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Abstract: The paper shows an approach to noise problems for an installation belonging to a complex
industrial plant, containing noise sources located at different heights. A proper digital modeling of the
relevant elements in terms of noise — sources with characteristics, barriers, soil absorption
characteristics, receptors, is useful in assessing noise levels both in the environment and workplace,
and also in noise reduction. In this paper, after a digital model was developed for a petrochemical
plant installation, noise maps are made for three different heights based on 1SO 9613:2006. After that,
the way information from noise maps could be used in a study on noise exposure in working place

according to EN 1SO 9612:2009, is presented.
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1. INTRODUCTION

Generally the problems created by noise sources
in an installation are treated at two levels of
observation:

- near sources, where the problem is noise exposure
in workplace;

- in the environment, usually located at some
distance from the plant. Here is possible to be
located dwellings, hospitals and schools where
guestioning the occupants comfort, the sick
conditions, or the optimal educational process.

For cases in which at least one of the two levels
of observation are exceeded limits set by regulations
arises to apply corrective measures.

In general, the costs of identifying and putting
into operation of these measures are large ehough to
put their optimization problem. In essence, this
would mean limiting the reduction to the minimum
necessary for a particular noise source. The ambient
sound in a certain area is often created by the
contribution of several noise sources.

Although it involves a laborious task, creating a
digital model of plant, allows simulation and
optimization of reduction - costs ratio. In noise in
the workplace case, providing maps of noise in
different areas, based on the average working time

for an operator in different areas, can be determined
professional noise exposure.

Also, an adequate planning of duration activity in
different working areas, for a particular operator,
allows the compliance of exposure to noise with
legal limits.

2. DIGITAL MODEL OF INSTALLATION

Making digital model involves gathering all
relevant data in terms of noise:
- land surfaces with their acoustic characteristics
(reflecting, absorbing with different degrees of
absorption)
- buildings with their shapes and heights. It is
necessary to take into account that a source may be a
non-negligible spatial structure in terms of noise
propagation, meaning that it can be a barrier to the
propagation of noise generated by other surces.
- by measurements and calculations are estimated
noise power levels of the identified noise sources,
the noise emitted spectral distribution, directivity,
operating regimes and the durations of these
regimes, coordinates X, y, z of each source.

To verify the accuracy of digital model, the
spatial distribution of various elements, 3D
representation is an advantage, especially in the
current situation in which the main sources of noise
are located at different heights.
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The studied facility is equipped with a relatively
large number of noise sources represented by
machines ensuring various functions: pumps, fans,
compressors, blowers, etc..
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Figure 1. An example for evaluation of sound power
level

For simplicity, were neglected a series of lower
acoustic power sources.

The analysis of installation revealed that the main
machines to be monitored during a nominal day are
placed at three different heights at which operators
must access to tests, interventions, settings.

ISO 9612:2009 requires the measurement and
assessment height of noise exposure for standing
worker is 1.55 m + 0.075 m (average height of an
operator's ear). To meet this requirement, the noise
map evaluation for the installation was made at 1.55
m for activities that occur at soil, to 7.55 m for
activities which are carried at the height of 6 m and
13.05 m for activities that occur at the height 11.5 m.

6 m and 11.5 m, are the heights access platforms
corresponding to the machines existing to these
heights.

In Figures 2, 3, 4, 5, some of the noise sources
are situated in different locations of the installation,

as well as information on the spectral distribution of
acoustic power.
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Figure 2. Three ventilators — location and noise spectral
power for each
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Figure 3. Vacuum pump ejector — location and noise
spectral power
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Figure 4. The aerators — location and noise spectral
power for each
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Figure 5. The pumps — noise spectral power for one of
them
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Figure 6. 3D model of the installation

3. NOISE MAPS

Figure 7. Noise map from a height of 1.55 m
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Figure 8. Noise map from a height of 7.55 m

Figure 9. Noise map from a height of 13.05 m

In Figures 7, 8, 9 significant levels of noise are
found and it is therefore necessary to use several
heights to determine them.

It is obvious that for every evaluation height, noise
level calculated in a point represents the contribution
of all plant sources.

USE FOR
EXPOSURE

4. EXAMPLE
OCUPATIONAL
DETERMINATION

OF
NOISE

For the purposes of this work it is defined below
A-weighted noise exposure level normalized to

8h working day Lgy gp

Tei
Lex ani = Lo aeqr.i +10|9{T—ld5 (1)

0
where:
L

continuous sound pressure level for T

e’

is the A-weighted equivalent

p.AeqTe i

T, is effective duration of the taski, in hours, of

the working day;
T, is the reference duration, T, =8h

i index indicating the task

Assuming (Table 1) that the daily average
activity of an operator (service, monitoring,
adjustments, rest, etc.) implies its presence in
various locations (1 ... 7), characterized by typical
noise levels for each location, with durations
corresponding to those presented in column 3, it can

evaluate  A-weighted noise  exposure level
normalized to 8h working day.
Table 1. A possible scenario
Task Lo acqr. Duration Lex sni
[dB(A)] [h]
1 92.2 0.5 80.2
2 80.5 15 73.2
3 88.0 0.8 78.0
4 105.0 0.2 89.0
5 83.5 2.5 78.4
6 82.0 1.0 73.0
7 <70.0 15 <62.7
M 0.1%L,
Ley gn =10% Ig(ZlO e j @)
i=1
where:

Lex gn; IS the A-weighted noise exposure level of
task i contributing to the daily noise exposure level,
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i is the task number;

M is the total number of tasks contributing to the
daily noise exposure level.

For the situation presented in Table 1, by
applying the formula (2), it is obtained:

80.2 73.2 78.0 89.0 78.4 73.0 62.7
=90.3

Loy gn =10% |g[10F +109 +109 +109 +10%9 +109 +101

From the example shown above, providing
several operators, can be made a working scenario to
ensure that occupational noise exposure do not
exceed allowable limits.

4. CONCLUSIONS

From the above, industrial noise modeling has
the advantage of obtaining distribution of noise
levels within a complex installation, and taking into
account the contribution of all sources.

Noise maps can be made at different heights
since the design phase, based on acoustic
characteristics and locations of noise-generating
machines that will be part of the installation.

Thus a strategy can be applied to reduce the
design phase yet.

The effect of any reduction measures applied to a
source, or group of sources can be quantified by
using digital model developed.

From the example presented in this paper, the
choice of a anti-noise protection scenario for
operators can be made since the design phase of the
plant by planning activities for each operator and
choosing appropriate exposure durations.

Such scenario may complete a general strategy to
reduce of noise at workplace and has the advantage
that it can be forerunner of a detailed noise study for
real situation.
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