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BACKGROUND
The planning application at 136 High Street, Ruislip is for a restaurant including the
introduction of new mechanical plant i.e. supply/extract fans, heat pumps (AC) and
refrigeration condenser units (external).
The restaurant’s proposed operational times are 11:00 — 23:00 hours.
Localised Environment
136 High Street, Ruislip is located in a mixed commercial and residential environment;
the rear of 136 High Street has existing mechanical and AC plant from neighbouring

commercial premises and McDonalds located at 144 High Street.

The flat at 136a High Street is directly above the front of 136 High Street (proposed
restaurant seating area).

The nearest noise sensitive receivers to the proposed mechanical plant are shown in
APPENDIX 3 & 4.

Proposed Mechanical Plant:

Equipment/System Serving
Supply Air System Kitchen/Store/Office/Toilets
Extract Air System Kitchen
Heat Pumps/Condensers (AC)
External Condensers Cold Rooms

Sound Planning has been retained to evaluate potential noise impact on the nearest noise
sensitive receivers using appropriate methodologies and assessment criteria.

1.5.1 Participating Acoustic Consultant

Dan Thomas is a Member of the Institute of Acoustics (M.I.O.A) having
attained appropriate qualifications in acoustics and experience within the
workplace.
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1.5.2  Qualifications

Dan has been working within the noise and vibration industry for fourteen years
and has attained the following qualifications within the field of acoustics:

e Institute of Acoustics (IOA) Diploma

e Post Graduate Diploma in Applied Acoustics and Noise Control (University of
Surrey)

e Masters Degree in Applied Acoustics and Noise Control (University of Surrey)

2.0 ASSESSMENT CRITERIA

2.1 Noise emissions from mechanical plant should be assessed in accordance with the
requirements of British Standard 4142: 2014"?; with any internal noise transmission
evaluated against the requirements of British Standard 8233: 2014.°

2.2 BS4142: 2014 — Scope

2.2.1  This British Standard describes methods for rating and assessing sound of an
industrial and/or commercial nature, which includes:

a) sound from industrial and manufacturing processes;

b) sound from fixed installations which comprise mechanical and electrical
plant and equipment;

¢) sound from the loading and unloading of goods and materials at industrial
and/or commercial premises; and

d) sound from mobile plant and vehicles that is an intrinsic part of the overall
sound emanating from premises or processes, such as that from forklift
trucks, or that from train or ship movements on or around an industrial
and/or commercial site.

! British Standard 4142: 2014 — Methods for rating and assessing industrial and commercial sound.
2 BS 4142: 1997 superseded by BS 4142: 2014.
3 BS 8233: 2014 is the Guidance on sound insulation and noise reduction for buildings — Code of practice.
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The methods described in this British Standard use outdoor sound levels to
assess the likely effects of sound on people who might be inside or outside a
dwelling or premises used for residential purposes upon which sound is

incident.

This standard is applicable to the determination of the following levels at
outdoor locations:

a) rating levels for sources of sound of an industrial and/or commercial nature
and

b) ambient, background and residual sound levels, for the purposes of:
e investigating complaints;

e assessing sound from proposed, new, modified or additional source(s)
of sound of an industrial and/or commercial nature; and

e assessing sound at proposed new dwellings or premises used for
residential purposes.

2.3 BS 4142: 2014 — Assessment of Impacts

23.1

232

The significance of sound of an industrial and/or commercial nature depends
upon both the margin by which the rating level of the specific sound source
exceeds the background sound level and the context in which the sound occurs.

Evaluation of Adverse Impact

e Typically, the greater this difference, the greater the magnitude of the
impact.

e A difference of around +10 dB or more is likely to be an indication of a
significant adverse impact, depending on the context.

e A difference of around +5 dB is likely to be an indication of an adverse
impact, depending on the context.
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e The lower the rating level is relative to the measured background sound
level, the less likely it is that the specific sound source will have an
adverse impact or a significant adverse impact. Where the rating level
does not exceed the background sound level, this is an indication of the
specific sound source having a low impact, depending on the context.

Adverse impacts include, but are not limited to, annoyance and sleep
disturbance. Not all adverse impacts will lead to complaints and not every
complaint is proof of an adverse impact.

Objective method for assessing the audibility of tones in sound: One-third
octave method

The test for the presence of a prominent, discrete-frequency spectral component
(tone) typically compares the Lzeq T sound pressure level averaged over the time
when the tone is present in a one-third-octave band with the time-average linear
sound pressure levels in the adjacent one-third-octave bands.

For a prominent, discrete tone to be identified as present, the time-averaged
sound pressure level in the one-third-octave band of interest is required to
exceed the time-averaged sound pressure levels of both adjacent one-third-
octave bands by some constant level difference. The level differences between
adjacent one-third-octave bands that identify a tone are:

* 15 dB in the low-frequency one-third-octave bands (25 Hz to 125 Hz);
* 8 dB in the middle-frequency one-third-octave bands (160 Hz to 400 Hz);
* 5 dB in the high-frequency one-third-octave bands (500 Hz to 10 000 Hz).

Rating Level

Subjective Method:

Tonality

For sound ranging from not tonal to prominently tonal the Joint Nordic Method
gives a correction of between 0 dB and +6 dB for tonality. Subjectively, this can
be converted to a penalty of 2 dB for a tone which is just perceptible at the noise

receptor, 4 dB where it is clearly perceptible, and 6 dB where it is highly
perceptible.
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Impulsivity

A correction of up to +9 dB can be applied for sound that is highly impulsive,
considering both the rapidity of the change in sound level and the overall
change in sound level. Subjectively, this can be converted to a penalty of 3 dB
for impulsivity which is just perceptible at the noise receptor, 6 dB where it is
clearly perceptible, and 9 dB where it is highly perceptible.

One-third octave method:

Identify tones using the method given in Annex C, then add a correction of 6
dB if a tone is present.

Reference methods

When the one-third octave method is not sufficient, use the reference method
for assessing the audibility of tones given in Annex D, which produces a penalty
on a sliding scale from 0 dB to 6 dB.

Use the reference method given in Annex E for measuring the prominence of
impulsive sounds, which produces penalties in the range 0.0 dB to 9.0 dB.

Other Sound Characteristics

Where the specific sound features characteristics that are neither tonal nor
impulsive, though otherwise are readily distinctive against the residual
acoustic environment, a penalty of 3 dB can be applied.

Intermittency

When the specific sound has identifiable on/off conditions a penalty of 3 dB
can be applied.

24 Guidance on the Control of Odour and Noise from Commercial Kitchen Exhaust
Systems (DEFRA January 2005).

24.1

Minimum Requirements for Noise Control

For new premises or premises covered by planning conditions restricting the
impact of noise the system shall be designed to prevent an acoustic impact on
the external environment and therefore harm to the amenity.
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For existing premises not covered by planning conditions restricting the impact
of noise, the system shall be designed to avoid statutory nuisance and shall
comply with the principles of Best Practicable Means.

To achieve these objectives the noise control system shall include:
e Control of noise at source to the greatest extent possible, and

e Control of noise to the environment by taking acoustic considerations
into account within duct, grille and termination design.

The control system should meet the requirements laid down in BS 4142: 1997
“Method for rating industrial noise affecting mixed residential and industrial
areas”.

Types of noise in industrial kitchens
Factors that influence magnitude of noise in a commercial kitchen are:

Size and format of the exhaust: The bulk flow leaving the exhaust diffuser
generates broadband aero-acoustic noise. The sound level increases with
increase in air speed and decreases with increase in area. The presence of grilles
will generate tonal components. The sound levels are inversely proportional to
the increase in area and increase with the eighth power of the flow speed.

e Heat release from kitchen: this influences the size of the exhaust system
required and the flow rate of air to be handled by the system. Increase in
flow rates can increase the pressure perturbations that can generate noise
or can excite other parts of the system leading to noise.

e Type of cooking appliances used: this dictates the overall noise level as
each individual appliance might contribute significantly to the total
noise.

e Position of exhaust fan in the system: this may influence the noise
radiated by the fan to the interior or exterior of the building and the
transmission of sound energy into the exhaust duct system.
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e Fitting and dimensions of the exhaust flow ducts: exhaust duct
dimensions, fixings and insulation can all influence the amount of noise
these structures will transmit and propagate. Selection of appropriate
noise attenuating materials, avoidance of flow restrictions, and vibration
isolators between the ducts and the fan are some of the aspects to be
considered.

e Fan type and speed: Type of fan used (e.g. centrifugal fan with blades
that are backward curved, forward curved or radial, or axial fan) will
influence the level and nature of noise emitted. The fan characteristic
needs to be chosen so that it is operating at its most efficient duty point
as this tends to be the region of minimum noise.

If fan speed is too high it will be operating away from that point which
can lead to increases in level of up to 10 dB, as well as inefficient air
management. It is often also desirable acoustically to use larger fans
operating at low speeds rather than smaller fans operating at higher
speeds

Extract System Design

The following points should be taken into account when designing a ventilation
system to minimise noise emissions:

e The fan and its installation should be designed as a complete package for a
specific task. Fans generally produce less noise if operated at the optimum
efficiency relative to their characteristics;

e Fans should be located within buildings at low level, that is, on side walls,
rather than in the roofs of buildings, as ground effect and the local
topography will far more readily reduce the noise transmission;

e Correct selection of duct size and type;

e Lined or lagged ducts, including bends, elbows or spigots, may be required
if additional noise reduction is necessary; and

e The recommended maximum supply and return velocities for grilles and
terminals should be applied.
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e Silencers may be required where additional attenuation is necessary. A
range of silencers is available and it may be necessary to insert in-duct
silencers both upstream and downstream to prevent radiation of fan noise
through ductwork. These should be fitted as close to the fan as possible (but
not so close as to lead to a non-uniform air flow velocity across the face of
the silencer). Where this is not possible, the intervening ductwork should be
acoustically lagged. It may also be necessary to enclose or lag the fan.
Where fans are used to push gases up a stack, silencers containing absorbent
material can sometimes be mounted directly on top of the stack. However,
where gases are hot, wet or dirty, the infill may need to be protected.

e Acoustic louvres on exhausts and inlets can greatly reduce environmental
noise. However, their performance can sometimes increase back-pressure or
the velocity of the air flow leading to increased noise.

2.5  British Standard 8233: 2014*

2.5.1 BS 8233: 2014 is the Guidance on sound insulation and noise reduction for
buildings — Code of practice.

2.5.2 Indoor Ambient Noise Levels for Dwellings

Activity Location 07:00 to 23:00 23:00 to 07:00

Resting Living Room 35 dB Lacg, 16hour -

Dining Dining Room/Area 40 dB Laeq, 16hour =

Slecping. Bedroom 35 dB Lacg 16w | 30 dB Lacg, t6hour
(daytime resting) ¢ b

disturbance in bedrooms at night time.

4 Supersedes BS 8233: 1999.

2.5.3 WHO Guidelines suggest a 45 dB Larmax criterion for preventing sleep

10




soundplanning

3.0 METHODOLOGY

3.1 Background Noise Assessment

3.1.1

3.1.5

Background noise measurements were undertaken towards the rear of the 1%
floor flat roof; as close as possible to the worst affected noise sensitive receivers
(residential apartments) nearest to the proposed mechanical plant area.

See APPENDIX 2 — Site Location (including background monitoring positions)

Background noise levels were measured during a 24 hour period from 15:15
hours Thursday 3™ September — 12:00 hours Friday 4™ September, 2020.

The measurement periods incorporated a time period which is thought to have
the quietest existing background noise levels within the proposed operational
times of the proposed mechanical plant.

Measurements were undertaken in accordance with BS 7445° and BS 41426,
The sound level meter was Type 1 — details provided in 3.1.8.

The microphone was fixed at 1.5m above the flat roof close to where the
proposed mechanical equipment is to be located; this should be deemed
representative of the worst affected noise sensitive receivers (proposed
mechanical plant). There is currently no mechanical plant located on this roof.

The A-weighted Loo parameter was measured using the Fast (F) setting, and
logged periodically every 15 minutes.

Meteoric conditions were dry with calm winds, and generally acceptable in
accordance with BS 7445.

See paragraph 4.3 — Meteorological Conditions

5 British Standard 7445-1: 2003 — Description and measurement of environmental noise. © BSI 1997. ISBN 0

580 19736 0.

® British Standard 4142 — Method for rating industrial noise affecting mixed residential and industrial areas. ©
BSI 1997. ISBN 0 580 28300 3.

11
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3.2 Equipment Noise Level Calculations (General)

3.2.1
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. . UKAS
Equipment Make Model Type Serial Number Calibration
CEL U31976
SLM Casella 490 1 128950 (4/6/19)
Field CEL U34831
CollTysmrios Cosell 110/1 ! g (27/5/20)
Environmental
Tripod
Wind/Weather
Shield
Laser Leica | Disto A5 1073750838
Measurer
Digital
Camera Samsung

The Sound Level Meters (SLM) are Type 1 and have real time one third octave

capability; compliant to IEC 616727.

The sound level meter was field calibrated before and after measurements with
no noticeably deviation. The sound level meter and filed calibrator are UKAS
calibrated (certificates available on request).

All calculations will utilise the manufacturers’ sound power level (SWL) or
sound pressure level (SPL) data.

Noise calculations will subtract system losses, distance corrections and
propagation corrections to the nearest noise sensitive receivers (NSR) based on
spherical divergence:

SPL> = SPL; — 20log;— 11 + DI® +/- MISC

Where v’ = radius; SPL = Sound Pressure Level.

7 International Standard IEC 61672-1: 2002. Electroacoustics — Sound level meters — Part 1: Specifications.
8 DI = Directivity Index.

12
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The resultant sound pressure level (SPL) will be compared to the measured
background noise level in accordance with the requirements of BS 4142.

Extraction Noise Level Calculations

3.3.1

332

333

334

All calculations will utilise the manufacturers’ sound power level (SWL) data
or calculated SWL based on the fan type, pressure and air volume”.

The fan sound power level (SWL) will be attenuated by internal system (duct)
losses and end reflection on reaching the exhaust termination'°.

Duct Break-Out'! calculations will utilise the formula:

SWLbreak-out = SWLauet — R + 10log(S/A) "2

Where SWL Sound Power Level
S Surface Area (Visible Duct)
A Cross Section
R Sound Reduction Index

The term ‘R’ cannot give a greater break-out level than there is inside the duct.
Therefore at low frequency the effective reduction is taken as 3dB.

The noise level at the nearest external noise sensitive receivers (NSR’s) will be
calculated using the formula:

SPL, = SPL; — 20log;— 11 + DI'? [point source] and SPL, = SPL; — 10log,— 11
+ DI [line source].

Where v’ = radius; SPL = Sound Pressure Level.

% Sound Research Laboratories: Noise Control in Building Services. Pergamon Press 1988.
19 Sound Research Laboratories: Noise Control in Building Services. Pergamon Press 1988.
1'See APPENDIX 7 — Plant Noise Calculations.

12 Sound Research Laboratories: Noise Control in Building Services. Pergamon Press 1988.
13 DI = Directivity Index.

13
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3.3.8

soundplanning
The directionality of the duct opening'* relative to the receiver should also be
considered; the approximate directivity attenuation can be found by comparing

fd/c with the angle to the receiver!'’.

Screening attenuation is based on Maekawa’s formula (if required), where the
expected insertion loss the barrier is the function of the Fresnel number (2.5/1)'6.

‘Line of sight’ screening achieves a 5 dB reduction through frequencies.

The resultant (combined) sound pressure level (SPL) will be compared to the
measured background noise level in accordance with BS 4142.

Noise mitigation calculations will utilise sound reduction indices or insertion
loss data from the manufacturer’s specification data sheets.

Noise Level Evaluation

34.1

34.2

Extract Duct - Acoustic Features

Kitchen extract fans (attenuated) sound emissions contain minimal tonality
(+2 dB penalty) and should not display 'impulsive’ sound characteristics;
however they do emit 'other sound characteristics (+3 dB penalty) in
operation.

Total sound characteristic penalties are 5 dB.

Target Noise Level

Due to the total sound penalties of 5 dB (for both noise sources), it would
seem reasonable to target 10 dB below the lowest background level as
required in BS 4142: 1997 (this equates to a Rating level of 5dB below
background in the context of BS 4142: 2014).

This target level equates to an evaluation of ‘complaints unlikely' [BS 4142:
1997] and the sound source having "low impact' [BS 4142: 2014].

14 The configuration of the duct termination is currently unknown e.g. cowl etc.

15 f = frequency; d = duct opening (m); and ¢ = speed of sound 344m/s. Reference: Watson et al. The Little Red
Book of Acoustics. BTA 2007.

16 Attenborough, K. et al. Predicting Outdoor Sound. Copyright Taylor & Francis Group 2007.

14
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Sound Insulation Testing — Separating Floor 136 High Street — 136a High Street

3.5.1 Observations

Following an evaluation of proposal plans and floor above (on site
dimensions/distance measurements) it can be seen that the main kitchen plant
(internal) is located towards the rear of 136 High Street and will be directly
below the flat roof terrace area (approximately 5 metres away from the footprint

of flat 136a High Street.

Flat 136a High Street will potentially be exposed to general restaurant noise

from the seating area which would be directly below the flat.

3.5.2 Floor Construction:

The existing floor construction is unknown however there are acoustic tiles to

the ceiling below with ceiling void to the sub floor above.

3.5.3 Test Procedure

The separating floor was tested for airborne sound insulation generally in
accordance with the methodology detailed within ISO 140-4: 1998. All
procedures described in Annex B of the Building Regulations 2000 (Part E)

have been adhered to.

The room to room insulation measurements have been carried out in one third
octaves from 100 Hz — 3150 Hz and single number values for Darw + Cy have

been calculated using methodology detailed in ISO 717-1: 1997.

All airborne source and receiver room measurements were taken using 5 manual

moving microphone techniques with a sample time of at least 30 seconds.

The pink noise generator (loud speaker) was positioned centrally within the

proposed restaurant area directly below 136a High Street.

Sound levels within 136a High Street were measured within 3 rooms: kitchen,

living room and bedroom.

15
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3.5.4 Equipment

' . UKAS
Equipment Make Model Type Serial Number Calibration
CEL U31976
SLM Casella 290 1 128950 (4/6/19)
. ) CEL U34831
Field Calibrator Casella 110/1 1 077948 (27/5/20)
. Nor
Loud Speaker Norsonic 276
Power Norsoni Nor
Amplifier orsomie 280
Wind/Weather
Shield
Laser Leica Disto A5 1073750838
Measurer
Digital
Camera Samsung

Empirical Restaurant Noise Level Assessment

3.6.1 Restaurant noise measurements were carried out at an existing Cote restaurant
in Farnham, Surrey.

3.6.2 The noise assessment was conducted on a Friday evening between 21:10 —
21:40 hours (2"¢ November 2012) in order to assess the restaurant within a busy

period (worst case).

3.6.3 Noise levels were measured in one third octave bands for comparison to
separating floor sound insulation performance.

3.6.4 Other empirical data sets

Please see paragraph 4.3

16
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40 RESULTS

4.1 Sound Planning Background Noise Level!”:

4.1.1 Time Period Results
Time Period Background Level Time Occurred
(hours) (dB Laoso) (Time Period)
Up to 23:00 47 Consistent
Up to 00:00 47 Consistent
24 hours 42 00:15 — 05:00 hours

4.1.2 The quietest background level during the proposed operational period of the
supply/extract system/AC is 47 dB Laoo; the refrigeration condensers can
operate any time in 24 hour period with a quietest background level of 42 dB
Laco.

The background levels for the proposed operational hours (11:00 —23:00 hours)
are 47 dB Laoo; the background level remains at 47 dB Laoo until after 00:00
hours.

See APPENDIX 6 — Background Noise Levels

4.2 Separating Floor Test

Test Source Room Receiver Room Durw + Cer
! Reslsgl(;fzi:i‘ls‘teirea Kitchen 57 dB
2 Reslsgl(;fzi:i‘ls‘teirea Living Room 52 dB
3 Reslsgl(;fzi:i‘ls‘teirea Bedroom 55 dB

17 See APPENDIX 6 for full results.

17
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4.3 Noise Sensitive Receivers

External
Mechanical Plant

Nearest NSR
Distance (m)

Extract System - Outlet Duct (external) 5
Extract System - Termination Cowl 5
Supply System - Atmosphere Intake 6

Freezer Condenser 5
Chiller Condenser 5
Heat Pump (AC1) 5
Heat Pump (AC2) 5

See APPENDIX 2 — Site Location and APPENDIX 3 — Site Plans/Elevations

4.4 Restaurant Noise

Empirical Data - Internal Restaurant Noise Levels'®

Restaurant Noise Level
Data Source
dB LAeq dB Lamax
Cote Farnham 72.5 95
Lebo et al. 80 87
Chicken Coop 72 89

18 Reference sources: APPENDIX 9.

18
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4.5 Meteorological Conditions

Period
Weather Conditions
Day 1 Night 1 Day 2
1 m/s 1 m/s 1 m/s
. 0 0 19
Wind Speed/Direction NNE SE NE
leellhoIod of Ten;g)erature No No No
nversion
Precipitation No No No
Fog No No No
Wet Ground No No No
Frozen Ground/Snow Coverage No No No
Av. Temperature 22°C 12°C 19°C
Cloud Cover Clear Clear Clear

19 Propagation assistance — No.
20 i,e. Calm night with little cloud cover.

19
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Levels of Uncertainty

Category

Notes

Complexity of Sound Source

Extract Duct Break-Out.
Supply/Extract Air to Atmosphere
Heat Pumps (fan/compressor)
Condensers (fan/compressor)

Complexity of Acoustic Environment (Residual)

Site positioned to the rear of busy high street with
commercial buildings including restaurants.

Level of Residual Sound (including Specific) n/a
Measurement Locations Representative
Distance Between Sounq Source o/a
& Measurement Position
Number of Measurements Taken 24 hours
Measurement Time Intervals n/a

Range of Times

Includes quietest likely times of proposed
operation

Range of Suitable Weather Conditions

1 measurement period — Suitable weather
conditions

Measurement Method/Practitioners

1 measurement period (Dan Thomas)

Level of Rounding

Rounded to nearest DP; 0.5 rounded up

Instrumentation

Type 1 SLM (suitable)

20
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5.0 NOISE LEVEL CALCULATIONS
5.1 Combined Sound Pressure Level at Nearest Noise Sensitive Facade (before attenuation)

5.1.1 NSR Window?! (rear of 136 High Street) — Restaurant Opening Hours

System Area Level @ NSR
(Opening Times) dB(A)

Extract System - Outlet Duct 52
Extract System - Termination Cowl 59
Supply System - Atmosphere Intake 57
Freezer Condenser 51
Chiller Condenser 50
Heat Pump (AC1) 44
Heat Pump (AC2) 44
Combined 63
Background 47
Excess 16

5.1.2 NSR Window (rear of 136 High Street) — 24 Hours (refrigeration condensers)

System Area Level @ NSR
(24 hours) dB(A)
Freezer Condenser 51
Chiller Condenser 50
Combined 54
Background 42
Excess 12

21 See APPENDIX 2 — Site Location, APPENDIX 3 — Site Plans and APPENDIX 4 — Site Photographs for NSR
position.

21
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5.2 Internal Sound Levels — Restaurant Noise Transmission

5.2.1

Empirical Data — Average Noise Levels in Flat 136a High Street

Restaurant Noise Floor Sound Flat 136a
Level Reduction?? Internal Level
Data Source
dB LAeq dB Dunrw + Cor dB LAeq
Cote Farnham 72.5 52 21
Lebo et al. 80 52 28
Chicken Coop 72 50 22
5.2.2 Empirical Data — Maximum Noise Levels in Flat 136a High Street
Restaurant Noise Floor Sound Flat 136a
Level Reduction Internal Level
Data Source
dB LAmax dB DnTw + Ctr dB LAmax
Cote Farnham 95 52 43
Lebo et al. 87 52 35
Chicken Coop 89 50 39

5.2.3 British Standard 8233: 2014 - Indoor Ambient Noise Levels for Dwellings

Activity Location 07:00 to 23:00 23:00 to 07:00
Resting Living Room 35 dB Lacg, 16hour -
Dining Dining Room/Area 40 dB Laeq, 16hour =
Sleeping Bedroom 35dB Lacq 16 | 30 dB Lacg, 16hour
(daytime resting) ¢ B

disturbance in bedrooms at night time.

22 Worst case paragraph 4.2.

5.2.4 WHO Guidelines suggest a 45 dB Larmax criterion for preventing sleep

22
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6.1

6.2

NOISE MITIGATION
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NSR Window (rear of 136 High Street, Ruislip) — Restaurant Opening Hours

System Area Level @ NSR
Attenuation

(Opening Times) dB(A)
Extract System - Outlet Duct Silencer 100mm Air Way x 1200mm (L) 31
Extract System - Termination Cowl Silencer 100mm Air Way x 1200mm (L) 29
Supply System - Atmosphere Intake Silencer 100mm Air Way x 1200mm (L) 28
Freezer Condenser Environ Enclosure 25
Chiller Condenser Environ Enclosure 24
Heat Pump (AC1) Acoustic Louvre Enclosure 28
Heat Pump (AC2) Acoustic Louvre Enclosure 28
Combined 37
Background 47
Excess -10

See APPENDIX 7 - Plant Noise Calculations for further calculation detail

NSR Window (rear of 136 High Street, Ruislip) — 24 Hours (refrigeration condensers)

System Area Level @ NSR
(24 hours) dB(A)
Freezer Condenser Environ Enclosure 25
Chiller Condenser Environ Enclosure 24
Combined 28
Background 42
Excess -14

See APPENDIX 7 - Plant Noise Calculations for further calculation detail

23




6.3

6.4

Noise Mitigation Notes

6.3.1

6.3.2

6.3.3
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Flakt Woods Splitter Attenuators should be fitted as close as possible to the fan
(inlet and outlet side) as specified.

The cross-sectional area of the attenuator may have to be larger than the duct in
order to restrict pressure drop to permissible levels®*; if this is the case duct
transitions may be required before and after the attenuator.

The acoustic enclosures should be separated to allow for air flow in and out of
enclosures (please seek advice from enclosure suppliers).

Separating Floor

6.4.1

Predicted Average Noise Levels in Flat 136a High Street - Daytime

BS 8233: 2014

Flat 1:3I6J:V£111ternal Target Level Meets Target
Data Source 07:00 — 23:00 hrs
dB Laeq dB Laeq Yes/No
Cote Farnham 21 <35 Yes
Lebo et al. 28 <35 Yes
Chicken Coop 22 <35 Yes

6.4.2 Predicted Average Noise Levels in Flat 136a High Street — Night Time

BS 8233: 2014

Flat 1:3I6J:V£111ternal Target Level Meets Target
Data Source 23:00 — 07:00 hrs
dB Laeq dB Laeq Yes/No
Cote Farnham 21 <30 Yes
Lebo et al. 28 <30 Yes
Chicken Coop 22 <30 Yes

23 The contractor should verify pressure drop with Flakt Woods.

24
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6.4.3 Predicted Maximum Noise Levels in Flat 136a High Street — Night Time

Flat 136a Internal 155 Wha 8k AL Meets Target
Level L] (worst case)
Data Source 23:00 — 07:00 hrs
dB Lamax dB Lamax Yes/No
Cote Farnham 43 <45 Yes
Lebo et al. 35 <45 Yes
Chicken Coop 39 <45 Yes

6.4.4 Noise Mitigation Requirements

The existing separating floor system meets BS 8233: 2014 / WHO 2000 internal
requirements within Flat 136a High Street — No further noise mitigation
measures are required.

7.0

7.1

7.2

Suppliers

Flakt Woods TEL: 01206 222614 (Silencers)

Environ TEL: 0870 3833344 (Acoustic Enclosures)
CONCLUSIONS

Sound Planning has carried out a noise impact assessment in accordance with BS 7445
and BS 4142, and a separating floor assessment in accordance with ISO 140-4: 1998

and ISO 717-1: 1997.

See section 3.0 - METHODOLOGY

The lowest background noise levels measured to the rear of 136 High Street, Ruislip
during the assessment period were:

Time Period Background Level
(hours) (dB Laso)

Up to 23:00 47

Up to 00:00 47
24 hours 42

See section 4.0 - RESULTS
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7.3

7.4

7.5

7.6

soundplanning
Predicted Sound Levels at Nearest Noise Sensitive Receivers
The predicted combined plant noise at the nearest noise sensitive receiver (nearest
apartments to the rear of 136 High Street, Ruislip) exceeds background noise levels by
16 dB(A) during the operational hours of the restaurant (11:00 — 23:00 hours) and 12
dB(A) during the night time when refrigeration plant (Chiller & Freezer) will need to
be operational.
See paragraph 5.1
The introduction of noise mitigation measures (noise control products) results in a
combined external mechanical plant noise level at the worst affected noise sensitive
window which meets target levels during restaurant opening hours and overnight

(refrigeration plant) i.e. 10 dB below background.

The proposed noise mitigation measures result in a low impact at the worst affected
noise sensitive receiver and meet the requirements of BS 4142: 2014.

See paragraph 6.1 — 6.3
Noise Mitigation Products (mechanical equipment)
7.5.1 Supply Air Fan
Inlet (atmosphere): 100mm Air x 1200mm (L) Flakt Woods Splitter Silencer
7.5.2 Extract Fan
Outlet (atmosphere): 100mm Air x 1200mm (L) Flakt Woods Splitter Silencer
Levels of Uncertainty
7.6.1 Mechanical Plant Noise
The complexity and screening of the sound sources would lead to the greatest
uncertainty. Sound Planning has evaluated each source in detail, its position
relative to the nearest noise sensitive receivers and used appropriate calculation

methodology in order to accurately predict specific noise (and noise rating level)
at the nearest noise sensitive receiver.
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7.6.2

soundplanning
Sound Planning has designed to 10 dB below background, this should allow for
any penalties which could be applied for 'Tonality', 'Impulsivity', ' Intermittenc)’'
and 'Other Sound Characteristics'.
See section 2.0
Internal Noise Levels — Flat 136a High Street, Ruislip
The existing separating floor system meets BS 8233: 2014 / WHO 2000 internal

requirements within Flat 136a High Street — No further noise mitigation
measures are required.
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APPENDIX 1
Terms & Definitions

The Decibel, dB

The unit used to describe the magnitude of sound is the decibel (dB) and the quantity measured
is the sound pressure level. The decibel scale is logarithmic and it ascribes equal values to
proportional changes in sound pressure, which is a characteristic of the ear. Use of a logarithmic
scale has the added advantage that it compresses the very wide range of sound pressures to
which the ear may typically be exposed to a more manageable range of numbers. The threshold
of hearing occurs at approximately 0 dB (which corresponds to a reference sound pressure of
2 x 107 pascals) and the threshold of pain is around 120 dB. The sound energy radiated by a
source can also be expressed in decibels. The sound power is a measure of the total sound
energy radiated by a source per second, in watts. The sound power level, Ly is expressed in
decibels, referenced to 107> watts.

Frequency, Hz

Frequency is analogous to musical pitch. It depends upon the rate of vibration of the air
molecules that transmit the sound and is measure as the number of cycles per second or Hertz
(Hz). The human ear is sensitive to sound in the range 20 Hz to 20,000 Hz (20 kHz). For
acoustic engineering purposes, the frequency range is normally divided up into discrete bands.
The most commonly used bands are octave bands, in which the upper limiting frequency for
any band is twice the lower limiting frequency, and one-third octave bands, in which each
octave band is divided into three. The bands are described by their centre frequency value and
the ranges which are typically used for building acoustics purposes are 63 Hz to 4 kHz (octave
bands) and 100 Hz to 3150 Hz (one-third octave bands).

A-weighting
The sensitivity of the ear is frequency dependent. Sound level meters are fitted with a weighting

network which approximates to this response and allows sound levels to be expressed as an
overall single figure value, in dB(A).
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BS 4142 - Noise Descriptors
For the purposes of this British Standard, the following terms and definitions apply.
NOTE All the measurements and values used throughout this standard are “A”-weighted.
Where “A” weighting is not explicit in the descriptor, it is to be assumed in all cases, except
where it is clearly stated that it is not applicable, as in the case of tones.
Acoustic Environment
Sound from all sound sources as modified by the environment [BS ISO 12913-1:2013].

Ambient Sound

Totally encompassing sound in a given situation at a given time, usually composed of sound
from many sources near and far .

NOTE The ambient sound comprises the residual sound and the specific sound when present.
Ambient Sound Level, La = Laeq,r

Equivalent continuous A-weighted sound pressure level of the totally encompassing sound in
a given situation at a given time, usually from many sources near and far, at the assessment

location over a given time interval, 7.

NOTE The ambient sound level is a measure of the residual sound and the specific sound when
present.

Background Sound Level, Lao,r

A-weighted sound pressure level that is exceeded by the residual sound at the assessment
location for 90% of a given time interval, 7, measured using time weighting F and quoted to
the nearest whole number of decibels.

Equivalent Continuous A-weighted Sound Pressure Level, Laeq,7

Value of the A-weighted sound pressure level in decibels of continuous steady sound that,

within a specified time interval, 7= #2 — ¢1, has the same mean-squared sound pressure as a
sound that varies with time, and is given by the following equation:
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Laeqr= ‘|U|g1o{(‘| /T)f;l [PA(t)zfpozldt}

where:

Po is the reference sound pressure (20 pPa); and
pa(?) is the instantaneous A-weighted sound pressure (Pa) at time .

NOTE The equivalent continuous A-weighted sound pressure level is quoted to the nearest
whole number of decibels.

Measurement Time Interval, Tm
Total time over which measurements are taken.

NOTE This may consist of the sum of a number of non-contiguous, short-term measurement
time intervals.

Rating Level, Lar,7r

Specific sound level plus any adjustment for the characteristic features of the sound.
Reference Time Interval, 7y

Specified interval over which the specific sound level is determined.

NOTE This is 1 h during the day from 07:00 h to 23:00 h and a shorter period of 15 min at
night from 23:00 h to 07:00 h.

Residual Sound

Ambient sound remaining at the assessment location when the specific sound source is
suppressed to such a degree that it does not contribute to the ambient sound.

Residual Sound Level, Ly = Laeq,r

Equivalent continuous A-weighted sound pressure level of the residual sound at the assessment
location over a given time interval, 7.
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Specific Sound Level, Ls = Laeq,1r

Equivalent continuous A-weighted sound pressure level produced by the specific sound source
at the assessment location over a given reference time interval, 7t.

Specific Sound Source

Sound source being assessed.

Frequency Analysis

Octave Band A band of frequencies the upper limit of which is twice the lower
limit. They are known by their centre frequency, e.g., 63, 125,
250, 500, 1000, 2000 Hz...

One Third Octave The logarithmic frequency interval between a lower frequency
fo, when f5/fi equals 23 apart. Frequencies include: 100, 125,
160, 200, 250, 315, 400, 500, 630, 800, 1000Hz.

Sound Transmission in the Open Air

Most sources of sound can be characterised as a single point in space. The sound energy
radiated is proportional to the surface area of a sphere centred on the point. The area of a sphere
is proportional to the square of the radius, so the sound energy is inversely proportional to the
square of the radius. This is the inverse square law.

In decibel terms, every time the distance from a point source is doubled, the sound pressure
level is reduced by 6 dB. Road traffic noise is a notable exception to this rule, as it approximates
to a line source, which is represented by the line of the road. The sound energy radiated is
inversely proportional to the area of a cylinder centred on the line. In decibel terms, every time
the distance from a line source is doubled, the sound pressure level is reduced by 3 dB.
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Factors Affecting Sound Transmission in the Open Air
Reflection

When sound waves encounter a hard surface, such as concrete, brickwork, glass, timber or
plasterboard, it is reflected from it. As a result, the sound pressure level measured immediately
in front of a building fagade is approximately 3 dB higher than it would be in the absence of
the fagade.

Screening and Diffraction

If a solid screen is introduced between a source and receiver, interrupting the sound path, a
reduction in sound level is experienced. This reduction is limited, however, by diffraction of
the sound energy at the edges of the screen. Screens can provide valuable noise attenuation
however. For example, a timber boarded fence built next to a motorway can reduce noise levels
on the land beyond, typically by around 10 dB(A). The best results are obtained when a screen
is situated close to the source or close to the receiver.
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APPENDIX 2

Site Location

Nearest ’

Noise [ 136a
Sensitive High
Receiver | Street

(NSR)

)24

(O Microphone Position (background noise measurements

24 Positioned close to where new mechanical plant (extract duct, AC condensers & refrigeration condensers) will
be located.
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APPENDIX 3
Site Plans/Elevations (proposed)

Mechanical Plant Layout
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Site Plans/Elevations (proposed)

Mechanical Plant Elevations
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APPENDIX 4

Site Photographs

Microphone

Position

Microphone
Position

Background Monitoring - Microphone Position
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Site Photographs

McDonald’s
Plant

Equipment

Existing Mechanical Plant (not belonging to 136 High St)
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Site Photographs

AC Equipment
(belonging to others)

AC
Equipment
(switched off)

Existing Mechanical Plant
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APPENDIX 5

Equipment Noise Data

Extract Fan

Flakt Wood MaXfan

QP

COMPAC

,-

ods

A FlEkt Waods Broad

MAXFAN COMPAC - THE NEXT GENERATION IN KITCHEN FANS

FEATURES

= 400 - B30 mm diamebar

= Volumes up to 4.8m =z

= Static Pressures up to 900 Pa [Non-staling characteristic)

= Fare teatad to |S05801 and BS242

= High effiziency erergy seving IEE matar

= Low breakout noise levels

= Motor protection and termingl black IPS5 [0WIF2 & Dafra
Carmpliant]

= Ambiert temperatures up to B0FC [Dependant on size]

= Overheat protaction a= standard

= Compact robust Fght waight coretruction

= Balvarized casing for high cormasion resistance

= Full inverter cantral end flaxibilty

ELECTRICAL SUPPLY
230%/50Hz41 Ph [3 Ph Moker] - L Type

TEMPERATURE RANGE
Suitable for temperatures up to B0PCY

*depandant an the fan size, please reder o the spadific fan technical page

SIZES
400, 450, 500, 560 end 630 mm
Emaler 215 & 355 mm evaileble on request

IMPELLERS

A unique high afficiency sarofoil section blade with 8 smoathed
hub ard clamp plaba offers & high sfficiency solutian,

The A&k Woods impellers ana all high pressure da cast fo
affer thin earcfoil sections for low gererstion of noisa, Every
cagt aluminium component iz ¥-rey examined using Red Tima
Rediography inzpection priar to azsembly. Tha maximum pitch
anpglas shown allow for spead contral by frequarcy invarter.

MOTORS

All motors are totally enclosed air stream rated wih clazs F
insulation. Corstructad from aluminium or cest iron as standard
with speciel pad mounted fiings.  Although this product
incorporates a threa phase akectric motor, by vsing a matched
inverter zolution it is suitable for uze with a single phasa
slecirical supply on site. In eddition, using a fregquercy inverter
allows the spaed to ba furned down to 20% of meximum spaed.
Suitable for horizontal or vertizal shaft operstion. Supplied IPSS,
with remaovable drain plugs.

Saaled for life baarings lubricated with wida temparsture range
gragsa, The complete range of motors are fitted with Themnistar
OHP ae stendard. Matars are |E2 efficiency class as standard.

CASINGS

The MeXfan Compaz is evailshle with a galvanised casing, complats
with an axtamally mourded pra-wirad electrical terminal b,
Cazings are spun fram shest stes| with irkegral pra-drilled ard
radiused inlet lange=. The galvanizad finish gives & high rasistancas
to corrosion ard s ideal for extemal as well a5 inbarmal usa,

PRODUCT CODE
40 MaXfan Compac
= 40 - denotes the fan impaller diametar in carkimetras

ACCESSORIES
~a 8¢ @ |
Mo Fameeavs i
Conreciar & Fotariarawinr
@° )
n'.w:" Vimizhing Flunge
L idald
=
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Equipment Noise Data
Extract Fan

Flakt Wood 45 MaXfan Compac

3ds

A FIEkt wWoods Broad

MAXFAN COMPAC
230 V/S0HZ/1 PH- LTYPE

PERFORMANCE CHART - 45 MaXfan Compac (EJ4632686) ADDITIONAL ACCESSORIES

E: ~_ e - 1
- - @ 5

AN nll

:
l N\ W emEe e,

TG D0LET)

Vokuna m i

PRODUCT AND ELECTRICAL TABLE - 45 MaXfan Compac

-
Qe ™ m w = o m ™ . a o
L = n - w = = o = = u
e s 0 S w =gz o

P Samred durts m L@Smave g S00P futwic]

DRAWING - 45 MaXfan Compac

510 DB, [VER FLAMGES.

FI) ORTHIMAL

All dimenzian in mm "u.'f‘.‘;‘r".;..

- e A

P AvL Fisaksln Caractar
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Equipment Noise Data
Supply Fan

Flakt Wood 45 MaXfan Compac

Wa(ds

A FI&kt woods Brond

MAXFAN COMPAC
230 V/S0HZ/1PH - LTYPE

PERFORMANCE CHART - 45 MaXfan Compac (EJ463268) ADDITIONAL ACCESSORIES

: ~ = =

:
jw N\ WO Ll

ry X
9P X

Vokina m

PRODUCT AND ELECTRICAL TABLE - 45 Ma)Xfan Compac

-
Qe ™ m a = o m ™ . a E
Onake = n - w = = E = Y u
aip S w =gz R

P Samred durts m L@Smave g S00P futwic]

DRAWING - 45 MaXfan Compac

70 O, [VER FLAMGES

All dimenzian in mm

- - sa 8% @

P WY inakln Comeciar
10
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Equipment Noise Data

Coldroom Condensers

25

Type Winsys outdoor Wintsys
outdoor
Model WINAJAS197 WINFH25117F7
Dimensions W 942mm W 1174 mm
D 574mm D 531 mm
H 690mm H 710mm
Weight 65 kg 83kg
Compressor CAI45197 CAJ45317 HR
Model
Pipe sizes Gas 5/8 Gas 7/8"
liguid 3/8" Liquid 2"
Power supply | 20amp 30amp
5/Phase
Refrigerant 16amp per phase | 16amp per
phase
Gas R404a R404a
Noise Level 41 dBA 42 dBA

25 ‘Noise Level’ measured at 10m - Conversion to SPL@ 1m. + 20 log (10/1).
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Equipment Noise Data
External Condenser Units

Daikin RZQS100

| oamcow « Quidoor Units « R-£10A « RZQ5- V1

6 Dimensional drawing & centre of gravity

6-1 Dimensional drawing

RZQ571DWV1

unit {mm)

ook o eckher ot Gas pipa conrection ¥ 159 flra
Liquid pipe connection - # 55 flara
Sotvica peort fn tha L)

Grounding teminal MS (in switch box)
Rafrigerant piping intaks

Control winng inkaks {Knodt out hols # I7)
Dirzin st

B - AR b b =

-

%f

Power supply wiring intzka (knodk out holg @34)

IMWIt144.14

RZOQ5100-125-140DV1

rol o anchor ot o
12

(Gas pipa cormection ¥ 158 flra
Liquid pipe connectian - 5 flare
Sanvia port fin tha uni)

Grounding teminal MS (in switch box)
Rarigerant piping intaks

Control wiring intaks {Knodk out hols # I7)
Drain et

el B b b b —

Power supply winng intska (knodk out hola @34)

IMWIE3641
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Equipment Noise Data

External Condenser Units

Daikin RZQS100

| ¥ oanciw+ Quidoor Units « RB-410A « REQS-0VA

9 Sound data

9-1 Sound pressure spectrum

RZQ5710W1 - Cooling
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APPENDIX 6

Background Noise Measurements

Table
Time LFmax LFmin Leq Lrso Lroo
Period Date
(hrs:mins | dB,(A) | dB,(A) | dB,(A) | dB,(A) | dB,(A)

1 9/3/2020 | 15:15:00 78.8 49.1 52.9 51.5 50
2 9/3/2020 | 15:30:00 64.4 48.4 51.3 50.5 50
3 9/3/2020 | 15:45:00 75.8 48.5 56.7 53.5 50.5
4 9/3/2020 | 16:00:00 72.5 49.4 57.5 55.5 52.5
5 9/3/2020 | 16:15:00 64.1 48.8 52.5 52 50.5
6 9/3/2020 | 16:30:00 66.3 47.2 51.1 50.5 49
7 9/3/2020 | 16:45:00 61.3 46.9 49.9 49.5 48.5
8 9/3/2020 | 17:00:00 64.2 46.2 49.7 49.5 48
9 9/3/2020 | 17:15:00 64.2 46.7 49.4 49 48
10 9/3/2020 | 17:30:00 63.8 46.5 50.3 49.5 48
11 9/3/2020 | 17:45:00 67 46.9 50.4 49.5 48.5
12 9/3/2020 | 18:00:00 58.8 46.6 49.7 49 48
13 9/3/2020 | 18:15:00 63.9 46.7 49.6 49 48
14 9/3/2020 | 18:30:00 61.2 46.6 49.6 49 48
15 9/3/2020 | 18:45:00 61.5 46.7 49.7 49.5 48
16 9/3/2020 | 19:00:00 65.5 46.7 49.7 49 48
17 9/3/2020 | 19:15:00 61.2 46.5 50.2 49.5 48
18 9/3/2020 | 19:30:00 64.2 46.3 49.4 48.5 48
19 9/3/2020 | 19:45:00 65.4 46.3 49.2 49 47.5
20 9/3/2020 | 20:00:00 63.1 46.4 49 48.5 47.5
21 9/3/2020 | 20:15:00 58 46.5 49 48.5 47.5
22 9/3/2020 | 20:30:00 59.2 46.2 48.9 48.5 47.5
23 9/3/2020 | 20:45:00 60.2 46 48.6 48.5 47.5
24 9/3/2020 | 21:00:00 68.1 46.4 49.4 48.5 47.5
25 9/3/2020 | 21:15:00 55.9 46.4 48.6 48.5 47.5
26 9/3/2020 | 21:30:00 67.7 46.4 48.9 48 47.5
27 9/3/2020 | 21:45:00 55.1 46.2 48.7 48.5 47.5
28 9/3/2020 | 22:00:00 62.2 46.3 48.8 48 47.5
29 9/3/2020 | 22:15:00 58 45.9 48.3 48 47
30 9/3/2020 | 22:30:00 62.1 46.1 48.9 48 47.5
31 9/3/2020 | 22:45:00 59.8 46.3 48.5 48 47.5
32 9/3/2020 | 23:00:00 57.2 46.1 48.4 48 47.5
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33 9/3/2020 | 23:15:00 60.2 46.2 48.5 48 47
34 9/3/2020 | 23:30:00 60.3 46.1 48.5 48 47
35 9/3/2020 | 23:45:00 55.2 46.3 48.3 48 47
36 9/3/2020 | 0:00:00 56.9 46.1 48.4 48 47
37 9/4/2020 | 0:15:00 543 40.9 46 44.5 42
38 9/4/2020 | 0:30:00 54.5 40.9 44.7 43.5 42
39 9/4/2020 | 0:45:00 55.1 40.8 44.2 43 42
40 9/4/2020 1:00:00 56.6 41.3 44.6 43.5 42.5
41 9/4/2020 1:15:00 74.3 41.5 44.7 43.5 42.5
42 9/4/2020 1:30:00 58.8 41.9 44.8 43.5 43
43 9/4/2020 1:45:00 52.5 41.2 43.8 43.5 42.5
44 9/4/2020 | 2:00:00 58.4 41.2 43.9 43 42
45 9/4/2020 | 2:15:00 53.7 41.2 43.4 43 42
46 9/4/2020 | 2:30:00 55.7 40.9 43.8 43 42
47 9/4/2020 | 2:45:00 55.2 41 44 43 42
48 9/4/2020 | 3:00:00 56.8 41.2 43.9 43 42.5
49 9/4/2020 | 3:15:00 59.4 41.1 43.8 43 42
50 9/4/2020 | 3:30:00 51.7 40.9 43.1 43 42
51 9/4/2020 | 3:45:00 55.8 41.1 443 43 42.5
52 9/4/2020 | 4:00:00 54.7 41 43.6 43 42
53 9/4/2020 | 4:15:00 57 40.9 44.1 43 42
54 9/4/2020 | 4:30:00 65.2 41.2 48.2 48.5 42.5
55 9/4/2020 | 4:45:00 60.3 41.4 46.8 44.5 42.5
56 9/4/2020 | 5:00:00 54.5 41.1 443 43.5 42.5
57 9/4/2020 | 5:15:00 61.5 41.7 49.5 46.5 43
58 9/4/2020 | 5:30:00 68.9 41.8 46.8 44 43
59 9/4/2020 | 5:45:00 61.7 42.8 49.7 48.5 45
60 9/4/2020 | 6:00:00 61.1 43.1 49.2 48.5 45.5
61 9/4/2020 | 6:15:00 60.9 46.5 49.8 49 48
62 9/4/2020 | 6:30:00 56.9 46.1 49.3 48.5 47.5
63 9/4/2020 | 6:45:00 59 46.6 50 49.5 48
64 9/4/2020 | 7:00:00 61.1 46.8 49.9 49 48
65 9/4/2020 | 7:15:00 58.7 46.9 50.6 50 48
66 9/4/2020 | 7:30:00 60.7 47.4 50.4 50 48.5
67 9/4/2020 | 7:45:00 67 47.2 50.7 50 48.5
68 9/4/2020 | 8:00:00 67.7 47.9 51.3 50.5 49.5
69 9/4/2020 | 8:15:00 72.9 48.8 51.7 51 50
70 9/4/2020 | 8:30:00 65.1 47 50.2 50 48.5
71 9/4/2020 | 8:45:00 69.3 47.2 51.7 51 48.5
72 9/4/2020 | 9:00:00 62.5 47.2 49.8 49.5 48.5
73 9/4/2020 | 9:15:00 59.7 47.5 49.8 49.5 48.5
74 9/4/2020 | 9:30:00 63.1 46.8 49.7 49.5 48.5
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75 9/4/2020 | 9:45:00 64.6 47.1 49.8 49.5 48.5
76 9/4/2020 | 10:00:00 79.9 46.8 51.6 49.5 48.5
77 9/4/2020 | 10:15:00 60.3 46.7 50.6 49.5 48
78 9/4/2020 | 10:30:00 75.4 46.9 51.6 49 48
79 9/4/2020 | 10:45:00 70.9 46.9 50.3 49.5 48.5
80 9/4/2020 | 11:00:00 78.5 47.1 52.9 49.5 48.5
81 9/4/2020 | 11:15:00 76 46.8 53.9 49 48
82 9/4/2020 | 11:30:00 66.9 46.9 50.3 49.5 48.5
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Background Noise Measurements
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APPENDIX 7

Plant Noise Calculations

Extract Outlet Duct
Frequency (Hz)
Duct Break-Out 63 | 125 | 250 | 500 1k 2k 4k 8k | Overall
45 MaXfan 79 81 88 82 81 80 79 77 91 |dB
A-Weighted 528 | 649 | 794 | 788 81 81.2 80 75.9 88 | dB(A)
Flakt Woods
1005 12000 -6 12 | 23 -40 -51 251 -41 229
Duct Length (m) 2.0 20 | 2.0 2.0 2.0 2.0 2.0 2.0
Duct Loss per m 0.07 | 007 | 007 | 0.10 0.16 0.16 0.16 0.16
Duct Attenuation 01 | 01 | 01 | -02 03 203 03 03
90° Duct Bend -1.0 2.0 3.0 -3.0 -3.0
Corrected Lwa 729 | 689 | 649 | 408 27.7 25.7 34.7 44.7
Duct Skin (22g) -3 -8 -14 20 23 26 27 -35
ALLEN Formula
Vls‘ble(f:)“meter 045 | 045 | 045 | 045 0.45 0.45 0.45 0.45
Length (m) 2 2 2 B 2 B 2 2
P"“mete(rsi‘ Length |9 | 09 | 09 | 09 0.9 0.9 0.9 0.9
Duct Cross Section
0.16 | 0.16 | 0.16 | 0.16 0.16 0.16 0.16 0.16
(m?) (A)
10log(S/A) 75 75 | 75 75 75 75 75 75
Losses 45 | -05 | -65 | -125 | -155 | -185 | -195 | 275
Minimum -3 30 | 30 | -65 | -125 | -155 | -185 | -195 | 275
Lwiadiated) 69.9 | 659 | 584 | 283 12.2 7.2 152 17.2 72 | dB(A)
Distance (m) 5 5 5 5 5 5 5 5
DI 3 3 3 3 3 3 3 3
Pomt Source 25 | 25 | 25 | 25 25 25 25 25
Attenuation
Screening 0 0 0 0 0 0 0 0
Attenuated Level 479 | 439 | 364 | 63 98 | -148 | -68 48 50 |dB
A-Weighted 217 | 278 | 278 | 3.1 98 | -136 | -58 5.9 31 | dB(A)
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Extract Termination to Atmosphere

soundplanning

Plant Noise Calculations

Frequency (Hz)
TERMINATI ||
NATION 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | sooo | OVr?
45 MaXfan 79 81 88 82 81 80 79 77 91 dB
A-Weighted 52.8 64.9 79.4 78.8 81 81.2 80 75.9 88 dB(A)
Flakt Woods
100 x 1200mm -6 -12 -23 -40 -51 -51 -41 -29
Corrected Lwa 73.0 69.0 65.0 42.0 30.0 29.0 38.0 48.0 dB
Duct Length (m) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Duct Loss per m 0.07 0.07 0.07 0.10 0.16 0.16 0.16 0.16
Duct Attenuation -0.2 -0.2 -0.2 -0.4 -0.6 -0.6 -0.6 -0.6 IS{;i
90° Duct Bend -1.0 -2.0 -3.0 -3.0 -3.0
End Reflection 0.4m@ -11 =7 -3 -1 0 0 0 0.0
Screening 0 0 0 0 0 0 0 0
Distance (m) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 DI
ORI 25 | 25 | 25 | 25 | s 25 25 25
Attenuation
Attenuated Level 36.8 36.8 36.8 14.7 2.5 0.5 9.5 19.5 42 dB
A-Weighted 10.6 20.7 28.2 11.5 2.5 1.7 10.5 18.4 29 dB(A)
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Supply Inlet (Atmosphere)

soundplanning

Plant Noise Calculations

Frequency (Hz)
TERMINATI 11
NATION ™= T 125 | 250 | 500 | 1000 | 2000 | 4000 | soo0 | 0¥
45 MaXfan 78 81 88 82 80 80 78 75 91 dB
A-Weighted 51.8 64.9 79.4 78.8 80 81.2 79 73.9 87 dB(A)
Flakt Woods
100 x 1200mm -6 -12 -23 -40 -51 -51 -41 -29
Corrected Lwa 72.0 69.0 65.0 42.0 29.0 29.0 37.0 46.0 74 dB
Duct Length (m) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Duct Loss per m 0.07 0.07 0.07 0.10 0.16 0.16 0.16 0.16
Duct Attenuation -0.2 -0.2 -0.2 -0.3 -04 -04 -0.4 -0.4 et
SRL
90° Duct Bend -1.0 -2.0 -3.0 -3.0 -3.0
End Reflection
0.4m@ -11 -7 -3 -1 0 0 0 0
Screening 0 0 0 0 0 0 0 0
Distance (m) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 DI
Point Source 27 | 27 | 27 | 27 | 27 | 271 | 27 | o7
Attenuation
Attenuated Level 343 353 353 13.2 0.0 -1.0 7.0 16.0 40 dB
A-Weighted 8.1 19.2 26.7 10.0 0.0 0.2 8.0 14.9 28 dB(A)

51




soundplanning
Plant Noise Calculations

Condenser Units

Equipment
Serving
Freezer Chiller AC1 AC2
Manufacturer / / Daikin Daikin
Model WINFH2511ZFZ WINAJ4519Z RZQS100 RZQS100
SPL @ 1m dB(A) 62 61 55 55
Environ/Acoustic Louvre -26 -26 -16 -16
DI 3 3 3 3
NSR Distance (m) 5 5 5 5
NSR SPL @ 1m dB(A) 25.0 24.0 28.0 28.0
Background 52 52 52 52
Excess -27.0 -28.0 -24.0 -24.0
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APPENDIX 8
Noise Mitigation Products

Flakt Wood Attenuators

| Splitter Silencers

Coding: Type WS/WSE Silencers
Code

W5 Drilled Flanges (with Sida Linars) Figure 1
WSY Cleat Flanges (with Side Liners)
M Moisture Resistant Lining

) L Low Pressure Loss

Variant P High Systom Pressure

K. Fume Resistant
C Perforated Linings
CC Stainless Perforated Linings

Example
WSY LM/75-X-K-X

Type %A
Variarts
Airvay

Width mm
Silencer

Langth mm
Width mm
Height mm

Tipe K
Epoxy
Paint Ferbrabed Sieel
CODEWBS (Hor V) Fistainzr

Plus Varianis

a5 for type W5

Coding: Type WBS Silencers

Hor V = Bend in Horizontal or Vertical Plane Figure 2

Example

WES (H) or (V) MIT5-X-X-X-X
Type —

Variants

Type WBSV

Airways
Width mm

Air Eniry leg
Dimension L, mm
Air axit leg
Dimension L.mm

Sillenoer
Width mm

Height mm

Type WBSH

B

Ly+L, Minimum Dimension 100mm
(300mm fairings Type WBSHL)
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Noise Mitigation Products

Flakt Wood Attenuators

Splitter Silencers

Performance Table A
Type WS/WSY
Intermediate airway widths can be ) ;
provided to suit individual requirements. Ocae Ea;'dmr;tfr; o =
Please enquire. Airways Lengh -
Care should be taken in use of S0mm i mm | 63| 125 | 250 ) 500 ) 1K 2K ) 4K | BK
Airway Silencer. Perforated Linings 50 600 |6 | 12] 2 |31 |40 [40 | 20 (2
are required on airways of 75mm or less. 13‘% ]g ;g gg 4-’; g? Eg g? E’g
. o =] ]
Please enguire. 1500 (13 | 24 | 42 | & | 55 |85 | 55 |66
1800 (15 | 30 | &1 | 55 | 55 |55 | & | B
The following airway velocities should nat be 2000 (17 | 34 | 85 | 5 | 85 |55 | &5 )56
exceeded for the ventilation space noise levels = 2:% IE sg ﬁ‘ 33 g? ég gj ;g
tabulated, in order to avoid possible noise regenera- N a0 |6 | 11|10 |3 |8 |45 | 0w
tion in the silencer. 1200 |7 | 14| 26 | 46 | 55 (65 | 52 |34
1500 9| 17| 30 | 48 | 55 |Bb By |42
) } 1900 (10 | 20 | 34 | &0 |55 |65 | 55 |46
Airway Velocity= 2000 (12 | 23 | 40 | 55 | 55 |65 | 55 |66
2400 [13 | 24 | 45 | 55 | BE [ BR 55 | B&
3 100 AR ERERERERE
Vollume Flo'.'f Rate mlfs : oo |s| o|lw % o5 |s
Number of Airways x Airway Width X Height w0 |61 @ w5 |8 | 0 |m
(medres) 1500 9| 15| 26 | 43 | 53 |63 | 45 |32
1900 |9 | 17 30 |47 | 55 |55 | 49 |36
2100 |17 | 20| 35 | &5 | 55 [5h | 55 |43
TABLE C 2400 (12 | 23| 40 |55 |55 |65 | 5 |47
Melocity mis NC/HR Lavel 150 600 2 5 B [12z |15 |15 1 7
15 45-50 900 3 B 1 |20 | 2% |25 15 | 8
K] 3540 1200 4 T 15 [ 26 |33 |33 mImn
0 e 500 |5 | O 18 |3 |4 (41| 24 |13
1900 |6 | 112 |30 |49 |49 | 2 |8
For special applications please enguire. W00 |7 | 13| 26 |45 |55 |55 | M |19
pecal 2P P ¢ 2400 |8 | 15| 30 | s2 |5 |5 | 3 |2
Type WBS Table B
The value of additional attenuation due -
to the mitred bend should be deducted Ht-:i;'t: Hror Additional Attenuation in Octave Bands
from the attenuation required. WEHS or Hr
width for
) . . : [i%] F] 250 BOOO|1K | 2K | 4K | BK
To obtain the attenuation, dimensions asH
L_+L must be equal or greater than 2.5 300 0 0 2 8 16 3|3 |3
4 r : 450 0 1 5 T4 |3 3|3
x hesght for Type WBSV or 2.5 width for 500 0 2 a slo 13l 33
Type WBSH. 750 0| 3 gl 5 o3| 3|3
900 0 5 7 4|0 |3 |3 |3
1050 0 7 1 4 ] 3 3 3
1200 1 E] 6 4|0 |3 |3 |3
1350 2 ] 3 3 (0 (3] 3|3
1500 3 ] 5 3|0 |3] 3|3
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Noise Mitigation Products

Environ Environlite ELV1.1.25AC

.environ“

Tnic Acousfic T haalogg

[ | B .
environlite 1.22sac ss

Versatile yet cost effective noise control solutions for
small 2nd medium sized Split Air Conditioning and
Heat Pump systems that have horizontal air flow
characteristics.

This attractive range of units combines superior noise
reduction characteristics and application versatility
with a user friendly design for ease of assembly.

An introduction:

environlite iz not only physically compact and discrete; its flexibility
allows for a wide range of AC applications and is particularly suited
to ‘difficult to access” locations.  Awailable as a new build or retro-
fit solution, environlite is supplied fo the user palletised as a simple
on-site zelf build kit.

All Environ products are a proven solution for the elimination of —
noise where commercizl establishments coexizt with domestic
neighbours and environlite iz especislly suited to the ever growing STEFS 1-a - Shruchars STERS ok - A in Grilles

domestic AC market.

By design, environlibe applies itz patented noise conirel featwres to
best advantage, enswring meximum acoustic performance.

With advanced nois2 control technology underpinned by quality
enginesring and manufacturing standards. emvironlite solutions help
alleviate local authority approvel isswes, whilst eliminating the air
conditioning noise problem for the user.

With almost infinite plant application compatibility and deriving its
name from its design, environlite is matched to provide unparalleled
acoustic performance to light commercial and domestic AC
applications.  The range is available in a variety of zizes, allowing it
o bey tailored to meet specific applications for new build or retro-fit
noise abatement.

The integrated airways are sized to suit the requirements of the
enchosed plant and full service and maintenance access is provided
by the provision of removable and hinged access panels.

environlie is secure and gives greater flexibiliby regarding the

positioning of plant and machinery, especially where space is at a
premium.  Being Vizually Quiet’, no moving parts are visible - zo
the enclosed plant remains out of sight and out of mind...._.. STEF g - Ak LH Alresy STEES 112 - Complats Aszambly

The Environ imtegra, Mooida and’ Lite acoustic designs are profected wider patent
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Noise Mitigation Products

Environ Environlite ELV1.1.25AC

genviron

Acoustic Enclosures

Environ Technologies Ltd

Regus House, 1010 Cambourne Business Park
Cambourne, Cambridgeshire, UK, CB23 6DP
Tel: +44 (0)870 383 3344

Fax: +44 (0)1223 598001
‘Www.environ.co.uk

environlite ELV1.1.25AC Acoustic Performance Data s 2010)

Noise Measurement Information:

Test: Environ Lite Acoustic Enclosure — W 1700mm x D 1000mm x H 1550mm

Test Standard:

BS EN ISO 140-3 Acoustics - Measurement of Sound Insulation in Buildings and of Building Elements - Part 1:
Airborne Sound Insulation

Sound Level Measuring Equipment:

Norsonic 830 RTA Precision Sound Analyser Type 1
CEL 2842 Acoustic Calibrator Type 1
JBL Loudspeaker driven by CEL Loudspeaker driven by 830 White Noise Source

Transmission Loss Data:

Transmission Loss — Environ ELV1.1.25AC Acoustic Enclosure

Octave Frequency in Hertz (dB ref 2 x 10 Pascal’s)

63 125 250 500 1K 2K 4K 8K
14 16 23 30 37 39 38 39
Summary

Transmission Loss Equates to an Overall Reduction of 26 dB(A)

Support Information:

Monitoring was carmed out using the BS3740 technique, insofar as measurements were taken in each quad-
rant and the results averaged. Internal Test Room: W 6m x D 16m x H 5m. Background noise in the
semi-reverberant test room was such as not to interfere with the practical measurements

Environ acoustic enclosure designs are protected under patent
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Noise Mitigation Products

Acoustic Louvre Enclosures

E
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Includes segtum plales / air low dividers
Supelied with acoustic buves wilh acoustic perfommance: 10 0B 17 B R+ Cy
.
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APPENDIX 9
Empirical Data — Restaurant Noise
Lebo et al.

45

Articles

Restaurant Noise, Hearing Loss,
and Hearing Aids

CHARLES P. LEBO, MD; MANSFIELD F. W. SMITH, MD; ELLEN R. MOSHER, MS, San fose
SUSAN |. JELONEK, MBA, Fairfield: DAVID R. SCHWIND; KAREN E. DECKER;
HARLAM |. KRUSEMARK; and PAMELA L. KURZ, San Francisco, California

Our multidisciplinary team obtained noise data in 27 San Francisco Bay Area restaurants. These data
included typical minimum, peak, and average sound pressure levels; digital tape recordings; subjec-
tive noise ratings; and on-site unaided and aided speech discrimination tests, We report the details
and implications of these noise measurements and provide basic information on selecting hearing aids
and suggestions for coping with restaurant noise.

(Lebo CP, Srnith MFW, Maosher ER, et al: Restaurant noise, hearing loss, and hearing aids. West | Med 1994; 161:45-

49)

estaurants are not merely eating and drinking sites:

they are also popular settings for important social
and business conversations. For the more than 27 million
Americans with impaired hearing, restaurant noise can be
debilitating. Hearing loss is ranked fourth among chronic
medical conditions affecting Americans aged 65 and
older. More than 3 million Americans wear hearing aids.
Hearing impairment affects one in ten Americans. By age
50, 20% of Americans have a hearing loss.*

Existing disability statutes in the United States do not
yel require noise control in restawrants, but it has been re-
ported that the US Depariment of Justice, under the
Americans With Disabilities Act of 1990, has taken the
position that compliance with this legislation entails pro-
viding quiet listening areas in restaurants and other places
in which hearing-impaired persons may convene, A report
on this subject by the US Department of Justice is sched-
uled for early release.

Although persons with normal hearing do experience
hearing difficulties in restaurants, the inability to under-
stand speech in noisy restaurants may be a symptom of
undiagnosed hearing loss. Poor speech discrimination
in social groupings or in restaurants can become so frus-
trating that many otherwise active and healthy hearing-
impaired adults tend 1o avoid outside dining and social
activities.

Several years ago, two of us (E.R.M. and §.J.1.) initi-
ated the use of a questionnaire for hearing-impaired
adults to identify difficult listening environments and im-
portant listening situations (“Patient Satisfaction Survey,”
unpublished data, February 1993).7 The results of this on-
going survey indicate that more than 80% of this group is
dissatisfied with its ability to hear and understand conver-
sation in restaurants, both with and without hearing aids.

Restaurants are also listed as one of the four most im-
portant listening situations by more than 60% of those
surveyed,

The most common type of acquired hearing impair-
ment is sensorineural hearing loss, the principal causes of
which are aging and noise-induced inner ear damage. Per-
sons so affected hear better in quiet settings than in noisy
ones. To address patients” speech intelligibility require-
ments in noise, audiologic procedures were modified to
include quantitative measurements of unaided and aided
sound-field speech discrimination in varied noise condi-
tions with different speech stimuli and “real-ear™ mea-
surements (taken with a probe microphone placed in the
external auditory canal). These test data were integrated
into decisions regarding hearing aid selection and ear-
mold configurations. Evaluation of an extensive patient
database revealed that speech discrimination problems in
noise are not adequately ameliorated by the types of hear-
ing aids most commonly provided for them: linear cir-
cuitry and an in-the-ear or in-the-canal configuration.
Currently, such hearing aids are routinely dispensed with-
out testing their performance in background noise.

The US Food and Drug Administration has recently
charged six major hearing aid companies with excessive
or unsubstantiated advertising claims regarding the extent
to which their products help users hear amid noise (“Tech-
nology and Health," Wall Streer Journal, April 27, 1993,
r 6; Associated Press (on-line), April 26, 1993, 1629 EDT,
V0122)." Restaurants, sports events, and theaters were
mentioned as areas where hearing aids do not perform in
accordance with advertising claims,

Obijectives
This study was designed to measure specific noise and

From the Heasing Institube for Children and Adules Medical

, Ban Jose (Drs Lebo and Smith and Ms Mosher); Micrasound Products. F‘mrﬁr,ld I;Mi Jelomek

amd Charles M. Ssher and Associales [Mr Schwind snd M Decker), Rzldand'ThciA:mclm (Mir Krusemark aad Me Kurzh, San Franciseo, O
Reprint requests io Hearing Instinse for Children snd Adalis, 2120 Forest Ave, Sam Jose, TA 95128,
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relevant interior design features in restaurants of various
tvpes, evaluate hearing-aid performance in the presence
of restaurant noise, and make digital tape and compact
disc recordings of restaurant noise for clinical use.

Patients and Methods

A multidisciplinary research team consisting of two
otologists, one audiologist, two architects, two acoustical
engineers, and one communication scientist was assem-
bled. We selected 27 San Francisco Bay Area restaurants
to include all major restaurant types. A multiparametric
measurement protocol was developed to describe the
acoustic characteristics of restaurants.

Restaurant acoustic evaluations, sound pressure level
measurements, subjective noise evaluations, digital tape
recordings, and both aided and unaided speech discrimi-
nation tesis were conducted by this team during peak
eating times (with management consent) on Friday and
Saturday nights. In addition to the calibrated measuring
and recording hardware used by our acoustical engineers,
an inexpensive type 3 sound-level meter (calibrated be-
fore use) was used for comparable measurements (deci-
bels on the A and C slow scale) by another member of the
team.

The measurements incleded A- and C-weighted max-
imum, minimum, and integrated (average) noise in vari-
ous areas of each restaurant. The minimum noise sam-
pling time was five continuous minutes. Each team
member subjectively rated the intensity of restaurant
noise using & scaled evaluation form. All measurements,
observations, and tests were conducted almost simuliane-
ously. Data were either recorded on site and saved by
computerized measuring equipment or entered into a
portable computer database immediately after exiting
each restaurant.

A male subject with age-related hearing loss (it was
not feasible 10 bring a statistically representative group of
heanng-impaired subjects into these restauranis) was
used to evaluate the performance of certain hearing aids
in restaurants. This subject was fitted binaurally with be-
hind-the-ear hearing aids equipped with both linear and
nonlinear, multiband compression circuitry. A user-oper-
ated switch controlled the tvpe of amplification in use,
Aijded and unaided speech discrimination testing was
conducted in each restaurant, using a supplemented Har-
vey Gardner three- 1o four-syllable high-frequency word
lis.* Two subjects with normal hearing were used peri-
odically 1o establish speech discrimination baselines.

The single-subject on-site evaluation of hearing aid
performance in restaurant noise was expanded with more
extensive sound-booth studies and real-ear measurements
involving 57 subjects, using the same nonlinear, multi-
band compression, behind-the-ear hearing aids, standard
noise tapes, restaurant noise recordings on compact dises,
and other audio material recorded during the restaurant
Visils.

Spectral analyses of digital audio recordings and real-
car measurernents of the hearing aids used were completed
later using a FONIX 6500 (Frye Electronics) test sel.

Results

This study generated a massive amount of multipara-
metric data, Because this anicle focuses on otologic and
audiologic aspects of those measurements, only data ger-
mane to these concemns are included.

Noise Profiles of Restaurants

The range of A-scale-decibel (dBA) sound-pressure
levels in our restaurant samples was wide. The average
loudness ranged from 59 to 80 dBA sound-pressure lev-
els (Table 1), The mean loudness level in all restaurants
surveyed was 71 dBA sound-pressure levels, and the me-
dian was 72 dBA sound-pressure levels.

The average loudness level of 71 dBA sound-pressure
levels is particularly imponant because it exceeds the av-
erage intensity of conversational speech (65 dB). Because
speech intelligibility varies directly with the signal-to-
nodse ratio, the latter measurement s useful in evaluating
the suitability of these restaurants for personal communi-
cation. Speech intelligibility requires a signal-lo-noise ra-
tio of +6 for persons with normal heaning and +12 for
persons whose hearing is impaired.”

We classified the evaluated restaurants in terms of av-
erage noise level and signal-to-noise ratios as follows:

* Type 1. Less than 65 dBA; signal-to-noise ratio = (k
6 restaurants, Quiet atmosphere with (designed or un-
planned) acoustical serenity.

* Type 2, 65 to 74 dBA; signal-to-noise ratio = <10;
15 restauranis. High variability of speech intelligibility in
boith normal and hearing-impaired subjects.

* Type 3. 75 or more dBA; signal-to-noise ratio =
=10 6 restawrants. High ambient noise levels with or
without music; conversation difficult for patrons with mor-
mal hearing and poor to impossible for persons with hear-
ing losses,

Noise crested (peaked) as high as 87 dBA in some of
the restaurants studied. It is important to note that the
crest factor (the peak sound-pressure level minus the root-
mean-square sound-pressure level during a stated time
period) in restaurant noise is as critical as the average
sound-pressure level because these noise peaks disrupt
the ability of a listener to concentrate and (o process
speech effectively.® High crest factors tend o overload
hearing aid amplifiers, with resultant signal distortion.
They tend to cancel key speech consonant sounds, there-

TABLE 1.—Ronges of Background Mofse Levels in
Restouronts Incliuded i This Study

Decibels

on i A
6580
T80
G066
076
5970
T5.77
56-70
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by reducing speech intelligibility. Restaurants with dra-
matically fluctuating noise levels present serious diffi-
culties for patrons whose hearing aids require manual
(local or rernote) volume adjustments.

Independent Subjective Noise Evaluations

To establish how accurately diners might appraise
loudness levels without the benefit of electronic measur-
ing equipment, each member of the team rated each
restaurant for loudness, using a five-point scale. These
subjective appraisals correlated well with electronic acous-
tic measurements (r = 88).

Noise and Restaurant Types

Although the Zagat restaurant surveys list 32 restau-
rant types,’ we deemed seven classifications to be ade-
quate for our purposes: bistro, California cuisine, elegant,
ethnic, family, fast food, and steak.

We found that restaurant classifications do not reliably
predict loudness levels (Table 1). Elegant restauranis
tended to be quiet, and bistros tended to be noisy, but
there were exceptions. Such classifications, ours in-
cluded, do not generally include ambient noise levels in
their definitions. We found no correlation between price
or food ratings and noise levels,

Acoustic and Architectural Design Factors

Restaurant profiles were compiled using the following
variables: location (street type and traffic), building site ac-
cess (distance to street, proximity to parking), occupancy
(maximum seating, percentage of occupancy, actual nu-
merical occupancy), environment (dining, reception, and
bar areas, music and ancillary rooms) and dining room
configuration (size. volume, walls, percentage of glass,
ceiling material and height, flooring material, chair and
table type and covering, booth type and covering). Al-
though certain materials and architectural design fea-
tures help control ambient noise, it is difficult to predict
the interior ambient noise conditions accurately by means
of these architectural features alone (“Best Meals, Best
Deals,” Consumer Reporis 1992; 57:356-372),

Hearing Aid Performance

Our hearing-impaired subject (moderately severe, bin-
aural, high-frequency hearing losses) was tested in all
studied restaurants with Audiotone MSP-90C (Bausch &
Lomb) behind-the-ear hearing aids, which are equipped
with a switch that permits the user to select either the lin-
ear or the multiband compression circuitry. These aids
were fitted with special nonoccluding Micro Ear ear
maolds, which are fabricated from Polysheer 11, a poly-
merized vinyl compound made specifically for Pacific
Coast Laboratory, San Leandro, California. These open
ear molds have long, thin-walled ear canal wbes (usually
4 mm in external diameter) to avoid feedback (Figure 1).
They permit the entry of nonamplified low-frequency
sound into the ear canal in a normal manner and free the
wearer from occlusion effects (the sensations caused by

Figure 1.—A typical Micro Ear behind-the-ear ear mold is shown.
Mote the length of the ear canal tube.

occluding the external auditory canal), including amplifi-
cation of the user’s voice by a hearing aid, foreign body
awareness, acoustic effects, and attenuation. Amplifica-
tion of the user’s voice by hearing aids causes the user to
reduce, rather than increase, vocal lowdness in noise,
causing hearing problems for the user's companions, 244

The three- to four-syllable high-frequency words de-
scribed previously were presented by the same speaker 1o
the hearing-impaired subject to assess speech discrimina-
tion unaided and wsing both linear and multiband com-
pression amplification. To evaluate the communication
difficulties further, two team members with normal hear-
ing also underwent the speech discrimination tests under
identical conditions (in 11 restaurants only). The hearing-
impaired subject’s aided and unaided performances were
compared in 11 restaurants. Surprisingly, the subject’s un-
gided discrimination scores were higher than aided scores
with linear amplification in 9 (45%) and equal in 1 (9%)
of the studied restaurants. Unaided scores were never
higher than those obtained when multiband compression
amplification was used.

The performance of the multiband compression mode
in the restaurant environment was substantially better
than that obtained with linear amplification, The linear
scores were poorer than those recorded with multiband
compression in 18 of 27 restaurants (67%), equal to the
multiband compression scores in 9 of the later (339%),
and better in none.

Discussion

The ambieni noise levels in the restauranis studied
varied greatly. There was an |8-dBA range in average
loudness among the restaurants studied. Moise levels vari-
ably interfered with conversation, ranging from no inter-
ference to almost total masking. Speech discrimimation
testing of subjects with normal hearing and one hearing-
impaired person indicated these masking effects can con-
found persons with normal hearing as well as those with
impaired hearing. The critical background noise level for
speech discrimination occurs between 65 and 70 dBA and
corresponds with a signal-to-noise ratio of 0 dB."™* When
background noise levels exceed this level, it becomes in-
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creasingly difficult for both normal and hearing-impaired
persons 1o communicate. ™

Our restaurant measurements showed substantial vari-
ability in loudness characterized by continual dynamic
shifits that, whether caused by music, voices, floor noise,
food service, or combinations thereof, erode speech dis-
crimination. Within a given restaurant, the dBA sound-
pressure level can vary with seating location and occu-
pancy level; communication is easier in certain locations
and is enhanced by low occupancy. Small, crowded
rooms, however, can intensify noise levels. The headwait-
ers {or seating hosts) we encountered had mixed levels of
awareness of the locations of the quietest areas or tables
in their establishments.

Both our field test data and laboratory test data ob-
tained with our restaurant recordings indicate environ-
mentally that, for speech discrimination in restaurant
noise, linear amplification is inferior to nonlinear ampli-
fication combined with adaptive multiband compression.
This conclusion is supported by the aforementioned 57-
subject study, which used the same hearing aid technol-
ogy and employed both sound field and real-ear mea-
surements of aided performance in noise.*

We encountered differences in hearing aid and sub-
jects’ performance with changes in background noise lev-
els. The compression spectrum of the hearing aid (and the
functional limitations thereof) and the specific settings of
the circuitry are critical to any person’s aided perfor-
mance in noise. Ear-mold configuration is another vari-
able that can greatly affect performance in noise. For the
single subject in this study, some of the aided discrimina-
tion scores recorded in the noisiest establishments were
better than others obtained in less noisy restaurants; this
difference appears to be related to the compression and
multiband characteristics of the hearing aids tested. In the
57-patient group study, many subjects showed drops in
aided performance when the signal-to-noise ratio re-
mained at —10, but the loudness levels increased by 10
dBA. Aided performance at higher noise levels was some-
times improved by changes in the compression settings or
ear-mold configuration.

Recommendations

Ear examinations, including avdiclogic tests, are indi-
cated in persons who admil 1o or are reported to have dif-
ficulty understanding conversations in restaurants. Un-
treatable hearing losses, of which the most common are
the sensorineural type, can be mitigated with the appro-
priate hearing aids.

The following suggestions will be helpful to all per-
sons wishing 1o converse effectively in restaurants:

* Ask for a quiet table;

* Do not sit near the kitchen or the walls, bar, or bus
or waiter stations;

# Think “soft"—that is, patronize restaurants with
plush environments (rugs, wall coverings, tablecloths,
plants);

* Avoid restaurants providing live or recorded music;

* Avoid crowded places, especially small rooms, and
periods of peak occupancy.

Fitting protocols for hearing aids and evaluations of
their performance should better reflect the comext of hear-
ing-aid use. Speech testing, not just pure-tone testing, is
essential. Unaided and aided sound-field speech discrimi-
nation tests in both gquiet and noise should be used rou-
tinely in selecting and dispensing hearing aids to verify
their appropriateness and effectiveness. Because the spec-
tral characteristics of noise vary, hearing-aid performance
should be evaluated wsing compact disc recordings of the
environments in which a person routinely functions.

Binaural behind-the-ear hearing aids that are nonlin-
ear, adaptive, and are equipped with multiband compres-
sion circuitry and soft, deep, nonoccluding or maximally
vented continuous flow amplification ear molds are cur-
rently the hearing-aid system of choice for patients with
high-frequency sensorineural hearing losses who need to
understand speech, not just in quiet, but also in noise,

Equivalent hearing aid performance in noise cannot be
expected for all patients with any given hearing aid tech-
nology. Patient expectations must be realistic: counseling
by a physician and the support of family members are es-
sential. Judgments of any improvements in speech dis-
crimination must be relative to the medical and audiologic
nature of the hearing loss as well as the age, lifestyle, mo-
tivation, and cognitive capacity of the patient.

The hearing aid industry, driven by intrinsic econom-
ics rather than social responsibility, is generally not (de-
spite advertising claims) marketing hearing aids that
incorporate the more important currently available tech-
nologic advances. Because physicians must assume ulti-
mate responsibility for maximizing the benefils of
hearing aids provided for their patients, it is incumbent on
them to be aware of and demand state-of-the-art technol-
ogy from the hearing aid industry and optimal evaluation,
fitting, and follow-up services by audiologists and dis-
pensers, The hearing aid industry should be urged to
tailor compression spectra to real-world environments
(perhaps to the restaurant noise models) and to develop
both internal electronic adaptability and user-controllable
variability in compression features. Until the major limi-
tations and defects of the linear in-the-¢ar configuration
can be eliminated, the industry would better serve the
public by improving, promoting, and creating demand for
high-technology behind-the-ear aids.
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Cote - Farnham

Hz dB dB dB dB dB dB
Band LFmax LFmin Leq Lr1o Lrso Lroo
Z 102.9 67.6 79.2 80.5 75 72
C 97 66 75.4 71.5 73.5 71
A 95 60.8 72.5 75 70.5 67
12 81.3 34.1 59.7 63 53 46
16 88.5 40.1 61.9 63.5 56.5 51
20 92.1 38.8 62.4 60 54 49
25 89.1 37.4 58.7 57.5 51.5 47.5
32 84.5 33.1 59.3 57 47.5 42.5
40 90.2 39 60.3 59 53 48
50 86.4 43.8 60.3 61 58.5 54.5
63 85.7 35.4 56.5 57.5 48 42
80 83.1 36.3 57.5 60.5 51 44.5
100 77 39.8 57.3 61 53.5 47.5
125 74.5 40.8 56.3 59 54.5 50
160 82.9 45.9 63.3 66.5 61.5 56.5
200 77.7 49.2 60.8 63.5 59.5 55.5
250 84.6 50.2 62.3 64.5 60 56.5
315 86.2 473 62.8 65.5 60.5 56.5
400 90.7 50.3 64.8 67.5 62.5 58
500 89.3 52.5 66.1 68.5 64 59.5
630 96.8 50 67.4 69.5 64 60
800 85.1 50 63.9 66.5 61.5 57
1k 82.9 49.3 62 64.5 60 56.5
1k25 82.3 443 61.3 64 58.5 53.5
1k6 81.5 45.8 61.4 64.5 58.5 53.5
2k 79.7 44.5 59.3 61.5 56.5 52
2Kk5 83.7 42.7 58.6 60.5 55 50.5
3k15 80.7 40.3 55.7 58.5 52 48
4k 78.9 38.6 55.7 58.5 50.5 46
5k 81.5 35.7 52.2 54.5 46.5 42.5
6k3 77.9 32.4 50.6 51.5 44 39.5
8k 72.1 31.3 48.6 50.5 42.5 38
10k 74.5 26.7 46.1 47 39 34
12k5 71.6 24 42.7 43 34 29.5
16k 66.2 19.6 39 38 29 24
20k 60.8 14.4 32.2 31.5 22 17.5
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Empirical Data — Restaurant Noise

Chicken Coop - Camberwell Church Street, London?¢

Frequency (Hz)
Tot
63 125 250 500 1k 2k 4k 8k
69.5 78.3 70.3 70.5 64.9 64.3 59.39 | 543 80.2 dB
43.3 62.2 61.7 67.3 64.9 65.5 60.39 | 532 72.2 dB(A)

26 Sound Planning Noise Impact Assessment 2011.
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Chicken Coop - Camberwell Church Street, London?’

Service Area Noise Measurements

Hz dB dB dB dB
Band LFmax LFmin Leg Lroo
Z 91.8 70.3 79.9 75
A 89.1 56.7 69 62
12 76.9 333 59.7 47.5
16 82.4 353 60 48
20 82.1 41.4 63.5 54
25 82.1 44.6 65.2 56
32 83.8 49.7 68 60
40 84.9 48.5 70.1 61
50 90.5 57.4 74.4 66
63 88.3 51.6 72.2 62.5
80 84.4 49.4 64.3 56.5
100 84.7 454 61.7 53.5
125 80.1 452 59.6 51.5
160 79.3 48.9 61.1 55
200 83 47.9 64.2 53.5
250 81.5 49.6 61.1 54.5
315 84.4 48.5 61.4 54.5
400 81.1 48.6 61.7 54
500 82 48.4 62.4 54.5
630 81.8 47.9 61.9 54
800 80.8 47.9 59.9 52.5
1k 80 46 58.8 51
1k25 81.4 443 58.6 50.5
1k6 79.9 43 57.8 50
2k 80.8 41.9 56.2 48
2k5 74.5 39.8 543 46
3kl15 78.5 37.6 53.1 43.5
4k 73.3 36.9 50.7 41.5
Sk 66.9 33.4 48.1 38
6k3 73.9 30.7 46.8 35.5
8k 64.6 28 45.1 33
10k 65.3 25.3 41.7 30
12k5 71.7 20.1 42 26
16k 74.9 17.9 41.1 22.5
20k 68.2 12.5 37.2 16

7 Sound Planning Noise Impact Assessment 2011.
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APPENDIX 10

Separating Floor Tests

IS0 717 Calculation Sheets

Kitchen

Kitchen L1 L2 9 D L
. =
e e s A I M B el -l S PR B R
100 972 493 48.0 48.0 33 -15.0 42 6.0 48.0 20 680 | 0.016
125 1019 | 526 493 493 36 -133 45 43 493 20 693 0.012
160 1016 | 519 498 498 39 -10.8 48 -1.8 498 18 678 | 0.017
200 102.3 50.5 51.8 51.8 42 9.8 51 0.8 51.8 16 678 | 0.017
250 1004 | 491 513 513 45 6.3 54 27 513 15 -66.3 0.023
315 99.3 434 55.8 55.8 48 -7.8 57 12 55.8 14 698 | 0.010
400 96.0 409 55.1 55.1 51 4.1 60 49 55.1 13 -68.1 0.016
500 93.6 372 56.4 56.4 52 4.4 61 4.6 56.4 12 684 | 0.014
630 92.6 342 58.5 58.5 53 5.5 62 35 58.5 11 -69.5 0.011
800 922 342 58.0 58.0 54 4.0 63 5.0 58.0 9 67.0 | 0.020
1k 92.8 325 60.3 60.3 55 5.3 64 37 60.3 8 -68.3 0.015
1k25 94.1 31.0 63.1 63.1 56 .1 65 1.9 63.1 9 72.1 0.006
1k6 932 30.1 63.1 63.1 56 7.1 65 1.9 63.1 10 -73.1 0.005
2k 91.7 277 64.0 64.0 56 -8.0 65 1.0 64.0 11 750 | 0.003
2K5 91.7 272 64.5 64.5 56 8.5 65 05 64.5 13 715 0.002
3k15 90.4 242 66.3 66.3 56 -10.3 65 -13 66.3 15 -81.3 0.001
<32 | TOTAL | -614 30.9 TOTAL | 0.187
(tot +'s) (tot +'s) Dutw 61
Ce 3.7
Duret+ Cy | 57.3
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Separating Floor Tests

ISO 717 Calculation Sheets

Living Room

Living L1 L2 6 D L
. =
e e e N N 0 B0 el Bl S P R B
100 97.2 58.2 39.0 39.0 33 6.0 39 0.0 39.0 20 590 | 0.126
125 1019 | 63.0 38.9 38.9 36 2.9 42 3.1 38.9 20 589 | 0.128
160 101.6 | 595 422 422 39 32 45 2.8 422 18 602 | 0.097
200 1023 | 562 46.1 46.1 42 4.1 48 19 46.1 16 62.1 0.062
250 1004 | 511 493 493 45 43 51 17 493 15 643 | 0.037
315 99.3 49.1 50.2 50.2 48 22 54 38 50.2 14 642 | 0.038
400 96.0 471 489 489 51 2.1 57 8.1 489 13 619 | 0.065
500 93.6 40.8 52.9 52.9 52 0.9 58 5.1 52.9 12 649 | 0.033
630 92.6 342 58.4 58.4 53 5.4 59 0.6 58.4 11 694 | 0011
800 92.2 332 59.1 59.1 54 5.1 60 0.9 59.1 9 -68.1 0.016
1k 92.8 311 61.7 61.7 55 6.7 61 0.7 61.7 8 69.7 | 0.011
1k25 94.1 28.1 65.9 65.9 56 9.9 62 39 65.9 9 749 | 0.003
1k6 93.2 27.9 65.3 65.3 56 93 62 33 65.3 10 753 | 0.003
2k 91.7 26.1 65.6 65.6 56 9.6 62 3.6 65.6 11 766 | 0.002
2K5 91.7 25.0 66.6 66.6 56 -10.6 62 4.6 66.6 13 796 | 0.001
3k15 90.4 224 68.0 68.0 56 -12.0 62 -6.0 68.0 15 -83.0 | 0.000
<32 | TOTAL | -459 28.1 TOTAL | 0.632
(tot +'s) (tot +'s) Durw 58
Ce 6.0
Dury+Ce | 520
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Separating Floor Tests

ISO 717 Calculation Sheets

Bedroom

Bedroom L1 L2 7 D L
. (L-
e M o || o | S Rgled ), o |
100 97.2 535 437 437 33 -10.7 40 3.7 437 20 637 | 0.043
125 1019 | 543 477 477 36 -11.7 43 4.7 477 20 677 | 0017
160 101.6 | 581 436 436 39 4.6 46 24 436 18 61.6 | 0.070
200 1023 | 539 484 484 42 6.4 49 0.6 484 16 644 | 0.036
250 1004 | 510 494 494 45 4.4 52 26 494 15 644 | 0.036
315 99.3 479 51.4 51.4 48 3.4 55 3.6 51.4 14 654 | 0.029
400 96.0 44.1 51.9 51.9 51 0.9 58 6.1 51.9 13 649 | 0.032
500 93.6 42.0 51.7 51.7 52 03 59 73 51.7 12 637 | 0.043
630 92.6 32.7 59.9 59.9 53 6.9 60 0.1 59.9 11 709 | 0.008
800 92.2 325 59.7 59.7 54 5.7 61 1.3 59.7 9 687 | 0.013
1k 92.8 31.8 61.0 61.0 55 6.0 62 1.0 61.0 8 69.0 | 0.013
1k25 94.1 287 65.4 654 56 9.4 63 2.4 654 9 744 | 0.004
1k6 93.2 287 64.6 64.6 56 8.6 63 -1.6 64.6 10 746 | 0.003
2k 91.7 2738 63.9 63.9 56 7.9 63 0.9 63.9 11 749 | 0.003
2K5 91.7 272 64.4 64.4 56 8.4 63 -1.4 64.4 13 774 | 0.002
3k15 90.4 233 67.1 67.1 56 -11.1 63 4.1 67.1 15 -82.1 0.001
<32 | TOTAL | -514 25.0 TOTAL | 0353
(tot +'s) (tot +'s) Dury 59
Ce 4.5
Dury+ Cy | 545
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