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INTRODUCTION

Vanguardia Consulting has been commissioned by Arsenal Football Club to assess the
environmental noise impact of holding concerts in the Emirates Stadium. The purpose of
this document is to describe the sound propagation tests that were carried out on 28"
November 2007, present the results and assess the impact in relation to appropriate

standards and planning conditions.
The following tasks have been undertaken as part of this project:
Supply of a concert sound system
Completion of sound propagation tests taking account of various community sites
Short term background noise survey
Impact noise assessment.

A glossary of acoustic terms is shown in Appendix A.
Consultants’ Experience

Vanguardia Consulting is an acoustic consultancy specialising in the field of sound,
noise and acoustics related to entertainment venues. The team of consultants have
many years experience dealing with some of the largest and most innovative sound and
acoustic projects in the UK, including Wembley Stadium, the Millennium Dome, The

Millennium Stadium, Wembley Arena, Earls Court and The Point (Dublin).

The consultants have successfully provided sound management advice, including noise
control, at over 600 concerts over the past 25 years. These concerts have ranged from
relatively small scale events at green field sites to major events staged at national stadia

providing entertainment for tens of thousands of people.

The company directors of Vanguardia also sat on the UK Noise Council Working Party

which prepared the Code of Practice on Environmental Noise Control at Concerts
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(1995). They have also managed Government research projects related to sound and

noise aspects of the entertainment business.

As well as the provision of sound and acoustic design/management for entertainment
venues, the company deals with the whole range of acoustic, noise and vibration issues
and our staff have presented expert testimony at planning and licensing hearings,
magistrates and high courts, Judicial Reviews and House of Commons and House of

Lords Select Committees.
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2.1

2.2

2.3

THE SITE AND ITS ENVIRONS
History

Arsenal Football Club has recently moved to their new ground formerly known as the
Ashburton Road site and now known as the Emirates Stadium. Arsenal were formerly
based at Highbury, some 500 metres from the current location and moved following an
extensive planning application comprising of the redevelopment of three sites. The
planning applications considered all environmental impacts, including the issue of
operation noise (crowd, sound system, transport, concerts). Relevant conditions were
agreed as part of the planning permission. Those relevant to concerts are discussed in

the next section.
Site and Concert System

As with most stadia located in inner city areas, the Emirates Stadium is located in close
proximity to residential developments. To the north, there is a new residential
development in the northern triangle. The curtilage of the site to the West and East
adjoins railway lines with new residential properties currently under construction to the
East. Further to the west there is high and low rise residential properties. Commercial
development adjoins the stadium to the south with residential housing located beyond
the commercial buildings. The aerial photograph (Figure 2) shows the stadium and local

residential properties.

It is proposed that at present, the stage would be sited in the south stand mainly due to
the logistics for the stage rig and de-rig. The main concert sound system would be
located on the stage with the likelihood of delay tower speakers positioned on the pitch

typically 100 metres from the stage.
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3.1

3.2

3.3

3.4

PERMITTED SOUND LEVELS AND CONDITIONS

Before a concert can be held in a stadium (in particular a stadium that does not have
established use for music events) consent is required in terms of both planning and

licensing under the relevant Acts.
Planning and Licensing

In terms of planning for concerts, the local authority considered their UDP, relevant
policy guidance and appropriate relevant codes of practice. In respect of noise, the
council needs to consider any potential effects on the amenity of local residents. It is
understood that the council gave due regard to PPG24 (1), the Noise Council Code of
Practice (2) and BS 8233 (3).

For recreational noise PPG24 states that:-

‘For these activities (which include open air pop concerts), the local planning authority
will have to take account of how frequently the noise will be generated and how
disturbing it will be, and balance the enjoyment of the participants against nuisance to
other people. Partially open buildings such as stadia may not be in frequent use.
Depending on local circumstances and public opinion, local planning authorities may
consider it reasonable to permit higher noise emission levels than they would from
industrial development, subject to a limit on the hours of use, and the control of noise

emissions (including public address systems) during unsocial hours’.

The recommended noise limits contained within the Code of Practice for events held

between the hours of 09.00 and 23.00 hours are summarised in Table 1 below.

00278 Rep v1.2
Page | 5



Arsenal Football Club — Emirates Stadium

>
Vanguardia

consulting

December 2007

3.5

3.6

Table 1 - Guideline Noise Limits

Concert days per calendar Venue Category Guidelines
year, per venue

1to3 Urban Stadia and Arenas The MNL* should not exceed
75dB(A) over a 15 minute
period
1to3 Other Urban and Rural The MNL should not exceed
Venues 65dB(A) over a 15 minute
period
41012 All Venues The MNL should not exceed

the background noise level #
by more than 15dB(A) over a
15 minute period

*The Music Noise Level (MNL) value is the Laeq due to music measured at a distance of 1 metre from the facade of any
noise sensitive premises.

*The background noise level is the Lagg:measured at a time indicative of when events are to take place at the Stadium.

The code also includes a footnote which states that:-

‘Although no precise guidance is available the following may be found helpful (ref 8): A
level up to 70dB in either the 63Hz or 125 Hz octave frequency band is satisfactory; a
level of 80dB or more in either of these octave frequency bands causes significant

disturbance’.

Having taking this relevant information into account, the council granted planning
permission on the basis of there being up to 3 music concerts per annum (Noise Council
limit of 75 LAeq 15 mins) and the following two conditions for music events were

specified:-

‘Condition AG17

Condition: - At least 28 days prior to any music event utilising the auditorium, the owner
shall submit for approval by the Local Planning Authority a detailed feasibility study
examining the likely propagation of music noise from the proposed event. The study

shall have reference to the guidance of The Noise Council’'s Code of Practice on
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Environmental Noise Control at Concerts (1995) or any subsequent alternative guidance

and shall include, though not necessarily be restricted to,
Information on:

- The timing, program and duration of the music entertainment;

- The proposed maximum music noise levels within the stadium bowl, audience area and
at any front of house mixing desks;

- The likely music noise levels as Laeq (15 min) and Leq (15 min) at the 63 Hz and 125
Hz octave bands, 1 metre from the nearest noise sensitive facades all around the
stadium;

- The location, type and directionality of all sound systems associated with the event;

- Where the likely music noise levels identified by the feasibility study indicate that the
music noise level criterion of 75 dB Laeq (15 min) is likely to be exceeded 1 metre from
any nearest noise sensitive facade all around the stadium. Proposed migration
measures and an assessment of their likely performance , expected to ensure that the
music noise level criterion of 75 dB Laeq (15min) is unlikely to be exceeded 1 metre
from any nearest noise sensitive facade all around the stadium;

- The measures and steps that will be in place to manage music noise levels to ensure
that the music noise level criterion of 75 dB Laeq (15 min) is unlikely to be exceeded 1

metre from any nearest noise sensitive fagade all around the stadium.

Reason: - In order to protect the amenities of nearby residents.

Condition AG20

Condition: - Concert noise: For the 3 music concerts herby permitted, amplified sound
from concerts within the stadium must be controlled in accordance with the guidance
provided by the Code of Practice on Environmental Noise Control at Concerts, The
Noise Council, 1995. Such that music noise levels do not exceed 75 dB Laeq (15 min) 1

metre from the facade of any noise sensitive premises.

Reason: - In order to protect the amenities of nearby residential occupiers.
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3.7

3.8

Informative: Based on the present design submitted with the application it is likely that
the full range of musical concerts will not be allowed, as the higher music noise level
requirements needed for audience satisfaction of certain types of musical entertainment
i.e. rock/pop events or similar , are likely to result in exceedence of the Code of Practice
guidelines. However, it is possible that certain forms of musical entertainment that are
viable at relatively lower music noise levels may be permissible with the present design

as these may comply with the Code of Practice guidelines. It is also considered that:

1) Appropriate alterations to the stadium design

or

2) Appropriate temporary mitigation measures

or

3) If the proposed high rise residential development near to the stadium is provided with
sound insulation that will achieve internal music noise levels that do not exceed the
‘reasonable’ indoor ambient noise levels recommended by table 5 of BS8233:1999
due to external noise levels from concerts higher than 57 dBA Leq (15 min) at these

facades of these dwellings only.

Then this may permit all forms of musical entertainment.”’

It is likely that the conditions attached to the Premises Licence would be similar to those
of planning as one of the Licensing Act's objectives is to minimise the risk of public
nuisance. The conditions of the licence would almost certainly request a Noise
Management Plan for each concert (as details for each event can change which can
affect the noise impact) as is the case for many other major venues used for concerts

such as Wembley Stadium, The O2 and Hampden Park.

This report is the start of the feasibility study referred to in condition AG17, although a
more detailed Noise Management Plan would be required related to any specific music

events.
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4.1

4.2

4.3

4.4

SOUND PROPAGATION TESTS AND ASSESSMENT

Given the concerns raised by the council in their conditions (AGZ20), Vanguardia
Consulting completed a detailed sound test to establish the sound propagation

characteristics of the Emirates Stadium.

The tests comprised of the use of a large scale concert sound system which could
generate the high internal sound levels required for a music event. The system was set-
up in the South Stand and comprised of a left and right speaker stack. One side was
flown using a line array system (now most often used for concerts) and the other side
comprised of a conventional ground stacked system (less used for concerts these days)
so that the two main types of systems were assessed. The system also comprised of
sub-bass speaker cabinets to reproduce the low frequency bass beat, a common
characteristic of modern music. The system was powered by high powered pro-audio
amplifiers with the necessary signal processing. Figure 1 shows the arrangement used

at Arsenal.

Noise monitoring was carried out at a number of locations around the stadium. The
positions were agreed with the council’'s Environmental Health Officer who was also in
attendance to witness test the measurement procedures. The external measurement

positions are given in table 2 below and are shown in figure 2.

Table 2 Monitoring Locations

No. Location Notes

1 Northern Triangle Ground Floor, south elevation facing stadium
Ground Floor

2 Drayton Park By East Bridge, to represent, the new housing

development to the east of the stadium

3 Hornsey Road

4 Northern Traingle High Level (7™ Floor), South elevation facing
7" Floor stadium

5 Northern Triangle High level 8" floor), Western elevation
8" Floor

In addition to the external measurements, noise readings were also taken

simultaneously inside the stadium at a distance of 40 metres from the speakers. This is
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the normal location for the mixer tower, where the sound for the show is controlled and

provides a good representation of the sound level for the audience.

4.5 The tests were completed on the evening of 28 November 2007. The weather during the
tests was good to obtain reliable sound propagation results as there was little wind and it

was dry until the end of the tests when there was very light rain.

4.6 The source for each test at each location was music (Oasis track to represent the
frequency spectrum and dynamics of typical modern ‘rock’ music) and pink noise which
is a constant level of noise across all frequencies. Prior to the start of each test,
background readings were also taken to assess the nature of the noise without any

music taking place.

4.7 A summary of the results is shown in table 3 below and the complete set of data are

given in Appendix A.

Table 3 Summary of Results

No Site Source | Internal | External Maximum Allowable
LAeq LAeq Mixer LAeq based on
75LAeq external
1 Northern Triangle | Music | 105 79 101
(ground)
Pink 102 77 100
2 Drayton Park Music | 105 67 113
Pink 102 65 112
3 Hornsey Road Music | 105 73 107
Pink 101 71 105
4 Northern Triangle | Music | 104 78 101
(7" Floor) Pink 101 76 100
5 Northern Triangle | Music | 105 79 100
(8™ Floor)
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4.8

4.9

4.10

411

Discussion of Results

Clearly the worst affected area is the Northern Triangle which directly faces the
proposed stage location. There are gaps between the top of the upper tier seating and
the roof (designed for ventilation) which allows the passage of sound from the stadium to
the local environs. This is shown by the results where receptor levels reached 79LAeq
for a mixer noise level of typically 105dB(A). Other residential areas to the West and
East were less affected by the noise and would meet the planning condition of 75LAeq

for a high internal noise level (105dBA).

From the table, it can be seen that to meet the limit of 75LAeq, the mixer noise level
would have to be restricted to typically 100dB(A). This is based on the test conditions
and from experience it would be prudent to allow for a margin of error of at least 2dB as

there is likely to be other factors which would reduce the sound attenuation:-
Higher flown sound systems
Delay towers located nearer to the Northern Triangle
Other noise from the stage monitor system and audience
Change in meteorological conditions

It is therefore considered that an LAeq noise limit of 98dB(A) over a 15 minute period is
likely to meet the council off-site limit without any additional noise control mitigation apart
from the noise management controls required to ensure this limit is met at the mixer

position.

The planning condition refers to low frequency noise assessed in the 63Hz and 125Hz
octave bands. From the data recorded during the tests, it is likely that with a controlled
internal level of the order of 98dB(A), the 63Hz octave band level would approach 90dB
with the 125Hz octave band being some 5dB lower. Whilst these levels appear high,
similar levels have been measured at many other inner city venues with a low level of
complaints providing the ‘A’ weighted limit of 75dB(A) is achieved.
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4.12

The Noise Council Code provides a footnote on low frequency sound as referenced in
the previous section, where 80dB in either of the octave bands is likely to give rise to
disturbance. However, this is often misused as the reference to the 80dB is for
assessments at over 2Km and beyond the venue and therefore cannot be used close to
a venue (as applicable in this case). From experience, the low frequency sound is
controlled by the 75LAeq limit as a significant element of the sound energy within

75dB(A) is comprised of low frequency sound.
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5.1

5.2

5.3

54

CONCLUSIONS

An extensive sound test was completed at the Emirates Stadium to assess the sound

transmission from the stadium to local community sites.

The results show that with a South side stage, it is likely that the council condition of

75LAeq 15minute can be met with an internal limit of 98LAeq 15 minute.

Whilst an internal audience level of 98LAeq is at the lower end of the sound levels
normally required for outdoor concerts, it is likely to provide a satisfactory form of

entertainment for the majority of the patrons, for most types of artists.

In order to comply with the council conditions, it is essential that a noise management
plan is implemented which is normally prepared for each specific event as part of the
premises licence. The plan needs to cover all the issues raised in the planning condition
(AG17) including:-

® A full background noise study

(ii) Community liaison with local residents and relevant associations prior to the

event,

(i)  Pre-event liaison with the sound company over the sound system design and

maximum noise levels,

(iv)  Detailed sound propagation tests before the start of the concert to set internal

levels to meet the external condition,

(v) Sound management during the rehearsals and concert, monitoring and

controlling levels inside and outside the stadium.

(vi)  Operating a complaints hot-line which is advertised in the local community prior to

the event.

(vii)  Post event report.
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6. RECOMMENDATIONS

6.1 A noise management plan must be agreed with the council and implemented for each

concert event.

6.2 It is recommended that additional noise control measures are considered in order to
further reduce the potential risk of noise impact and allow better sound levels and
coverage in the stadium. Such consideration should be given to acoustic treatment to
the gaps between the upper tier seating and roof on the north side of the stadium and
the use of the house sound system to evenly distribute the sound in the audience areas

furthest from the stage.
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Al

Al.l

Al.2

Al.3

APPENDIX A

GLOSSARY OF TERMS
DEFINITIONS AND UNITS

Noise is defined as unwanted sound. The range of audible sound is from 0dB to 140dB,
which is taken to be the threshold of pain. The sound pressure detected by the human
ear covers an extremely wide range. The decibel (dB) is used to condense this range
into a manageable scale by taking the logarithm of the ratio of the sound pressure and a

reference sound pressure.

The unit of frequency is Hz. 1 Hz is one pressure fluctuation in one second. The
frequency response of the ear is usually taken to be about 16Hz (number of oscillations
per second) to 18,000Hz. The ear does not respond equally to different frequencies at
the same level. It is more sensitive in the mid-frequency range than at the lower and
higher frequencies, and because of this, the low and high frequency component of a
sound are reduced in importance by applying a weighting (filtering) circuit to the noise
measuring instrument. The weighting which is most used and which correlates best with
the subjective response to noise is the dB(A) weighting. This electronic filter matches
the variation in the frequency sensitivity of the meter to that of the human ear. This is an

internationally accepted standard for noise measurements.

The ear can just distinguish a difference in loudness between two noise sources when
there is a 3dB(A) difference between them. Also when two sound sources of the same
noise level are combined the resultant level is 3dB(A) higher than the single source.

When two sounds differ by 10dB(A) one is said to be twice as loud as the other.
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Al.4 A few examples of noise of various levels are given below:

Sound Level, dB(A)

Environmental Condition

0-10 Threshold of hearing
10-20 Broadcasting Studio
20-30 Bedroom at night
30-40 Library
40 - 50 Living room urban area
50 - 60 Typical Business Offices
60 - 70 Conversation Speech
70 - 80 Average traffic on street corner
80-90 Inside bus
100 - 110 Alarm Clock (1Im away)
110 -120 Loud car horn (1m away)
120 - 130 Pneumatic drill (1m away)
130 - 140 Threshold of pain

>
Vanguardia

consulting

Al1.5 The subjective response to a noise is dependent not only upon the sound pressure level

Al.6

and its frequency, but also its intermittency. Various statistical indices have been

developed to try and correlate annoyances with the noise level and its fluctuations in a

changing noise environment. The indices and parameters used in this report are defined

below:

Laeq:  Equivalent Continuous Sound Pressure Level The A-weighted sound pressure

level of a steady sound that has, over a given period, the same energy as the fluctuating

sound under investigation.

It is in effect the energy average level over the specified

measurement period (T) and is the most widely used indicator for environmental noise.
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Al.7 Lan: the A-weighted sound level exceeded for N% of the measurement period. In
BS7445 the Lagg is used to define the background noise level, i.e. the noise that would
remain once all local noise sources were removed. The Laig gives an indication of the

upper limit of fluctuating noise and is used in the assessment of road traffic noise.
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APPENDIX B
Noise Results

28 November 2007

Location
Internal  External Internal External Internal  External
Source  Time Leg Leg 63Hz 63Hz 125Hz 125Hz
Northern Triangle Ground
Floor Music 16:56:00 105.4 78.5 117 93.4 112.5 87.6
Northern Triangle Ground
Floor Music 16:57:00 105.1 78.4 116.8 93.2 111.8 87.6
Northern Triangle Ground
Floor Music 16:58:00 105.3 79.2 116.5 94.1 112.4 89.4
Northern Triangle Ground
Floor Music 16:59:00 105.4 79.4 116.8 93.3 112.9 89.7
Northern Triangle Ground Pink
Floor Noise 17:06:00 102 77.6 117.2 94.2 109.8 87.4
Northern Triangle Ground Pink
Floor Noise 17:07:00 102.2 77.3 117.1 92.8 110 88.3
Drayton Park Galliard
Development Music 17:26:00 105.4 66.7 117.4 79.5 113.1 76.5
Drayton Park Galliard
Development Music 17:27:00 105.7 66 117.4 79 113 75.5
Drayton Park Galliard
Development Music 17:28:00 105.4 66.3 117.1 79.1 112.2 75.1
Drayton Park Galliard
Development Music 17:29:00 105.1 66.5 117 79.6 113.9 76.3
Drayton Park Galliard Pink
Development Noise 17:33:00 101.9 64.3 116.5 79.8 111.7 72.8
Drayton Park Galliard Pink
Development Noise 17:34:00 101.5 64.5 116.2 79.5 111.6 73
Hornsey Road Music 17:51:00 104.9 72.5 117 83 114.6 80.3
Hornsey Road Music 17:52:00 105.5 72.9 117.1 83.6 114.6 79.9
Hornsey Road Music 17:53:00 105 72.6 116.4 83.2 114.9 79.8
Hornsey Road Music 17:54:00 104.7 72.5 116.4 83.2 114.4 78.6
Pink
Hornsey Road Noise 17:57:00 101.4 70.8 116.3 83.5 111.3 77.6
Northern Triangle 7th Floor Music 18:22:00 104.4 78.2 116.8 93.4 114.2 91.1
Northern Triangle 7th Floor Music 18:23:00 104.4 77.7 117 94.9 114.3 90.3
Northern Triangle 7th Floor Music 18:24:00 104.9 78 116.7 95.1 114.4 90.1
Northern Triangle 7th Floor Music 18:25:00 105 77.8 116.6 94.4 114.8 91.8
Pink
Northern Triangle 7th Floor Noise 18:28:00 101.3 75.8 116.6 94.6 111.5 88.8
Pink
Northern Triangle 7th Floor Noise 18:29:00 101 75.5 116.2 94.2 111.5 88.9
Northern Triangle 8th FIr
Balcony at Resi Music 18:59:00 104.6 78.3 116.6 93.1 115.2 86.5
Northern Triangle 8th FlIr
Balcony at Resi Music 19:00:00 104.5 79.3 117 92.8 114.8 86.6
Northern Triangle 8th FIr
Balcony at Resi Music 19:01:00 104.6 78.4 116.6 91.9 115.3 86.6
Northern Triangle 8th FIr
Balcony at Resi Music 19:02:00 105.1 79.1 116.4 93.6 115.1 84.7

00278 Rep v1.2
Page | 19



Arsenal Football Club — Emirates Stadium

Acoustic Report Vanguard Ia

consulting

December 2007

Figure 1 Sound System used for the Tests

00278 Rep v1.2
Page | 20



Arsenal Football Club — Emirates Stadium

December 2007

Figure 2 Monitoring Positions
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