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The noise and vibration team in Technical Services was asked to measure noise levels in
accordance with The Control of Noise at Work Regulations 2005 for train operators on the
Northern line and to identify track sections where the noise levels were high.

1. Introduction

2. Summary of the Control of Noise at Work Regulations 2005

The aim of the regulations is to protect persons against risk to their health and safety arising
from exposure to noise at work. The general aspiration of the regulations is to reduce noise

levels for all employees to as low a level as reasonably practicable. The following duties are
placed on an employer:

- assessment of employees’ risk and periodic review of the risks (this can include noise
measurements),

- implementation of controls to eliminate the risk or reduce it to as low as possible (by
either reducing the noise levels or exposure time),

- provision of personal hearing protectors as appropriate to the exposure level
determined,

- health surveillance as appropriate, and

- provision of information, instruction and training to employees at risk.

The regulations define noise exposure limit values and action values. These are provided in

Table 1.
Table 1 — Noise exposure limit values and action values
Daily Personal Noise Exposure Lepg Peak Sound Pressure Lcpeak
Lower Exposure Action Values 80 dB(A) 135 dB(C)
Upper Exposure Action Values 85 dB(A) 137 dB(C)
Exposure Limit Values 87 dB(A) 140 dB(C)

The equation used to calculate a daily personal noise exposure, Lep q is defined as

T,
Lgpg = Lpeqre + 10l0g (T_o)

where,

Laeq e is the equivalent continuous A-weighted sound pressure level,
T, is the duration of exposure to the noise, in seconds, and

Ty is the reference duration of 8 hours (28,800 seconds).

Hearing protection should only be considered when organisational and technical methods to
reduce noise levels to as low as possible have been found not to be reasonably practical. In
such circumstances, employees exposed to levels at or above the lower action values shall

be advised of the risks and personal hearing protectors shall be made available to them.

Their employer must provide employees exposed to levels at or above the upper action
values with personal hearing protectors. The employer is required to enforce their
mandatory use.

The employer must ensure that employees are not exposed to noise above the exposure
limit values, which includes allowing the employer to take into account the noise reduction
provided by hearing protection.

3. Measurements and Results

The LU HSE team asked Technical Services to carry out the monitoring of train operator’s
noise levels for the Northern line. This is carried out to ensure that train operator noise
exposure is minimised and controlled in line with the Control of Noise at Work Regulations
2005.
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A train operator’s daily noise exposure level is a log average of all the noise levels he/she is
exposed to throughout an 8-hour shift. If the amount of time spent at high noise levels can
be reduced, either by reducing the noise levels or exposure time this will reduce the daily
noise exposure level. The highest noise levels a train operator is exposed to are when
he/she is in the cab and the train is moving. These cab noise levels can be broken down

into inter-station noise levels.

The measurements were carried out on 10", 12", 18" and 19™ April 2018 to using one
handheld sound level meter (SLM), with the microphone located next to the driver’s ear.

The details regarding the meter can be found in Appendix A.

Each direction was measured multiple times in randomly selected cabs. The photograph in
Appendix C, display the assembly used for the measurements.

The average levels for all cab runs are presented in the tables below. These measurements
start when the train starts moving at the start station and finish when the train comes to rest
at the end station. These overall levels do not include the dwell time spent at stations, i.e.

noise exposure is likely to be lower if rest periods and dwell times are included.

Table 2 - Interstation noise levels for the northbound road between Morden and Edgware (via Bank)

A-Weighted Noise Spectral Analysis in Octave (Hz)
Interstation Section dLBA(e;\) CI"ICB"(EE") 63 125 250 500 1000 | 2000 | 4000 | 8000
Morden to South Wimbledon 76.2 106.1 50.7 57.9 68.3 73.9 70.2 64.1 56.7 48.5
South Wimbledon to Colliers Wood 80.6 107.8 | 494 58.3 72.3 781 75.1 67.2 57.6 451
Colliers Wood to Tooting Broadway 80.0 108.4 51.5 60.0 73.1 77.4 73.6 67.1 60.5 47.2
Tooting Broadway to Tooting Bec 80.9 106.3 | 47.9 52.7 68.9 79.5 76.2 65.6 54.9 42.1
Tooting Bec to Balham 74.4 105.0 | 49.5 56.4 66.4 70.9 69.5 63.8 58.5 45.2
Balham to Clapham South 77.6 105.9 | 49.8 57.9 66.9 75.0 725 65.8 57.1 44 .4
Clapham South to Clapham Common 75.1 104.7 50.3 57.2 67.5 72.2 69.4 63.8 56.3 45.6
Clapham Common to Clapham North 77.3 106.0 | 50.2 52.7 64.9 76.5 69.1 63.9 55.1 441
Clapham North to Stockwell 81.6 109.6 | 48.3 55.4 69.0 79.7 77.6 67.2 55.1 40.6
Stockwell to Oval 76.0 105.6 | 51.8 59.0 69.0 72.6 70.5 65.8 55.9 43.5
Oval to Kennington 74.9 105.9 | 53.3 59.4 68.5 713 69.0 64.5 56.9 45.9
Kennington to Elephant and Castle 78.1 108.8 | 53.3 56.4 69.9 76.4 70.6 66.2 58.7 46.1
Elephant and Castle to Borough 77.3 108.8 | 50.0 56.4 68.3 75.0 69.2 64.4 57.5 454
Borough to London Bridge 76.4 105.8 | 51.3 57.5 67.2 751 69.9 62.9 54.1 43.5
London Bridge to Bank 79.0 1089 | 51.5 60.8 70.6 76.9 72.5 67.9 59.1 45.5
Bank to Moorgate 77.9 1104 | 535 58.2 68.6 76.4 70.1 64.9 57.0 44.3
Moorgate to Old Street 76.7 103.5 | 46.6 52.9 64.8 75.8 70.2 61.0 52.7 42.4
Old Street to Angel 78.2 108.8 | 51.9 58.9 69.1 75.8 71.9 67.1 59.3 48.0
Angel to King's Cross St. Pancras 75.3 103.7 | 48.3 56.2 65.7 72.2 70.5 63.9 55.6 441
King's Cross St. Pancras to Euston 74.5 106.0 | 51.8 59.1 67.4 71.3 68.4 63.9 55.7 44.6
Euston to Camden Town 85.9 113.9 | 52.8 60.2 71.8 84.0 81.3 74.9 61.0 46.1
Camden Town to Chalk Farm 76.7 108.8 | 53.0 60.2 69.2 73.6 71.1 66.1 57.8 48.1
Chalk Farm to Belsize Park 75.9 106.1 49.3 57.0 66.9 72.9 70.4 66.3 56.0 44.0
Belsize Park to Hampstead 741 101.7 | 49.8 56.8 66.5 70.9 68.6 63.9 54.7 42.4
Hampstead to Golders Green 78.2 108.7 | 51.8 61.8 70.6 75.3 72.3 68.2 57.1 45.1
Golders Green to Brent Cross 66.0 106.3 | 48.2 53.3 60.9 62.1 59.4 55.9 47.8 38.8
Brent Cross to Hendon Central 65.3 99.0 48.5 52.7 56.9 61.7 59.8 56.6 46.9 36.0
Hendon Central to Colindale 78.8 105.3 | 49.8 58.2 66.0 74.9 75.6 68.6 55.2 44.0
Colindale to Burnt Oak 63.5 1025 | 47.6 50.7 56.6 59.5 57.7 54.3 455 34.0
Burnt Oak to Edgware 69.1 103.1 | 48.0 51.0 56.0 64.4 64.4 62.9 53.2 38.2
Table 3 — Interstation noise levels for between Finchley Central and Mill Hill East
A-Weighted Noise Spectral Analysis in Octave (Hz)

Interstation Section dLBA(eR) L‘E"(e(":") 63 125 250 500 1000 | 2000 | 4000 | 8000

Finchley Central to Mill Hill East 68.4 102.9 | 45.0 | 49.6 58.1 65.7 63.3 57.1 50.2 43.6
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Table 4 — Interstation noise levels for the northbound road between Kennington and High Barnet (via Charing

Cross)
A-Weighted Noise Spectral Analysis in Octave (Hz)
Interstation Section dII-BA(T\) L‘é”("ca:‘s 63 125 250 500 1000 | 2000 | 4000 | 8000
Kennington to Waterloo 824 | 1121 54.1 61.8 71.8 78.4 78.2 73.8 65.4 52.3
Waterloo to Embankment 83.7 1129 | 53.1 63.0 72.2 81.3 78.9 72.2 63.8 50.0
Embankment to Charing Cross 75.5 105.3 | 54.5 61.3 67.1 72.2 69.8 66.2 61.1 46.6
Charing Cross to Leicester Square 81.0 111.5 | 55.8 63.0 74.4 78.3 74.9 68.5 61.1 50.5
Leicester Square to Tottenham Court Road 73.6 101.5 | 51.0 56.8 65.2 70.4 68.3 62.7 58.2 449
Tottenham Court Road to Goodge Street 79.9 106.3 | 51.3 59.4 711 77.5 74.8 66.8 61.3 46.6
Goodge Street to Warren Street 75.0 102.7 | 52.5 60.2 66.1 72.2 7.7 63.5 57.0 46.3
Warren Street to Euston 82.5 111.3 | 62.1 65.0 73.3 79.0 78.2 721 63.7 50.3
Euston to Mornington Crescent 81.7 110.2 | 48.8 56.8 68.6 79.9 75.4 69.2 62.1 46.0
Mornington Crescent to Camden Town 76.7 106.4 | 53.9 61.1 69.3 73.4 71.0 65.8 59.5 46.4
Camden Town to Kentish Town 83.5 1142 | 55.2 63.5 71.6 82.3 77.3 68.6 60.2 47.2
Kentish Town to Tufnell Park 86.8 | 1145 | 556 63.1 75.2 84.5 82.4 74.7 64.0 48.0
Tufnell Park to Archway 77.8 108.6 | 55.7 63.4 69.6 76.7 74.5 67.4 60.3 44.8
Archway to Highgate 77.8 | 1086 | 52.6 60.5 69.2 74.2 73.0 68.3 61.0 46.4
Highgate to East Finchley 771 107.0 | 511 57.5 68.3 72.6 727 69.4 58.8 48.9
East Finchley to Finchley Central 71.3 104.7 | 48.9 54.8 64.9 69.0 69.1 66.9 56.9 47.9
Finchley Central to West Finchley 717 | 104.2 | 471 51.4 58.2 66.8 67.4 65.5 57.3 43.2
West Finchley to Woodside Park 74.3 111.8 | 46.3 50.2 57.5 66.1 67.9 71.8 59.5 47.8
Woodside Park to Totteridge & Whetstone 72.7 105.8 | 48.2 52.0 58.7 66.9 68.9 66.9 57.9 43.6
Totteridge & Whetstone to High Barnett 69.9 103.0 | 48.4 53.2 59.6 66.2 64.8 61.4 56.6 447

Table 5 — Interstation noise levels for the southbound road between Edgware and Morden (via Bank)

A-Weighted Noise Spectral Analysis in Octave (Hz)

Interstation Section dLBA(e;\) L‘E"(eé") 63 125 250 500 1000 | 2000 | 4000 | 8000
Edgware to Burnt Oak 63.6 104.7 | 51.3 51.1 55.9 58.8 57.9 55.6 50.2 39.8
Burnt Oak to Colindale 742 102.2 | 524 51.4 56.7 59.7 57.1 54.9 50.6 38.4
Colindale to Hendon Central 76.1 110.9 | 52.6 56.1 64.6 70.8 72.4 69.6 55.9 45.3
Hendon Central to Brent Cross 63.6 98.4 51.1 50.5 55.5 59.1 58.8 53.8 46.0 37.7
Brent Cross to Golders Green 69.3 102.5 51.4 54.2 63.9 65.6 62.9 58.5 49.6 41.6
Golders Green to Hampstead 80.6 109.4 | 54.0 62.8 70.7 78.5 74.9 68.6 59.4 47.3
Hampstead to Belsize Park 76.9 106.0 52.5 58.1 68.1 73.6 721 66.8 59.3 48.2
Belsize Park to Chalk Farm 77.2 106.9 | 51.1 57.3 68.2 73.7 72.7 67.1 58.4 47.8
Chalk Farm to Camden Town 76.4 104.5 | 54.0 62.1 69.6 73.1 70.8 64.7 56.4 451
Camden Town to Euston 86.5 116.4 53.3 62.4 74.4 83.5 83.1 75.4 62.4 48.2
Euston to King's Cross St. Pancras 73.8 106.5 54.1 58.3 67.1 69.8 68.1 63.9 57.0 44.2
King's Cross St. Pancras to Angel 77.5 105.8 | 51.8 57.5 68.3 741 7.7 67.0 59.8 50.0
Angel to Old Street 79.5 109.4 | 55.2 63.9 70.3 76.8 73.7 68.4 60.1 47.6
Old Street to Moorgate 74.9 107.2 | 52.3 56.8 67.8 715 69.3 63.8 57.2 44.8
Moorgate to Bank 78.6 107.7 | 55.3 57.8 68.8 76.6 72.3 68.7 59.5 47.1
Bank to London Bridge 81.6 109.4 | 58.7 65.8 74.0 78.6 76.3 711 61.9 48.2
London Bridge to Borough 80.3 109.3 | 53.2 61.0 73.2 77.8 747 66.5 57.0 46.3
Borough to Elephant and Castle 77.5 106.2 | 53.1 55.7 66.6 76.6 70.4 63.7 55.2 43.2
Elephant and Castle to Kennington 82.1 113.9 | 53.3 55.1 74.6 80.2 75.5 68.2 58.3 44.8
Kennington to Oval 74.7 105.8 | 54.2 59.4 68.2 71.2 68.5 64.2 56.0 43.2
Oval to Stockwell 747 107.8 | 52.8 57.9 67.5 70.6 69.7 64.4 56.5 447
Stockwell to Clapham North 80.0 106.7 | 51.8 61.9 69.5 775 75.3 66.8 59.0 44.0
Clapham North to Clapham Common 77.4 105.8 | 54.6 59.2 69.0 74.7 71.8 66.4 57.9 434
Clapham Common to Clapham South 75.5 107.8 53.1 56.5 66.5 73.3 69.4 63.2 55.8 445
Clapham South to Balham 76.0 1116 | 51.3 56.3 67.4 73.0 70.9 65.8 58.2 46.0
Balham to Tooting Bec 76.2 1056 | 53.2 59.1 68.4 72.2 711 67.7 59.7 44.7
Tooting Bec to Tooting Broadway 72.6 101.3 | 521 56.9 66.2 69.1 67.2 62.0 54.9 43.1
Tooting Broadway to Colliers Wood 74.4 104.1 52.5 57.7 67.9 70.9 68.3 64.0 56.6 42.6
Colliers Wood to South Wimbledon 74.7 103.6 52.1 56.4 67.0 70.7 69.6 65.1 57.8 44.8
South Wimbledon to Morden 85.6 1134 | 51.2 57.1 73.1 84.3 79.9 73.7 62.6 471
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Table 6 — Interstation noise levels for between Mill Hill East and Finchley Central

A-Weighted Noise Spectral Analysis in Octave (Hz)
" " LAeq LCpeak
Interstation Section dB(A) | dB(C) 63 125 250 500 1000 | 2000 | 4000 | 8000
Mill Hill East to Finchley Central 72.3 104.3 | 49.7 51.8 61.6 69.1 67.4 63.6 56.5 46.1

Table 7 - Interstation noise levels for the northbound road between High Barnet and Kennington (via Charing

Cross)
A-Weighted Noise Spectral Analysis in Octave (Hz)
Interstation Section d"B“(% L'g’(e&k) 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
High Barnet to Totteridge & Whetstone 729 | 1045 | 484 52.6 61.0 69.3 69.1 61.8 56.2 46.6
Totteridge & Whetstone to Woodside Park | 73.5 | 103.7 | 494 54.1 61.3 69.5 70.0 62.5 57.7 50.8
Woodside Park to West Finchley 70.9 | 991 47.9 51.9 59.1 67.0 66.9 60.2 55.8 47.2
West Finchley to Finchley Central 725 | 117.7 | 49.0 54.0 61.2 68.5 68.4 62.7 58.2 49.6
Finchley Central to East Finchley 73.6 | 105.8 | 48.9 53.7 61.0 69.9 69.9 63.1 56.5 48.3
East Finchley to Highgate 779 | 108.9 | 50.3 56.3 67.1 74.4 741 66.7 59.9 47.6
Highgate to Archway 80.8 | 107.5 | 51.1 58.1 69.5 78.3 76.3 70.2 59.3 44.7
Archway to Tufnell Park 80.2 | 1075 | 51.2 59.6 70.4 77.5 75.8 67.1 58.2 44 .4
Tufnell Park to Kentish Town 83.7 | 105.8 | 52.2 61.0 69.4 75.5 73.6 67.1 59.1 45.9
Kentish Town to Camden Town 81.0 | 109.0 | 55.1 64.7 725 78.6 75.7 67.8 58.7 44.8
Camden Town to Mornington Crescent 759 | 106.0 | 51.5 59.7 69.3 72.8 69.8 64.7 58.6 47.1
Mornington Crescent to Euston 82.3 | 112.0 | 59.0 67.7 75.0 78.8 771 711 62.6 50.1
Euston to Warren Street 83.9 | 112.8 | 60.1 68.3 75.3 81.2 78.4 71.6 62.4 49.6
Warren Street to Goodge Street 76.8 | 106.0 | 52.4 60.3 68.7 72.8 72.6 66.2 58.7 46.4
Goodge Street to Tottenham Court Road 77.5 | 105.6 | 50.6 59.4 69.1 73.4 73.9 65.5 58.0 44.4
Tottenham Court Road to Leicester Square | 76.8 | 103.7 | 51.2 61.2 67.4 72.4 73.1 66.0 60.5 47.5
Leicester Square to Charing Cross 83.5 | 112.0 | 53.0 64.1 77.2 80.8 77.6 70.8 62.3 50.4
Charing Cross to Embankment 77.9 | 106.0 | 51.9 60.6 69.6 75.1 725 66.6 59.0 45.9
Embankment to Waterloo 76.3 | 104.5 | 50.6 58.2 68.2 72.8 71.9 65.6 57.2 42.6
Waterloo to Kennington (SB) 82.2 | 1124 | 56.6 62.5 722 79.8 77.3 69.8 60.6 471
Kennington (SB) to Kennington (NB) 741 | 103.8 | 53.2 57.2 65.8 70.6 68.0 66.5 57.8 46.3

Charts 1 to 4 show the average weighted noise levels of all runs on each inter station section in a
graphical representation. These values are taken from Tables 2 to 7. Levels at stations are not
shown since these were often a result of sources such as radio communications, alarms and
warnings.
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Chart 1 - Average weighted noise levels on the Northern northbound road between Morden and Edgware (via Bank) and the Mill Hill East branch

OLcpeak dB(C) 2018 mLAeq dB(A) 2018
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Chart 2 — Average weighted noise levels, on the Northern northbound road between Kennington and High Barnet (via Charing Cross)

OLcpeak dB(C) 2018 TLAeq dB(A) 2018
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Chart 3 — Average weighted noise levels, on the Northern southbound road between Edgware and Morden (via Bank)

OLcpeak dB(C) 2018 TLAeq dB(A) 2018
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Chart 4 — Average weighted noise levels, on the Northern northbound road between High Barnet and Kennington (via Charing Cross)

Olcpeak dB(C) 2018 TLAeq dB(A) 2018
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The main differences between measurements on the same day are differences in the
measured cabs, as each run is on a different train. The track condition on the same day is
very unlikely to change. Other things that could affect the results are train speed, cab
announcements, drivers talking on the radio and stops at signals.

The calculated daily noise exposure level for train operators is based on the noise level at
ear level and is a log average of all the inter-station sections travelled as well as the noise
when stopped at signals. The noise level during breaks and stops as well as the noise level
at stations are ignored in this report, as these levels are considerably lower when compared
to the cab noise levels when the train is moving.

Tables 2 to 7, show that several inter-station sections reached or exceeded 80dBL aeq;
eight on the northbound Charing Cross branch, five on the northbound Bank branch,
seven on the southbound Bank branch and eight on the southbound Charing Cross
branch.

Regarding sections that reached or exceeded 85dB Laeq, one on the northbound
Charing Cross branch, one on the northbound Bank branch and two on the
southbound Bank branch met this condition.

The top three inter station sections with the highest noise levels for each of the measured
directions are shown below.

* Northbound — Waterloo to Embankment; Camden Town to Kentish Town; Kentish
Town to Tufnell Park

» Southbound — Camden Town to Euston; South Wimbledon to Morden; Euston to
Warren Street

4. Daily Exposure Lep g Levels

The daily exposure Lep q levels for train operators of the Northern Ilne found in table 8, were
based on the train operator duties. The duty books all apply from 28 January 2018 unt|I
further notice (working Timetable 57).

The calculations were based on a sample of 36 duties. These were representative of the
spread of duration of the different duties and the different start and end points of the runs.
The duties selected ranged between 4 to 8h in duration.

In order to calculate the Lgp g Of each trip, they were partitioned into inter station sections.
Each inter station exposure level was calculated based on the average value of all runs and
the average time between station taken from all runs.

To obtain the total exposure level, all the partial exposures comprised in a specific duty
were added, and a Legp g exposure level was achieved. The table below shows the total
duration of the duties chosen for the analysis.

Table 8 — Duration of the duties chosen for the daily exposure calculations

Dimes | e Pime” | Lers Ctme. | LEPd Ptme’ | LePa
(h:min) | 9B(A) (h:min) | 9BA) (h:min) | 9B(A) (h:min) ’
03:46 76 03:00 75 04:13 77 30 03:00 75
04:14 77 03:32 75 03:59 76 30 04:22 77
04:15 76 03:33 76 04:47 77 80 03:09 75
03:40 76 03:33 76 04:35 77 304 02:59 75
03:32 75 03:32 75 03:35 76 80 04:34 77
03:32 75 04:56 77 04:33 77 306 04:11 77
03:10 75 03:01 75 03:40 76 80 03:00 76
04:33 76 03:01 75 03:49 76 808 04:01 76
03:40 76 03:32 75 04:14 77 B0 04:13 76
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5. Conclusions

The daily exposure levels presented in Table 8 is a worst-case scenario. If
dwell times at stations, meal breaks and time waiting to pick up trains were to
be included in the measurements, the overall noise exposure would be lower,
albeit negligibly. As such, the presented exposure levels are only
representative of train operation.

Daily exposure levels are greatly influenced by interstation sections with noise
levels below 80dB(A).

The 1995 Tube Stock cab noise is dominated by rolling contact noise. This airborne
noise outside the train influences the noise levels inside the cab.

There are two methods to reduce the rolling noise in the cab: the noise can be
reduced at source and/or the transmission path can be inhibited.

The transmission path of the airborne rolling noise includes paths through the cab
side doors. Reduced cab sealing will increase noise levels. It should be noted that
the microphone position during the measurements, was located next to the right
hand side ear of the train operator, i.e. close to the ear furthest away from the cab
door. Positioning the microphone located on the left hand side of the train operator,
would likely produce noise levels on average 2 to 3dB above those mentioned in this
report. Nevertheless, most duties would still fall below an Lgp g of 80dB(A).

There are sections of the Northern line track that have corrugation (high rail
roughness). Corrugation increases rolling noise and thus cab noise levels. In
addition, resilient track has been installed in certain sections to cope with
groundborne noise, which had a side effect of increased in-tunnel noise.

Several inter-station sections exceeded 80dB Laeq. However only four inter-station
sections exceeded 85dB Laeq, Namely one on the northbound Charing Cross branch,
one on the northbound Bank branch and two on the southbound Bank branch.

All duties presented a daily exposure level below the Lower Exposure Action Value
(LEAV) for continuous noise at an Lgp g of 80dB(A).

If considered, noise levels during breaks and dwelling in stations would result in
lower daily exposure levels. However, the uncertainty of the measurements and
calculations, warrant a conservative approach given the likelihood of in some cases,
levels exceeding 80dB(A), and as such, information should be provided to TOP’s and
hearing protection should be made available for their comfort.

Provided ear defenders should have low attenuation (5-10 dBA) to avoid over-
protection, which could lead to train operators having difficulties with communication
and hearing warning signals. They may also become isolated from their environment,
leading to safety risks.

Nevertheless, train operators are not at risk of reaching or exceeding the daily
UEAV within an 8-hour working day.

All of the measured inter-station sections measured below the LEAV for impulsive
noise, namely an instantaneous C-weighted peak level (Lcpk) of 135 dB(C). The
highest peak level, 118dB(C), was recorded arriving at Finchley Central, because of
the driver rotating the drive mode selector knob, which was not characteristic of this
section. If this location is not considered, then the section Camden Town to Euston
had the highest peak level, reaching 116dB(C).
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1. Statutory Instrument 2005 No. 1643. The Control of Noise at Work Regulations 2005.

6. References

2. Controlling Noise at Work, Guidance Document L108, Health and Safety Executive
2005.

3. Health and Safety Executive Daily Noise Exposure Calculator
www.hse.gov.uk/noise/dailycalc.xls
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Table A.1 — Equipment used for the train operator noise exposure measurements

Item

Make

Model

Serial No.

Sound Level Meter

01dB

Fusion

11489

N&V-R2311

Page 13 of 20



©

Table B.1 — Inter-station noise levels on the Northern northbound road between Morden and Edgware (via Bank)
and the Mill Hill East branch

APPENDIX B - Full Line Testing Results

Interstation Laeq LCpeak Noise Spectral Analysis in Octave (Hz)
section dB(A) dB(C) 63 125 250 500 1000 2000 4000 8000
Morden 76.5 1061 505 56.8 68.9 73.9 704 64.9 58.9 522
To 76.6 105.0 512 58.4 68.8 746 70.2 64 551 434
South Wimbledon 754 1034 50.2 58.2 66.8 73 70.1 63.4 54 6 44
South Wimbled 812 106.0 495 583 73.0 785 759 68.1 581 452
tgL(IZ olli e':'s‘ v\fo :d“ 811 1078 498 58.8 732 788 754 671 56.8 426
792 105.1 488 57.7 70 76.9 739 66 577 466
Colliers Wood 799 1078 521 60.2 73.6 771 735 66.7 56.0 420
ToTooting 813 108 4 517 60.2 741 78.8 749 68.9 641 50.9
Broadway 781 1052 50.6 595 711 75.6 719 64.9 55.6 426
Tooting 81.0 104 4 482 53.1 69.2 795 76.4 66.0 545 401
Broadway to 82.0 1063 482 534 703 80.9 76.7 66.3 557 428
Tooting Bec 704 1036 473 513 665 776 753 64.4 543 428
Tooting Bec 735 102.0 497 56.4 66.6 69.9 68.1 63.2 533 407
To 765 105.0 498 56.9 675 731 718 655 621 470
Balham 721 102.2 491 55.8 64.5 68.5 67.1 61.9 547 458
Balham 777 104.9 496 57.7 67.3 75.0 727 66.3 571 421
To 784 1059 503 58.3 67.9 761 73.0 66.2 571 431
Clapham South 76.4 102.8 493 57.7 65.2 737 716 64.8 572 46.6
Clapham South 746 1037 505 571 67.5 716 68.9 63.0 53.9 403
to Clapham 76.9 104.7 50.9 57.7 69.0 741 70.9 65.7 58.9 490
Common 729 1037 492 56.7 65.2 69.6 67.8 619 541 428
Clapham 78.0 106.0 488 522 64.7 773 68.8 643 551 438
Common to 78.6 105.0 50.7 54 66.4 778 70.8 65.6 56.6 46
Clapham North 74.0 1025 50.8 515 63.1 72.9 67 60.2 52.6 413
818 108 4 478 553 69 797 779 67.7 551 403
C'apshtz':ku‘;ﬁh to M7 100.6 49 557 701 812 782 678 552 41
79.9 106.0 48 55.2 67.4 776 76.5 65.9 54.9 406
76.4 1056 517 59.2 69.3 72.8 710 67.1 556 412
Stockwell to Oval 76.4 105.0 523 593 69.9 733 704 64.3 542 402
751 1043 514 58.6 67.5 714 70.2 65.4 57.3 464
734 1030 524 58.4 67.6 69.6 67.4 63.0 534 391
Ke?"r’l‘;‘;;‘t’on 765 1059 541 60.0 69.7 731 706 66.1 589 488
741 105.9 53.2 59.6 67.8 70.2 68.4 63.9 56.7 452
Kennington to 784 1088 53.0 56.4 70.7 76.8 70.8 65.0 58.0 438
Elephant and 796 1082 53.6 56.7 70.6 78.0 722 68.8 59.7 474
Castle 751 1036 53.4 56.2 67.9 73.0 67.8 62.7 58.1 463
Elephant and 775 1088 514 57.2 68.4 731 69.2 64.6 555 428
Castle to 787 1053 49.0 56.3 69.7 773 70.6 65.4 59.6 475
Borough 749 1041 493 555 66.3 733 67.2 62.6 56.2 446
76.1 1045 50.4 57.2 67.4 747 69.7 63.1 532 38.8
Borough to 775 105.8 515 58.0 67.9 76.4 70.7 63.4 537 395
London Bridge
752 1019 518 574 66.2 737 69.0 62.0 552 471
] 79.3 1078 50.9 60.7 70.9 772 726 68.3 59.1 439
L°"d°g aer‘.ﬂdge to ™ 503 108.9 522 612 714 785 737 688 508 246
76.8 105.0 514 605 691 739 706 66.2 58.4 472
782 108 1 533 58.0 68.8 76.7 702 65.0 546 401
Bank to Moorgate 793 1104 54.0 58.7 69.4 779 714 66.3 60.0 475
754 1055 533 578 674 73.6 679 627 536 413
76.9 1025 46.4 529 65.0 761 702 61.0 517 403
M°°’gtart:ett° Old 774 1035 46 6 534 654 768 702 609 518 400
755 1018 469 524 63.7 741 701 61.0 541 449
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Interstation LAeq LCpeak Noise Spectral Analysis in Octave (Hz)
section dB(A) dB(C) 63 125 250 500 1000 2000 4000 8000
782 108.8 516 588 69.0 751 716 66.7 567 436
O As,:::elt to 797 1076 524 508 705 777 732 685 611 504
761 106 4 516 580 672 735 704 656 589 477
. 750 1026 480 56.0 657 719 700 638 547 391
cf:s":'sttf’g:grzs 766 1037 486 56.9 668 737 717 653 573 46.6
737 1034 484 555 641 705 694 622 541 436
King's Cross St. 752 1055 522 508 68.0 721 691 649 553 203
Pancras to 743 106.0 513 584 674 714 67.7 63.0 544 402
Euston 739 105.0 518 590 668 703 683 63.7 571 482
863 1122 533 606 724 844 816 750 606 248
causonto 869 139 531 607 726 853 821 750 612 469
842 1008 520 500 69.7 817 799 746 613 463
763 1061 533 508 69.0 731 707 659 57.0 458
Camaen Townto ™ 780 1085 529 604 701 751 722 672 502 507
755 108.8 529 604 682 720 701 648 567 459
766 104 4 498 572 671 730 714 687 567 413
Chalk Famn to 763 106 1 489 572 67.7 740 701 652 556 445
744 1018 491 567 656 714 695 633 555 453
Selsize Park to 744 1016 503 56.9 669 711 688 639 548 401
Hampstoad 743 1017 494 56.9 67.0 713 683 636 545 435
736 100.9 498 567 654 701 686 641 547 429
Hamostend ¢ 788 1072 527 623 716 76.0 729 67.7 576 448
ol dgr"’se(‘;’r ee‘; 797 1087 52.0 62.6 719 76.9 735 701 58.1 453
748 106.7 502 603 665 714 693 655 552 451
colders Green fo |—22 983 491 533 60.6 616 575 535 454 332
Brore e 657 1063 476 534 604 62.0 59.0 555 488 218
669 992 478 533 617 626 610 577 485 373
649 979 493 524 573 610 588 566 457 336
l_?;ﬁg;g’gjztﬁgl 65.4 980 493 54.0 571 619 593 565 46.0 36.0
657 990 462 511 563 620 609 566 484 376
786 1051 505 579 666 748 755 664 545 395
Hfg?o']iﬁ::fe’a' 795 105.1 503 587 66.6 756 761 701 553 425
783 1053 482 578 644 742 753 684 558 269
_ 635 997 484 513 572 592 574 545 448 328
cl;’l'j'r"n‘:ac')z:f 635 1019 482 516 56 8 596 572 540 449 331
635 1025 457 488 556 596 584 543 466 356
727 1031 281 503 558 677 682 67.0 572 201
B‘gg;v?::‘em 634 100.7 489 523 557 597 571 547 445 346
656 972 260 502 56 5 617 607 57.0 290 384

Table B.2 - Inter-station noise levels on the Northern northbound road between Kennington and High Barnet (via
Charing Cross)

Interstation LAea LCpeak Noise Spectral Analysis in Octave (Hz)
section dB(A) dB(C) 63 125 250 500 1000 2000 4000 8000
] 84.3 1121 542 62.4 719 794 80.7 76.4 68.4 54.9
Ke",‘\;‘a';‘e‘ﬁgg to 80.7 111.0 542 619 716 774 755 722 603 441
81.3 1103 53.9 60.9 71.9 78.3 76.5 70.6 63.9 524
Waterloo to 84.6 1103 535 63.8 72.9 81.7 79.8 752 66.3 53.0
Embankment 824 114 53.3 63.0 71.8 80.7 772 67.5 56.8 409
83.8 112.9 525 62.0 71.8 815 794 70.4 63.8 494
e bankment fo 734 104 4 537 617 659 70.7 66.0 632 571 463
Charing Cross 737 1051 541 610 673 706 674 614 537 303
778 1053 555 61.1 67.8 742 729 69.5 64.9 494
charing C 80.7 115 558 635 744 778 743 68.3 614 518
o eii’;:tger g‘("susa:: 80.1 1065 55.2 626 734 774 737 679 60.0 473
82.1 106.7 56.3 62.8 751 794 76.3 69.2 618 511
Leicostor Square 723 1015 50.9 577 654 69.3 66.2 507 520 37.0
to Tottenham 703 1000 50.2 559 63.9 66.9 64.1 58.7 514 379
Court Road 76.1 1012 517 56.5 66.0 729 713 65.9 623 491
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Interstation Laeq LCpeak Noise Spectral Analysis in Octave (Hz)
section dB(A) dB(C) 63 125 250 500 1000 2000 4000 8000
Tottenham Court 793 1054 518 60.0 713 771 736 646 562 228
Road to Goodge 768 1033 505 50 1 69.9 744 701 628 558 433
Street 821 106.3 516 59.1 718 796 776 69.8 65.1 499
740 1013 522 605 657 706 693 611 527 372
Gs‘fa“r‘r’:ns;ﬁ:;tm 734 1006 520 504 651 705 683 612 531 397
781 1027 533 60.7 673 744 746 662 605 505
811 100.7 606 648 729 775 765 707 624 493
Wa"gﬂ :“tg:et to 821 1098 617 649 730 786 778 720 629 283
839 113 635 653 738 804 798 733 653 523
Euston to 796 1076 493 571 682 778 729 685 578 400
Mornington 807 1079 486 57.0 678 795 731 653 543 391
Crescent 837 1102 484 563 69.6 816 780 716 66.0 500
Momnington 748 104.4 536 612 68.6 715 68.2 63.0 552 428
Crescent to 755 1046 543 614 69.0 722 694 641 552 205
Camden Town 787 106.4 53.9 60.8 70.1 75.4 735 68.4 63.1 50.0
824 1119 551 641 718 813 754 671 573 428
cf(’::g:h?“)”v;‘nm 826 115 554 634 713 815 759 675 569 421
850 1142 551 629 716 837 795 705 633 509
] 865 1119 558 64.0 76.0 845 817 743 607 439
KeT"J;f";"Tg"a"r’:(m 803 105.6 547 622 738 777 741 658 555 402
894 1145 56.2 63.0 756 871 854 776 678 519
783 106.7 555 641 698 757 727 659 568 425
T”ff/;‘ri'l"::;" to 787 1063 555 631 693 759 739 666 563 207
807 107.6 56.0 63.0 69.6 780 76.1 69.0 637 478
763 1055 528 610 693 729 710 665 567 431
A,:?gh"";;’t? 76.7 1078 504 602 688 731 713 665 562 207
797 108.6 525 602 69.6 759 753 706 64.6 499
] 770 107.0 507 577 687 717 722 706 581 503
H'ghlgz‘:h}:y&s‘ 766 1053 509 579 68.0 723 717 694 56.0 424
777 105.8 516 56.8 683 736 738 678 60.9 503
Eaet Finchio ¢ 732 1047 50.9 579 69.0 720 724 709 584 505
Finchley C g 672 100.1 46 1 518 568 64.0 62.8 556 487 380
716 102.1 484 517 59.7 675 673 633 585 482
S 636 1019 472 503 538 613 581 496 440 352
b stVFinec"hI’ :y 733 1042 46.3 517 58.2 67.2 68.9 68.7 56.9 377
732 102.0 476 521 603 68.9 69.0 651 604 473
West Finchiew 773 1041 467 492 538 64.4 69.7 76.0 608 487
Wosdanstioy 0 675 1118 4590 510 56 5 616 628 614 559 269
733 100.1 464 503 60.0 69.0 68.6 665 604 475
Woodside Parkto | 751 1058 477 520 578 679 719 704 592 399
Totteridge & 652 992 481 522 562 594 579 56.0 468 354
Whetstone 730 100.9 487 51.9 60.8 68.8 68.7 65.2 59.9 475
Totteridge & 657 1025 484 534 58.0 621 595 56 1 494 387
Whetstone to 651 1003 477 537 577 606 590 572 489 385
High Barnett 735 103.0 490 524 61.8 69.9 68.7 65.0 60.8 487
‘ 68.7 1026 452 498 580 665 634 56.2 490 39.7
Ft'::n'::fmieé‘at:' 677 1029 450 496 575 64.4 63.3 573 50.1 440
686 1027 447 494 588 659 63.1 577 511 453
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Table B.3 — Inter-station noise levels on the Northern southbound road between Edgware and Morden (via Bank) and the
Mill Hill East branch

Interstation Laeq LCpeak Noise Spectral Analysis in Octave (Hz)
section dB(A) | dB(C) 63 125 250 500 1000 2000 4000 8000
612 976 504 50.1 541 557 564 512 431 336
Edgware to Burnt ™ 674 1047 517 293 544 56.9 576 544 474 411
659 984 492 530 58.0 615 592 584 538 414
786 1001 535 50.1 556 577 563 507 430 319
B‘(‘:’o"lti,%aa'l‘f 618 986 534 297 551 578 554 503 427 344
66.2 1022 491 534 58.6 620 58.9 585 549 421
‘ 745 1096 536 564 648 703 714 624 540 205
anﬂ'::g':ntt‘:al 770 1106 525 551 647 711 732 716 558 474
763 1109 513 56.7 642 710 723 705 572 456
629 975 506 508 555 574 586 529 438 308
T:'gg:tcgr’g;:' 649 984 528 504 565 608 509 548 486 N7
625 976 491 503 541 58.2 575 536 435 26
684 1025 513 545 64.0 646 618 557 46.2 336
gﬁgzggﬁz ::: 711 1022 524 537 65.1 67.2 654 615 526 455
675 1017 503 543 623 645 507 554 472 376
80.9 1094 541 634 715 792 744 677 588 48.1
G°:f::p‘:{ cento 797 1077 539 625 700 776 742 671 56.9 431
810 1081 540 623 704 786 759 703 613 489
776 1045 526 583 692 745 721 674 508 512
Hampstead to 757 1037 529 578 676 724 708 652 56.6 420

Belsize Park

773 106.0 518 58.1 673 737 732 674 605 469
_ 780 1069 515 576 69.0 746 734 676 586 478
Bf:':':li ':::'r"‘nm 761 1047 520 57.0 676 726 716 656 562 434
773 1033 495 572 68.0 737 729 677 506 299
752 1044 537 614 68.9 720 69.0 624 55.0 257
g::": e':na;':vx 763 1037 542 62.1 69.9 728 707 635 545 396
775 1045 542 626 698 742 721 66.9 586 470
872 1158 533 628 751 849 83.1 749 62.1 297
Camden Townto ™ 856 137 543 620 734 822 827 742 613 266
86.6 116.4 520 625 745 829 836 767 634 478
— 736 1028 544 589 68.0 69.9 66.9 628 556 471
Casontoangs [t 1019 539 575 665 676 651 607 58 389
753 1065 539 585 668 712 705 664 508 429
— 782 1049 527 580 693 755 723 685 606 53.0
;‘a':grzsct’:f‘nggl 765 1058 517 572 683 737 705 661 603 466
776 1043 531 622 692 745 722 66.6 582 456
793 1094 558 643 710 773 725 66.9 58.0 466
Angel to Old 790 1077 553 638 704 766 728 672 588 491
80.0 1082 553 652 718 773 747 675 579 437
740 1072 526 572 683 709 66.9 609 59 451
o :g:;::f 740 1039 529 56.0 674 712 674 624 556 463
762 1067 513 572 677 724 718 663 601 422
798 1066 554 575 69.6 776 731 716 613 471
Moorgate to Bank | 781 1066 554 56.9 68.7 768 707 652 575 478
777 1077 552 588 68.0 752 728 664 58.9 6.1
812 1004 58.1 654 743 788 747 689 506 464
Ba““ggd';’e“““ 806 1079 583 65.3 737 778 748 68.9 50 4 459
827 1004 505 66.6 739 790 783 737 645 507
, 799 1075 535 60.7 730 775 742 654 563 423
"°""E;’(;‘rfl:'dh9e o ™800 1089 536 609 735 784 755 674 571 431
g 80.1 1003 523 615 732 775 742 665 575 296
Borough to 76.7 106 1 539 553 662 763 685 506 511 397
Elephant and 771 1043 527 555 67.0 763 69.9 626 518 406
Castle 784 1062 527 563 666 772 720 663 585 462
Elephant and 817 1128 543 551 744 79.7 752 666 558 416
Castle to 825 1132 538 555 750 808 754 66.9 558 M5
Kennington 822 1139 513 548 743 80.0 75.9 702 61.1 479
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Interstation L Acq LCpeak Noise Spectral Analysis in Octave (Hz)
section dB(A) dB(C) 63 125 250 500 1000 2000 4000 8000
_ 732 105.8 538 586 671 69.2 67.4 623 565 458
Ke""c',':,‘::f" to 751 104.6 547 592 69.1 716 68.7 63.6 543 397
755 1055 540 603 683 723 692 659 568 420
738 107.8 523 580 678 701 676 628 56.1 440
Oval to Stockwell | 741 107.0 539 576 676 707 67.9 631 553 435
758 104.6 518 580 672 710 721 66 4 578 462
80.1 106.7 518 619 69.8 777 751 658 573 430
Clsat:;::vner!: ot:’th 802 105.7 531 61.0 69.7 78.0 748 66.3 58.7 442
798 106.7 498 62.7 68.9 766 758 68.1 605 446
Clapham North to | 76.9 105.8 546 504 69.2 745 701 642 563 436
Clapham 770 105.8 553 588 69.3 746 705 64.6 53.0 384
Common 783 103.6 539 593 68.6 749 737 68.8 60.9 455
Clapham 757 107.8 533 571 66.9 734 698 63.2 56.6 431
Common to 754 106.7 532 559 66.4 737 68.8 62.0 529 419
Clapham South 754 106.4 528 56.4 66.3 729 69.6 64.1 56.9 468
747 103.7 512 568 676 7190 68.7 63.0 568 441
c'ap“Baa"l‘hifn“‘h to 744 1025 520 557 66.9 717 68.7 623 536 418
780 1116 505 56.3 677 747 734 68.8 61.1 490
745 105.6 534 592 68.7 701 68.9 64.0 574 446
Balham to 743 103.9 534 589 682 705 686 633 54 1 408

Tooting Bec

785 1036 527 593 684 745 737 711 63.0 467
Tooting Bec to 726 100.0 525 575 665 692 676 62.7 56.9 448
Tooting 725 100.0 528 565 662 68.7 668 614 533 428
Broadway 72.8 101.3 50.6 56.7 65.9 69.3 67.3 61.9 535 408
Tooting 739 104.1 526 577 67.9 706 673 62.5 56.1 430
Broadway to 741 103.8 528 577 68.3 705 68.0 62.3 53.0 409
Colliers Wood 751 102.2 519 577 676 716 69.3 66.1 58.9 436
_ 748 103.6 53.0 576 68.3 706 69.6 63.6 572 447
ottt Nood o | 723 1019 521 556 661 691 657 608 53.0 15
761 1016 508 556 66.2 720 717 679 604 468
_ 86.6 1134 517 57.9 745 858 796 734 603 455
s°”:2 xl’ (')’:Lll'z“" 856 109.9 512 56.9 732 839 802 745 655 494
843 111.1 505 56.2 708 824 799 732 594 451
- 67.8 102.9 494 504 599 65.3 617 55.1 487 431
F"I"':m:;%?:ttrgl 718 104.3 4938 53.0 618 69.1 66.4 60.7 558 459
748 104.3 498 517 62.7 710 703 673 59 4 479

Table B.4 — Inter-station noise levels on the Northern northbound road between High Barnet and Kennington (via Charing

Cross)

Interstation Laeq LCpeak Noise Spectral Analysis in Octave (Hz)
section dB(A) dB(C) 63 125 250 500 1000 2000 4000 8000
High Barnet to 76.4 1045 46.9 532 63 73 72.8 63.9 58.2 498
Totteridge & 68.4 1008 465 50.7 58.9 64.1 63.8 60.4 551 432
Whetstone 69.2 99.4 50.6 53.4 60.1 65.1 64.7 59.9 544 432
Totteridge & 76.7 1037 496 55.5 63.1 727 737 64 60.1 545
Whetstone to 69.6 991 482 525 591 65.4 64.9 614 55.8 434
Woodside Park 704 99 6 50.1 537 60.6 66.6 655 615 557 475
] 723 99.1 47.0 521 59.4 68.4 69.1 59.4 55.4 485
W&‘;‘;ﬁ'g;gﬁ{:ym 701 96.7 464 508 588 663 653 609 56.9 462
69.7 983 497 525 59.0 65.8 65.2 60.2 55.0 466
] 727 100.9 46.9 54.8 60.9 69.3 68.8 60.6 55.1 474
‘l’:"lf‘schf;;%‘e'ﬁ’r:? 728 77 475 539 618 684 687 637 60.0 501
719 1124 512 532 60.7 67.6 67.7 63.3 58.3 50.6
] 76.3 1058 478 53.8 61.8 727 731 63.4 57.6 497
f;"é’:;f‘,’:ﬁ,mg 700 1023 497 531 591 661 656 609 549 437
72.0 1036 489 54.0 61.6 68.1 67.0 64.3 56.6 493

N&V-R2311 Page 18 of 20




©

Interstation LAeq LCpeak Noise Spectral Analysis in Octave (Hz)

section dB(A) dB(C) 63 125 250 500 1000 2000 4000 8000

_ 792 108.9 495 567 67.0 754 759 678 608 508

Eas}t_lf;:;';'tiy to 774 106 4 293 558 66.7 741 730 664 60.7 259

769 1053 516 564 676 735 727 656 573 219

_ 801 106.3 502 583 69.0 775 754 701 588 240

H:ﬂtﬁﬁgf 811 1075 506 576 69 1 785 766 713 602 459

812 1066 523 584 703 788 769 687 586 240

788 1054 510 509 696 761 743 665 57.0 4390

1’.“:;’::’""2’ at::( 809 1075 508 50 4 706 784 765 674 59 1 454

806 1058 518 505 709 777 763 673 581 438

776 1043 531 622 692 745 722 666 582 456

ey ark o 795 1058 511 604 692 767 747 679 601 461

874 103.9 521 602 698 751 736 66.7 589 459

] 80.0 1082 553 652 718 773 747 675 579 437

e e I 818 1090 552 647 729 795 763 680 503 450

811 1078 547 64.2 728 787 758 678 589 454

Camden Town to 741 1052 515 60.1 683 708 675 622 540 398

Mornington 772 106.0 513 506 693 743 714 662 595 477

Crescent 76.0 1043 516 50 4 701 725 697 648 602 494

Momnington 811 108.7 584 674 743 774 755 700 611 475

Crescent to 827 112.0 595 679 749 793 777 717 641 527

Euston 829 1114 589 678 757 794 777 713 621 479

827 100.7 593 67.7 743 80.1 768 707 613 484

E“s‘°gttr‘;;’t”a"°" 85.0 1128 60.6 69.4 75.9 82.3 79.9 725 63.4 50.2

836 1125 602 675 754 810 778 714 623 50.0

Warren Street fo 759 1048 524 60.9 687 718 713 653 566 433

Goodge Sirest 774 1058 517 592 683 735 734 666 607 294

770 106.0 530 606 691 728 728 665 579 433

Goodge Streetto |_ 763 1022 498 597 688 720 724 642 549 411

Tottenham Court 780 1026 501 587 686 740 745 665 605 473

Road 781 1056 517 598 699 738 745 656 568 421

Tottenham Court 748 102.7 505 612 667 701 711 630 556 488

Road to Leicester | 785 1037 512 615 68.0 745 745 685 64.0 489

Square 763 1021 518 609 674 712 732 647 566 413

| icoster Sauare 825 1104 531 642 765 797 76.1 700 605 482

o Charing oraee |_837 1116 523 634 769 807 784 710 636 524

842 112.0 536 64.7 780 817 779 712 622 294

charinn Crose to 117 1047 514 610 694 750 721 671 588 458

i rabiged 780 106.0 522 602 693 751 729 664 593 453

779 1056 522 607 700 751 725 663 590 264

753 1045 2990 585 676 717 703 652 562 413

Eme::t':r‘;::t to 76.0 1032 504 573 676 728 713 647 576 437

774 1023 513 587 691 736 734 66.7 576 424

811 1104 56.0 624 716 788 759 691 595 465

K e?;f‘;'tz‘r" ‘(‘QB) 824 1105 574 623 722 801 775 696 613 280

828 1124 563 629 728 804 782 706 608 467

Kennington (SB) 714 1035 525 57.0 642 685 651 605 522 396

to Kennington 740 1038 539 573 659 708 684 634 56.9 264

(NB) 75.9 103.0 531 574 67.0 719 69.4 70.0 60.6 488
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APPENDIX C = PHOTOGRAPHS

Figure C1 - Northern line 1995 tube stock cab and microphone arrangement
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