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FOREWORD

Assalamualaikum Warahmatullahi Wabarakatuh & Salam Sejahtera

The Guidelines for Environment Noise Limits and Control hereby published by the Department
of Environment is a new publication to supersede the previously published Planning Guidelines
for Environmental Noise Limits and Control (first edition and second edition 2007).

The preparation of this new Guidelines was guided by findings of an Ambient Noise Study
Project undertaken by the Department of Environment (DOE) in 2017 which collate data and
analysis of measured ambient noise levels in Malaysia with an intent of establishing ambient
noise standards based on land use, activities and noise sources. The Study also reviewed and
benchmarked existing noise standards in Malaysia against international standard and best
practices which provided key input into the preparation of this Guidelines.

The Noise Study Project, and this Guidelines, is consistent with the Department’s responsibility
for ensuring sustainable development in the course of national development while ensuring a
clean, healthy and safe environment for its people. This includes the ever increasing concern for
noise and vibration arising from the major infrastructure, industrial and other economic
development in Malaysia.

As DOE is disseminator of information, skills and ideas for the development of the people’s
minds towards continual appreciation of the natural environment, this Guidelines promotes self-
regulation by the industries and other stakeholders in environmental noise management.

I would like to acknowledge the expert contribution of the Institute of Noise & Vibration
University Technology Malaysia, in particular Professor Dr. Mohd Salman Leong, the relevant
agencies and all other individuals in providing the input, comments and recommendations in the
preparation and publication of this Guidelines.

Norlin BintVJaafar

Director General

Department of Environment

Ministry of Energy, Science, Technology, Environment & Climate Change
Malaysia
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NOISE LIMITS

Ambient noise in the environment are dependent on the noise sources that pre-exist
and/or additional noise source(s) that may be introduced to a location of concern. The
limits to be set should be consistent with the environmental noise climate that
currently exists at this location - such that an adverse impact on the environment and
adjacent affected land use are avoided, and at the same time maintain a reasonable
balance with physical development and/or activities that shall or had taken place.

Ambient noise limits may be set based on either of the following, depending on

circumstances:

(@) an absolute limit based on the average level of noise which should not be
exceeded in a specified period,;

(b) a relative limit based on the permitted increase in noise level with respect to the
background level.

These limits may either be a single value over the relevant time periods, or different
values for day and night. It may also be appropriate to set an evening value where the
noise source requires such control. The setting of an absolute limit is often desirable,
but would require monitoring and assessment to ensure that unrelated or extraneous
noise (which may increase the measured noise level) do not influence the assessment.

Relative limits in general may not be appropriate when the permitted increase in noise
over prevailing background noise is substantial (15 dB or more). Since background
noise varies during the day, the background noise level determined should be
representative of a typical quiet period during the working day.

Recommended maximum permissible sound levels for different noise sources
measured at the real property boundary and assessed based on receiving land use are
given in the Schedules of Permissible Sound Levels for different conditions.

The sound levels shall apply to outdoor locations at the real property boundary of the
receptor (typically residential areas, or other noise sensitive area) for assessment of
noise from road traffic, railways and other diffused noise source(s). For industrial
noise sources in an industrial zone, the assessment location may be at the property
boundary of the industrial site or plant.

Schedule 1 prescribes recommended permissible sound level (Laeq) for planning
purposes and new development. These are deemed desirable limits to be used for new
industrial, commercial or housing areas; and/or development in undeveloped areas
(rural and/or ungazetted areas).

The recommended permissible sound level (Laeq) at receptor locations in context of an
existing developed area is prescribed in Schedule 2. This is a more practical limit in
most applications representative of pre-existing noise that is present in a developed
and populated area.

In situations where the existing noise climate (Laeg) is higher than the recommended
limits prescribed Schedule 2, an acceptance criterion based on maintaining the noise
to similar levels of prevailing conditions (at existing Laeq level). Due to uncertainty in
measurements, noise levels within + 1.5 dBA of the EXisting Laeq IS acceptable and
deemed maintained at the existing noise climate.
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4.10

411

412

Recommended limiting sound levels (Laeq) from road traffic for proposed new roads
and/or redevelopment of existing roads are prescribed in Schedule 4. In situations
where the existing noise climate (Laeq) IS higher than the recommended limits
prescribed in Schedule 4, an acceptance criterion based on Schedule 3 may be more
appropriate.

Recommended limiting sound levels (Laeg) from railways for new development or re-
alignments are prescribed in Schedule 5. A maximum permissible instantaneous
maximum sound pressure levels for the transient pass-by noise is also prescribed. The
stated Lmax limit is the trains’ pass by event instantaneous noise level. Care shall be
exercised during measurement to ensure that that the transient noise measured are for
train noise events, and not from other unrelated high noise sources (such as heavy
vehicles pass-by events, construction or other activity noise).

The equivalent steady state noise level (Laeq) is governed by the prevailing ambient
noise with the cumulative contribution of the trains’ pass-by noise. It is therefore
necessary that the prevailing (baseline) Laeq level be determined in the absence of
trains operations for a more accurate assessment of a noise disturbance from trains. In
situations where the existing noise climate (Laeg) IS higher than the recommended
limits prescribed in Schedule 5, an acceptance criterion based on Schedule 3 may be
more appropriate.

Recommended maximum permissible sound levels (statistical centile Lo, and
maximum instantaneous sound pressure level L) for construction, maintenance and
demolition works are prescribed in Schedule 6. Fluctuating and impulsive noise
sources (for example piling, pneumatic tools, etc.) are best quantified and assessed
with the Lo and Lmax levels. Assessment of equivalent steady state noise level (Laeq)
were required shall be based on Schedule 2 or Schedule 3 if the prevailing noise levels
is already high.
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NOISE MEASUREMENTS
Measurements of noise levels are necessary for any of the following purpose:
(a) assessing an existing noise climate.

(b) assessing compliance to noise limits for noise source(s) and/or project
development.

(e) assessing environmental impact and potential community response.
Noise measurements shall typically include the following:

(@) baseline (ambient) sound pressure levels at a receptor’s location(s), and/or at the
real property boundary of a noise source(s). These may be undertaken at a
location(s) prior to a project development. It could also be undertaken in the
absence of the noise source(s) and after (example with a plant or facility not
operating).

(b) sound pressure levels at a receptor’s location(s), and/or at the real property
boundary of a noise source with the plant or facility operating, or during
operation of a project (highway, transit trains, industrial plant, etc.).

(c) sound pressure levels of each noise source may be required to evaluate the
contribution of each source.

Measurements of noise indoors may also be undertaken but is usually not desirable for
environmental impact assessments of a project development or noise source(s) unless
otherwise required by prior conditions or assessment requirements. It may
nevertheless be undertaken for purpose of comparisons of noise levels before and after
a project or in situations of complaints with and without the presence of a noise
source(s).

Indoor measurements are dependent on the severity of the outdoor noise source, sound
insulation properties of the building facades, acoustic characteristics of the interior
space and any other indoor noise sources that may be present. Other noise generated
within the inside the building not related to the offending outdoor noise should be
excluded in the assessment.

Procedures for measurement of sound levels in the environment and noise source(s)
severity assessment given in Annex B shall be used. Guidance on the use and
selection of an appropriate noise measurement parameters and sampling methods are
also given in Annex B.

Because noise vary over time and have different characteristics, different noise
parameters (indices) are available to describe noise levels. The equivalent continuous
noise level over a period T (Laeg,1) IS the preferred general-purpose parameter for
environmental noise. For road traffic noise A-weighted Lig, 1sn may also be used.
The A-weighted ten-percentile noise level (Lig) and instantaneous maximum level
(Lmax) is also often used for fluctuating and/or transient noise events.



Guidelines for Environmental Noise Limits and Control | 6

6.0

6.1

6.2

6.3

6.4

7.0

7.1

MONITORING LOCATIONS

Noise assessment is usually to be undertaken at the nearest noise-sensitive receptors,
and the preferred monitoring location(s) shall be outdoors at the real property
boundary of the receptor.

For measurements of industrial noise, the measurements may also be at the property
boundary of the industrial premises. This however does not mean that the monitoring
location must always be close to the premises. Noise measurements are usually
undertaken on grade at 1.5m to 4m above ground. Monitoring locations shall
preferably be readily accessible to all parties concerned.

In situations when extraneous noise makes measurements difficult or may result in
inaccurate levels, it may be permissible to monitor at alternative locations at the site
boundary.

Noise monitoring locations in high rise buildings may be undertaken at the building

facades in addition to the property boundary. Measurements in buildings should be

undertaken in open spaces such as an open terrace, balcony, open car park and other

suitable locations with a minimal on obstructions or shielding.

A more detailed guidance on monitoring locations and examples for different

applications are given in Annex B.

NOISE SOURCES TO BE MEASURED

Noise sources to be monitored is dependent on the purpose of measurements and

assessment. The underlying intent is that the severity and origin of noise source(s)

could be quantified, assessed and if required corrective measures can be undertaken to

address any potential noise disturbance originating from the noise source(s).

The measurements in general could be for purpose of one or combination:

I Baseline measurement to obtain prevailing ambient levels for which the
measurements would include the cumulation of all noise sources existing at

the location of measurement;

ii. Road traffic noise measurements and assessment of existing and new
highways (before and after commencement of new highways);

iii. Railways and transit trains measurements and assessment of existing new
highways (before and after commencement of new railway lines);

iv. Industrial premises and plants;

V. Commercial and recreational activities from street markets (pasar malam),
entertainment outlets (discotheques, pubs);

Vi, Construction and demolition works noise (and vibration) from a project site;

vii.  Airport and aircrafts.
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7.2  Some of the above noise sources and activities measurements are mandatory for
compliance reporting for projects required in an Environmental Impact Assessment
(EIA) and the corresponding Environmental Management Plan (EMP).

7.3  The Department of Environment, Local Authorities and other licensing agencies may
also require noise measurements of some of the above activities and sources (highway
concessionaries, railways operators, industrial premises owners or occupiers,
construction works, entertainment outlet operations, etc.).

7.4  International best practices (and International Civil Aviation Organization) also
recommends permanent noise monitoring at airports and receptors along flight paths
for aircraft noise emissions and compliance reporting tagged against aircraft and
flights identifications. This may involve integration with a Flight Information System
or alternatively off-line identification against a flight tracking platform.

7.5  Guidance for noise measurement procedures for different types of measurements
covering different noise sources are provided in the Guidelines herein Annex B.

8.0 NOISE SEVERITY AND IMPACT ASSESSMENT

8.1  Noise could be assessed against an absolute numerical noise limit (as described in
Section 4 based on Schedules given in this document), or alternatively assessed based
on the change in noise levels relative to an existing baseline level.

8.2  Assessment of noise levels against a noise limit merely requires comparison of the
measured noise level against the permissible sound pressure levels. Assessment of the
impact of a noise level in the environment, and the anticipated community response to
the noise may require evaluation of the magnitude by which the noise level exceeds
the existing ambient (baseline) sound level.

8.3  Noise assessment at times may refer only to noise from the source under consideration
and not to the total measured value which may include, for example, extraneous noise
from activities or road traffic.

8.4  Further guidance from ISO 1996-1: 2016 Acoustics — Description, measurement an
assessment of environmental noise: Part 1. Basic quantities and assessment
procedures is recommended for community annoyance response evaluation.
Procedures as adopted from ISO 1996-1: 2016 and BS 4142: 2014 9 (and latest
revision) are given in Annex C.
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9.1

9.2
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10.3

RECORD KEEPING
The following information shall be recorded and kept for record purposes.

@) The measured values of Laeq and, where appropriate Lpa max OF Lio, Lo,
together with details of the appropriate time periods.

(b) Details of the instrumentation and measurement methods used, including
details of any sampling techniques, position of microphone(s) in relation to the
site and system calibration data.

(©) Any factors that may have adversely affected the reliability or accuracy of the
measurements.

(d) Plans of the site and neighbourhood showing position of plant, associated
buildings and notes of site activities during monitoring period(s).

(e) Notes on weather conditions, including, where possible, wind speed/direction,
temperature, relative humidity, presence of precipitation, etc.

Noise monitoring for projects subjected to an Environmental Impact Assessment shall
be submitted to the Department of Environmental in accordance to the approval
conditions of the EIA.

Local authorities and parties with supervisory capacity over the person(s) or party
generating the noise (for example Malaysian Highway Authority or Land Transport
Authority) may also make it mandatory for results of noise measurements to be
submitted to these Authorities.

NOISE AND PLANNING

The impact of noise should be considered in the planning of a project development
and in general be guided by these Guidelines.

For the consideration of noise in planning, the following information may reasonably
require:

(i) the existing daytime and night-time (Laeq) equivalent sound levels for a
representative sample of locations, existing noise zones; identification of major
sources of sound;

(i1) any projected or proposed new or expanded sources of sound which may affect
exposure of the site after completion of the project and the projected future
daytime and night-time (Laeq) equivalent sound levels; projected noise contours;
and changes to existing noise zones at the site resulting from these new or
expanded sources;

(iii) where applicable, plans for noise mitigation measures and anticipated sound
reduction.

The Project Proponent and any other Person(s) who would operate or cause to operate
equipment, plant, process or activity with noise generation should undertake all
reasonable measures to control the source of, or limit exposure to, noise. Such
measures should be proportionate and reasonable, which may include one or
combination of the following:
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10.4

(@)

(b)

(©)

(d)

land use compatibility: proposed operations shall be compatible with designated
land use;

layout: adequate distance between source and noise-sensitive neighbours,
building or area; the usage and designation of buffer zones shall be in accordance
to Planning Guidelines issued by the Department of Environment from time to
time; screening by barriers, (natural, man-made or otherwise) and other buildings;

engineering measures: reduction of sound at point of generation, containment of
noise generated by adequate design of building envelope, and protection of
adjacent noise-sensitive buildings by sound insulation or screening of the
buildings;

administrative measures: limiting the operating time of noise source(s); restricting
the activities and ensuring acceptable sound emission limits of noise source.

In situations where noise would be potential concern, the Project Proponent and/or
parties responsible for the noise source or emissions should undertake sound
propagation predictions to the environment using acoustic modelling and/or
calculation procedures in accordance to 1SO 9613-2 (or latest revision) such that the
impact of noise could be assessed. Parameters used in the analysis shall include but
not limited to sound power levels (actual or estimated), directivity factors, ground
effect, distance, meteorological influences, and transmission path.
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NOISE MAPPING

For assessment and planning approval, noise mapping in the form of noise contours is
usually required. Noise contours should clearly show sound level with respect to the
location of the site and sound source(s).

Noise zones may be presented in sound level ranges of 5 dBA Laeq increment (for
example 40-45 dBA, 45-50 dBA, etc.).

The mapping of noise zones without the influence of the noise source(s) under
evaluation should be obtained and compared with noise zones with the subsequent
contribution of the above said noise source(s).

Noise mapping for existing noise sources can be obtained from measurements
undertaken at regular intervals in a grid manner upon to develop the contour lines
representing constant sound pressure levels. Noise contours are also generated from
computer modelling for existing noise sources (to be validated against measurements),
and/or for new noise sources.

Examples of noise maps and its use for visualisation of the extent of sound
propagation in the environment are given below.

Figure 1 shows an example of a noise map generated from site measurements of an
existing industrial premise superimposed onto the plant layout drawing. Figure 2
shows an example of a noise map generated from noise modelling of an industrial
premise with predicted noise levels at property boundary shown.

Figure 1. Example of noise map of an existing industrial premise generated from site

noise measurements
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Figure 2: Noise map of an industrial premise showing in plant and boundary noise levels

generated from noise modelling.
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Figure 3: Noise map and suggested measurements at property boundary and sources to

determine premise creating high noise

Figure 3 shows an example of noise measurements supported by noise modelling of multiple
industrial premises for identification of high noise sources and severity assessment of noise
propagation originating from different industrial sites. Such measurements and noise maps
can be used to identify equipment and the industrial premise contributing to the overall noise

levels of the entire site.
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Figure 4: Noise map (Lo levels) of a proposed elevated highway to be built amongst
existing developed area

Examples of noise maps generated for roads and highways are given in Figure 4 and Figure
5. The noise contours were obtained from modelling of road traffic noise (and measurements
for existing roads where applicable). Figure 4 shows noise propagation from a highway main
line located amongst an existing developed area. Figure 5 shows a more complex highway
model with main line, interchanges and slip roads. The noise modelling were from 3D
representation of the physical site with noise contours generated at receptors level on grade.

Noise maps may be generated for steady state equivalent noise levels (Laeg) Or alternatively
based on the L percentile levels depending on the assessment parameter used.

While noise maps are conventionally shown in plans view, noise contours can also be
generated and plotted from 3-D environmental noise modelling showing cross sections across
the noise source and receptors. These plots in cross-sectional views are useful to determine
noise levels at different relative heights from ground level (RL) and at building facade of
high- rise buildings.

An example of a noise contour plot of an existing and new elevated highway at affecting high
rise buildings is shown in Figure 6.
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Figure 5: Noise map (Laeq levels) from 3D noise modelling at an interchange of a highway
development with slip roads and different lanes represented in the noise modelling
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Figure 6: Noise contours (Laeq levels) in a cross-sectional plot from 3D noise modelling of an
elevated highway superimposed onto existing roads showing noise levels at
different floors in multi-storey buildings
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Figure 7: Noise contours (Lnmax levels) on grade for transit trains from 3D noise modelling of
trains pass by on elevated viaducts to the environment

Noise contours for railways and transit trains are similar to highways (being line sources). The
contours are generated for trains pass-by along the railway alignment. Noise contours for the train
pass-by events are usually generated for the L. noise levels corresponding to the trains pass-by
noise emissions. The resulting steady state equivalent noise levels are then determined based on
pass by noise levels, number of trains pass by per hour and the existing background noise levels to
determine the Laeq day and night levels at the receptors of concern.

Figure 7 shows an example of trains pass-by Lmax noise contours from an elevated viaduct located
amongst a developed area. The noise contours may be plotted for noise from trains pass-by only
(i.e. without existing road traffic) for clarity and assessment of trains noise only, in addition to
contours with combined noise sources (roads, etc.) for assessment of cumulative noise levels.
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Figure 9: 3-D noise modeling of a construction site located amongst built up areas
showing noise levels in the environment and at building facades

Noise maps are also generated for construction sites to be used in assessment of construction
works and for identification of possible noise mitigation measures at the work site.

Figure 9 shows an example of a 3-D noise modelling of a construction work site located
amongst dense built up areas. The noise modelling included major noise sources (piling
machines, gensets, machineries, etc.) and temporary barriers/hoarding at construction site
boundaries. The noise contours at ground level (RL 4m on plan view) are shown in Figure 8.
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Figure 10: Noise mapping of entertainment noise propagation (night time) from a row
of entertainment premises to adjacent sensitive receptors
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Figure 11: Noise propagation from 3-D noise modelling of entertainment noise sources
from a row of entertainment premises affecting adjacent sensitive receptors

Noise mapping can also be used to visualize the extent of noise propagation from
entertainment and commercial noise sources affecting the surrounding community. Figure 10
and Figure 11 shows noise propagation and contours obtained from 3-D noise modelling of
entertainment noise sources (assumed as a series of multiple point sources) using measured
noise emission levels from the premises as data input. Night time and day time scenarios may
be considered in the modelling and assessment.
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Figure 12: Airport Laeq Noise contours showing typical noise level in vicinity of airport
(KLIA 2009 traffic operations)
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Figure 13: Projected airport noise contours (Laeq) Superimposed onto existing land use
in vicinity of airport (Year 2056 for KLIA 1 & 2 operations).

Noise maps are routinely used in assessing impact of aircrafts and airport operations (existing
and projected future air traffic in airport planning). Examples of noise contours for an airport
obtained from noise modelling of existing and future airport operations are shown in Figure
12 (existing airport operations in Year 2009) and Figure 13 (future operations for one of
several scenarios) undertaken in an EIA for an airport expansion project.
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12.0

121

12.2

12.3

12.4

NOISE WORK SCOPE IN ENVIRONMENTAL IMPACT ASSESSMENT

This Section of the guidelines presents specific guidance on requirements to be
considered and the work scope to be undertaken for noise aspects in an Environmental
Impact Assessment (EIA).

The major items that shall be included in the EIA for noise are:
- ldentification of sensitive receptors;
- Establishing noise acceptance criteria;
- Baseline noise monitoring;
- Noise modelling;
- Noise impact assessment;
- Noise mitigation; and
- Environmental Management Plan requirements.

The modelling, impact assessment and mitigation shall cover:
- Construction (and demolition works where applicable); and
- Operations.

For industrial projects and other projects within a specific site, the assessment shall be
at the project site property boundary and nearby / nearest residential and other
sensitive receptors.

For infrastructure projects (often referred as linear projects such as highways,
railways and transit trains), the assessment shall cover the entire alignment with
emphasis to all developed or populated areas along the alignment corridor (typically
200m to 500m of alignment). Alignment passing thorough lesser populated areas has
its own unique concerns due to the inherent low ambient noise which should also be
addressed.

Circumstances which could lead to potential problems and significant residual impact
on sensitive receptors that should be addressed in the noise assessment include:

* Close proximity of the alignment (typically less than 200 m from receivers to
highways and railway corridors) for infrastructure projects;

» Close proximity of outdoor noise sources and/or high noise emissions from plants
and machinery for industrial and petrochemical projects;

* Some industrial projects (petrochemical, power generation including wind
turbines in particular) may also have additional concern of low frequency sound.

» Receptors in high rise buildings or dwellings on elevated terrain overlooking the
noise sources (highways, railways, or industrial premises) with a direct line of
sight that may limit effectiveness of mitigation measures (e.g. noise barriers);

* Low ambient existing noise climate (without significant noise sources or major
roads);

» Construction noise (and vibration) which are often deemed disturbing (being a
new noise source imposed onto the receptors).
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12.5

12.6

(i)

(i)

(iii)

Intent and Expectations of Noise Assessment in an EIA Project

The assessment shall establish impacts of noise (and vibration) propagation during the
construction and operation phase of the project.

For industrial and project sites with defined boundaries, environmental sound
propagation noise contours covering the project site up to and beyond project property
boundaries to adjacent communities shall be prepared. For linear infrastructure projects,
the noise contours shall be along the entire alignment corridor.

Existing environment noise (and vibration) climate shall be determined from baseline
monitoring at identified sensitive receptors. The baseline measured levels shall be used
as a basis of establishing acceptance criteria and impact assessment from the project.

Noise modelling shall be undertaken to establish noise levels from construction and
operations at the project site and at all sensitive receptors. From the predicted noise
levels, undertake impact assessment to all sensitive receptors. Mitigation measures shall
be identified for the project during construction and operations.

The mitigation measures identified in the EIA are conceptual in nature that shall be
subject to detailed design during project implementation. Detailed design of mitigation
measures is not within the scope of an EIA. The mitigation design measures may
however be subject to review by DOE in accordance to the EIA Approval Conditions.

Work Scope for Noise Assessment in an EIA Project

The following describe tasks that should be undertaken for noise aspects in an EIA. The
list is not necessarily exhaustive and should be refined to suit the project on a case by
case basis. Some of the tasks described are also applicable only to certain projects type
(e.g. railways, airport, etc.), and may not be applicable for other projects.

To review project description, site and project drawings and relevant project design
documents (where applicable) to obtain all necessary information relating to works that
shall be undertaken in the EIA.

The review shall include equipment lists, specifications and/or ratings, operational and
construction activities to identify high noise (and vibration) sources and activities.

To undertake site inspection(s) at the project site and nearby areas to validate land use
information, and to identify potential sensitive receptors and other issues of potential
concern at the project site (or along proposed alignment for linear infrastructure
projects). This shall initially involve review of aerial photographs and site plans
showing land use and/or affected residential areas along the project site (or alignment
corridor for linear infrastructure projects) to be followed by physical site inspection(s).

To identify and undertake baseline noise (and vibration) measurement at locations
where the existing environment need to be established. This usually involves
measurements at locations and areas with potential concerns that may occur during
operations and constructions for which noise (and vibration) modelling and impact
assessment shall be undertaken.
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(iv)

(vi)

(vii)

Based on the noise (and vibration) baseline levels, review and propose noise (and
vibration) acceptance limits reflecting the existing ambient conditions for project
impact assessment.

To review equipment noise data sheets (if available) and noise database from published
literature and past or similar projects to establish sound emission levels for data input in
the noise modelling. Where feasible, to undertake noise measurements from similar
equipment, facilities or installation or process activities to obtain field measured data
for noise levels of similar sources for validation of noise input data.

For projects involving Plant expansion of an existing operational plant or facilities,
undertake in-plant noise measurements inside the Plant compound and at existing
operational equipment and/or process lines to obtain noise emission levels of high noise
sources for existing plant / facilities. This shall include detailed measurements at
strategic locations to be used as noise modelling validation (calibration) of the existing
plant / facilities.

For projects involving Plant expansion of an existing operational plant or facilities, set
up noise computational model of the existing (current) Plant under current operating
conditions with existing high noise sources represented in the computer modelling of
the existing Plant (before proposed expansion).

(viii) Set up noise computation model(s) of the proposed new Plant or facilities. For projects

(ix)

)

involving Plant expansion of an existing operational plant or facilities, new noise
sources shall be added onto the existing Plant model. For new Projects, all high noise
sources shall be set up into the project site at the respective equipment locations with
the respective noise emission levels represented. Other dominant existing noise sources
including roads and railways may be included into the modelling.

For linear infrastructure projects, the noise computation models may be set up in
segments or sections along the entire alignment corridor for easier data handling and
analysis. Data input for sources (highways, railways, etc.) in the modelling shall be
based on design parameters of the project (road traffic volume, traffic mix, speeds,
highway design; train types, train speed, viaduct design, etc.).

The noise modelling shall be set up in a representative physical site model (spatial
model to include buildings, large structures, existing barriers, embankment, etc.) so that
sound reflections, shielding and ground effects are included in the modelling.

Existing roads / railway lines shall also be included in the modelling, where applicable.
Noise modelling of existing conditions shall be validated against measured baseline
levels.

Noise emissions from the existing noise sources (including road traffic and/or railways)
may be initially switched off in a noise prediction scenario for new sources only. This
shall then be followed by a combined noise prediction scenario which includes existing
noise sources to obtain cumulative noise levels with the project operations.
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(xi) Noise modelling shall be carried out using proven environmental noise modelling
software with noise prediction algorithms based on ISO 9613-2: “Acoustics-
Attenuation of sound propagation outdoors- Part 2 General method of calculation”.

(xii) Ground effects, atmospheric absorption and any potential screening from terrain and
existing buildings and large structures are to be considered in the modelling. All noise
sources shall be located at the respective locations and/or alignment (as the case may
be) at the Project site and to be at representative elevations with respect to the ground
terrain and receptors. High rise buildings shall also be represented in the modelling to
obtain predicted noise levels at the receptors’ building facades.

(xiii) Calculations in principle shall be undertaken in octave band centre frequencies upon
which overall A-weighted noise levels shall be determined.

(xiv) For industrial and petrochemical projects, calculations in non-weighted linear (or dBZ
frequency weighting) shall also be undertaken for identification of potential low
frequency noise sources and impact to sensitive receptors, where applicable.

(xv) Noise maps (noise contours) at constant RL, i.e. at ground levels and/or appropriate RL
above ground shall be obtained.

(xvi) The noise computational models in principle shall involve predictions of the steady
state equivalent noise levels (Laeg). For railway and transit trains projects, the noise
predictions shall be undertaken for trains pass-bys instantaneous maximum Ly« levels;
and equivalent continuous Laeq levels (taking into consideration service operations
frequency) determined from the trains pass by events noise levels. Cumulative effects
of the train noise with existing road traffic noise should be considered in urban built up
areas.

(xvii) For airport projects, the noise modelling shall be undertaken using computer-based
programmes in accordance to procedures and recommendations of the Federal Aviation
Administration for aircraft noise calculations and generation of airport noise contours.
Calculation considerations shall include but not limited to proposed airport operations
(flight paths, air traffic volume, fleet mix, flight frequencies, etc.) and parameters
influencing outdoor sound propagation.

(xviii) To undertake noise modelling and assessment for access roads for projects where
there is an anticipated increase in road traffic along existing access roads (for plant
expansion, railway stations and airport terminals, etc.).

(xix) Set up noise computational models for construction works at the project site with
typical and expected noise sources that shall be present at the work site. For linear
infrastructure projects, the noise modelling shall be at the viaducts’ piers and stations,
etc. at selected and/or representative sensitive receptors’ locations.

(xx) Conduct an assessment of the predicted noise levels at sensitive locations and all
monitoring locations in accordance to limits stipulated in the DOE Guidelines for
Environmental Noise Limits and Control.
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(xxi) To establish a list of sensitive receptors that are anticipated to be affected by the Project
during construction and operations phases.

(xxii) To review and propose mitigation measures for noise (and vibration) during
construction and operations.

(xxiii) To propose monitoring requirements during construction in the Environmental
Management Plan, and post construction monitoring for EIA limits compliance.
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13.0 NOISE MITIGATION

131

13.2

13.3

134

The Project Proponent, and/or any other occupier of any industrial or trade premises,
construction sites, and/or person(s) responsible for excessive sound generation should
use the “best practical means” to minimise the sound generation and reduce its
propagation to the environment.

Excessive sound generation is deemed to occur when noise levels above the noise
limits prescribed in these Guidelines are exceeded. “Best practical means” in the
context of these guidelines, shall include but not limited to:

(@) the size, design and inherent operation characteristics of the plant, equipment,
process or activity;

(b) the adjustment of operational parameters to limit the intensity of sound emissions,

(c) the selection and usage of low sound power level equipment;

(d) the provision if necessary, and appropriate use of sound attenuators/silencers,
acoustic plenum, and other acoustic filtering devices;

(e) the provision if necessary, and appropriate use of acoustic enclosures and other
sound enclosing devices;

(F) the provision if necessary, and appropriate use of screening barriers;

(g) the proper conduct and adequate supervision of operation; and

(h) regular and efficient maintenance of plant and control equipment.

In instances of high noise disturbance, the Authority with legislative authority over
the person(s) generating the noise (Local Authority, City Hall, Highway Authority,
Land Transport Authority, Department Civil Aviation, Department of Environment,
etc.) at its discretion may make it mandatory for the or person(s) responsible for the
excessive sound generation (project proponent, operator, premise occupier, noise
source originator) to undertake mitigation measures for reducing sound levels to
comply with limits as prescribed in these Guidelines.

An example of siting of noise sources and planning of land use in proximity of noise
sources in a large scale industrial project is shown in Figure 6. This example shows
implementation of a buffer zone within the industrial complex for noise mitigation to
adjacent receptors.

An example of an industrial plant located adjacent a noise sensitive receptor is shown
in Figure 7 to 8. Noise propagation plots are shown demonstrating sound propagation
from the plant to the environment and adjacent sensitive receptors. This example
illustrates how industrial noise sources and siting of the plant result in sound
propagation that may potentially affect the adjacent receptors.

An example of aircraft noise in vicinity of an airport and receptors along flight paths
is shown in Figure 9 (for pre-existing airport operations, KLIA Year 2009) and in
Figure 10 (for projected airport operations Year 2056). Such noise contours can be
used for land use planning and development in areas near airports and locations in
proximity to flight paths.

Noise modelling examples for noise mitigation are given in Figures 11 to 12. The
noise control implemented on the various noise sources include use of acoustic
enclosure for open equipment (gen-sets, compressors, etc.), silencers for fans, and
semi-enclosures and noise barriers for noise work areas.



Guidelines for Environmental Noise Limits and Control | 24

14.0 GLOSSARY

“commercial area/zone” A designated area/zone as approved or gazetted by the local
authority under the relevant act, regulations, rules and by-laws made thereunder for purpose
of business, trading, financial, commercial and other similar activities.

“community” The body of people gathered or living in the same locality.

“construction” Any site preparation, assembly, erection, substantial repair, alteration,
refurbishment, renovation or similar action, but excluding demolition, for or of public or
private rights of-way, structures, utilities or similar property.

“dBA” The decibel unit of measurement of sound level corrected to the “A” weighted scale.

“decibel, dB” A unit of measurement of sound level equal to 20 times the logarithm to the
base 10 of the ratio of the pressure of the sound measured to the reference pressure of 20
micropascals.

“demolition” Any dismantling, intentional destruction or removal of structures, utilities,
public or private right-of-way surfaces, or similar property.

“emergency work” Any work performed for preventing or alleviating the physical trauma or
property damage threatened or caused by an emergency.

“equivalent A-weighted sound level (Laeq)” The constant sound level that, in each situation
and time period, conveys the same sound energy as the actual time-varying A-weighted
sound. For the purpose of these Guidelines, the day time Laeq is the equivalent A-weighted
sound level for the day time period of 7.00 am to 10.00 pm (0700 to 2200 hours) and the
night time Laeq IS the equivalent A-weighted sound level for the night time period of 10.00
pm to 7.00 am (2200 to 0700 hours).

“impulsive sound” Sound of short duration, usually less than one second, with an abrupt
onset and rapid decay. Examples of sources of impulsive sound are explosions, drop hammer
or driven impacts, and the discharge of firearms.

“industrial area” A designated area as approved or gazetted by the local authority for the
purpose of siting industrial, manufacturing or processing plants, factories or facilities.

“licensing authority” The local authority or state agencies or agents of the State that grants
licence, approval or similar permission for a specific activity.

“local authority” The local planning authorities, agencies, or agents of the State as defined
in the Town and Country Planning Act, 1976 and such rules, regulations and by-laws made
thereunder. These include City Halls, City Councils, Municipal Councils, Town Council and
District Councils.

“maximum instantaneous sound level (Lmax) The maximum instantaneous sound level of a
measurement time period. This is highest sound level measured, and represents the peak
amplitude of the noise event(s).
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“mixed development area” A designated area as approved or gazetted by the local authority
under the relevant act, regulations, rules and by-laws made thereunder, permitting business,
commercial, trading or similar activities, together with residential uses.

“noise sensitive area or zone” Low density residential areas, schools, hospitals, and nursing
homes, places of worship, religious buildings and courts of law.

“percentile sound level (L,)” The sound level L that is exceeded “n percent” of the
measurement time.

“ten percentile sound level (L) is the sound level that is exceeded ten percent of the time;
and tend to be the peak noise from high noise events (typically vehicles pass by and
construction activities).

“ninety percentile sound level (Lgp) is the sound level that is exceeded ninety percent of the
time; and is dictated by the prevailing background threshold from distant noise sources in the
absence of noise generated nearby.

“pure tone” Any sound which can be distinctly heard as a single pitch or a set of single
pitches. A pure tone exists if the one-third octave band sound pressure level in the band with
the tone exceeds the arithmetic average of the sound pressure levels of the two contiguous
one-third octave bands by 5 dB for centre frequencies of 500 Hz and above, and by 8 dB for
centre frequencies between 160 and 400 Hz, and by 15 dB for centre frequencies less than or
equal to 125 Hz.

“real property boundary” An imaginary line along the ground surface, and its vertical
extension, which separates the real property owned by one person from that owned by
another person, but not including intra-building real property divisions, as delineated in the
land title appearing in the Certificate of Title.

“residential area” A designated area as approved or gazetted by the local authority for
purpose of human dwellings and residence. “low density residential areas” is defined as
areas with a population of less than 75 persons per acre; “suburban residential (medium
density) areas” is defined as areas with a population of 75 to 200 persons per acre; and “urban
residential (high density) areas” is defined as areas with a population exceeding 200 persons
per acre.

“rms sound pressure” The square root of the time averaged square of the sound pressure,
denoted as Pys.

“sound attenuator” or “sound dissipative device” An acoustic filtering device for the
attenuation of sound energy for airborne sound as transmitted to the atmosphere or
surroundings of an equipment or sound source; such as muffler as used for engines exhausts,
and silencer for air distribution equipment or enclosures.

“sound emission” Sound as emitted or discharged from a sound source(s).

“sound immission” Sound as propagated onto and received by a receptor from source(s)
external to the receptor or real property boundary.

“sound level” The weighted sound pressure level obtained by the use of a sound level meter
and frequency weighting network, such as A, B, or C as specified for sound level meters. If
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the frequency weighting employed is not indicated, the linear non-weighting level shall
apply.

“sound pressure level” 20 times the logarithm to the base 10 of the ratio of the RMS sound
pressure to the reference pressure of 20 micro-pascals. The sound pressure level is denoted
Lp or SPL and is expressed in decibels.
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SCHEDULE OF PERMISIBLE SOUND LEVELS

FIRST SCHEDULE

RECOMMENDED PERMISSIBLE SOUND LEVEL (Laeq) BY RECEIVING LAND USE FOR

NEW DEVELOPMENT
Receiving Land Use Laeq Day Laeq Night
Category 7.00 am - 10.00 pm 10.00 pm - 7.00 am
Low Density Residential, 55 dBA 50 dBA
Noise Sensitive Receptors,
Institutional (School, Hospital,
Worship).
Suburban Residential 60 dBA 55 dBA
(Medium Density),
Recreational
Urban Residential (High 65 dBA 60 dBA
Density), Mixed Development
Commercial Business Zones. 65 dBA 60 dBA
Industrial Zones 70 dBA 65 dBA
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SECOND SCHEDULE

RECOMMENDED PERMISSIBLE SOUND LEVEL (Laeq) BY RECEIVING LAND USE FOR
EXISTING BUILT UP AREAS

Receiving Land Use Laeq Day L aeg Night
Category 7.00 am - 10.00 pm 10.00 pm - 7.00 am
Low Density Residential, 60 dBA 55 dBA

Noise Sensitive Receptors,
Institutional (School,
Hospital, Worship).

Suburban and Urban 65 dBA 60 dBA
Residential, Mixed

Development

Commercial Business Zones. 70 dBA 65 dBA

Industrial Zones 75 dBA 75 dBA

Note: The above prescribed Laeq limits are representative noise levels consistent with developed areas
without noise disturbance generally deemed acceptable to majority of receptors occupying in
premises at the respective land category.

THIRD SCHEDULE

RECOMMENDED PERMISSIBLE SOUND LEVEL (Laeq) TO BE MAINTAINED AT THE
EXISTING NOISE CLIMATE

Existing Levels Recommended Permissible Levels*
Laeq Existing Laeg
Notes
1. Existing Laeq is determined from baseline measurements of the prevailing noise in the

absence of the new noise sources(s); typically undertaken just prior to the operations of the
new road, railway line or industrial premises operations, or alternatively with the noise
source(s) being assessed to be temporarily disabled.

2. Due to uncertainty in measurements, noise levels within + 1.5 dBA of the EXxisting Laeq iS
acceptable and deemed maintained at the existing noise climate.
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FOURTH SCHEDULE

LIMITING SOUND LEVEL (Laeq) FROM ROAD TRAFFIC (FOR NEW ROADS
AND/OR REDEVELOPMENT OF EXISTING ROADS)

Receiving Land Use Laeq Day L aeq Night
Category 7.00 am - 10.00 pm 10.00 pm - 7.00 am

Noise Sensitive Areas 60 dBA 55 dBA
Low Density Residential
Areas
Suburban and Urban 65 dBA 60 dBA
Residential (Medium and
Density)
Commercial and Mixed 70 dBA 65 dBA
Development

75 dBA 70 dBA
Industrial

Note: In situations where the existing sound levels of receptors are higher than limits prescribed
above, or within (less than) 2 dBA of the above prescribed limits, the maximum permissible

levels stipulated in Schedule 3 shall apply.
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FIFTH SCHEDULE

LIMITING SOUND LEVEL (Laeqand Liax)
FROM RAILWAY AND TRANSIT TRAINS
(FOR NEW RAILWAY & TRANSIT LINES AND RE-ALIGNMENTYS)

Receiving Land Use Laeq Day Laeq Night [ —
Category 7.00 am - 10.00 pm  10.00 pm - 7.00 am Day & Night
Noise Sensitive Areas, 60 dBA 55 dBA 75 dBA*

Low Density and Suburban
Residential Areas

Urban Residential Areas 65 dBA 60 dBA 80 dBA*

Commercial, Mixed 70 dBA 65 dBA 80 dBA*

Development

Industrial 75 dBA 75 dBA NA
Note:

1. *Lnmax noise levels prescribed herein are for train pass-by events only; assessed on trains pass-
by events averaged over one hour (i.e. averages of train pass-by Ln.x noise levels from all
trains in one hour).

Care in measurements must be exercised to ensure the Lp.x levels being measured and
assessed are not from extraneous noise sources (typically road traffic vehicle pass-by, horns,
siren, etc.) not related to train pass-by events.

2. Insituations where the existing Laeq sound levels of receptors are higher than limits prescribed
above or within (less than) 2 dBA of the prescribed limits, the maximum permissible Laeq
levels stipulated in Schedule 3 shall apply.
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SIXTH SCHEDULE

MAXIMUM PERMISSIBLE SOUND LEVELS (PERCENTILE L3 AND Lpa) OF
CONSTRUCTION, MAINTENANCE AND DEMOLITION WORK BY RECEIVING LAND
USE

Receiving Land Noise Day Evening Night
Use Category Parameter 7.00am-7.00pm 7.00 pm-10.00 pm  10.00 pm - 7.00 am

Residential, Lo 75 dBA 70 dBA 70 dBA

Sensitive Areas

(Note 2 **) Limax 90 dBA 85 dBA 85 dBA
L Aeq - - *Note 1

Commercial, Lo 80 dBA 80 dBA 75 dBA

Mixed

Development

Industrial Lo 80 dBA 80 dBA 80 dBA

Note

*1. At night time, the maximum permissible levels as stipulated in Schedule 3 for respective
residential density type shall apply.

**2. Limits for daytime Laeq Or reduction of Lo levels in vicinity of sensitive premises (such as
schools and hospitals) may be exercised by the Local Authority or Department of Environment.
In such situations, limits for daytime Laeq+3 dBA based on Schedule 3 may apply.

3. There are no prescribed limits for L. and Laeq levels for construction noise for commercial
and industrial land use. Assessment of Laeq levels if required shall be based on comparison
against prevailing ambient noise (Schedule 3).
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ANNEX A

SOUND PROPAGATION IN THE ENVIRONMENT
Sound propagated from a sound source to a receptor is given by the following equation:
_ Q - -
L =Ly +log (W) Equation A- 1

where L, = Sound pressure level at receptor, dBA(ref 20 micro Pascals)
Lw = Sound power level of source, dBA
r = Distance of receptor to source, m
Q = Directivity factor ( =1 for source in mid-air, =2 for source on ground)

For outdoor sound propagation, there are additional factors that comes into consideration
where the basic sound propagation equation A-1 is given by:

Q

4mr2

L =Ly +log ( ) + Additional loss Equation A-2

The “additional losses” for outdoor sound propagation are from effects of spreading,
absorption, ground configuration, terrain profile, obstacles and other secondary factors such
as wind and metrological conditions.

It can be seen from the above equation, that the sound intensity follows an inverse square law
where acoustic energy twice as far is spread over four times the area over a spherical surface
for a point source (e.g. a machine, exhaust, single aircraft, etc.). For a line source (e.g. a
highway with a continuous vehicle flow) the energy is over a line and the dispersion is over a
cylindrical surface.

The above equation A-2 for sound pressure level propagated to the environment is often
expressed in a simpler form given by the following equation

Lp=Ly—Dc—-A Equation A-3

where L, = Sound pressure level, dBA (ref 20 micro Pascals)
Lw = Sound power level, dBA
D. = Directivity constant (dependent on orientation & location of noise source)
A = Attenuation factor, dBA

The attenuation factor (A) is the cumulative attenuation due to distance and geometric
spreading loss (Agiv) 1.e. distance, r of a receiver from the noise source, atmospheric
absorption (Aam), ground effects (Agr) and other miscellaneous 10ss (Amisc). In addition to the
above, barrier shielding effects (from noise barrier, shielding screens, etc.) offers further
sound attenuation (Aparrier)-

The attenuation factor for distance and geometric spreading loss is given by:
Agiv= 20 kg log (r/r,) dB Equation A-4

where r = is the distance from source to receiver (m), r, = is a reference distance (1 m)
kg = is a geometry constant (=1 for point source, = 0.5 for line source)
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For sound propagation to distance less than 100m to 500m without shielding, the attenuation
factor (A) would be mainly from distance and geometric spreading loss Agiy.

The attenuation factor for atmospheric absorption is given by:
Aatm = ar / 1000 dB per km Equation A-5
where a, = atmospheric absorption constant, dB.

The constant «, is dependent on atmospheric conditions as defined in ISO 9613 Part 1.

The ground effects (Aq) are given in Equation 8.5 of ISO 9613 — Part 2, and barriers loss
(Avparrier) are given in Equation 8.6 to Equation 8.11 in ISO 9613 — Part 2.

Additional information for calculations of sound propagation are given in 1SO 9613 — Part 2
Acoustic- Attenuation of sound propagation outdoors- Part 2: General method of calculation.

Sound level reduction with distance under idealized condition

An example of sound propagation and calculation for noise attenuation (reduction) for a
receptor for different distances for a point source (e.g. equipment, single vehicle, etc.) is
given in Figure A-1. A similar example for a line source (such as highways and railways) is
given in Figure A-2. The calculations are for idealised conditions without other effects (other
than distance and geometric spreading).

The examples show noise levels at different distances from the source. The equation used for
the calculation for distance loss (based on Equation A-4) is simplified to Equation A-4(a) and
Equation A-4(b) as shown in the respective figures.

Noise levels from a point source reduces 6 dB for doubling of distance; and for line sources 3
dB reduction for doubling of distance.

Sound level reduction with distance from line source under practical situations

Practical situations would have several line sources and reflections from buildings and
ground effects. Figures A-3 to A-4 shows noise propagation from line source (roads and
highways) under practical situations which includes ground and building reflections of sound
waves. Noise levels at different distances away from the roads, and also at different locations
of receptors in a high-rise building are also illustrated.

Sound level reduction with distance from point sources under practical situations

Practical situations usually involve multiple point sources, ground effect, (reflections and
shielding). Examples of multiple point sources noise propagation from industry premises are
given in Figure A-5 to Figure A-8. The examples show noise levels at receptors located at
different distances away from the noise sources.

As shown here, under practical situations where noise sources and receptors are located close
to large reflection surface, sound reflections occur which distorts and reinforce multiple
sound reflections influencing final noise level perceived at receptors.
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80dBA  75dBA

0

Oom 6em 12.5m 25m 50m
Distance Loss (Agiv) = 20 log (r/r,) dB Equation A-4(a)
Lp2 = Lp1 — 20 log (ra/ra) Equation A-6
Line source Reference |Noise levels
Distance, m 6.0 12.0 25.0 50.0 100.0 200.0
Noise level, dBA 69.0 66.0 62.8 59.8 56.8 53.8
dB Difference 3.0 3.2 3.0 3.0 3.0

Figure A-1: Noise attenuation with distance for point source

63 HBA
[0 ]
[ | I |
Om 6m 12.5m 25m
Distance Loss (Agiv) = 10 log (r/r,) dB Equation A-4(b)
Lp2 = Lpr — 10 log (r2/rq) Equation A-7

Point source Reference |Noise levels
Distance, m 6.0 125 25.0 50.0 100.0 200.0
Noise level, dBA 78.0 71.6 65.6 59.6 53.6 47.5
dB Difference 6.4 6.0 6.0 6.0 6.0

Figure A-2: Noise attenuation with distance for line source
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Figure A-3: Noise propagation from line sources (highway) on grade to receptor at
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Figure A-4: Noise propagation from line sources (highway) on grade and elevated
viaduct to receptor at different distance and elevation to source
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Figure A-5: Noise propagation from point sources in an industrial plant to receptor at
different distances from noise sources
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Figure A-6: Noise propagation from industrial plant to environment (with buffer
zone) at far distances
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Figure A-7: Example of a sensitive receptor adjacent an industrial plant in an urban
environment (3-D view)
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Figure A-8: Example of a sensitive receptor adjacent an industrial plant in an urban
environment showing noise levels (and contours) at different distances from
noise sources
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Worked Examples

1 Noise measured outdoors at a plant boundary from a genset located 12m from the
boundary was 72 dBA. What is the expected noise level at a house located 6m from the
plant boundary?

Lps =72 dBA Boundary to source, ry=12m
Lp2=7? Receptor to source, r, =6m + 12m = 18m

Lpz = Lpl -20 |Og (r2/r1)
Loz = 72 — 20 log(18/12) = 72 — 3.5 = 68.5 dBA

2 For the same plant in Question 1 above, what is the required distance for a receptor to
be away from the genset for a noise level at receptor to be 65 dBA?

Re-arranging equation Ly, = Ly — 20 log (r2/r1) to the following form to determine r»
with a known value for Ly

rp = ry x 10 (LP1-Lp2)/20) Equation A-8
Required distance:  r, =12 x 10 (29720 = 12 x 100720 = 12 x 10© 3 = 26.9 m

3 Road traffic noise measured in an open field 8m from a highway was 78 dBA. What is
the noise level for a roadside receptor standing 3m away from the highway?

Lps = 78 dBA Measurement location to highway, r; = 8m
Lo =7 Receptor to highway, r, =3m

Lp2 = Lpl -10 |Og (r2/r1)
Loz = 78 — 10 log(3/8) = 78 (- 4.3) = 82.3 dBA

4 Based on the above measured highway noise in Question 3 above, what is the minimum
distance away from the highway for new houses planned adjacent this Highway to
comply with a noise level at the houses not exceeding 65 dBA (assuming road traffic
conditions do not change and without highway noise barriers)?

Re-arranging equation Ly, = Lp; — 10 log (r2/r1) to the following form to determine r,
with a known value for Ly

r, = ry x 10 (LPLLp2)/10) Equation A-9

Minimum distance:  r, =8 x 10 (6910 = gy 101310 = g x 1043 = 160 m
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ANNEX B

PROCEDURES FOR MEASUREMENT OF ENVIRONMENTAL NOISE

1.0

11

111

1.1.2

1.13

1.2

121

Measurement Equipment
Overview

Instrumentation for environmental noise measurements are of the following generic

types:
e Hand held sound level meters; and

e Permanent or semi-permanent noise monitoring terminals.

Hand held sound level meters in general are manually operated and are intended for
short term measurements (typically up to a day). These meters are either hand held or
mounted onto a tripod with the entire instrument exposed or alternatively with a
detachable pre-amplifier and microphone exposed (and instrument body only inside a
weather proof casing).

Microphones that are supplied with general purpose sound level meters are usually not
suitable for extended outdoor noise measurements as these microphones are not water
proof and prone to drift with humidity exposure. Dedicated microphones for all
weather monitoring are recommended.

Permanent or semi-permanent noise monitoring units and smart monitors are purposed
built noise monitoring devices (from original equipment manufacturer and not end
user modified sound level meter) intended for long term automated outdoor all-
weather noise monitoring over extended period for all weather conditions with no
sensitivity degradation from long term outdoor exposure. The data logging unit is
enclosed in a weather proof casing, or alternatively come fitted with an integral all-
weather casing.

Microphones for permanent noise monitoring units are purpose designed waterproof
all weather use with long term stability to metrological exposure.

Hand held Sound Level Meters

Sound level meters may be of the following basic types:

o Simple sound level meter
o Integrating-averaging sound level meter
o Integrating sound level meter.

Simple sound level meters typically provide overall A-weighted sound pressure levels
(L, dBA) and instantaneous maximum levels (Lmax). Integrating sound level meter
shall be required to determine the A-weighted equivalent steady state sound pressure
levels (Laeg dBA). Sound level meters with statistical functionality are required to
determine the percentile sound pressure levels (Lio, Lgg levels).

Sound level meters may have additional functions for frequency analysis with octave
and one third octave frequencies to provide noise frequency spectrum information of
the noise.
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IEC standards divide sound level meters into two "classes”. Sound level meters of the
two classes have the same functionality, but different tolerances for error. Class 1
instruments have a wider frequency range and a tighter tolerance than a Class 2 unit.

Measurements for compliance reporting (EIA and EMP for example) must be
undertaken using Class 1 meters.

Sound level meter shall be certified to IEC 61672-1 (or latest revision) Class 1
specifications including windscreen/windshield effects (for both reference directions 0
degrees and 90 degrees); and conform to IEC 60651 Class 1, IEC 60804 Class 1.

The sound level meter may be hand held for simple spot readings, but for extended
monitoring shall be mounted onto a tripod during the entire measurement duration. A
standard accessory of extension cable with pre-amplifier may be used to enable the
microphone to be installed at higher levels detached from the sound level meter body.

Microphone used for continuous monitoring shall be an outdoor weatherproof type.
The use of general-purpose microphone not intended for all weather outdoor use
should not be permitted.

An example of sound level meters used for outdoor noise monitoring is shown in
Figure B-1.

Noise dosimeter or simple integrating sound level meter intended for personnel noise
dose monitoring for occupational noise exposure purpose must not be used as an
alternative to sound level meters or noise monitoring units.

Permanent or Semi-Permanent Noise Monitoring Units

Permanent or semi-permanent noise monitoring units are recommended for
continuous outdoor environmental noise monitoring. Recommended features and
functionalities are as follows:

(@) The monitoring unit have self-monitoring capabilities with automated data
storage with on-board memory and automatic downloading of data and data
transmission.

(b) The microphone is waterproof and have a self-checking system.

(c) The monitoring unit have 3G and WLAN communication capabilities for
remote operation and communications. Communications typically conform to
industry standard internet and security protocols for safe and reliable data
transfer.

(d) The monitoring unit shall have automatic audio recording of noise events
exceeding pre-defined thresholds for data playback for audio recognition of
noise events.

(e) The monitoring unit shall have automatic notification capabilities (text message
via sms, etc.) for noise events exceeding pre-defined thresholds.

() Microphone shall have selectable reference direction between 0 degrees (top)
and 90 degrees (side) intended for outdoor environmental noise measurements
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The monitoring unit are certified to IEC 61672-1 Class 1, specifications including
windscreen/windshield effects (for both reference directions O degrees and 90
degrees); and conform to IEC 60651 Class 1, IEC 60804 Class 1.

Permanent or semi-permanent noise monitoring units are recommended for
continuous monitoring of construction works as these devices require no manual
operations and data recording setting after the initial setup.

Data retrieval are either by means of wireless communication at periodic intervals at
site or via 3G data transfer from the built-in communications protocol.

Use of permanent automatic monitoring units are recommended for extended
continuous monitoring when manned monitoring using sound level meters is not
viable or practical. An example is shown in Figure B-2.

Calibration

Calibration of sound level meters and noise monitoring units should be conducted by
a calibration laboratory or original equipment manufacturer at intervals not exceeding two
years or other frequency determined by DG or recommended by manufacturer.

It is recommended that calibrated reference sound sources used to check calibration in
the field (sound level calibrators) should also be calibrated at two years interval.

A field check of instrument calibration shall be made before and after each set of
measurements, using a calibrated reference sound source to ensure accuracy of + 1 dB.

Notwithstanding the above, where instrumentation used for long term permanent
monitoring to be checked at regular intervals (once every 6 months) to ascertain reliability
and stability of the monitoring system.

If during a field check of instrument calibration, the sound level meter reading differs
from the calibrated reference level, the difference must be noted. Any measurements
taken in the interval since calibration was last checked should be adjusted accordingly.
In all cases, where a difference in field calibration of more than 1 dB is noted between
consecutive checks, measurement data obtained during the previous interval should be
discarded.
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Figure B-2: Example of semi-permanent and permanent outdoor monitoring unit
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Monitoring Locations

Noise monitoring locations at sensitive receptors may typically involve one of the
following land use types and receptors:

Residential areas (houses, condos, apartments, etc.)

Mixed land use (usually with residential dwellings at higher floors)
Service apartment and hotels (even if located in commercial zones)
Schools, institutions of learning (colleges, universities, kindergarten, etc.)
Hospitals, medical buildings, nursing homes, etc.

Places of worship (mosques, church, temples)

Commercial buildings (in close proximity)

Special buildings (performing theatres, museums, etc.).

SQ@ o a0 o

Monitoring locations in general shall be at the real property boundary of receptors of
concern such that noise propagated to the receptors could be quantified. In high rise
buildings additional monitoring locations may include open facades at higher floors of
the receptors’ building.

For permanent noise monitoring at construction or industrial sites the noise
monitoring units may also be located at the work site or plant boundary away from
extraneous noise source(s) not related to the noise source of concern.

Measurements shall be made at all strategic location representative of affected
receptors. They should include locations at closest proximity to noise source.

The measurement location shall not be located within 3.5 m adjacent any sound
reflecting surface, or other extraneous sources (not related to source of interest).

Care shall be taken to avoid influence on the result from other unwanted sound
signals, for example noise from wind on the microphone of the measuring equipment,
noise from electrical interference or noise from extraneous sources.

Illustrations showing recommended measurement positions for several typical
scenarios are given in Figures B-3 to B-10.

Figure B-3 shows recommended measurement locations at the property boundary of a
residential property, with measurements on grade either at ground level, or on an
elevated position above ground. Figure B-4 shows recommended minimum distances
of the microphone positions to be away from reflecting surfaces.

Illustrations of measurements undertaken before a project commencement and after
completion (with new highway operations) is shown in Figure B-5 and B-6
respectively with recommended measurement locations of affected receptors shown
(residing in low and high-rise buildings).

Examples of measurement locations for industrial plants are shown in Figures B-7 to
B1-10. The locations shall be at property boundary. Where required, monitoring may
also include locations inside the plant boundary to obtain near field noise data on
noise emission levels of outdoor sources for severity assessment and noise source
ranking.



Guidelines for Environmental Noise Limits and Control | 44

|
]
=
—
==
=
=
 —
=
1
=

[ 712 ]
e - |
3 = 3

Noise source = 3.5m
1

| |Property boundary

Figure B-3: Recommended noise measurement location
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Figure B-4: Microphone position located near buildings or refection surface
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Figure B-5: Baseline noise measurement before project commencement
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Figure B-6: Noise measurement after project completion
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Figure B-7: Example of noise measurement locations at industrial sites

Figure B-8: Example of boundary noise measurement locations for industrial plants



