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1.2.5

INTRODUCTION

Objectives

The main objective of this report is to assess the impact of King’s Cross Central (KCC)
development trips on the London Underground (LUL) Station, which has been modelled for
the Base Case in 2007, when the Northern Ticket Hall and Western Ticket Hall works will be

complete and operational.

Background

The objective of the modelling has been to test the impact on the LUL station of additional
pedestrian flow demand due to the King’s Cross Central developments north of the mainline

station.

As a sensitivity case, allowance has been made for possible growth on mainline rail of 2.5%
per annum between the existing (2002) and base (2007) cases.

The 2007 Phase 2 LUL model, which was included in the King’s Cross St Pancras Phase 2
PEDROUTE Study, produced by Arup (February 2002), has been updated to reflect peak
period mainline rail arrivals and departures. It also includes existing Thameslink interchanges
(i.e. pre-Thameslink 2000), which have been loaded into LUL from Midland Road, via the
Northern Ticket Hall and Western Ticket Hall. The existing Pentonville Road Thameslink

Station is closed.

The King’s Cross Central development trips, the derivation of which is described in Transport
Assessment for KCC, have been added to the 2007 models to test the impact of these
development trips on the LUL station during peak AM and PM conditions.

A summary of the model scenarios is included in Table 1 below.

Table 1: Summary of Model Scenarios

Scenario

Description

Test 1: 2007 AM and PM

2002 mainline rail demand

Phase 2 LUL model with 2007 LUL demand and mainline rail
arrivals and departures (6 intercity and 9 suburban services,
derived from the 2002 working timetable) based on 2002 demand,
with existing Thameslink interchange flows at Midland Road..

Test 2: 2020 AM and PM

2002 mainline rail demand +
King’s Cross Central trips

As Test 1 with King’s Cross development trips added, assuming
100% build-out of KCC development to test maximum demand on
LUL infrastructure.

Test 3: 2007 AM and PM

2007 mainline rail demand

Phase 2 LUL model with 2007 LUL demand and mainline rail
arrivals and departures (6 intercity and 9 suburban) based on 2002
demand expanded by 2.5% per annum to 2007, with existing
Thameslink interchange flows at Midland Road. The growth
factor has been determined by NR

Test 4: 2020 AM and PM

2007 mainline rail demand +
King’s Cross Central trips

As Test 3 with King’s Cross development trips added, assuming
100% build-out of KCC development to test maximum demand on
LUL infrastructure.
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2.2

221

222

223

224

NETWORK DEVELOPMENT

Original Network

The original network was taken from the King’s Cross St Pancras Phase 2 PEDROUTE
Study, produced by Arup (February 2002). This Phase 2 LUL network extends to all LUL
platforms, and includes the Tube Ticket Hall, the new Northern Ticket Hall and the new
Western Ticket Hall. It also includes all street accesses to the station.

New Network

The Phase 2 network has been updated to include the following surface level links:

From KCC to North West Stair;

From KCC to Southern Stair;

From KCC to Western Ticket Hall;
From Suburban Shed to Southern Stair;
From Main Train Shed to Southern Stair.

These connections have been added to facilitate route choice, particularly for King’s Cross
Central passengers, regarding which LUL access they use.

The existing Thameslink (i.e. pre-Thameslink 2000) flows have also been included, to and
from Midland Road.

The new network block structure is shown in Figure 1, and Table 2 below describes the
origin/destination locations that are included in the model:

Figure 1: Base LUL Network including Surface Level Connections

| King’s Cross Central |

Pancras Rd West Footpath | Pancras Rd East Footpath |
\ /‘ Mainline Suburban Shed |

4—{ LUL Northern Ticket Hall |

Northern line

LUL Western Piccadilly line
Ticket Hall

Circle /

Metropolitan line

-

LUL Tube Ticket Hall |
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Table 2: Summary of Locations

Location

Description of location

Metropolitan / Circle / Hammersmith and City lines eastbound (Platform 2)

Metropolitan / Circle / Hammersmith and City lines westbound (Platform 1)

Northern line northbound (Platform 7)

Northern line southbound (platform 8)

Piccadilly line eastbound (Platform 5)

Piccadilly line westbound (platform 6)

Victoria line northbound (Platform 3)

Victoria line southbound (Platform 4)

Entrance / exit from King’s Cross mainline station concourse

Entrance / exit from north side of Euston Road (adjacent to King’s Cross)

Entrance / exit from south side of Euston Road

Entrance / exit from west side of Pancras Road into Western Ticket Hall

Entrance / exit from St Pancras domestic station into Western Ticket Hall

Entrance / exit from Thameslink into Western Ticket Hall

Entrance / exit from north side of Euston Road (adjacent to St Pancras)

Entrance / exit from King’s Cross mainline suburban platforms

k| | | k| k| | | k|
SIS I I NNE N S R R bl Dl e

Entrance / exit from east side of Pancras Rd into Northern Ticket Hall

20 Entrance / exit from St Pancras international into Northern Ticket Hall

21 Entrance / exit from St Pancras international station into Western Ticket Hall

22 Entrance / exit from St Pancras domestic station into Northern Ticket Hall

23 Entrance / exit from Thameslink into Northern Ticket Hall

24 Entrance / exit from south side of Euston Road (near the bus stops)

25 Entrance / exit from King’s Cross Central developments
\W\TRANTSOI\TRA-JOBS\60000\67890\67890-09\0022KXC IMPACTS REPORT Page 4 Ove Arup & Partners Ltd
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3.2

3.2.1

3.2.2

3.23

3.24

3.25

3.2.6

3.2.7

PASSENGER DEMAND SCENARIOS

Original Demand Matrices

The original AM and PM peak period demand matrices were taken from the Phase 2 study.
The original AM and PM matrices assume a 2007 base for LUL flows, with Thameslink 2000
flows.

Updated Demand Scenarios

All updated forecast demand scenarios included as part of this study are presented as
Appendix A to this report.

Test 1: 2007 (2002 Rail Demand)

The Phase 2 AM and PM demand matrices were updated for the Test 1 model. They include
the following:

. Movements to and from mainline rail to reflect existing peak period mainline rail
timetable of 6 intercity / 9 suburban (in 2002);
. Assumed 65% modal split between mainline rail and LUL.

The Thameslink 2000 passenger demand, which is included in the original Phase 2 matrix has
been replaced by the existing Thameslink passenger demand (i.e. pre-Thameslink 2000) at
Midland Road Station, entering the LUL Station via the Northern Ticket Hall and the Western
Ticket Hall. The existing Thameslink passenger demand has been taken from the King’s
Cross St Pancras Phase 1 PEDROUTE Study, produced by Arup (January 2002).

This Test 1 2007 model has been tested for both the AM peak period (07.00-10.00 hours) and
the PM peak period (16.00-19.00 hours).

Test 2: 2020 (2002 Rail Demand, no growth) with King’s Cross Central
As Test 1 but with additional King’s Cross Central development trips (see Section 3.3).
Test 3: 2007 (2007 Rail Demand)

The Test I AM and PM demand matrices were updated for the Test 3 model. They include the
following:

. Movements to and from mainline rail to reflect existing peak period mainline rail
timetable of 6 intercity / 9 suburban (in 2007);
. Assumed 65% modal split between mainline rail and LUL.

Mainline rail demand has been factored from 2002 (as per Test 1) to 2007 using 2.5% per
annum, applied generally to all trips to and from the mainline station throughout the AM and
PM peak periods.

Mainline rail demand being fed into the LUL models therefore increases as described in Table
3.
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Table 3: Mainline Rail Demand Tests 1 and 2, and 3 and 4

Tests 1 and 2 Tests 3 and 4
Mainline Rail to LUL Two | AM 13,837 15,526
Way Flows PM 16,077 18,197
3.2.8 Existing interchange movements to and from the new Thameslink station at Midland Road are

included as per Tests 1 and 2.

Test 4: 2020 (2007 Rail Demand) With King’s Cross Central

3.2.9 As Test 3 but with additional King’s Cross Central development trips (see Section 3.3). This
assumes background rail growth of 2.5% between 2002 and 2007. From 2007 to 2020 no
background growth is expected, since KCC will be the main component of growth in the
King’s Cross area.

3.3 King’s Cross Central

3.3.1 The AM and PM King’s Cross Central development trips were added to the Test 1 and Test 3
demand matrices for both the AM and PM peak periods. The number of trips was derived
from the peak hour trip generation flows in the Transport Assessment for KCC, and these are
presented as Table 4 below. The hourly flows were expanded to peak period flows using
established factors for the AM and PM peaks.

Table 4: King’s Cross Central Development Trips

Peak hour Peak Hour to Peak Peak 3 hours
Period Factor
AM KCC to LUL 2919 1/0.52 5613
LUL to KCC 5490 10558
PM KCC to LUL 5490 1/0.45 12200
LUL to KCC 2919 6887
3.3.2 The Test 2 and Test 4 King’s Cross Central models have been tested for both the AM peak

period (07.00-10.00 hours) and the PM peak period (16.00-19.00 hours).

3.3.3 It is important to note that the King’s Cross Central demand applied to the model represents
100% of demand generated by the whole KCC site, i.e. full build-out. This is likely to occur
sometime after 2020, and has been applied to this modelling exercise in order to test
maximum demand on LUL infrastructure.

3.4 Modelling Parameters

3.4.1 King’s Cross Central and mainline rail trips are freely assigned within the model between
LUL street entrances. This results in free route choice between:

° the North West stair;
° the South stair;
WTRANTSOI\TRA-JOBS\60000\67890\67890-09\0022KXC IMPACTS REPORT Page 6 Ove Arup & Partners Ltd
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° the Euston Road (north side) stair; and,
. the Pancras Road stair (allowing access to the Western ticket Hall).
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4, RESULTS

4.1 Test 1
Service Factors

411 Appendix B shows the peak 15 minute service factors for the Test 1 2007 AM and PM model
scenarios.

4.1.2 The majority of the station and connecting passageways experience very little congestion (SF
0-2) during both the AM and PM peak 15 minute periods.

41.3 During the AM peak period, sections of all the underground platforms reach high levels of
congestion (SF 3-4). The southbound Northern line platform experiences the worst levels of
congestion, with SF 3-4 along the length of the platform between 08.45 and 09.00 hours.

41.4 The Northern Ticket Hall and the North West stair experience minimal congestion (SF 0-1).

4.1.5 During the PM peak period, the levels of congestion are less significant. Only small sections
of some of the platforms (Victoria line southbound and Piccadilly line southbound) reach high
levels of congestion (SF 3-4) during the peak 15 minute period.

4.1.6 The Northern Ticket Hall and the North West stair experience minimal congestion (SF 0-1).
Average Delay

41.7 The average passenger delay for the AM model period is 18 seconds. This represents
approximately 9% of the total passenger movement time.

4.1.8 The average passenger delay for the PM model period is 22 seconds. This represents
approximately 11% of the total passenger movement time.

4.2 Test 2
Service Factors

4.2.1 Appendix C shows the peak 15 minute service factors for the Test 2 AM and PM model
scenarios.

4.2.2 The levels of congestion reflect the increase in demand as a result of including the King’s
Cross Central development trips.

4.2.3 The LUL entry gateline in the Northern Ticket Hall exhibits SF3-4 between 08.30-09.00
hours.

4.24 Platform congestion increases on the Northern Line southbound, Piccadilly Line southbound
and Victoria Line southbound during the period 08.45 hours with SF3-4 evident.

4.2.5 The Northern Ticket Hall (with the exception of the LUL entry gateline as noted), Tube Ticket
Hall and Western Ticket Hall are all free of congestion during the AM and PM peak periods.
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4.2.6 Platform congestion during the PM peak period increases marginally compared with Test 1,
with Service Factors 3-4 spreading on the Victoria Line northbound and Piccadilly Line
southbound during the period 1800-1815 hours.

Average Delay

4.2.7 The average passenger delay for the AM model period is 25 seconds. This represents
approximately 11% of the total passenger movement time.

4.2.8 The average passenger delay for the PM model period is 28 seconds. This represents
approximately 12% of the total passenger movement time.

Northern Ticket Hall UTS Gate Flows

4.29 Given the sensitivity of this area, further analysis has been undertaken for the five minute
passenger flows through the UTS gates in the Northern Ticket Hall are included in Table 5.
The flows are provided for the time period between 08.15 and 09.15 hours.

Table 5: Test 2 Northern Ticket Hall Gateline Flows

Time Period Test 2 AM
Entry into | Gateline Gateline Exit from Gateline Gateline
LUL Capacity Capacity LUL Capacity Capacity
5 Minute 5 Minute (33 5 Minute 5 Minute (33
(25ppm ppm per (25ppm per | ppm per
per gate) gate) gate) gate)
0815-0820 846 1000 1320 471 1000 1320
0820-0825 993 1000 1320 792 1000 1320
0825-0830 947 1000 1320 525 1000 1320
0830-0835 869 1000 1320 594 1000 1320
0835-0840 1038 1000 1320 804 1000 1320
0840-0845 942 1000 1320 560 1000 1320
0845-0850 967 1000 1320 672 1000 1320
0850-0855 1004 1000 1320 673 1000 1320
0855-0900 970 1000 1320 516 1000 1320
0900-0905 981 1000 1320 731 1000 1320
0905-0910 862 1000 1320 532 1000 1320
0910-0915 953 1000 1320 674 1000 1320
4.2.10 The flows into LUL are over 1000 for most of the hour. Hence the high levels of congestion
in this area. The flows out of LUL are lower — ranging from between approximately 500 to
900 over the hour.
4.2.11 It is clear that the two way entry and exit flows for the Northern Ticket Hall gateline never

exceeds the two way total gateline capacity, based either on 25 or 33 passengers per minute
per gate. There is therefore some flexibility in terms of the operation of this gateline in order
to maximise capacity and reduce congestion.
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4.3 Test 3
Service Factors

4.3.1 Appendix D shows the peak 15 minute service factors for the Test 3 2007 AM and PM model
scenarios. Demand to and from rail has been uplifted to represent 2007, factored up from 2002
by 2.5% per annum.

4.3.2 The majority of the station and connecting passageways experience very little congestion (SF
0-2) during both the AM and PM peak 15 minute periods.

4.3.3 During the AM, sections of all the underground platforms reach high levels of congestion (SF
3-4). The southbound Northern line platform experiences the worst levels of congestion, with
SF 3-4 along the length of the platform between 08.45 and 09.00 hours.

434 The southbound Piccadilly Line platform also experiences high Service Factors of SF3-4 for
the period 0830-0845 hours and again between 0900 and 0915 hours.

4.3.5 The Northern Ticket Hall and the North West stair experience minimal congestion (SF 0-1).

4.3.6 During the PM, the levels of congestion are less significant. Only small sections of some of
the platforms (Victoria line northbound and Piccadilly line southbound) reach high levels of
congestion (SF 3-4) during the peak 15 minute period.

4.3.7 The Northern Ticket Hall and the North West stair experience minimal congestion (SF 0-1).
Average Delay

4.3.8 The average passenger delay for the AM model period is 18 seconds. This represents
approximately 10% of the total passenger movement time.

4.3.9 The average passenger delay for the PM model period is 22 seconds. This represents
approximately 11% of the total passenger movement time.

4.3.10 Average passengers delays are no worse than under Test 1 demand conditions.

4.4 Test 4
Service Factors

441 Appendix E shows the peak 15 minute service factors for the Test 2 AM and PM model
scenarios. Demand to and from rail has been uplifted to represent 2007, factored up from 2002
by 2.5% per annum.

4.4.2 The levels of congestion reflect the increase in demand as a result of including the King’s
Cross Central development trips.

4.4.3 The LUL entry gateline in the Northern Ticket Hall exhibits SF3-4 between 0830-0915 hours.

4.4.4 The down escalators connecting the Northern Ticket Hall with the LUL platforms exhibit
Service Factors 3-4 during the morning peak period.

\WTRANTSO1\TRA-JOBS\60000\67890\67890-09\0022KXC IMPACTS REPORT Page 10 Ove Arup & Partners Ltd

1INOV03.DOC

November 2003



Argent St George King's Cross St Pancras LUL PEDROUTE Study

King’s Cross Central Impact on London Underground

4.4.5

4.4.6

4.4.7

4.4.8

4.4.9

4.4.10

4.4.11

4.4.12

4.4.13

Platform congestion increases on the Northern Line southbound, Piccadilly Line southbound
and Victoria Line southbound during the period 0845-0900 hours with SF3-4 evident.

The Northern Ticket Hall (with the exception of the LUL entry gateline as noted), Tube Ticket
Hall and Western Ticket Hall are all free of congestion during the AM and PM peak periods.

Platform congestion is also evident on the Metropolitan/Circle Line eastbound with SF3-4
between 0830-0845 hours, with limited areas of SF3-4 evident on eastbound and westbound
platforms throughout the AM peak period.

Congestion on the Piccadilly Line southbound is also evident during the AM peak period with
SF3-4 evident between 0830-0915 hours.

Platform congestion during the PM peak period affects the Piccadilly Line southbound, with
Service Factors 3-4 evident.

Average Delay

The average passenger delay for the AM model period is 27 seconds. This represents
approximately 12% of the total passenger movement time.

The average passenger delay for the PM model period is 28 seconds. This represents
approximately 13% of the total passenger movement time.

Average passengers delays are no worse than under Test 3 demand conditions.
Northern Ticket Hall UTS Gate Flows

Given the sensitivity of this area, further analysis has been undertaken for the five minute
passenger flows through the UTS gates in the Northern Ticket Hall are included in Table 6.
The flows are provided for the time period between 08.15 and 09.15 hours when congestion at
the Northern Ticket Hall gateline is most severe.
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4.4.14

4.4.15

Table 6: Test 4 Northern Ticket Hall Gateline Flows

Time Period Test 4 AM
Entry into | Gateline Gateline Exit from Gateline Gateline
LUL Capacity Capacity LUL Capacity Capacity
5 Minute 5 Minute (33 5 Minute 5 Minute (33
(25ppm ppm per (25ppm per | ppm per
per gate) gate) gate) gate)
0815-0820 868 1000 1320 501 1000 1320
0820-0825 944 1000 1320 769 1000 1320
0825-0830 1022 1000 1320 640 1000 1320
0830-0835 939 1000 1320 627 1000 1320
0835-0840 1018 1000 1320 657 1000 1320
0840-0845 1010 1000 1320 701 1000 1320
0845-0850 1033 1000 1320 665 1000 1320
0850-0855 983 1000 1320 647 1000 1320
0855-0900 1025 1000 1320 700 1000 1320
0900-0905 1037 1000 1320 639 1000 1320
0905-0910 971 1000 1320 601 1000 1320
0910-0915 1018 1000 1320 697 1000 1320

The flows into LUL are over 1000 for most of the hour. Hence the high levels of congestion
in this area. The flows out of LUL are lower — ranging from between approximately 500 to
900 over the hour.

However, as with the Northern Gateline flows for Test 2, it is clear that the two way entry and
exit flows for the Northern Ticket Hall gateline never exceeds the two way total gateline
capacity, based either on 25 or 33 passengers per minue per gate. There is therefore some
flexibility in terms of the operation of this gateline in order to maximise capacity and reduce

congestion.
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5. CONCLUSIONS
A number of key conclusions can be drawn from this assessment of passenger conditions in
King’s Cross LUL station during the AM and PM peak periods under the tested demand
scenarios. These are summarised as follows:
e That congestion during the Base 2007 AM and PM peak periods, assuming either
existing (2002) or growthed mainline rail demand, is limited to the LUL platforms;
e The inclusion of the King’s Cross Central development trips into the LUL network
results in additional congestion on the LUL platforms and localised congestion at the
Northern Ticket Hall gateline, particularly during the AM peak period;
e The assessment of AM peak period five minute flows through the Northern Ticket
Hall gateline for Tests 2 and 4 shows that in aggregate terms there is sufficient
capacity given the layout of sixteen gates;
¢ That management of the Northern Ticket Hall gateline under periods of peak demand
would alleviate any temporary localised congestion; and
e That platform congestion is expected to be alleviated in the future given the
improvement in train frequencies as a result of the Public Private Partnership
initiatives.
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A1, TEST 1: 2007 AM (2002 RAIL DEMAND)
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A2. TEST 1: 2007 PM (2002 RAIL DEMAND)
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A3. TEST 2: 2020 AM (2002 RAIL DEMAND WITH KING’S CROSS CENTRAL)
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A4, TEST 2: 2020 PM (2002 RAIL DEMAND WITH KING’S CROSS CENTRAL)
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A5. TEST 3: 2007 AM (2007 RAIL DEMAND)
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A6. TEST 3: 2007 PM (2007 RAIL DEMAND)

\\TRANTSOI\TRA-JOBS\60000\67890\67890-09\0022KXC IMPACTS REPORT 11NOV03.DOC Page A6 Ove Arup & Partners Ltd
November 2003



Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

A7. TEST 4: 2020 AM (2007 RAIL DEMAND WITH KING’S CROSS CENTRAL)
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A8. TEST 4: 2020 PM (2007 RAIL DEMAND WITH KING’S CROSS CENTRAL)
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APPENDIX B

Test 1 Service Factor
Plots



Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 1AM: 08.30-08.45

Test 1AM: 08.45-09.00
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 1AM 09.00-09.15
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 1PM: 17.30-17.45

Test 1PM: 17.45-18.00
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 1PM: 18.00-18.15
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APPENDIX C

Test 2 Service Factor
Plots



Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 2AM: 08.30-08.45

Test 2AM: 08.45-09.00
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 2AM: 09.00-09.15
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 2PM: 17.30-17.45

Test 2PM: 17.45-18.00
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 2PM: 18.00-18.15
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APPENDIX D

Test 3 Service Factor
Plots



Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 3AM: 08.30-08.45

Test 3AM: 08.45-09.00
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 3AM 09.00-09.15
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 3PM: 17.30-17.45

Test 3PM: 17.45-18.00
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 3PM: 18.00-18.15
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APPENDIX E

Test 4 Service Factor
Plots



Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 4AM: 08.30-08.45

Test 4AM: 08.45-09.00
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 4AM: 09.00-09.15
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 4PM: 17.30-17.45

Test 4PM: 17.45-18.00
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Argent St George King's Cross St Pancras LUL PEDROUTE Study
King’s Cross Central Impact on London Underground

Test 4PM: 18.00-18.15
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