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The paper presents basic legal conditions, applicable to the calculation of cumulative noise levels in
the environment with indication mainly on lack of detailed regulations both in formal and methodological
approach for evaluating those levels. The paper is focused on methodological approach with the emphasis
on analysis of existing case studies in the industry. The main subject of the analysis is the cumulation
of industrial noise sources: newly designed and existing ones, together with a proposal of accumulate
other types of the noise. Evaluation of cumulative noise levels for new (designed) objects is realised by
computational methods, and for existing objects, by measurements or by combination of measurement
and computational methods. It is assumed that the cumulative level is an energetic sum of the rating
levels for all installations and it will not exceed the limit value in a given place. For the cumulation of
different noise sources, the weighting for criterion values of these sources will be applied in aggregation.
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1. Introduction

Subjective reception of the noise makes it difficult
to determine measurable parameters, adequate to its
annoyance, criterial values, and other quantities re-
lated to evaluation of its annoyance. In spite of multiple
directives (Directive 2002/49/EC, 2002; Commission
Directive (EU) 2015/996, 2015), standards (ISO 1996-
2 (2007), ISO/DIS 1996-1 (2016), ISO 9613-2 (1996))
and other methodological regulations (Environment
Protection Law, 2001), there are still many doubts and
disputes related to definition of a “universal” single-
number noise index (frequency and time weighted
sound pressure level, additionally adjusted, used for
noise impact assessment, includes various features
of the sound, especially impulsiveness and tonality).
The topic is discussed in many papers and publica-
tions (Committee on Hearing, Bioacoustics and Biome-
chanics [CHABA], 1996; Berry et al., 1989; Fidell
et al., 2011; Hamernik et al., 1996; Miedema, 2004;
Schomer et al., 2001; Pedersen, 2008; Vos et al.,
2001), which still leave a lot of unanswered questions.
As a result, the main basis for evaluation of the noise
annoyance is still the value of equivalent A-weighted
sound pressure level, adjusted to the presence of sin-
gle pulses and the contribution of tonal components.

One can also find proposals for correction of the im-
pact of level time variations and considerable contri-
bution of low-frequency components (Wszołek, 2015;
Kłaczyński, 2014). The tonal and impulse sounds,
being some special types of noise, have a great impact
on its annoyance, as well as on the human psycholog-
ical condition and health, therefore their contribution
to the evaluation of noise annoyance seems obvious.
The psycho-acoustical approach to the evaluation

of noise annoyance has been particularly singled out
in the most recent version of the standard (ISO/DIS
1996-1 (2016)). Any other considerations, regarding
a particular type of noise, are focused on that type
of noise, without taking into account the interaction
(cumulative effects) with other types of noise.
In the legal acts presently binding in Poland (En-

vironment Protection Law, 2001; Act on providing
information on the environment and environmental
protection, public participation in environmental pro-
tection and on environmental impact assessment, 2008;
Regulation of the Ministry of Environment, 2014),
one can find regulations that impose the necessity to
take into account the cumulative environmental im-
pacts, particular in the environmental impact assess-
ments. However, in many cases the absence of detailed
regulations results in superficial evaluations of such
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assessments, e.g. based on individual, subjective ap-
proach, and sometimes in total absence of such assess-
ments. Such a situation, in particular, also regards the
noise impact, where in addition one encounters varied
parametrisations (and annoyance evaluations) for var-
ious noise types and the absence of simple procedures
for “summing up” their impacts.
For the case of acoustic impact in practice one al-

ways encounters the summing up of various sounds,
which in general may lead to both pleasant or unpleas-
ant impressions, and usually the latter are regarded as
noise nuisance. Irrespective of the subjective classifi-
cation of such sounds there is a need to elaborate an
objective parameter and respective procedure that will
allow summation of individual components impacts,
not only physical, but also psychoacoustical, at least
within the scope of a single noise type. Still in the
present paper the topic is focused on the cumulative
impact of industrial noise, generated by various instal-
lations – both existing and the newly designed, and
a proposed procedure for the cumulative impact com-
ing also from other types of noise.
The basic legal acts in Poland specifying the le-

gal procedure for receiving an environmental decision
for the planned undertakings are the acts mentioned
above. However, in practice only in articles 62, 63, and
66 of the Environment Protection Law (Environment
Protection Law, 2001) there are records concerning the
necessity to take into account the cumulative impact,
without any detailed regulations and interpretations
on such impacts, neither in the quantitative approach
nor the time domain of the impact. In the Polish leg-
islature there is also no definition of the cumulative
impact itself.
According to Canadian Environmental Assessment

Agency (CEAA) the cumulative impact is a: “Cumu-
lative effect of environmental changes caused by the
human activity in connection with other action in the
past, as well as present and future” (Sadler, 1996).
In the present work the author will analyse the ef-

fects of cumulative industrial noise impacts (generated
in industrial installations) and describe a proposal how
to take into account the additional effect from other
types of noise sources, like traffic or railway. In most
cases related to noise the effects will be simply additive,
but in some situation one can describe it as synergetic
effects.
Generally for the noise cases the cumulative effects

of a planned undertaking (installation) will overlap
with other, already existing effects and those coming
from other preplanned undertakings. If so, a very basic
question arises: when (on which stage of its planning
or realisation) should a given undertaking be taken
into account in the analysis of the cumulative impact.
A premature inclusion of its impact into the analysis
of the cumulative impact may result in issuing wrong
decisions for other neighbouring installations, while in

fact the considered undertaking will be still in the mak-
ing (under construction).

2. Parametrisation of industrial noise

in application to aggregation of effects

of its environmental impact

The superior legal act determining the state’s pol-
icy in the area of environment noise protection is the
Environment Protection Law mentioned above – in
particular Section V, entitled “Noise protection”.
On the other hand, the legal act determining the

EU member countries policy in the area of evaluation
and supervision of noise level in the environment is the
Directive 2002/49/EC and the EU Commission Direc-
tive 2015/996. The main objective of both Directives
is the specification of common approach oriented on
priority actions leading to avoidance, prevention, and
limitation of harmful noise effects.
Environment Protection Law (Environment Pro-

tection Law, 2001), especially in the recent versions,
is in general compatible with the records included in
Directive 2002/49/EC.
According to the mentioned above legal acts in

Poland, the basis for noise level evaluation in the en-
vironment are the Lden (day-evening-night level de-
fined in Directive 2002/49/EC) and Lnight (determined
over all the night periods of a year, defined in Direc-
tive 2002/49/EC) levels, used in the long-term policy
in the area of environment noise protection, in par-
ticular, elaboration of noise mapping. On the other
hand, the indices being applied for setting and super-
vision of environment use with respect to 24 h period
are the LAeq D and LAeq N levels in dB. LAeq T is the
A-weighted equivalent continuous sound pressure level,
defined in ISO/DIS 1996-1 (ISO/DIS 1996-1:2016),
for daytime interval (T = D) between 6:00 AM and
10:00 PM and for night-time interval (T = N) between
10:00 PM and 6:00 AM.
Environment Protection Law (Environment Pro-

tection Law, 2001) when specifying the acceptable-
permissible noise values allows for the possibility of
taking into account its time variation, frequency char-
acteristics, and pulse nature. However, according to
the reference methodology, see the regulation (Minis-
ter of Environment, 2014), in the calculations of the
final value of the noise index, the value of which is
being compared with the limit values, only the pulse
nature of the sound is being taken into account (theK1

adjustment in formulas (1) and (2), j = 1), determined
by the rules specified in Appendix 8 of the methodol-
ogy document (Minister of Environment, 2014). How-
ever, in general, according to the standard (ISO/DIS
1996-1:2016), the adjusted noise levels (indices), de-
fined in formulas (1) and (2) make the basis for the
noise evaluation.
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LREij is the adjusted sound exposition level for the
evaluation of the i-th single acoustic event, it is given
by the sound exposure level LEij plus the level adjust-
ment Kj for the j-th type of sound, excluding high
energy events and events with considerable amount of
low frequency components (1), dB

LREij = LEij +Kj , (1)

LReqj ,Tn is the adjusted equivalent A-weighted con-
tinuous sound pressure level, in the time domain Tn

which is given by the actual equivalent continuous
sound pressure level, LAeqj ,Tn plus the level adjust-
ment Kj, for the j-th sound source (2), dB,

LReqj ,Tn = LAeqj ,Tn +Kj. (2)

The Kj adjustments, referring to the sound (source)
characteristics should be applied only in the time pe-
riod in which the characteristics are present at the re-
ception point.
The pulse adjustment K1 (for j = 1) may take

values between 5 and 12 dB, depending on the sound
type and the measured value, for measurements of the
exposition level (1) and between 3 and 12 dB for mea-
surements of the equivalent level with contribution of
acoustic pulse components (2). Values of these correc-
tions, referring to particular sound types, are listed in
Table in Attachment No. 8 of the Ministry order (Min-
ister of Environment, 2014).
For combined sources acting in a specific normative

time period T the rating levels are defined, which can
be calculated according to formula (3)

LReqT = 10 log

[
1

T

(
n∑

i=1

Ti10
0.1LReq(i)

+

m∑

j=1

kj10
0.1LRE(j)

)]
[dB], (3)

in which: T is the normative time period equal to 8 or
16 hours, but expressed in seconds; n is the number of
distinguished noise sources during the exposition time
Ti (also expressed in seconds) and adjusted equivalent
level LReq(i); m is the number of distinguished acous-
tic events categories (e.g., a number of car categories
passing by during the time T ); kj is the number of
acoustic events in a given category (e.g., the number
of cars of thej-th car category passing by during the
time T) with j-th adjusted exposition levels LRE(j).
For the assessments of environmental impact for

a planned undertaking, according to the legal act (Act
on providing information on the environment and en-
vironmental protection, public participation in envi-
ronmental protection and on environmental impact as-
sessment, 2008) the basic indices will be LAeq D and
LAeq N . In practice, the rating levels (with adjustment

K1, taking into account the pulse characteristics) are
calculated with respect to one or more acoustic sources.
The rating levels calculated according to formula (3)
should be also applied for determination of the cumu-
lative levels.

3. Prediction of cumulative noise impacts

by computational and measurement methods.

Effects of the acoustic background

Prediction of the noise emission level can be based
on computations or measurements. Often, both meth-
ods occur combined, then one can call it as a mea-
surement computational method. The final effects of
computations in both the first and second case should
be the total emission level, determined on the borders
of the protected area, coming from a given installation
or a planned undertaking. In practice both types can
be present in greater number. For newly designed ob-
jects (installations) usually the computation method
is applied, based on the algorithms specified by the
standards (ISO 9613-1 (1993) and ISO 9613-2 (1996))
while the input data (levels of acoustic power) if they
are not provided by the manufactures/constructor can
be determined from measurements (e.g on another but
similar object). The measurement methods are also ap-
plied for verification of model calculations on various
stages of the modelling process.
In both cases the calculation (and measurement)

results should refer to specific points, most sensitive to
the noise impact from a given installation, and at the
same time being representative for a given protected
area.

3.1. Computational methods

The computational methods may be applied both
to the newly designed objects and existing objects in
cases when the noise emission levels from an individ-
ual installation cannot be determined from measure-
ment.
Computational models of sound propagation from

all installations contributing to a given reception point
should be constructed on similar (preferably the same)
assumptions, regarding the sound propagation con-
ditions, in particular, the ambient conditions, sound
dampening by the green, etc.
In general, one can distinguish several possible sit-

uations, whenever calculations of the cumulative noise
impact will be required:

1. Two or more undertakings, realised at the same
time, i.e., parallel formal procedures are under
way resulting in issuing environmental decisions
and final planning permissions, allowing the con-
tractor to start with the project realisation. Then
the limited (cumulative) noise emission level,



172 Archives of Acoustics – Volume 42, Number 2, 2017

LAeqX (lim)i , for every (i-th) above mentioned un-
dertakings should not exceed the value of (4):

LAeqX (lim)i = LAeqX (lim) − 10 log(n) [dB], (4)

where n is the number of parallel environmental
procedures with some reception points in com-
mon, LAeqX (lim) is the limited noise level during
the daytime (X = D) or night-time (X = N),
without taking into account the cumulative ef-
fects, dB.

For instance, for the case of two parallel under-
takings the limited noise level (LA(lim)) will be
reduced by 3 dB and, respectively, for three un-
dertakings the value of the noise limit level should
be reduced by 4.7 dB.

If the acoustic background includes contributions
from various sources but not from other (phys-
ically existing) installations, its characteristics
should be specified, with detailed description of
the contributing sources and values, without tak-
ing the cumulative effects into account in the
calculation of the resulting level. The cumula-
tive background effects can be in some cases ap-
plied for another (predominant) source, e.g., traf-
fic noise, after application of a weight coefficient
being the difference of limit values between the
traffic and industrial noise. When the difference
between the limited values is ∆L (Minister of En-
vironment, 2007) then

LAeqX (lim)i = 10 log
[(

100.1LAeqX(lim)

−100.1(LAeqX−∆L)
)]

[dB], (5)

e.g. for ∆L = 11 dB and the traffic noise level in
the night-time period LAeqN = 53 dB one gets:

LAeqX (lim)i = 10 log
[(

100.1(45)

−100.1(53−11)
)]

= 42.8 dB. (6)

It directly indicates that the acceptable value for
the night-time period for the new installation, af-
ter taking into account the cumulative effects with
the existing traffic noise, should be reduced to
42.8 dB.

In general, such a case should be treated as more
complicated because of various normative time
periods, for which the noise indices are deter-
mined (8 h and 1 h for the industrial noise and,
respectively, 16 h and 8 h for the traffic noise, res-
pectively, for the daytime and night-time periods)
and also because of non-issuing decisions on the
acceptable noise levels for the traffic noise.

2. If in the area under consideration there is al-
ready one or more installations generating noise,
then their effects should be cumulated separately
in each of the reception points and the resulting
level should be a sum (total energy) from all the
planned undertakings and the noise levels from
the existing installations. Then one can use for-
mula (7):

LReqT = 10 log

[
1

T

(
n∑

i=1

Ti10
0.1LReqTi

+

m∑

j=1

Tj10
0.1LReqTj

)]
, (7)

where T is the normative time period equal to 1
or 8 hours; n is the number of planned undertak-
ings, for which the resulting noise emission levels
have been calculated for a given reception point,
equal to LReqTi if the exposition time from the i-th
source is equal to Ti; m is the number of distin-
guished presently existing industrial noise sources
(installations) from which the measured resulting
emission levels in a given reception point are equal
to LReqTj when the exposition time is equal to Tj .

3. When the present situation is at the border of
noise limit value, then realisation of a planned
new undertaking is possible only after reducing
the noise level to such a value that the resulting
total noise combined (cumulative level) with the
new installation will not exceed the limit value in
a given reception point. Such a situation can oc-
cur when the owners plan to develop an existing
installation, which results in addition of another
noise source. The noise from that source (of addi-
tional acoustic power) should be compensated by
adequate reduction of the acoustic power emit-
ted from other (existing) sources, so that the to-
tal noise emission level will not exceed the limit
value. In both cases the calculations may use the
relations presented in formulas (5) to (7).

3.2. Measurement methods

Measurement methods in evaluation of cumulative
noise levels are based on the reference method (Minis-
ter of Environment, 2014) and are applied for concen-
tration of several independent installations (separate
entities) in the area, sometimes interpenetrating. From
time to time it is a result of separation or creation of
new entities from a single plant. Such situations occur,
among others, in AMP foundry in Dąbrowa Górnicza
and Kraków, but also in PKN Orlen in Płock, and
the task often is placed opposite, i.e., total noise level
coming from all of installations and other noise sources
are measured, at least at certain periods of time, and
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the problem is to determine the contribution of differ-
ent entities (noise sources) to the measured noise level.
There is a general need to build an acoustic model and
compute the impact of separate installations on the
emission level at a given observation point. In reality,
this means the use of computer methods, in a situation
when the conditions are not fulfilled for the applica-
tion of the method of measurement within the meaning
of the abovementioned reference methodologies. That
approach allows to specify the level of noise emission
and individual impact of the dominant noise sources
also when the measurement method cannot be applied
due to the interference from other non-industrial noise
sources, e.g., traffic. Regardless of the emission evalua-
tion method, the final condition should be the same as
in the previous approaches, i.e., emission (cumulative)
noise level from all entities, both existing and planned,
should not exceed the limit value neither in the day,
nor in the night. For the other (non-industrial) noise
sources, their possible accumulation should be carried
out with weighting as in the computational methods,
provided there is a possibility of separate noise emis-
sion measurement for each of the analysed entities. In
the case of using measurement techniques to determine
the cumulative noise levels, in particular, involvement
of each installation on the measured level, it is im-
portant to determine the uncertainty of such an ap-
proach. More practical details on the determination of
the measurement uncertainty can be found in papers
(Stępień, 2016; Batko, Przysucha, 2014).

4. Conclusions

In the present work the basic legal determinants
have been discussed which should be applied in the
calculations of cumulative noise levels in the environ-
ment, with indication of the absence of detailed regu-
lations regarding both formal and methodological as-
pects of determination of such noise levels. The main
focus of the paper regards the methodological aspects,
with the accent to the practical approach and analysis
of cases encountered in practical situations, and the
main subject of the discussion is the cumulation of in-
dustrial noise sources, both existing and planned, with
a proposed procedure to include also other types of
noise.
As a result of the analysis and discussion the fol-

lowing conclusions can be formulated:

1. At present in both Polish and foreign legislature
there are no detailed regulations and interpreta-
tions regarding the discussion of cumulative effects
in the quantitative aspect as well as the normative
time period of the noise impact. There is also no
definition of the cumulative noise impact itself.

2. By the cumulative noise level one can under-
stand the sum (in energy scale) of the rating lev-

els, LReqT from all noise sources in a given cate-
gory (e.g., industrial noise) both the existing and
planned in a given area of the cumulative im-
pact. For the case of noise generated by sources
belonging to various categories, the summation
should be performed after application of the ap-
propriate weight coefficients, e.g., being the dif-
ference of limit noise values for the analysed cat-
egories. However, calculation of cumulative noise
effects for noise sources of different categories re-
quires additional legal regulations regarding both
the normative time periods and issuing decisions
specifying the noise limit levels.

3. The cumulative level should not exceed the noise
limit level in a given reception point, determined
by the order (Minister of the Environment, 2007).
The reception points should be points representa-
tive for a given acoustically protected area, with
minimised level of interference coming from other
sources, so that test measurements can be per-
formed, which verify the model calculations.

4. When the existing noise level is at the limit of
acceptable values, the level of the noise emis-
sion from possible new (additional) noise sources
should be compensated by adequate reduction of
the noise from the existing sources, so that the cu-
mulative (with the additional noise sources) level
does not exceed the limit value.

5. Cumulation of various noise categories, e.g., traf-
fic and industrial noise requires additional regu-
lations (corrections) that take into account vari-
ous acceptable values and normative time periods
both in daytime and night-time. It is possible to
cumulate (sum in energy scale) the noise from var-
ious sources after application of proper correcting
weight coefficients, being the differences between
the noise limit levels in the analysed categories.
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