that further enhancements to the UK transport network would have been delivered above and
beyond the works that were fully committed before the consultation. In addition, as described in our
pre-consultation analysis, two rail schemes not included in the Extended Baseline were incorporated
in the assessment of the North West Runway, as follows:

1  Southern Rail Access (SRA) i the provision of 2 trains per hour (tph) in peak periods, rising to
4tph in off-peak periods, between Heathrow and Waterloo via Staines;

1  Crossrail 6tph to Heathrow, increased from the assumed service provision of 4tph in peak
periods.

1.3.8 Constructing an appropriate Extended Baseline for a 2030 assessment involved making significant
assumptions about the likely state of the transport network by that time, and this was a central factor in
the decision not to extend the scope of the surface access assessment to include later years.

1.3.9 There is currently a high degree of uncertainty surrounding some of the included schemes, not just in
terms of their delivery but also their final form and characteristics, which in some cases are continually
evolving as development work is progressed. The assessment detailed in this report was based on the
best assumptions on the state of the 2030 transport network at the time of writing, and was informed
by discussions with the pkeodnsultaidnadsesdmentsdvere miblishedffoo r e t
consultaton, and some | imited technical meetings betweer
during the compilation of this report, mainly related to modelling issues and clarifications on feedback
received pre-consultation.

1.3.10 Appendix E provides some indicative examples of road and rail trips between the airport and key
|l ocations in the UK in the 2030 6Ex»dadabowkandludBg@sel i ne
summary crowding/congestion forecasts derived from the dynamic modelling undertaken during this
study and described in the subsequent chapters of this report. The UK locations were identified based
on trip distribution forecasts for the NothWestRunway from t he Df Toés NAPAM

1.4 Report structure

141 The remainder of this report is structured as follows:
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Chapter 2 describes the core and alternative airport expansion scenarios that were tested post-
consultation;

Chapter 3 summarises the enhancements that were made to the pre-consultation spreadsheet
models and the sensitivity tests that were undertaken in response to feedback received from the
ACds st alkedfandulthion, and reports the resulting changes in forecast peak period
surface access demand to and from airport as a result;

Chapter 4 summarises the outputs from the Railplan modelling of the core expansion scenario for
a North West Runway at Heathrow;

Chapter 5 summarises the outputs from the dynamic highway modelling of the core expansion
scenario for a North West Runway at Heathrow, using the WeLHAM model;

Chapter 6 provides a summary of the three work-streams undertaken and draws out key
conclusions based on the outputs.
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Airport expansion scenarios

Overview

The pre-consultation spreadsheet models forecast demand related to each airport expansion option
based on a range of assumptions and parameters used to convert two key headline inputs into peak-
hour surface access trips to and from the airport. These key headline inputs are total annual
passengers handled by the airport, including the proportion interlining (i.e. transit passengers who do
not use surface access modes), and the total number of on-airport employees.

As with all the short-listed airport expansion options, the basis of the pre-consultation analysis for a

new North West Runway at Heathrow wasthesc he me pr omot er 6 s sensitivitftestse c a s t

were carried out using the passenger numbers from two AC scenarios. The headline passenger
numbers associated with these scenarios are shown in Table 2-1.

Table2-1: Preconsultatiommssessment scenarios

Current runway capacity Capacity expansion (extra/extended runway)

Annual . Annual Annual . Annual

Total . _ Interlining Total . _ Interlining
interlining surface interlining surface

annual pax % annual pax %
pax access pax pax access pax

82,500,000 = 35.0% 53,625,000 103,600,000 = 35.0% 67,340,000
84,919,152 21,012,136 24.7% 63,907,016 109,264,920 34,912,782 32.0% 74,352,138
87,452,728 19,796,496 22.6% 67,656,232 125,153,056 41,171,271 32.9% 83,981,785

In terms of employees, the HAL submission figure of 90,000 on-airport staff associated with the
delivery of the North West Runway was used in all the capacity expansion scenarios, while a figure of
72,100 (also sourced from the HAL submission) was used for the airport with two runways.

Post-consultation, it was decided that an appropriate AC forecast should be used as the core scenario
ratherthanthes c he me pr o mot e raddsthiscaransceharigwas apied in the dynamic rail
and highway modelling work-streams. This was to reduce reliance on the scheme promoter forecasts
and also to allow the incorporation of trip distribution forecasts derived fromthe Df T6s NAPAM,
was run to generate outputs specifically for each AC scenario. Further details of the outputs from
NAPAM are provided in the following chapter of this report and also in the separate Technical
Appendices document supporting this report.

Core scenario

For Heathrow North West Runway, the highest AC scenario in terms of airport passengers in 2030
was the Carbon-Traded Global Growth (CT GG) scenario. The passenger forecasts for this scenario
are summarised in Table 2-1, indicating a total of 87.5 million passengers per annum (mppa) using the
airport with two runways in 2030, increasing to a total of 125.2mppa with the North West Runway in
place in the same year. The proportion of those passengers that were interlining was forecast to rise
from 22.6% with two runways up to 32.9% with the North West Runway in place.

w h
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In terms of employment, the AC produced two scenarios expressed as ratios of passengers per
annum (ppa) per on-airport employee for Heathrow in 2030, summarised as follows:

1 2030 low productivity employment scenario = 911ppa/employee (assumed year-on-year increase
of 0.5% in ppa/employee ratio from base 2011 figure);

1 2030 high productivity employment scenario = 1,265ppa/employee (increase of 2.25% in ratio).

For the purposes of the post-consultation assessment, a mid-range of 1,088ppa/employee was used
to calculate an estimate of total on-airport employment associated with the CT GG passenger scenario
described above. This resulted in the key headline numbers summarised in Table 2-2 forming the core
post-consultation scenario that was assessed using Railplan and WeLHAM.

Table2-2: Postconsultatior2030 core scenario headline inputs for Heathrow North West RunwayT(@ddzbn
Global Growth passenger forecasts withraride employment ratios)

Annual
surface
Annual access On-airport
Airport expansion passengers % interliners passengers employees
Current runway capacity 87,452,728 22.6% 67,656,232 80,357
With North West Runway 125,153,056 32.9% 83,981,785 114,999

Alternative scenarios

In addition to the core scenario, airport-related forecasts were also produced for the two other pre-
consultation passenger scenarios summarised in Table 2-1, with one alteration. Pre-consultation, the
Carbon-Capped Assessment of Need (CC AoN) sensitivity test was undertaken using the HAL
submission employee estimates. Post-consultation, the employee assumptions related to this scenario
were updated to incorporate the mid-range AC employee ratio described above. In contrast, for the
HAL submission passenger scenario, the HAL employee forecasts were retained. This resulted in the
summary headline inputs for the post-consultation alternative scenarios shown in Table 2-3.

Table2-3: Postconsultatior2030 alternativeesnarioheadline inputs for Heathrow North West Runway

Annual
s . Airport Annual % surface | On-airport
cenario . . .
expansion passengers | interliners access | employees
passengers
CarborCapped Currentrunway g/ 919150  24.74% 63,907,016 78,029
Assessment of Need capacity
s Ees With North West | 5g 564 920 31.9506 74,352,138 100,400
employee ratio) Runway
Currentrunway g, 569000 35.00% 53,625,000 72,100
. capacity
HAL submission With North West
103,600,000  35.00% 67,340,000 90,000
Runway

It should be noted that while revised airport-related demand forecasts were produced for these
scenarios alongside the core scenario for comparative purposes using the enhanced spreadsheet
models, the impacts were not modelled using Railplan or WeLHAM as part of this study.

Scenario comparison
The tables above indicate clearly that with the North West Runway in place, the CT GG scenario with

the mid-range employee ratio applied produces the highest absolute numbers of passengers and
employees in 2030 when compared with the two alternative scenarios.
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As well as this, the CT GG scenario also results in the largest net change in annual passengers using

surface access (i.e. accounting for interlining trips) at Heathrow in 2030 when the North West Runway
expansion option is compared withthetwo-r unway &édo nothingd option. Thi
access passenger numbers is illustrated for all three scenarios in Figure 2-1. Similarly, Figure 2-2

indicates that the net change in employees as a result of the North West Runway is most pronounced

in the CT GG scenario with the mid-range employee ratio applied.

Figure2-1: Forecast 2030creasan annual passengers using surface access (Heathrow North West Runway
expansioroptionvé d o not h)i ngd opti on
18,000,000
16,000,000 -
14,000,000 -

12,000,000 -
10,000,000+
8,000,000 -
6,000,000 -
4,000,000
2,000,000
0 -

Carbon-Traded Global Carbon-Capped Assessment  HAL submission
Growth of Need

Figure2-2: Forecast 2030creasan employees (Heathrow North West Runway expapsionvd d 0 not hi ng
option
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25,000 -

20,000 -
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Distribution and mode share modelling enhancements

Overview

The headline annual passenger and employee inputs described in the previous chapter were used in
the spreadsheet models initially developed pre-consultation to generate revised airport demand
forecasts for a range of time periods for each scenario. The time periods assessed were dictated by
the requirements of the dynamic modelling work-streams as follows:

1  For the highway modelling using WeLHAM, three time periods were required:
- an AM peak-hour (0800-0900);
- an average Inter-Peak (IP) hour (between 1000 and 1600);
- a PM peak-hour (1700-1800);
1  For the Railplan modelling, two time periods were required:
- a 3-hour AM peak period (0700-1000);
- a 6-hour IP period (1000-1600).

Forecasts for the time periods described above were generated using passenger and employee arrival
and departure profiles sourced from the HAL submission. A number of enhancements were also made
to the pre-consultation model post-consultation to provide more robust forecasts. These
enhancements are summarised as follows:

1 for the two AC scenarios, the pre-consultation passenger surface access distribution assumptions
were replaced with outputs corresponding to each scenario fromthe DfT6 s NAPAM

1  employee mode split assumptions were applied at district level to account for the different travel
options likely to be available to employees in 2030 based on their home location (pre-consultation
a single headline mode split was applied to all employees regardless of their home location) 1 this
process was undertaken with reference to information on current employee travel behaviour
sourced from a 2013 employment survey commissioned by HAL?2,

Apart from those inputs listed in paragraphs 3.1.1 and 3.1.2 above and the numbers of Heathrow
passengers and employees defined in chapter 2 above, all other inputs to the model post-consultation
were retained pre-consultation, as documented in the Technical Appendices document supporting the
pre-consultation appraisal report®.

In addition to the aforementioned enhancements, the district-level outputs from the models also
needed to be converted to Railplan and WeLHAM zone-level inputs. In London and the South-East,
both zone systems were very detailed, with individual districts divided into multiple zones. The
conversion process therefore involved disaggregating demand from a large number of districts,
accounting for the forecast 2030 distribution of population and jobs by zone within each district; the
proximity of the zones to the airport (in the case of employees); and the accessibility of zones to rail
stations. During this process, zones within the airport boundary were assumed to generate no
demand.

The surface access demand forecasts produced by the enhanced spreadsheet model are summarised
in section 3.2 for both the core and alternative scenarios described in Chapter 2. For the purposes of
reporting, the AM and PM peak hours have been used to summarise the difference in impact between
the scenarios.

2 http://ww. heathrowairport.com/static/HeathrowAboutUs/Downloads/PDF/TBF _techspec _vol2.pdf - page 334

3 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/371821/4-surface-access--lhr-nwr-appendices.pdf
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A number of sensitivity tests were also undertaken on the core scenario 2030 model in response to
feedback received from the DfT pre-consultation. These tests and the resultant changes in forecast
demand during the peak hours are summarised in section 3.2.21.

Core and Alternative Scenario model outputs

As described above, peak-hour demand forecasts were produced for the core scenario and the two
alternative scenarios using the enhanced spreadsheet model. The resulting difference in model
outputs is reported for the following characteristics 1 each of these characteristics in discussed in
more detail in the remainder of this section:

1 Trip distribution;
] Mode share;

1  Vehicle and rail trip demand.

Trip distribution

The forecast distribution of passenger trips (both without any expansion and with the North West
Runway) for the CT GG, CT AoN and the HAL submission scenarios is shown in Figure 3-1. In the
case of the AC scenarios the relevant NAPAM distribution was applied while for the HAL submission
the 2012 CAA distribution was applied.

The graphs indicate that in the HAL submission test using the CAA data, 51.1% of trips come from
Greater London, 23.8% of trips come from the South East of England (excluding Greater London), and
25.1% of trips come from the rest of the UK. In terms of key districts, the City of London accounts for
1.5% of total passenger demand, Kensington and Chelsea 5.1%, Tower Hamlets 2.1% and
Westminster 11.8%.

The NAPAM distributions associated with the AC scenarios (i.e. CT GG and CC AoN both with no
expansion and with the North West Runway) are very similar to the CAA 2012 distribution at regional
level, with London taking a slightly greater share of demand. In the CC AoN scenario both with and
without expansion, 51.2% of trips have origins and destinations in London. In the core CT GG
scenario with no expansion, London accounts for 51.9% of demand, falling to 51.3% with the North
West Runway in place.

The share of demand from key districts in all the AC scenarios is very similar. For example,
Westminster6s share ranges brthdvest Rudwapseendrio to 1158 inC T
the CT GG no expansion scenario. This contrasts with the HAL submission where it accounts for

11. 8 %. Kensington & Chel seads share ranges from
the HAL submission test.

In summary, the trip distributions between the 2012 CAA data and the NAPAM forecasts for the two
AC scenarios are very similar.

GG

5.
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Figure3-1: Passengedistributionpercentagesplits
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3.2.7

3.2.8

3.2.9

3.2.10

3.2.11

Mode Share

Figure 3-2 shows the headline passenger mode share for the different distributions and expansion
options.

Figure3-2: Headline Passenger Mode Share
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The graph indicates that there are only slight variations in passenger mode share between the
different scenarios and expansion options. This is expected as the difference in the forecast
distributions between the models is also very similar.

The forecast for rail mode share in the CT GG no expansion scenario is 40.5%, compared with 41.1%
for CT GG North West Runway and 40.8% and 41.2% for CC AoN with two runways and with the
North West Runway respectively. The bus/coach headline mode share for CT GG both with no
expansion and with the North West Runway options is 11.7% and for both CC AoN options is 11.8%.
The passenger car share for the CT GG with North West Runway is 47.2% compared with the CC
AoN with North West Runway at 47.1%.

There is slightly more difference between the HAL submission and AC scenario mode share forecasts,
though again the difference is not large. The HAL submission test forecasts 41.6% rail mode share
and 46.5% car mode share, with bus/coach mode at 11.9%. The difference between the HAL test and
the AC scenarios is partly related to the slight changes in distribution across the scenarios (as
described above) and also because the journey purpose split at district level is different across all
scenarios (the split at district level used in the HAL test is sourced from the CAA 2012 passenger
survey data).

Total demand forecasts (person trips)

Figure 3-3 shows the total demand, to and from the Heathrow, for both passengers and employees in
the AM peak hour (0800-0900) and the PM peak hour (1700-1800).

14
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3.2.12  Given the similarities in the distribution and mode share forecasts across the core and alternative
scenarios, as described earlier in this section, the difference in total demand is largely driven by the
difference in headline passenger and employee growth forecasts and interlining ratios associated with
each scenario, as summarised in Chapter 2.

3.2.13 Asis to be expected, forecast airport demand is higher in all scenarios with the North West Runway in
place, and the greatest demand for both employees and passengers occurs in the CT GG scenario,
which has the highest forecast of 125.2mppa associated with the North West Runway. AM peak hour
forecasts are also higher than the PM peak hour in each scenario, mainly as a result of the distribution
of employee trips across the day i many arrive for work during the AM peak but have variable-length
shifts meaning that departures from the airport are more evenly distributed throughout the afternoon
and evening.

3.2.14 Inthe CT GG scenario with the North West Runway in the AM peak hour (0800-0900), total employee
demand amounts to over 6,000 trips in both directions with passenger trips totalling under 16,000. In
the PM peak hour employee trips total under 6,000 while there are over 14,000 passenger trips.

3.2.15 Inthe CC AoN scenario total demand is lower as the headline passenger input reduces to 109.6mppa
with the North West Runway in place. In the AM peak hour, the employee trip forecast is around 5,400
while the passenger trip forecast is around 14,000. In the PM peak hour these numbers reduce to
around 5,000 and just over 12,000 respectively.

3.2.16 Demand is lower still in the HAL submission test, which incorporates headline inputs of 103.6mppa
and 90,000 employees. Total employee demand with the North West Runway is under 5,000 in the
AM peak hour while passenger demand is over 12,000. In the PM peak hour these numbers decrease
to around 4,500 and 11,000 respectively.

Demand forecasts by mode

3.2.17 Figure 3-4 summarises the total forecast vehicle trips (accounting for assumptions about average
vehicle occupancy and empty taxi/kiss & fly trips) and rail trips (accounting for assumptions about rail
Omeet & greetd demand) split by direction to and f
the difference between the scenarios is largely driven by the changing headline passenger and
employee inputs.

3.2.18 For employees, average vehicle occupancy was assumed to be 1.1 and no empty vehicle trips were
assumed to be generated as a result of employee travel. For passengers, an average car occupancy
rate of 1.53 was assumed, which was a composite of different rates for business and leisure
passengers. 78% of taxis were assumed to operate empty on one leg of their journey in and out of
Heathrow, and rail meet & greet was calculated at a rate of 2.5% of all airport passenger rail trips.
More detail on the sources for these assumptions can be found in the pre-consultation reports
published for consultation in November 2014.

3.2.19 The graph indicates that in the CT GG scenario with the North West Runway, the airport generates
over 6,000 inbound car trips in the AM peak hour. This reduces to around 5,500 in the CC AoN
scenario and under 5,000 in the HAL submission test. In the PM peak hour, under 6,000 car trips
leave the airport in the CT GG scenario with the North West Runway, falling to 5,000 in the CC AoN
scenario and around 4,500 in the HAL submission test.

3.2.20 Interms of rail demand the pattern is the same, with around 4,250 trips inbound to the airport in the
AM peak hour in the CT GG scenario with the extra runway, falling to around 3,750 in the CC AoN
scenario and 3,500 in the HAL submission test. The pattern repeats in the PM peak with an overall
lower forecast demand.
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3.2.21 Passenger demand is similar in both directions in both time periods for each scenario tested, but
employee demand is much more tidal in nature, with higher flows towards Heathrow in the AM peak
hour and away from the airport in the PM peak hour. In the peak direction (to Heathrow in the morning,
and from Heathrow in the evening), employee demand is comparable with passenger demand but in
the counter-peak direction it is much lower at approximately 20% of passenger demand.

3.2.22  Empty vehicle trips contribute approximately 30% of all road network demand in both directions. As
empty vehicle trips are calculated from passenger demand, they are, broadly, evenly split between the
peak and counter peak direction for all scenarios. Additional rail demand created by meet & greet trips
is very low in all scenarios.

3.3 Sensitivity testing

3.3.1 In addition to testing the core and alternative headline input scenarios, a number of sensitivity tests
were also undertaken on the core scenario and the results are described in this section. A number of
tests were requested by various stakeholders pre-consultation, as follows:

1  Changing the Value of Times (VoT) used to calculate Generalised Cost for business and leisure
passengers travelling to and from the airport i requested by the DfT;

1  Changing the methodology for calculating base year mode share using the CAA passenger
survey data i requested by the DfT,;

1 Airport passenger luggage space requirement impacts i requested by the AC expert panellists;

1  The impact of rail pricing on demand i requested by the AC expert panellists.

3.3.2 For the purposes of undertaking these sensitivity tests, only the forecasts associated with the North
West Runway have been reported. As evi dseinocnedd tiens ttsh
produce similar results for a lower overall level of demand.

Value of Time (VoT)

3.3.3 The VoTs used in the core scenario are 69p per minute for business passengers and 27p per minute
for leisure passengers. These values are composite 2012 values for UK and non-UK resident trips
sourced from an SKM report on airport passenger use of HS2*. Pre-consultation, a decision was taken
to use current VoTs in the models due to the uncertainties surrounding changes in rail fares and car
operating costs in future years. This approach was retained in the core scenario post-consultation.

3.34 Pre-consultation, the DfT requested that the models be tested using VoTs sourced from the South
East and East of England Regional Air Services Study (SERAS) model, which was initially developed
in 2001. For the purposes of sensitivity testing post-consultation, two sets of VoTs were applied from
SERAS i the 2012 forecast and the 2030 forecast. Table 3-1 summarises these values alongside
those used in the core scenario, indicating that while the core scenario business VoT is lower than
both SERAS values, the leisure VoT is higher.

Table3-1: Values of Time (VoT) applied in core scenario and sensitivity tests

Value of Time (pence per minute)

Post-Consultation
Journey purpose Core Scenario 2012 SERAS 2030 SERAS
Business 69.2 81.9 119.1
Leisure 27.0 17.7 25.7

4 http://webarchive.nationalarchives.gov.uk/+/http:/www.dft.gov.uk/pgr/rail/pi/highspeedrail/hs 2ltd/appraisalmaterial/pdf/airportdemandmodel. pdf
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Changing the VoTs in the model impacts on both main mode and rail sub-mode share for passengers
and consequently the car and rail demand forecasts. In broad terms, as VoT increases, so does the
attractiveness of time saving vis-a-vis other costs (i.e. rail fares, car operating costs) in the model.

Figure 3-5 illustrates the impact of changing VoT on the rail sub-mode forecast from the model for
business and leisure passengers. For business passengers, VoT is higher in the SERAS tests,
resulting in a shift to Heathrow Express (HEX, which is assumed to be retained as a premium fare
service in 2030) from standard fare services. In the core CT GG scenario, 21.3% of business
passengers are assumed to use HEX, compared to 25% in the SERAS 2012 test and 30.5% in the
SERAS 2030 test.

In contrast, for leisure passengers the highest VoT is applied in the core scenario and the result is that
the highest proportion of leisure passengers use HEX in this scenario, at 10.4% of the total. The
SERAS 2012 test involves applying the lowest VoT for leisure passengers, resulting in the lowest
forecast HEX rail sub-mode share forecast of only 4%.

Figure 3-6 illustrates the impact of changing VoT on the main mode share forecast from the model.
The impacts here are less obvious than the rail sub-mode shifts described above, since the relative
attractiveness of car, rail and bus/coach by location is more variable than the difference between
premium and standard rail options. In the case of business passengers there is very little difference in
mode share since trip origins/destinations tend to be clustered in locations where one mode choice is
clearly more attractive than the others (i.e. rail in the case of trips to and from central London).

However, the graphs for leisure passengers do indicate an increase in bus/coach mode share in the
2012 SERAS test. This is to be expected since the lowest VoT for leisure passengers is applied in this
test, meaning that passengers are more likely to select less expensive modes of transport.

Figure 3-7 illustrates the overall mode share for all passengers in the three VoT tests, illustrating that
the uplift in bus/coach trips in the SERAS 2012 test observed for leisure passengers is carried through
to the main mode share for all passengers.
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Figure3-5: VoT impact on strfail mode share for business and leisure passengers

Core CT GG scenaribusiness 2012 SERAShusiness
13.1% 12.4%

3440/‘ '. 8.1% 32.8% '. 8.1%
0,
"230% "21.”;

21.3% 25.0%

Core CT GG scenariteisure 2012 SERASeisure

17.8%
33.6% ’

4 11.8%
10.4% l '

26.4%

29.0%

JACOBS

2030 SERAShusiness

11.3%
303“ " 8.3%
19.7%
30.5%
2030 SERASeisure
18.1%
11.9%

26.9%

20

E SRA
= WRA
H Tube
m Hex

m Crossrail



Appraisal Framework Module 4.

Surface Access: Heathrow North West Runway

JACOBS

Figure3-6: VoT impact on main mode share for business and leisure passengers
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3.3.11

3.3.12

Figure3-7: VoT impact on main mode share for all passengers
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Figure 3-8 summarises the impact of changing VoT on total airport-related car vehicle and rail
passenger demand in the CT GG scenario with the North West Runway in place.

JACOBS

The graphs indicate that the Core CT GG scenario generates the highest car demand, in line with the
forecast car mode share for passengers, which is higher in this scenario than in the two SERAS tests.

For rail conversely, the highest number of trips is generated in the SERAS 2012 test, again linked to

the impact of VoT on the mode share forecasts described above.
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Figure3-8: Impact of VOT on car vehicle and rail passenger fagecast
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Base mode share assumptions

As with the pre-consultation modelling, the core CT GG 2030 scenario forecast is based on an
assessment of the final mode of travel to the airport recorded in the CAA 2012 passenger survey data.
It was suitable to retain this approach post-consultation as final/first rail sub-mode airport demand
inputs were required from the spreadsheet model for the dynamic rail assessment summarised in the
following chapter. In addition, representative districts were identified for more remote regions from the
airport to make the spreadsheet model development process more efficient i for example, this meant
that Generalised Costs (GCs) only had to be estimated for approximately 120 districts instead of the
full list of 370 in the UK. Representative districts were identified partly based on the distribution of trip
origins evident in the 2012 CAA survey data, with excluded districts generally generating low current
demand volumes.

Pre-consultation, the DfT requested that the model was sensitivity-tested to understand any potential
impacts related to the use of final rather than primary mode (which may for example over-emphasise
the demand impacts on modes local to the airport, such as courtesy buses), and the use of
representative districts for remote regions. The 2012 CAA data indicated that key trip-generating
districts in remote regions tended to correlate with regional public transport hubs (Manchester in the
case of the North West for example, or Newcastle in the case of the North East), which may therefore
result in a forecast that over-estimates public transport demand and under-estimates car demand.

To facilitate these sensitivity tests, the DfT provided summaries of primary mode share by district
calculated from CAA passenger survey databases for multiple years up to 2012. Two sensitivity tests
were subsequently undertaken, one using the revised 2012 CAA database and another using a
composite database for all years between 2006 and 2012. The second includes a larger number of
records, providing a more representative data set for regions where the number of annual trips to the
airport is low.

Ideally, the tests would be carried out by calculating composite GCs for remote regions rather than
identifying a representative district, and then re-calibrating the model parameters in the base year to
forecast primary mode rather than final model. These parameters would then be used to re-forecast
2030 mode share. However, it was not feasible to undertake such an exercise within the scope of this
study. As indicated during the pre-consultation reporting, the spreadsheet models are incremental in
nature, producing a final 2030 forecast by applying the modelled change in mode share between 2012
and 2030 for each district to the observed base year data for that district. As a result, the sensitivity
tests were undertaken by replacing the observed final mode share in the 2030 CT GG model with the
revised primary mode data provided by the DfT.

The DFT did not provide data on rail sub-mode share (HEX, Heathrow Connect, Tube) or car sub-
mode share (Taxi, Kiss & Fly, Parked), therefore these sub-mode share forecasts in the model are
retained from the 2030 CTGG scenario. The 2030 distribution from the DfT NAPAM was also retained
along with all other parameters.

The impact of the two sensitivity tests on headline passenger mode share when compared with the
core CT GG scenario is summarised in Figure 3-9. The graph indicates that the main change is a
reduction in bus/coach mode share, from 11.8% in the core CT GG scenario to 8.7% in the 2006-12
test and 7.8% in the 2012 test. This suggests that bus is currently more commonly used as a final non-
primary mode, for example as part of a rail-air service or a shuttle service from nearby hotels. Overall
2030 forecast PT mode share is lowest in the 2006-2012 test at 49.1%, compared with 49.2% in the
2012 test, suggesting a very slight shift away from car between 2006 and 2012.
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3.3.19
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Figure3-9: Impact of alternative base mode share data on 2030 forecast mode share
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Figure 3-10 illustrates the impact of the changes in passenger mode share described above on overall
trip demand forecast by the model in 2030, indicating there is very little change in demand as a result.
The highest rail mode share was forecast in the alternative 2012 base test, and this corresponds to a
forecast of 3,360 airport passengers travelling to Heathrow by rail in the AM peak hour, compared with
the forecast of 3,329 in the central scenario.

In terms of vehicle demand, the test with the highest forecast airport passenger car mode share (the
alternative 2006-12 base test) results in a forecast of 2,693 airport passenger vehicle trips travelling to
the airport in the AM peak hour, compared with 2,490 in the core scenario. This corresponds with the
mode share forecast described above, indicating that the highest car mode share was registered in
the alternative 2006-12 base test.

25



Appraisal Framework Module 4.

Surface Access: Heathrow North West Runway

JACOBS

Figure3-1Q Impact of base mode share on car vehicle and rail passenger forecasts
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Rail pricing

3.3.21 One of the sensitivity tests requested bythe AC6s sur f ace accmeconsudtatignert pane
involved understanding the impact of reducing the fare of premium rail services to provide more
effective rail capacity and relieve crowding on standard price rail services. In the case of the Heathrow
North West Runway option, one test was carried out on the core CT GG scenario model with the fare
of Heathrow Express (HEX) reduced to match standard services such as Crossrail and the Piccadilly
Line for comparable journeys.

3.3.22  The impact of this reduction in HEX fare is as would be expected, increasing overall rail share
marginally as passengers are attracted from other modes i this slight shift to rail is illustrated in Figure
3-11.

Figure3-11 Impact of HEX standard fare on core CT GG scenario headline mode share
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3.3.23 Reducing HEX fare has more of a pronounced impact on rail sub-mode choice, as illustrated in Figure
3-12. The graphs indicate that among business passengers, HEX sub-mode share increases from
21.3% in the core CT GG scenario to 36.7% with HEX operating with a standard fare. For leisure
passengers HEX sub-mode share increases from 10.4% to 21.1%.

3.3.24  The graphs in Figure 3-13 summarise the impact of reducing HEX rail fare on forecast car vehicle and
rail passenger demand in the core CT GG scenario model. As would be expected given the marginal
impact on headline mode share described above, the change in trip forecasts is very low. In the AM
peak for example, the number of airport passenger car vehicles inbound to Heathrow decreases from
2,490 to 2,444. In terms of rail, inbound airport passenger demand increases from 3,329 to 3,402 in
the AM peak.
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Figure3-12 Impact of HEX standard fare on core CT GG scerilssicbmode share
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Airport passenger space requirements

3325 Another sensitivity t efadeaccessgeyperspanelgpre-bopsultatiorerelate@dfos s ur
the impact of airport passenger luggage on rail capacity. The nature of the spreadsheet model used to
forecast airport demand during this study means that the only way this could feasibly be tested would
be by factoring the final rail demand forecasts.

3.3.26 lItis clear that some account should be taken of luggage-related impacts when considering the impact
of airport passengers on the rail network, since these passengers will by nature carry more luggage
than non-airport users. However, developing an appropriate modelling factor would be problematic for
the following reasons, and as a result has not been attempted within the scope of this study:

1  The lack of credible data on which to base the calculation of a factor linking luggage space
impacts to passenger space impacts on rail services;

1  The variable impact related to the background level of crowding (i.e. luggage impacts will be more
pronounced on crowded services where passengers do not get a seat) and the type of rolling
stock (which impacts on the amount of dedicated luggage space provided), suggesting that the
impact of luggage should be assessed in relation to capacity rather than demand.

3.3.27 Desktop research indicated that one source that could potentially be used to generate a factor is the
European Aviation Safety Agency (EASA) Passenger and Baggage Weight Survey, which was last
undertaken in 2008/9°. The survey indicated that at Gatwick Airport, which was selected as
representative of the UK & Ireland region, the average weight of a passenger was 75.9kg in 2008,
while the average weight of carry-on luggage was 5.6kg per passenger and checked-in baggage was
16.8kg per passenger.

3.3.28 These figures suggest that in terms of weight, a factor of 1.3 may be appropriate when applied to
passenger weight to forecast the impact of luggage. However, the survey includes no data about
mode choice to the airport (car passengers are likely to carry more luggage than rail passengers) and
the application of a factor calculated directly from the data would be based on a very crude
assumption that space requirements are directly related to weight for both passengers and their
baggage.

5 http://mww.easa.europa.eu/system/files/dfu/Weight%20Survey%20R20090095%20Final.pdf
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4, Dynamic rail assessment

4.1 Overview

41.1 Surface access demand forecasts for Heathrow (with two runways and with the North West Runway in
place) in the core scenario referenced #angeChapter
employment scenario) provided the inputs for the dynamic rail modelling work-stream.

41.2 This work-stream was undertaken using the Railplan model, provided by TfL. Railplan is a strategic
public transport model coded in Emme software that covers London and its surrounding area. The
model allocates forecast public transport demand from the multi-modal LTS model to National Rail,
London Underground, DLR, and Tramlink services and the bus network. Railplan also includes an
extensive walk network to represent access to the public transport system, with transfer between
differents er vi ces represented by i provadesdunthendgtals ontheldS . Tf L
model® and the Railplan model’.

4.1.3 TfL has recently developed Railplan Version 7 to represent baseline conditions in 2011. For the
purposes of this study, the 2011 model was refined to ensure a better fit to observed counts along key
rail corridors serving Heathrow. TfL also provided a Railplan 7 forecast run for 2031 based on the LTS
6 7 0 3 llowechr @rowth scenario, which is the central case currently used by TfL to test public
transport scheme impacts. This scenario is based on the following key 2031 planning assumptions for
the Greater London Authority (GLA) area, consisting of the 33 London Boroughs:

91 total households: 4,119,961,
1 total population: 9,839,366;
1 total jobs: 5,265,000.
4.1.4 Outside the GLA area, trip forecasts are based on assumptions sourced from the DfT's Trip End
Model PROgram (TEMPRO) V6.2, a component of the National Trip End Model (NTEM). The 2031

reference case also includes assumptions about the extent of the transport network in London and the
South East, which are summarised in Appendix C of this report.

Process

415 The following tasks were undertaken to develop the dynamic rail modelling assessment of the North
West Runway at Heathrow:

1 areview of the LTS '7031ref6' inputs was undertaken with two key aims:

- toidentify the schemes in the AC's Core and Extended Baselines (summarised in Appendix
B) that were not included in 67031ref656;

- to highlight any differences in assumptions be
Baselines for schemes that were included;

1  adjustments were made to service patterns and rolling stock characteristics on key rail corridors
in and around Heathrow in the model to reflect i
pre-consultation and published updates since then (notably the Western and Wessex Route
Study drafts for consultation® published by NR late in 2014) i this included adding coding for the
following notable missing schemes:

- WRA' assumed to be 4 trains per hour between Reading and Heathrow (both T5 and the
CTA) in accordance with feedback received from NR pre-consultation;

- Crossrail 2 regional option;

5 https://www.tfl.gov.uk/cdn/static/cms/documents/the-london-transportation-studies-model-Its. pdf
" https://www.tfl.gov.uk/cdn/static/cms/documents/londons-public-transport-assignment-model-railplan. pdf
8 http://www.networkrail.co.uk/long-term-planning-process/route-studies/
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- Bakerloo Line southern extension to Hayes;
- Northern Line extension to Battersea;

- HS2 Phase 1 (Hybrid Bill scheme) including corresponding amendments to WCML/Crossrail
services in accordance with assumptions published by HS2 Ltd in 2013¢;

anew LTS 2031 'Extended Baseline' run was requested from TfL, including the aforementioned
network amendments translated from Railplan i this was to account for any induced demand
impacts related to the changes in service provision associated with the Extended Baseline
schemes;

- it should be noted that HS2 is not included in LTS and so amendments were made in the
model to associated services at Euston and Old Oak Common to accommodate it, and
demand forecasts for HS2 itself were sourced from an associated run of the Planet
Framework Model (PFM) and incorporated in the output matrices once the LTS run had
been completed;

two additional schemes beyond the Extended Baseline were also coded in Railplan for the tests
involving the expansion of runway capacity at the airport:

- Southern Rail Access (SRA) i scheme coding was defined following a review of likely
options by the Jacobs rail operations team, and further details are provided later in this
chapter;

- Crossrail 6 trains per hour to Heathrow i this scheme was modelled by extending two paths
currently planned to terminate at Paddington/Old Oak Common on to the airport;

airport-related demand forecasts from the resultant LTS runs were then removed from the
matrices and replaced with the forecasts derived for the core scenario enhanced spreadsheet
model, as summarised in the previous chapter;

the Railplan Extended Baseline model was then run with associated background and airport-
related demand for a range of scenarios, including the airport in its current form and with the
North West Runway included.

Two time periods were assessed for each scenario using the Railplan model i an AM peak period
(0700-1000) and an inter-peak period (1000-1600). The full list of Railplan runs completed for this
study is shown in Table 4-1.

® https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/244033/Updated_economic_case for HS2 _August 2012

Explanation_of the service patterns January 2013 .pdf
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Table4-1: Railplan model runs for Heatw North West Runway
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Time Background Expansion
Year | periods | Transport network demand AC scenario option Airport demand amendments
2011 | AMP RP7 2011 RP7 2011 N/A None No change
2031 | AMP RP 7031ref6 RP 7031ref6 N/A None No change
2031 | AMP 2031 EB 2031 EB S1 Global Growth None 2-runway CT GG forecast
2031 | IP 2031 EB 2031 EB S1 Global Growth None 2-runway CT GG forecast
2031 | AMP 2031 EB + SRA/XR6 2031 EB S1 Global Growth HNWR NWR CT GG forecast
2031 | IP 2031 EB + SRA 2031 EB S1 Global Growth HNWR NWR CT GG forecast
2031 | AMP 2031 EB 2031 EB S1 Global Growth HNWR NWR CT GG forecast
2031 | IP 2031 EB 2031 EB S1 Global Growth HNWR NWR CT GG forecast
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4.1.7 A number of elements of the modelling process should be considered when interpreting the outputs
from the Railplan assessment described in the remainder of this chapter, as follows:

1  the assessment did not account for impacts associated with any additional development activity
or induced employment growth as a result of airport expansion i 2031 population and job growth
forecasts in LTS were provided by the GLA and th
run with associated changes to these forecasts to account for such impacts;

71  Railplan does not include any bus services in the Gatwick area or long-distance coach routes
between the airports and locations outside London, and the coding of bus services between
Heathrow and areas outside the GLA boundary is patchy T given the study timescale, only the rail
demand from the enhanced spreadsheet models was imported into Railplan to ensure a
consistent assessment across all the airport expansion options;

1 rail demand by sub-mode at Heathrow is hard-coded in Railplan and following discussions with
the TfL modelling team, this approach was retained in the Extended Baseline assessment i
forecasts by final/first rail sub-mode for trips to/from Heathrow were therefore imported directly
from the enhanced spreadsheet models, with Railplan forecasting resultant secondary
connections and the impact of increased airport demand on non-airport assignment.

4.2 Base Year (2011) model outputs

421 Figure 4-1 summarises the passenger volumes on the rail network around Heathrow in the 2011 AM
peak period Railplan model.

4.2.2 The plan indicates a total of up to 30,000 passengers on the GWML between Hanwell and West
Ealing travelling towards Paddington, with around 11,500 travelling in the opposite direction. The
volumes travelling to and from Heathrow itself on HEX and Heathrow Connect services via the spur
suggest that airport trips represent a small proportion of the total flow on the main line.

Figure4-1: 2011 AM peak forecast rail demand around Heathrow
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The plan also indicates flows on the Piccadilly Line, indicating that around 8,400 people are already
travelling on the link between Osterley and Boston Manor towards London in the AM peak, although a
relatively small proportion of these originate at the airport itself.

Figure 4-2 summarises crowding on the rail network in Railplan in the 2011 AM peak. The plan
indicates in black those links on the network where crowding levels reach in excess of 4 people/m2 of
standing space. For example, this includes links on Windsor Line services east of Richmond
approaching Clapham Junction and on sections of the North London Line via Gospel Oak and
Barking.

Figure 4-3 summarises crowding on the London Underground network in the same time period,
illustrating that extensive sections of the network are over-crowded in the AM peak. Crowding levels
reach in excess of 4 people/m2 on sections of the Northern Line, Jubilee Line, Piccadilly Line and
Victoria Line and the Central Line.
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Figure4-3: London Underground crowdi®g011 AM peak
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4.3 Reference case (2031) outputs with a two runway Heathrow

4.3.1 Figure 4-4 summarises forecast link flows in the AM peak from the Railplan 2031 reference case run
(the 67031ref66 scenario), indicating that the flo
of 60,000 trips between Hanwell and West Ealing. On the Piccadilly Line inbound flow reaches close
to 11,000 between Osterley and Boston Manor in the same time period.

4.3.2 Figure 4-5 indicates the change when the 2031 reference case volumes are compared with the 2011
base model, described in the previous section. This indicates that flows on the GWML are forecast to
nearly double by 20317 for example, the inbound flow to London west of Hanwell is forecast to
increase by close to the 30,000 trips, an increase of 97.6% on the 2011 base model flow in the same
time period. On the Piccadilly Line the increase is less pronounced, amounting to a growth of 28.8%
inbound to London between Osterley and Boston Manor, due to the presence of Crossrail in the 2031
ref case, which relieves some pressure on the London Underground line.

Figure4-4: 203Tref caseAM peak forecast rail demand around Hea(@@8kref6 scenario)
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Figure4-5: Change in AM peak volumes (2031 refdc238¢1 base)
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4.3.3 Figure 4-6 illustrates the crowding forecasts during the AM peak in the 2031 reference case. The plan
indicates that across London, the additional rail capacity provided on the network in this scenario (see
Appendix C) helps to relieve many of the crowding issues identified in the 2011 AM peak.

4.3.4 Overall crowding levels do however appear to increase on services inbound to Paddington in 2031
when compared with 2011 7 the 2031 plan indicates between 3 and 4 people/m2 standing inbound to
Paddington in the AM peak. There are two potential explanations for this, as follows:

1  Crossrail results in a significant increase in trip volumes on the GWML, as indicated above, due
to the significant improvement in service;

1  Crossrail rolling stock is designed to accommodate more passengers standing than seated when
compared to the stock currently in use on the GWML.

4.3.5 While overall crowding levels may have increased, it is likely that a higher proportion of the demand on
the GWML inbound to Paddington consists of shorter journeys from locations within the Crossrail
catchment when compared to demand in 2011.

4.3.6 Figure 4-7 illustrates forecast crowding on the London Underground network in the 2031 reference
case. The plan indicates that enhanced capacity relieves some of the pressures evident on the
network in 2011 (for example, crowding on the Central Line appears to reduce as a result of the
introduction of Crossrail), although many lines will continue to be heavily crowded inbound to London
in the AM peak.
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Figure4-7: London Underground crowdi&@03. ref caseAM peak
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LTS Extended Baseline scenario

As mentioned earlier in this report, the dynamic rail modelling stage of this study involved re-running

T f LL&Smodel to generate a background public transport demand forecast associated with the
Extended Baseline scenario. This re-run was undertaken as major public transport schemes included
in the Extended Baseline (for example Crossrail 2 and the Bakerloo Line southern extension) will likely
induce demand on the public transport network. Assessing the impact of airport expansion using the
reference case forecast (7031ref6) would therefore underestimate impacts, since this induced
background demand would not be accounted for in the appraisal.

Inputs

The additional Extended Baseline schemes listed in Appendix B (the schemes already included in the
reference case are summarised in Appendix C) were coded in Railplan in both the AM peak and IP
periods and then converted into LTS format to complete the run. Many of the schemes, particularly
new LUL and Overground services, had already been coded by TfL for previous assessments and this
coding was supplied and reviewed by Jacobs to assess its suitability for this study. Other schemes
such as WRA had to be coded specifically for this study, and assumptions on service patterns were
made based on inputs from the AC stakeholders pre-consultation; reviews of the latest NR route
studies (notably the Western and Wessex studies); and inputs from the Jacobs rail operations team.

A summary of the additional services included in the Extended Baseline, and the associated modelling
assumptions, is provided in Table 4-2. TfL also provided updated coding for South Eastern, TSGN and
First Great Western (FGW) services based on new information obtained since the reference case was
developed.

Results

When compared with the reference case, the LTS Extended Baseline run indicated an overall increase
in PT demand across the forecast day in 2031 as a result of the new services included. Figure 4-8
summarises forecast PT boardings in the AM peak period (0700-1000) in both scenarios, indicating an
increase of 99,400 PT boardings across the 3-hour peak in the Extended Baseline when compared
with the reference case, an increase of 1.8%. Figure 4-9 indicates that this corresponds to an
additional 1.8m passenger-kms travelled on the PT network in the same time period, an increase of
2.3%.

The graphs also indicate that within the overall forecast uplift in PT demand, some transfer from Bus
to LUL and National Rail/Tramlink services occurs. In the AM peak, National Rail/Tramlink boardings
increase by 134,000, an uplift of 7.1%, while passenger-kms increase by 1.87m (3.1%). In contrast,
bus boardings decrease by 4.2% and passenger-kms decrease by 7.0%.

In the inter-peak 6-hour period a similar pattern is evident for all PT services, with an overall uplift in
total boardings of 1.8% corresponding to an uplift of 2.8% in total passenger-kms travelled in the
Extended Baseline when compared with the reference case. When National Rail/Tramlink services
were considered independently, the corresponding increases were 12.7% and 4.4%, indicating that
the impact of the Extended Baseline enhancements on demand is more pronounced with regard to
National Rail and Tramlink services in the inter-peak than it is in the AM peak.
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Table4-2- Summary of schemes incldda LTS Extended Baseline run

Scheme Source info Service pattern

HS2 Phase 1 Phase 1 hybrid bill scheme (Jan 2013 service pattern*) and associated amendments to WCML services i LTS
and ancillary TfL does not include HS2 so amendments made to service patterns to simulate demand impacts on other services i
schemes demand forecast then included in subsequent Railplan runs, sourced from Planet Framework Model (PFM)

BML schemes
(Sussex Route
Study)

NR (Phase 2/
Sussex Route
Study

Option S3i assumed from Sussex Route Study* - extra London Victoria peak-hour train paths (3 x Haywards Heath
fast, 1 x Hove fast) and extra London Bridge peak-hour train paths (1 x Eastbourne, 1 x Hove fast); all 12-car Class
377 rolling stock in peak-hour

Current TSGN assumption but with minor amendments: extension of some train paths terminating at Gatwick to

;rigrl:ldments NR (Phase 2) Three Bridges; Thameslink Class 700 carriage capacity assumptions amended to 55 seats and 23.3m? standing
space; GEX rolling stock amended to match current upgrade plan (Class 387/2)
Western Rail NR (Phase 2) / Assumed to provide 4tph service calling at Reading, Twyford, Maidenhead, Slough, Heathrow T5 and Heathrow
coded by
Access (WRA) CTA
Jacobs
Crossrail 2 TiL Regional option (scenario 3b) and related amendments to South West Trains services to Waterloo
Assumed 22.5tph on Stratford Bow Branch (7.5 to Lewisham, 15 to Canary Wharf); 3-car services between
DLR TiL Stratford International and Woolwich Arsenal; additional services at 7.5tph between Stratford International and
enhancements Beckton i no reference in 2050 TfL Infrastructure Plan to DLR extensions so upgrade file incorporating extensions
to Bromley excluded
London 8car Class 37806s on NLL/ ELL /-Baking/LiBel(GOBLIM) exteiied to Barkisgp e | 0]
Overground TfL Riverside; extra 2tph between Dalston Junction and New Cross Gate (AMP); extra 2tph between Stratford and
enhancements Clapham Junction (AMP)
Bakerloo line Current @entral casedassumption (pending appraisal): peak service of 27tph from Elephant and Castle along Old
southern TfL Kent Road (2 new stations) and then Hayes Line to Beckenham Junction and Hayes i corresponding amendments
extension to Southeastern services into London Bridge on parallel routes
Northern Line Full signalling upgrade; full separation (including rebuild of Camden Town station, creation of two separate lines);
TfL d . S
upgrade extension of Charing Cross branch to Battersea via Nine Elms
. NR (Anglia . . : . . . .
West Anglia Additional train capacity between Liverpool Street/Stratford and Stansted Airport, Cambridge, Kings Lynn,
. Route Study) / .
infrastructure Broxbourne, and Bishops Stortford

coding from TfL

Western Route
Study Services

NR (Western
Route Study)

Minor amendments: Crossrail set as 9-car service; Swansea/Bristol-via-Bath services changed from 8-car to 9-car;
some rolling stock seat assumptions amended; amendments to Marlow/Windsor & Eton branch line services

10 https://mww.gov.uk/government/uploads/system/uploads/attachment _data/file/244033/Updated economic_case for HS2 _August 2012

- _Explanation_of the service patterns _January 2013 .pdf

1 http://www.networkrail.co.uk/long-term-planning-process/south-east-route-sussex-area-route-study/ - Table 5.4 (page 105)
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4.4.7 In terms of the distribution of PT demand, the impact of Extended Baseline schemes can be seen in

Figure 4-10 and Figure 4-11. The plans show the % uplift in AM peak PT trip origins and destinations
forecast by location in the Extended Baseline when compared with the LTS reference case. The
largest % uplifts occur in areas benefitting directly from improved rail connections in the Extended
Baseline, including the following locations:

1  Areas in Surrey (particularly around Epsom), Kingston-upon-Thames, Merton, Hackney, Enfield
and parts of Hertfordshire (around Broxbourne and Cheshunt) all benefit from Crossrail 2 stations
in the regional option;

44



Appraisal Framework Module 4. JACOBSO

Surface Access: Heathrow North West Runway

1  Bromley and Lewisham benefit from the Bakerloo Line southern extension to Hayes and
Beckenham Junction;

1  Areas around Watford, Hemel Hempstead and St. Albans all benefit from improvements to
suburban services into Euston, taking advantage of the released capacity created by the
introduction of HS2.

4.4.8 The plans also indicate an increase in PT trips originating and terminating in other areas of central,
north and east London to a lesser extent than those identified above, either because new services do
not effect these areas to the same degree, or (in the case of central London) because PT provision in
the reference case is already very good so hew schemes have relatively less impact on demand.

4.4.9 While PT trip destinations appear to increase in all areas, Figure 4-10 indicates that marginal
reductions in PT trip origins are forecast in areas in West London and Berkshire, and also in Kent. In
the case of the latter, some rail demand may be replaced by car trip origins in the Extended Baseline
rail-heading onto Bakerloo Line services in Bromley. In general however, the demand reductions from
these areas are marginal and probably reflect the fact that relative to the areas described above, these
areas benefit less from Extended Baseline schemes. LTS indicates that the Extended Baseline
schemes increase the number of rail trips on the PT network in central London, which may increase
crowding and encourage a marginal shift to other modes for some trips originating in areas that do not
benefit directly from the new schemes.

Figure4-1Q % change in AMP PT trip origins (Extended Baseline v Ref Case)
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Figure4-11 % change in AMP PT trip destinations (Extended Baseline v Ref Case)

% change in AM
Extended Baseline v Ref Case (2031)
e & (0
B ito 6 @)

B 210 4 (10)
[ oto 2 (59)
B2 0 (3)
B4t-2 (0

6to-4 (0)
8to-6 (0)

Airport demand forecasts

Following the completion of the LTS Extended Baseline run, the corresponding 2031 AM peak and
inter-peak demand matrices were imported back into Railplan. The forecast trip origins and
destinations associated with Heathrow Airport zones were then replaced with airport-related demand
forecasts derived from the enhanced spreadsheet models for four scenarios, as follows:

1  Heathrow with no expansion (i.e. the airport in its current form in 2030, with two runways) i this
forecast was generated assuming the Extended Baseline transport schemes described above are
in place;

1 North West Runway assuming the Extended Baseline transport network;

1 North West Runway assuming the Extended Baseline transport network plus Southern Rail
Access (SRA) and 6 Crossrail trains per hour 1 applied only in the AM peak period;

1 North West Runway assuming the Extended Baseline transport network plus SRA i applied only
in the inter-peak period, with Crossrail assumed to revert to 4 trains per hour even if 6 trains per
hour is feasible in the AM peak.

Six Railplan runs were then completed, providing AM peak and inter-peak outputs for the four
scenarios identified above. These are described in more detail later in this chapter.

Southern Rail Access and Crossrail 6tph

As mentioned above, one of the Heathrow North West Runway scenarios assumed that two schemes
beyond the Extended Baseline would be in place at the airport.
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454 For the purposes of this study, the Crossrail 6tph scheme was modelled by extending 2 train paths per
hour (assumed in the current Crossrail timetable to terminate at Paddington) to the airport. This
consequently increased the peak frequency of Crossrail services between the airport and Paddington
from 4tph in the Extended Baseline to 6tph but did not affect frequency through the Crossrail core.
This proposal was based on HALS submissions to the AC pre-consultation.

455 In the case of SRA, NR released tender documents seeking consultancy supportforad Pr ovi si on ¢
services for SRA t o He a20MrTherendet doaiment indicatedstieapthee mb e r
engineering/option short-listing element of the study is not due to report to the DfT until summer 2015
and therefore, at the time of reporting for this study, no details were available from AC stakeholders on
the likely characteristics of the SRA scheme.

45.6 As a result, the Jacobs rail operations team conducted a high-level review of potential options for SRA
for the purposes of modelling the scheme during this study i this review is described in more detail in
Appendix D. In summary, it concluded that any scheme that increased train frequency on the
Richmond branch of the Windsor Line to Waterloo is likely to encounter the same opposition regarding
waiting times at level crossings that prevented the Airtrack scheme from being progressed, unless
significant new infrastructure is provided to grade-separate the line at these locations. Therefore, the
most straight-forward proposal for SRA appears to be the introduction of an attaching-detaching
service separating at Staines and serving both Heathrow and existing destinations on the Windsor
Line to and from London Waterloo. It was also concluded that services between Heathrow and
Woking/Guildford are likely to be feasible, but that demand would likely be lower than for a London
service, raising a question over viability.

45.7 SRA was consequently modelled between Heathrow and Waterloo via Staines and Richmond in the
enhanced spreadsheet models used to generate airport-related demand forecasts for the service, as it
was pre-consultation. In Railplan, since first/final mode at the airport is hard-coded as described
earlier in this chapter, the capacity impacts were modelled by adding a rail link between Heathrow T5
and Staines to add forecast airport demand onto the rail network at Staines, on the basis that an
attachment-detachment service would be unlikely to impact significantly on forecast background
demand levels on the Windsor Lines. The impact of airport passengers on capacity could therefore be
assessed at an aggregate level when added to background demand, assuming that SRA does not
increase overall frequency on the branch line through Richmond.

Scenario outputs

45.8 The graph in Figure 4-12 summarises the total rail demand forecast to and from Heathrow in the AM
peak period (0700-1000) in each of the scenarios described above, consisting of airport passengers,
employees, andrail 6 me et a n d thgtotasallusératetl onithe graph relate to the core CT GG
headline numbers described in Chapter 2 and represent the airport-related demand inputs to the
Railplan AMP models described later in this chapter.

45.9 The graph indicates a total uplift in demand of some 5,600 rail trips to and from the airport during the
AMP in the North West Runway scenario including SRA and Crossrail 6tph when compared with the
no expansion forecast i this amounts to an increase of just under 30% in total rail demand between
the two scenarios.

45.10 The graph also illustrates that rail demand is slightly lower in the North West Runway scenario
excluding SRA and Crossrail 6tph, as the additional schemes encourage a marginal shift to rail from
other modes as a result of the new connections created.

45.11 Figure 4-13 provides the corresponding forecasts for the inter-peak period (1000-1600), illustrating
similar trends but based on an overall lower level of demand than in the AMP. The total increase in rail
trips between the no expansion and North West Runway scenarios is around 10,700 during this time
period, also amounting to an uplift of around 30%.
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Figure4-12 Forecast 2030 AM peak (GTQQ0) rail demand (airport passengers and employees)
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Figure4-13 Forecast 203aterpeak £000-1600) rail demand (airport passengers and employees
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45.12 Figure 4-14 illustrates the total rail sub-mode share forecast to the airport in the AM peak period
(0700-1000), indicating the impact that SRA has in the North West Runway scenario where it has
been modelled. It should be noted that the graph shows a combined rail sub-mode forecast for both
airport passengers and employees, with each group assessed independently in the modelling process.

4.5.13 Passenger and employee trips to and from the airport are forecast based on hourly profiles and as a
result, the combined mode share changes according to the modelled hour and the direction of travel
(since employee travel is more tidal in nature, for example accounting for a greater proportion of total
demand to the airport in the AMP than from the airport in the same period).

Figure4-14 AMP (0760000) overall rail subode share TO airport (passengers and employees)
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4.5.14  Figure 4-15 illustrates the point made above, indicating how rail sub-mode share changes in the AMP
for trips away from the airport. Employees make up a much smaller proportion of total demand in this
direction and therefore, the mode share illustrated is more reflective of airport passenger rail choices.
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Figure4-15 AMP Q7001000 overall rail stmode share FROM airport (passengers and employees)
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4.6 AM peak Railplan Extended Baseline runs

No runway expansion

4.6.1 The first AMP Railplan run completed was the O6no e
Baseline transport network and corresponding background demand forecast from LTS, assuming that
Heathrow remains in its current form with two runways. Figure 4-16 illustrates the AM peak flows on
the network around Heathrow in this scenario, indicating a similar level of demand to that evident in
the reference case run described earlier in this chapter, which is to be expected since background and
airport demand and available capacity on rail links in this area change very little between the two
scenarios. Flows inbound to London reach over 57,000 on the link on the GWML between Hanwell
and West Ealing, and around 12,000 on the Piccadilly Line between Osterley and Boston Manor.

Flows in the counter-peak direction are approximately 40-50% of that in the peak direction depending
on the line.
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Figure4-16 2031Extended BaselineM peak forecast rail demgnd runway expansion)

PIALY

39036 43973
37089 4112;

Great Western
Main Line

Piccadilly

Heathrow
Airport

The flows on links summarised above were compared with available seated and standing capacity on
each link in the model to calculate estimates of forecast crowding on the network, measured as the
average number of people standing per m? on trains on each link across the time period.

Railplan does produce full crowding plots for all National Rail services included in the model, but these
outputs have not been included in this report as forecasts for each link represent aggregate estimates
of crowding incorporating many different types of service (utilising different types of rolling stock),
including non-airport services on the GWML. As a result, these outputs are not detailed enough to
draw any meaningful conclusions about the crowding experienced by airport-related passengers on
the network. Link-based model outputs for rail services have instead been disaggregated to report
crowding impacts on trains serving the airport directly, split by service groups (i.e. HEX, Crossrail,
Piccadilly Line etc).

Figure 4-17 summarises the aforementioned crowding impacts on rail services providing direct
connections to Heathrow in the AMP do expansiondscenario. The plot indicates the following:

1  There are no crowding issues evident on HEX or WRA services based on the assumed service
pattern and rolling stock assumptions for the latter service i it should be noted that these
assumptions are subject to change as the scheme progresses through the GRIP process;

1  Crossrail becomes heavily crowded eastbound east of Old Oak Common, peaking on the
approach to Bond Street at just under 4 people standing per m?;

1T The Piccadilly Line is moderately crowded® around

inbound to London;

T Although not connected to Heathrow i n Ribhenond no

branch is severely over-crowded at over 4 people standing per m? inbound to London.
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Figure4-17 2031 Extended Baseline (no runway expardsiveyage passengers stangliper rion trains serving Heathrow (AM pleaikr)?
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Figure4-18 2031 Extended Baseline LUL crowding (no runway expansion)
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4.6.5 Figure4-18i | l ustrates the London Underground crowding
contrast to the outputs described above, this plot is a standard output from Railplan and is more
appropriate for this report since routes and service/rolling stock types are limited when analysed by
line. It should be noted that the calculation for crowding in this figure is incremental, accounting for
modelling residuals when compared with observed conditions in 2011 for existing services. As a
result, the forecast for the Piccadilly Line for example is slightly different from that illustrated on the
schematic diagram above.

4.6.6 The Underground plot indicates that even incorporating a range of schemes to enhance capacity
across the network, high crowding levels are forecast on many services by the 2030s regardless of
airport expansion, including significant sections of the Northern Line (particularly the Bank branch), the
Central Line to the east, and the Victoria Line north of Oxford Circus. The plot also indicates that the
new Bakerloo Line southern extension is forecast to become very crowded west of Lewisham in the
AMP, reaching in excess of 4 people standing per m?>.

4.6.7 In terms of direct access to Heathrow by London Underground services, the plot indicates that
crowding on the Piccadilly Line is lower than that observed in 2011, when the service reached in
excess of 4 peopleperm®west of Acton and east of Earl 6s Court
reduces from the base year on services inbound to Central London from the north-east i for example,
the section between Finsbury Park and Holborn sees a reduction from in excess of 4 people per m? in
2011t02-3perm2i n the 2031 Extended Baseline Ono expansi
replicated between Holborn and Green Park for a lower level of crowding, and neither model indicates
any crowding issues towards Heathrow west of Central London in the AMP.

Runway expansion excluding SRA and Crossrail 6tph

46.8 The next AMP Railplan run involved testing the Extended Baseline network with the additional airport
rail demand associated with the North West Runway. Both the airport demand forecast and the
modelled transport network in this scenario excluded SRA and the scheme to increase Crossrail
frequency at the airport to 6tph.

46.9 Figure 4-19 summarises the forecast flow on links in the vicinity of Heathrow in this scenario,
indicating that flows on the GWML reach around 58,400 inbound to Central London on the link
between Hanwell and West Ealing. Flows on the Piccadilly Line reach around 12,500 between
Osterley and Boston Manor in the same direction.

4.6.10 Figure 4-20 indicates the change in forecast flows on links in the AM peak in this scenario when
compared with the Extended Baseline O6no expansionb
demand while green bands indicate a reduction, and since the transport networks and background
demand estimates are similar in both scenarios, the plan effectively indicates the growth in demand on
links directly as a result of North West Runway-related rail trips.

4.6.11 The plan indicates that the increase in rail demand associated with the North West Runway is
concentrated on the GWML and the Piccadilly Line on links between the airport and Central London,
and the changes are more pronounced in the direction towards the airport. Demand increases by up to
1,000 trips on links on the GWML towards London and up to 1,300 on links towards the airport. On the
Piccadilly Line the increase in the direction towards London is of the order of 600 trips, with around
1,000 travelling towards the airport. On the links in the immediate vicinity of the airport, this amounts to
an increase in demand of up to 6% on the GWML and 25% on the Piccadilly Line.
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Figure4-19 2031Extended Baselin®M peak forecast rail demghtNWR excluding SRA & XR 6tph)
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The impact on crowding on rail links providing direct connections to Heathrow is illustrated in Figure

4-21, with the differendesteomri be sgmode. Asyaudlildn n

expect given the difference plots above, the additional passengers on the network as a result of the

North West Runway increase crowding on Crossrail and the Piccadilly Line, although the change on

the sections of the |ine that are already crowded
example on Crossrail eastbound, crowding increases from 3.99 people standingperm®?i n t he 6no
expansioné scenario to 4.03 with the North West Ru
perm>. On the Piccadilly Line the increase on the bu
peoplestandingpermz,pivoti ng off a | ower | evel of crowding in
compared to Crossrail.

Figure 4-23 provides crowding forecasts for London Underground services in the North West Runway
excluding SRA and Crossrail 6tph scenario. When co
expansiondé forecast, there is very Noith\Wes$t Bunwayih f er en
place as the biggest increase in demand occurs on relatively uncongested links in the vicinity of the

airport. The only noticeable difference between the scenarios on the Piccadilly Line inbound to Central

London is that crowding increases slightly further to the west.



JACOBS

Figure4-21: 2031 Extended Baseline (HNWR excluding SRA & X3aétphpe passengers standing péomtrains serving Heathrow (AM péak)
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13 On the Windsor Line (Richmond branch), crowding forecasts refer to all trains serving Staines, as paths for SRA have not been defined at the time of reporting i in this scenario, SRA is excluded
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Figure4-22 HNWRxcludingSRA & XR6tgh¢c hange in crowding compared with 6éno expansion®6 scenario
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Figure4-23 2031AM pealextended Baseline LUL crowding (HNWR excluding SRA & XR 6tph)
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Runway expansion with SRA and Crossrail 6tph

4.6.14 The final AMP Railplan run undertaken was for the North West Runway airport demand including the
impact of SRA and the increase in Crossrail frequency to 6tph serving the airport. Figure 4-24
illustrates the forecast flows on links in the vicinity of Heathrow in this scenario. Flows on the GWML
reach close to 59,000 inbound to Central London between Hanwell and West Ealing, and around
11,800 between Osterley and Boston Manor on the Piccadilly Line. The introduction of SRA increases
flows on the Windsor Line to over 18,000 east of St. Ma r g a Gtatibnd s

Figure4-24 2031Extended Badi@e AM peak forecast rail demgitiNWR with SRA & XR 6tph)

Piccadilly
Line

Heathrow
Airport

4.6.15 Figure 4-25 summarises the change in demand on links in this scenario when compared with the
Extended Baseline 6no expansiond scenario. The pl a
GWML in this scenario is actually higher than in the North West Runway scenario excluding SRA and
Crossrail 6tph, since the added Crossrail capacity between the airport and Paddington results in an
increase in background non-airport demand using the service. This is illustrated by the fact that the
change is more pronounced in the direction towards London, in contrast to the scenario excluding the
6t ph where the biggest change from éno expansionb

4.6.16 The impact of SRA in this scenario is clearly evident, both in terms of increasing flows on the Windsor
Lines (by around 1,800 trips towards the airport east of Staines and 1,100 on the same link towards
London) and slightly reducing forecast flows on th
expansiond® scenari o.
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Figure4-25 Change in AM peak volumes (HWNR with SRA & XR 6tph v EB no expansion)
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4.6.17 The crowding impacts on rail services to and from the airport in this scenario are summarised in
Figure 4-26, wi th the difference from thedigged7. mthpansi ond
scenario, forecast crowding on Crossrail and the Piccadilly Line actually reduces marginally with the
North West Runway in place due to the combined impact of the provision of additional capacity on
Crossrail (with airport service frequency increasing to 6tph) and the introduction of SRA, which
reduces Crossrail and Piccadilly Line rail sub-mode share.

4.6.18 However, the model output does raise a question over the viability of SRA, as severe over-crowding is
forecastonthe Wi ndsor Line Richmond br anc®nthetusieshliek 6 no e x
inbound to Clapham Junction, modelled crowding reaches 5.4 people standing per m?, and this
increases to 5.6 with the North West Runway in place. This suggests that SRA may not be viable
unless a significant increase in capacity can be delivered to meet background demand on the
Richmond branch. In this study, SRA was modelled as an attachment-detachment service as a result
of the opposition to the Airtrack proposal to increase service frequencies through level-crossings on
this branch. The NR-led feasibility study on SRA, which is due to report in summer 2015, will consider
this issue in more detail.

4.6.19 London Underground crowding is summarised on the plot in Figure 4-28. This indicates that on the

Piccadilly Line, crowding |levels revert back to Ie
of the forecast reduction in demand due to SRA diverting trips from the service.
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Figure4-26 2031 Extended Baseline (HNWR including SRA & X&aebgalage passengers standing péomtrains serving Heathrow (AM péak)
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Figure4-28 2031AM pealextended Baseline LUL crowding (HNWR with SRA & XR 6tph)
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Journey time/distance impacts

In addition to demand and capacity-related outputs, the Railplan model also outputs metrics related to
journey time and distance travelled. Table 4-5 summarises the total demand and total passenger
hours travelled to Heathrow zones in the AM peak in each of the scenarios described above. The table
indicates that overall journey times are very similar in all three model runs, with SRA reducing journey
times marginally on other services and more significantly on Crossrail, as passengers from South
London and the South East transfer to the new service.

Although overall rail journey time is similar in all three scenarios, there is some evidence that the
introduction of SRA increases the rail catchment of the airport, meaning that airport-related
passengers on average make longer rail journeys. Passenger-kms by destination zone is not a
standard output metric in Railplan, but the overall passenger-kms travelled by PT sub-mode in each
model run is summarised in Table 4-3.

Table4-3: AMP total passenglems by PT sutmode in Extended Baseline scenarios

HNWR exc. SRA/XR 6tph HNWR inc. SRXR 6tph

PT sub (\[o] Diff from no Diff from no
mode expansion Total expansion Total expansion

gznona' 51,109,592 51343564 233972 51451264 341,672
LUL 14263306 14312086 48780 14247483 115823
DLR 582386 582910 524 582,647 261
Buses 4844363 4852818 8455 4843926 437
Tramlink 156,889 156,910 21 157021 132

The table indicates that total passenger-kms travelled on National Rail services increases by around
340,000 in the North West Runway scenario including SRA when compared with the no expansion
scenario, while in the North West Runway scenario without SRA it only increases by around 230,000.
Since there is very little difference in rail demand between the two expansion scenarios and the
background demand matrix is fixed in both, it may be reasonable to assume that airport-related rail
passengers are travelling further on average in the scenario with SRA.

Table 4-4 indicates average journey time estimates by rail sub-mode to Heathrow zones from the
2011 AMP model. The overall average time is slightly shorter but broadly comparable with the 2031
Extended Baseline runs, indicating that the rail catchment is significantly larger in the Extended
Baseline scenarios in 2031 but with no significant detriment in terms of overall rail journey times to the
airport.

Tabled-4: 2011 AMP journey time by rail-sudie TO Heathrow Airport zones

Assigned Passengel Average
Rail submode demand hours  time (mins)
Tube 2,463 6,633 162
HEX 1,625 3,430 127
Heathrow Connect 294 804 164
Total 4,381 10,867 149
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Table4-5: 2031AMPExtended Baselirjeurney time by rail subhodeTOHeathrow Airport zones

North West Runway (exc. SRA/XR 6tph]  North WestRunway (inc. SRA/XR 6tph)

No expansion

Assigned Passenge Average Assigned Passenge Average Assigned Passenge Average
Rail submode demand hours| time (mins) demand hours | time (mins) demand hours | time (mins)

Tube 3,777 9,638 153 4,997 12,688 152 3,867 9,709 151
HEX 1,523 3,021 119 1,862 3,717 120 1,499 2,969 119
WRA 1,412 4,312 183 1,859 5,654 182 1,696 5,093 180
SRA ~ ~ ~ ~ ~ ~ 2,458 6,821 167
Crossrail 3,849 9,810 153 5,091 13,060 154 4,394 10,641 145
Total 10,561 26,780 152 13,808 35,119 153 13,913 35,233 152
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4.7 Inter-peak Railplan Extended Baseline runs

No runway expansion

4.7.1 As mentioned earlier, the inter-peak period covers 6 hours between 1000 and 1600, and all the
forecasts referenced in this section are for the whole period.

4.7.2 Thefirstinterrpeak Rail plan run completed was the 6no expa
Extended Baseline transport network and corresponding background demand forecast from LTS,
assuming that Heathrow remains in its current form with two runways. Figure 4-29 illustrates the inter-
peak flows on the network around Heathrow in this scenario. Flows inbound to London reach over
57,300 on the link on the GWML between Hanwell and West Ealing, and around 11,700 on the
Piccadilly Line between Osterley and Boston Manor. Unlike the AM peak, there is no obvious tidal flow
during the inter-peak with forecast passenger volumes generally similar in both directions on each
service.

Figure4-29 2031Extended Baseline 16recast rail deman(do runway expansion)

39499 51539
e — Great Western
~— Main Line s
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Piccadilly
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4.7.3 The flows on links summarised above were compared with available seated and standing capacity on
each link in the model to calculate estimates of forecast crowding on the network. As with the AM peak
results, link-based model outputs for rail services were disaggregated to report crowding impacts on
trains serving the airport directly, split by service groups.

4.7.4 Figure 4-30 summarises the aforementioned crowding impacts on rail services providing direct
connections to Heathrow in the | P édno expansiond s

1  There are no crowding issues evident on HEX or WRA services based on the assumed service
pattern and rolling stock assumptions for the latter service i it should be noted that these
assumptions are subject to change as the scheme progresses through the GRIP process;
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1  Crossrail crowding levels are significantly lower than forecast in the AM peak period, reaching 0.3
passengers standing per m? inbound to central London and 0.8 passengers standing per m* on
trains towards Heathrow;

7  No standing passengers are forecast on the Piccadilly Line;

T Although not connected to Heathrow in the O6no ex
forecast on the Windsor Line Richmond branch.

4.7.5 Figure4-31il l ustrates the London Underground crowding p
contrast to the outputs described above, this plot is a standard output from Railplan and is more
appropriate for this report since routes and service/rolling stock types are limited when analysed by
line. The plot indicates that very little crowding is forecast across the London Underground network
during the inter-peak in this scenario.
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Figure4-3Q 2031 Extended Baseline (no runway exparidseeyage passengers standing péomtrains serving Heathrow (IP average fiour)
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Figure4-31: 2031 Extended Baseline LUL crowding (no runway expansion)
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Runway expansion excluding SRA

4.7.6 The next inter-peak Railplan run involved testing the Extended Baseline network with the additional
airport rail demand associated with the North West Runway. Both the airport demand forecast and the
modelled transport network in this scenario excluded SRA.

4.7.7 Figure 4-32 summarises the forecast flow on links in the vicinity of Heathrow in this scenario,
indicating that flows on the GWML reach around 59,600 inbound to Central London on the link
between Hanwell and West Ealing. Flows on the Piccadilly Line reach around 13,000 between
Osterley and Boston Manor in the same direction.

4.7.8 Figure 4-33 indicates the change in forecast flows on links in the inter-peak in this scenario when
compared with the Extended Baseline O6no expansiono
demand while green bands indicate a reduction, and since the transport networks and background
demand estimates are similar in both scenarios, the plan effectively indicates the growth in demand on
links directly as a result of North West Runway-related rail trips.

4.7.9 The plan indicates that the increase in rail demand associated with the North West Runway is
concentrated on the GWML and the Piccadilly Line on links between the airport and Central London.
Demand increases by up to 2,500 trips on links on the GWML towards London and the same on links
towards the airport. On the Piccadilly Line the increase in the direction towards London is of the order
of 1,500 trips, with around 1,600 travelling towards the airport. On the links in the immediate vicinity of
the airport, this amounts to an increase in demand of up to 4% on the GWML and 25% on the
Piccadilly Line.

Figure4-32 2031 Extended Baselifdorecast rail demand (HNWR excluding SRA)

Heathrow
Airport
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Figure4-33 Change in IP volumes (HWNR excluding SRA v EB no expansion)
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4.7.10 The impact on crowding on rail links providing direct connections to Heathrow is illustrated in Figure
4-34, wi th the dif feexrpeanncsei of nréo ns ct ehnea Fajm@m4-35uAspoawauld e d i n
expect given the difference plots above, the additional passengers on the network as a result of the
North West Runway increase crowding on Crossrail although the change does not result in significant
levels of crowding, with the worst case link between Old Oak Common and Paddington still under 1
person standing per m?in the IP period. On other services such as the Piccadilly Line, forecast flows
with the North West Runway in place are still within seated capacity and so the standing passenger
forecast remains at 0.

4.7.11 Figure 4-36 provides crowding forecasts for London Underground services in the North West Runway
excluding SRA scenario. When compared with the Ext
very little difference in forecast crowding with the North West Runway in place.
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Figure4-34 2031 Extended Baseline (HNWR excludingd®Rérage passengers standing p@omtrains serving Heathrow {1P)
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Figure4-35 HNWRxcludingSRAGc hange i n crowding compared with &dno expansion6 scenario (1 P)
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Figure4-36 2031 IP Extended Baseline LUL crowding (HNWR excludifhg SRA)
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Runway expansion with SRA

The final inter-peak Railplan run undertaken was for the North West Runway airport demand including
the impact of SRA serving the airport. Figure 4-37 illustrates the forecast flows on links in the vicinity
of Heathrow in this scenario. Flows on the GWML reach 57,700 inbound to Central London between
Hanwell and West Ealing, and around 11,800 between Osterley and Boston Manor on the Piccadilly
Line. The introduction of SRA increases flows on the Windsor Line to over 12,000 west of St.

Mar garet déds Station

Figure4-37 2031Extended Baseline 1&recast rail demar@HNWR with SRA)

57433

37104 39853 51944

—_ @reatWestern -
~ Main Line s

Piccadilly
Line

Heathrow
Airport

Figure 4-38 summarises the change in demand on links in this scenario when compared with the
Extended Baseline 6no expansi on dimpgactefthaovéral increadee pl a
in rail demand associated with the North West Runway on Crossrail and the Piccadilly Line is off-set

by the transfer of some of that demand to SRA.

SRA in this scenario increases flows on the Windsor Lines by around 3,000 trips towards London east
of Staines and 3,500 on the same link towards the airport.
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Figure4-38 Change in IRolumes (HWNR with SRA v EB no expansion)
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4.7.15 The crowding impacts on rail services to and from the airport in this scenario are summarised in
Figure 4-39, with the difference from t hdigwwedelO. &hepnpactsi on 6
on SRA in transferring demand from Crossrail is evident, with no change in forecast Crossrail
crowding | evels when compared with the édno expansi
Windsor Lines increases with SRA in place but does not exceed seated capacity.

4.7.16 London Underground crowding is summarised on the plot in Figure 4-41. As indicated in previous
scenarios, there is no significant crowding seen in the IP time period.
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Figure4-39 2031 Extended Baseline (HNWR includingd@Rédage passengers standing p@omtrains serving Heathrow {iP)
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Figure4-40 HNWR icludingSRAOc hange in crowding compared with 6no expansiond scenario
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Figure4-41 2031 Intgpeak EtendedBaseline LUL crowding (HNWR with SRA)
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4.8 Summary of rail modelling conclusions

4.8.1 In terms of the AM peak period (0700-1000), the following key conclusions can be drawn from the
analysis summarised in this chapter in terms of the impacts of the North West Runway on the rail
network:

T In the O6no expan Lrossraibis f@rdrastito reachenovading levels of just under 4
people standing per m? in central London, meaning that airport passengers using the service to
travel into London in the AM peak will experience heavily crowded conditions on trains, although
they will not have any issues boarding trains at the airport i there are no forecast crowding issues
on services in the counter-peak direction from central London to the airport during this time
period;

1  There are no other significant crowding issues forecast on any other lines serving the airport in
the 6no exp anidlows ondhe Bieccadillya ing irothe vicinity of Heathrow are expected
to increase by around 40-50% from 2011 but planned improvements to Piccadilly Line capacity
and other new servicesi ncl uded in the ACOs b aleveldoniheligearee an t
actually forecast to improve when compared with 2011;

1  The addition of the North West Runway (without SRA and Crossrail 6tph) increases crowding
marginally on the Piccadilly Line although conditions are still forecast to be an improvement on
2011;

1  The North West Runway (without SRA and Crossrail 6tph) also increases crowding marginally on
Crossrall, for example from 3.99 people standing per m? on Heathrow trains on the section of the
line west of Bond Street to 4.03, an increase of 0.04 people per m?;

1  The introduction of a 6tph Heathrow Crossrail service has the potential to relieve this marginal
increase in crowding, although further investigation is required to determine whether this increase
is feasible given the other demand on train paths on the GWML;

1  The introduction of SRA has further benefits in terms of reducing demand on Crossrail and the
Piccadilly Line when compared with the expansion scenario where it is excluded;

1  However, the SRA attachment-detachment option, which was modelled to avoid increasing
overall train frequency through level-crossings in the Richmond area on the Windsor Line, adds
airport demand to a service that is forecast to be severelyover-c r owded i n the 6no e
scenario T while further assessment will be undertaken by NR on SRA options, this analysis
appears to suggest that a service is not viable unless additional capacity can be provided on the
Windsor Line through Richmond;

1 Rail journey times to Heathrow are similar in all three scenarios tested, although model metrics
indicate that SRA increases the rail catchment of the airport, meaning that rail passengers on
average travel from further afield to reach Heathrow than they do in the scenarios where SRA is
excluded 7 overall rail journey times in the 2031 Extended Baseline model runs are broadly
comparable with those in the 2011 model, where the airport has a significantly smaller airport
catchment.

4.8.2 In terms of the IP period (1000-1600), there is little crowding in evidence across the rail network in
general. Among services providing direct connections to Heathrow, passengers only appear to be
standing on Crossrail and the forecast never exceeds 1 person per m?in any of the scenarios tested.
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Dynamic highway assessment

Overview

Dynamic highway modelling of road surface access to Heathrow Airport has been undertaken to
assess the impact of increased airport related traffic on the strategic and local road network
surrounding Heathrow Airport. A network-based dynamic modelling approach has been adopted in
order to capture the effect of capacity constraints on vehicle route choice, allowing for assessment of
impacts due to vehicle re-routing.

All highway modelling has been completed using the SATURN software package. SATURN is an
industry standard modelling package, widely used to inform the design and appraisal of highway
projects both within the United Kingdom and internationally. The existing TfL WeLHAM SATURN
model was provided to Jacobs by TfL for use on this project, forming the base for highway modelling
of Heathrow Airport.

WeLHAM is one of five SATURN models developed by TfL which together cover the whole of greater
London. Each model covers the whole of London,
as detailed junction coding of traffic signals, roundabouts and priority junction. The highway network
detail within the WeLHAM model is illustrated in Figure 5-1. Whilst the whole of London is coded, the
simulation area is defined as the West London sector, and includes the boroughs of: Brent; Ealing;
Harrow; Hillingdon and Hounslow. The area of interest for this study, Figure 5-3, is entirely contained
within the WeLHAM detailed modelled area.

The model has been calibrated to a base year of November 2009 and covers three time periods (AM
08:00 7 09:00, inter peak average hour 10:00 i 16:00 and PM 17:00-18:00). Traffic demand is
segmented into 5 user classes, each with a distinct demand matrix:

1. Car (London Based)

Car (External to London)
Taxi

Light Good Vehicles (LGV)
Other Good Vehicles (OGV)

a c N

For further details regarding the WeLHAM model, please contact TfL>.

2 https:/iwww. tfl.gov.uk/

but
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Figure Bl: WeLHAM London road network
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5.1.6 Broadly, the dynamic highway modelling component of the Heathrow North West runway appraisal

followed the process illustrated in Figure 5-2.

Figure 8: Dynamic highway model development process
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Base model development

Model scope
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A two-level study area has been adopted for the dynamic highway assessment of Heathrow airport.
The outer area incorporating all major strategic routes to Heathrow, bounded by the following key

roads, as illustrated in Figure 5-3:

The North/South Circular (A406/A205) to the east - this incorporates the Chiswick Roundabout

junction with the M4, the eastern-most extent of the motorway; and

1  The A40 to the north;

1  The A316/M3 to the south;
1

1  The A335/A332 to the west

The inner area covers a smaller area centred on Heathrow and focussing on access to and from the
Airport. This area incorporates the following key roads, as illustrated in Figure 5-4:

1

1  The M4 from junction 3 to 5;

Figure 53: Study ared Ouer area
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Figure 54: Study aredlInner area
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Existing model audit

5.2.3 To ensure the WeLHAM model produces logical results around Heathrow, a comprehensive audit of
base network coding and outputs within the study area was completed by Jacobs. As part of this the
following network checks were undertaken:

1 Roads: directionality, user class bans, free flow speed, delay, length, capacity; and
1 Junctions: Numbers of entry lanes, junction type, turn allocations and saturation flows.

5.24 Additionally, select link analysis of all Heathrow zone loading points was run to check that traffic to and
from the airport would generally take the expected route for all directions of travel.

5.2.5 The model base audit revealed no critical issues in regards to route choice and model output,
however, a number of network coding issues were identified. The majority of these were deemed to be
minor and unlikely to substantially alter model results. Table 5-1 highlights two changes made to
address the major inconsistencies identified.
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Table5-1: Network coding changes

Change made to network Justification

Signalised roundabout Removal of east west direc
between A408 and Stockley through movement (forecas East west direct connectio
Road models only) recently removed
Removal of link betweer No publicly accessibl
Northern Perimeter Road an connection exists betweel
Heathroweast boundary Eastchurch Roa the roads

Heathrow area model performance review

Although the overall WeLHAM model is well validated, with key calibration statistics (journey time, link
flow, screenline flow) within WebTAG guideline criteria, to ensure the model is fit for purpose to
assess traffic conditions surrounding Heathrow, an additional localised review of summary statistics
was undertaken.

The localised Heathrow area summary statistics review was completed using a subset of the 2009

WeLHAM observed data, comprising of the following:

1 All count sites and screenlines within the area of interest; and

1 Alljourney time routes passing through key links within the area of interest, selected by visual
assessment.

All count sites and journey time routes used are shown in Figure 5-5 and form a watertight coverage
of trips to/from the airport from all directions.

Figure %: Calibration and validatidata

® Selected Calibration Count Sites

Joruney Time Routes

=2 4 Miles

= Selected Calibration Screenlines
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5.2.9 Heathrow area WeLHAM model performance statistics were compared with validation criteria outlined
in WebTAG unit M3.1, Highway Assignment Modelling (DfT, 2014). Key statistics for each model time
period are presented in Tables 5-2 to 5-4. Observed vs modelled link flow plots for each time period
are presented in Figure 5-6 to Figure 5-8, and a relative error frequency plot covering all time periods
is shown in Figure 5-9.

Table 2: AM peaktatistics

Guideline aspiration

Link flow GEH <5 73% 85%
Link flow within WebTAG critefta 83% 85%
Screenling flow difference < 5% 94% 85%
Journey time routes time difference < 15 % 73% 85%

Table 83: Inter peaktatistics

Guideline aspiration

Link flow GEH <5 74% 85%
Link flow within WebTAG criteria 82% 85%
Screenlindlow difference < 5% 100% 85%
Journey time routes time difference < 15 % 85% 85%

Table54: PM peagtatistics

Guideline aspiration

Link flow GEH < 5 73% 85%
Link flow within WebTAG criteria 77% 85%
Screenline flow difference < 5% 94% 85%
Journey time routeg time difference < 15 % 78% 85%

Figure %6:AMpeak link flow regression plot
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Figure 57: Inter peak link flow regression plot
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Figure 88: PM peak link flow regression plot
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Figure 5: Travel time difference
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The validation summary statistics show that across all time periods, model performance exceeds
screenline requirements with all screenlines within WebTAG guidelines. A high level of screenline
validation provides confidence in the model séb
Heathrow area. However, when comparing observed and modelled traffic volumes, the proportion of
individual roads meeting WebTAG guidelines were marginally below the required levels.

Reviewing the link flow regression plots provided additional insight into the fit between observed and
modelled link flow counts. Across all time periods, the majority of count sites with a GEH of greater
than 5 were within the flow range of 0 to 1000 PCUs and there were no systematic outliers across the
entire flow range. This, combined with the very good screenline fit, indicated that at the strategic road
network level, the model was accurately replicating observed travel patterns.

Route journey time replication marginally failed to meet WebTAG guidelines for the AM and PM peak
periods. However, Figure 5-9 indicates that among the routes for which the relative error was outside
the guideline range (£15%), there was no substantial bias towards either high or low journey times,
indicating there was no systematic issue with journey time replication within the model.

Overall, the performance summary statistics showed that the model replicated observed screenline
flows and strategic road link flows (flow greater than 1000 pcu/hr) within acceptable limits. Replication
of journey time and link flows for minor roads was less accurate. However, journey time replication
only marginally failed to meet WebTAG criteria and the results showed no systematic issues. Given
the objectives of this study were primarily concerned with activities that impact on the strategic road
network, local road link flows that did not meet guideline calibration criteria were not considered critical
issues. On this basis, it was considered that the WeLHAM within the Heathrow area of interest was fit
for purpose and no further updates to the model within the Heathrow area were required.

Forecast Year Demand

WelLHAM traffic forecasts were provided to Jacobs by TfL for both 2021 and 2031. Given the
uncertainty surrounding growth to 2031, no further adjustments were made to non-airport traffic to
match the airport demand forecast year of 2030, and as such all further references to traffic forecasts
in this report refer to a forecast year of 2030. Thus, with the exception of trips to/from Heathrow
Airport, the future year trips for all zones in the WeLHAM model were adopted.

Two separate processes were used to forecast demand to/from Heathrow Airport: one covering cars
and taxis and another covering LGVs and HGVs.
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Calculation of car and taxi demand to Heathrow airport was based on the headline assumptions for
Heathrow annual passenger volume and number of employees. For the Extended Baseline with
existing runway capacity and Heathrow North West Runway, the adopted 2030 passenger volumes
are 87 MPPA and 125 MPPA respectively; and the numbers of employees are 80,000 and 115,000
respectively, as detailed within Chapter 2.

From the passenger and employee headline assumptions, final hourly demand was calculated though
a series of steps taking into account a range of factors including annual and daily arrival and departure
profiles, employee shift times, and the proportion of vehicles making empty trips to/from the airport.
Airport passenger and employee demand was calculated for 3 different time periods based on
observed daily profiles of arrivals and departures at the airport in accordance with the requirements of
the WeLHAM model. The following time periods were assessed:

1  AM peak-hour: 0800 to 0900;
1 Inter peak average hour between 1000 and 1600 (one hour average of the six hour period);
1  PM peak-hour: 1700 to 1800.

Total hourly demand then feeds into the distribution and mode share models (as described in Chapter
3), producing the final car and taxi demand for each model period, as shown in Table 5-5. A summary
of the steps to derive hourly vehicular trips is listed below:

1  Employees are assumed to generate no empty vehicle returns and are also assumed not to use
taxis i therefore, to calculate employee car trips, total person trips were divided by the headline
car occupancy rate;

1  Passenger vehicle trips are split by sub-mode share (for private car and for taxi) using the
observed sub-mode split by district from the 2012 CAA passenger survey i the resulting values
for private car and taxi person trips are then divided by the respective vehicle occupancy values
to calculate an initial vehicle trip demand estimate for private cars and taxis;

1  Empty vehicle trips in each direction (i.e. the leg of a kiss-and-fly or taxi round trip to and from the
airport where no airport passengers are carried) are then calculated i to calculate the empty trips,
the total number of initial trips by type in the opposite direction were divided by the estimated
empty return rate for each vehicle type by district i all kiss-and-fly trips were assumed to make
one leg of the journey empty along with a proportion of taxis based on survey data;

1  For each vehicle type, the empty return value was then added to the initial passenger/employee-
related forecast to calculate a total number of car journeys by type 1 these were added together
to calculate total car vehicle demand for each zone.
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Table &: 2030 Heathrow car and teedtel demand by time period (veh/hr)

Region | _Toamot | FonApot |

AM IP PM AM IP PM
Extended Baseline
All areas 4,940 4,507 3,220 3,583 4,266 4,470
All London Boroughs 2,467 2,259 1,633 1,820 2,150 2,234
South east 334 298 199 221 277 303
Remaining UK 2,139 1,950 1,387 1,541 1,989 1,933
Heathrow North West Runway

All areas 6,327 5,719 3,989 4,438 5,390 5,734
All London Boroughs 3,166 2,866 2,013 2,243 2,713 2,872
South east 443 391 254 281 362 402
Remaining UK 2,718 2,462 1,722 1,913 2,315 2,460

5.3.6 The growth in HGVs and LGVs at Heathrow Airport was calculated by using a linear growth factor of
the passenger numbers (in mppa) between 2009 and 2030. No allowance has currently been made on
changing patterns of goods vehicle delivery, as there is little published data on this. Total HGV and
LGV demand for each model period is shown in Table 5-6.

Table %: 2030 Heathrow HGV and LGV demand by time period (veh/hr).

To Airport From Airport

AM IP PM AM IP PM
Extended Baseline
HGV 387 224 127 269 297 162
LGV 755 598 599 551 544 751
Heathrow North West Runway
HGV 554 321 182 385 425 232
LGV 1,080 855 858 789 779 1,075

5.3.7 A visualisation of travel demand to and from Heathrow across all time periods, at key locations within
the Airport is shown in Figure 5-10 and Figure 5-11.
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Figure 510: Extended Baseline car and taxi demand loading diagram (veh/hr)

I Dpemandfrom airport
0 L - J

AM P PM I  pemandto airport

5.3.8 Location reference:

1. Employee and long stay parking i north;
2. T5 short stay parking and drop off;
3. CTA short stay parking and drop off; and

4. Employee and long stay parking i south.
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Figure B11: Heathrow North West Runway car and taxi demand loading diagram (veh/hr)
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5.4 Definition of highway assignment model terms

5.4.1 Before we describe the WeLHAM model outputs in detall, it is useful to define a number of highway
assignment model terms. These are as follows:

1  Demand flows. Demand flow is the total unconstrained volume of traffic wanting to travel through
a particular location; representing total desire for road travel at the location.

1  Actual flows. Actual flow represents the volume of traffic determined by detailed simulation taking
into account real world metering of traffic through intersection capacity constraints and
subsequent bottlenecks and queueing of traffic. It represents the volume of traffic feasibly able to
travel through a location. A large difference between demand and actual flow would indicate a
large desire for travel unable to be met by the road network traffic capacity.

1  Queued flows. Queued flow represents the amount of traffic demand unable to reach its intended
destination at the end of the traffic assignment due to an upstream source of delay, such a traffic
signals or a congested motorway ramp.

1  Volume over capacity (V/C) ratios. Drawing from a large body of empirical research, the
theoretical traffic capacity per lane for a particular stretch of road can be estimated based on the
standard of design, speed limit and a number of additional environmental consideration. The
capacities within the WeLHAM model are derivedf r om Tf L& s ¢ whith takgintona n u a |
account such criteria. Volume over Capacity (V/C) is a ratio representing the degree of saturation
of a particular stretch of road, with values closer to 0 representing free flow conditions and values
approaching or greater than 1 indicating high levels of congestion. Observations on many roads
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has shown that delay rise steeply at v/c ratios of above 0.85, and that severe delays occurs at v/c
ratios of above 1.00. Two v/c ratios can be output from the model: the demand flow/capacity ratio,
which compares the unconstrained flow against the link capacity and the actual flow/capacity

ratio, which compares the traffic flow feasibly able to get through the link against the link capacity

1  Select link analysis® (SLA). A select link analysis is a useful modelling tool, which identifies the
ipathso of all trips using a particuladstol ink. Th
Heathrow Airport, will identify not only the origins and destinations of trips using that link, but the
routing of those trips. Thus it is a powerful analysis tool.

55 Extended Baseline Assessment (2030)

Extended baseline network

5.5.1 The Extended Baseline highway network includes the existing road network; committed and funded
i mprovement schemes included in the AC6s Core Base
At the time of writing, none of the Extended Baseline schemes are committed or funded, but are
judged highly likely to be required and in place by 2030 to accommodate forecast demand on the UK
highway network, regardless of any airport expansion. A full list of the schemes defined in the
Extended Baseline is provided in Appendix B. The following highway schemes around Heathrow
Airport were included in the Extended Baseline network:

1 M23junction 8 to 10 smart motorway (all lane running);
M25 junction 23 to 27 smart motorway (all lane running);
M25 junction 5 to 7 smart motorway (all lane running);

M3 junction 2 to 4a smart motorway (all lane running); and

= = =4 -9

M4 junction 3 to 12 smart motorway (all lane running).

5.5.2 Additionally, a review of the local road network serving Heathrow Airport was undertaken, with a
number of minor improvements judged necessary to accommodate 2030 demand included in the
Extended Baseline network.

Assignment and review of performance

5.5.3 Detailed review of the Extended Baseline model performance has been undertaken to ensure the
forecast year traffic assignment produces reasonable results and is a suitable point of reference for
assessment of impacts arising from the Heathrow North West Runway project. This review covered all
the modelling aspects defined in Section 5.4.1 above.

5.5.4 The full set of Figures are containedinase par at e d o c u RBupplementary Figutes Redort®
In total there are around 150 figures., covering all six model outputs, by two model areas (local road
network and full study area) and three time periods (AM peak, Inter-peak and PM peak).

555 The figures (contained in the Supplementary Figures Report) relating to the Extended Baseline
assessment are defined below.

1  Demand traffic flows on the local road network within the immediate vicinity of Heathrow (Figs
1,4,7);

1 Actual traffic flows on the local road network within the immediate vicinity of Heathrow (Figs 10,13
16);

1  Demand traffic flows ratios on the strategic road network surrounding Heathrow (Figs 19,22,25);

1 Actual traffic flows on the strategic road network surrounding Heathrow (Figs 28,31,34);

24 select link analysis provides insight into vehicle routing to and from a particular location by summing volumes along the travel route for all trips
passing through the location.
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Demand flow v/c ratios on the strategic road network surrounding Heathrow (Figs 37, 40, 43);
Actual flow v/c ratios on the strategic road network surrounding Heathrow (Figs 46, 49 52);
SLA routing of traffic traveling to/from Heathrow East Terminal (Figs 55, 58, 61, 64, 67, 70);
SLA routing of traffic travelling to/from Heathrow West Terminal (Figs 73, 76, 79, 82, 85, 88);

= =4 a4 - -2

SLA queued flow of traffic traveling to/from Heathrow East Terminal (Figs 91, 94, 97, 100, 103,
106);

1  SLA queued flow of traffic travelling to/from Heathrow West Terminal (Figs 109, 112, 115, 118,
121, 124);

5.5.6 Figures 5-12 to 5-15 below present the peak hour actual traffic flows as well as select link analyses of
traffic to the Heathrow central and western terminals in the AM peak hour.
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Figure B12: AM Extended Baseline Flows
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Figure 513: PM Extended Baseline Flows
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Figure 514: AM SLA Inbound to Eastern Terminal
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Figure B15: AM SLA Inbound to Western Terminal
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A summary of our analysis of these figures is as follows:

1  Traffic volumes in the vicinity of Heathrow are concentrated on the Motorway (M25, M4), and A
road (A30, A312, A40) network. The M25 and M4 form major parts of the London strategic road
network, and as such, should be expected to carry large volumes of traffic. Traffic on the A40 can
be attributed to it providing a direct route to central London. The A312 is a key link between the
A40 and M4/Heathrow while the A30 is the main access route to Heathrow south from London,
providing a reasonable basis for high volume on these roads.

1  The VIC figures show that, largely following the pattern seen in the traffic flow plots, areas with a
high V/C ratio are concentrated around the strategic road network (M25, M4, A40). These roads
attract large volumes commuter and goods traffic from a broad catchment area and even under
present travel demand frequently experience high levels of congestion. As such, it is considered a
reasonable result for the model to report congestion at these locations.

1  The SLA figures show that traffic to/from Heathrow East Terminal the is generally using the
strategic road network. Traffic the north and south is arriving via the M25, traffic from the west via
the M4 and from the east traffic is primarily using the M4 with a minor proportion using the
A40/A312. This route choice behaviour is in line with what would be reasonably expected and
represents the rational choice for each direction of travel. As would be reasonably expected, the
plots show that route choice for vehicles leaving Heathrow largely mirror that for travel to the
Airport.

1  The SLA figures show that traffic to/from Heathrow West Terminal is generally using the strategic
road network. Traffic the north and south is arriving via the M25, traffic from the west via the M4.
As would be reasonably expected, the plots show that route choice for vehicles leaving Heathrow
largely mirror that for travel to the Airport.

In summary, our review of the Extended Baseline performance shows that the model is producing
results that are considered reasonable in relation to the capacity and connectivity of the road network
surrounding Heathrow. Large traffic volumes and areas of high congestions are shown to be largely
confined to the strategic road network, while travel to and from Heathrow follows a logical route for all
directions of travel.

Based on the outcomes of this review, it is considered that the Extended Baseline model provides a
suitable point of reference for assessment of the Heathrow North West Runway.

Heathrow North West Runway Assessment (2030)

Additional airport capacity improvements

The Heathrow North West Runway highway network incorporates the highway access concept design
proposed by Heathrow Airport Limited as well all Extended Baseline Improvements. Key changes and
improvements proposed as part of the airport expansion scheme are as follows:

1  Realignment of the M25 and associated motorway access roads between junction 14a and 15,
including a new tunnelled section beneath the proposed third runway. This includes reconfigured
access to the motorway to increase segregation of local traffic and reduce weaving;

1  Realignment and reconfiguration of access to T5 from M25 junction 13/14, creating a counter
clockwise loop between the terminal, the M25 and the southern perimeter road;

1  Construction of a new tunnel providing direct access between the Southern Perimeter Road and
the CTA; and

1  Diversion of the A4, between Colnbrook and the Emirates roundabout, around the proposed third
runway footprint.

The Heathrow North West Runway highway access scheme is illustrated conceptually in Figure 5-16
and Figure 5-17.
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Figure 516: Heathrow North West Runway Local Road Layout
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Figure 517: Heathrow North West Runway M25 functions 14 to 15 layout
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5.6.3

5.6.4

5.6.5

5.6.6

JACOBS

At a number of locations, intersection configurations as modelled in SATURN were altered from what
is shown on the scheme promoters plans. The alterations made were purposefully limited in scope
and intended to alleviate localised capacity issues arising due to the limited level of design
development at the time of writing. None of the alterations meaningfully altered the overall intent of the
scheme design. A summary of all network alterations is shown in Table 5-7.

Table 57: Network alterations

A Change of junction type from Roundabout shown on promoter plans does not hay
roundabout to signalised capacity to accommodate demand flows and a largt
roundabout would not be appropriate for the in situ
road environment.

B Addition of left turn slip east Required to improve junction capacity such that
to south demand flows can be accommodated

C Change of junction type from Due to large and unbalanced flows, a roundabout
large roundabout to large could not provie sufficient capacity to accommodat:
signalised. demand.

Assignment and review of performance

A detailed review of the Heathrow North West Runway model performance has been undertaken to
ensure the assignment produces reasonable results reflecting the intent of the projects highway
access concept design. This review covered the same key results assessed as part of the Extended
Baseline model review.

The figures (contained in the Supplementary Figures Report) relating to the Heathrow North West
Runway Assessment are defined below.

1  Demand traffic flows on the local road network within the immediate vicinity of Heathrow (Figs
2,5,8);

1 Actual traffic flows on the local road network within the immediate vicinity of Heathrow (Figs 11,14
17);

Demand traffic flows ratios on the strategic road network surrounding Heathrow (Figs 20,23,26);
Actual traffic flows on the strategic road network surrounding Heathrow (Figs 29,32,35);
Demand flow v/c ratios on the strategic road network surrounding Heathrow (Figs 38, 41, 44);
Actual flow v/c ratios on the strategic road network surrounding Heathrow (Figs 47, 50 53);

SLA routing of traffic traveling to/from Heathrow East Terminal (Figs 56, 59, 62, 65, 68, 71);
SLA routing of traffic travelling to/from Heathrow West Terminal (Figs 74, 77, 80, 83, 86, 89);

SLA gueued flow of traffic traveling to/from Heathrow East Terminal (Figs 92, 95, 98, 101, 104,
107);

1  SLA queued flow of traffic travelling to/from Heathrow West Terminal (Figs 110, 113, 116, 119,
122, 125);

= =4 4 -4 -—a -—a -2

Figures 5-18 to 5-21 below present the peak hour actual traffic flows as well as select link analyses of
traffic to the Heathrow central and western terminals in the AM peak hour.
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Figure B17: AM peak hour Nok¥estRunway tiws
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Figure 518: PM peak hour NowWestRunwayflows
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