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The Challenge of Modeling Percentile Sound Levels from
Mining and other Environmental Noise
by Kenneth Kaliski, P.E., INCE Bd.
Cert. and Eddie Duncan, INCE
Bd. Cert., RSG

I

1.0 INTRODUCTION
n predicting sound levels in
environmental noise, we are
almost always focused on
some type of equivalent-continuous sound level (Leq).
The Leq is well-behaved. It is used in
many ISO and ANSI standards that
calculate sound power levels, such
that the input to propagation models
are an Leq. The propagation models
themselves are mostly based on ISO
9613-2, which is designed to predict
an Leq. The Leq can also easily be
used mathematically – you can subtract and add Leqs.
On the other hand, statistical sound
levels, like the Lmax, L10, L50,
and L90, are not that well-behaved.
You see them in some standards/
guidelines/policies. For example, the
Massachusetts Department of Environmental Protection noise policy uses
the L90 to estimate the background
sound level and the Federal Highway
Administration includes an L10 noise
abatement criteria as an alternative to
their one-hour Leq.
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The National Park Service uses
a “time-above” metric which estimates the time above a certain level.
However, there are no standardized
models to predict a statistical level.
In addition, statistical levels can’t be
added and subtracted, as they are
time dependent. For example, if a
loader measures an L10 of 50 dBA at
a property line, two operating loaders
will not necessarily add up to and L10
of 53 dBA. It will depend on how the
loaders operate together over time.
Similarly, the value of a parameter like
Lmax (the maximum level over time)
will depend on the probability of
events occurring together.

2.0 MONTE CARLO METHOD

This article presents a modeling
solution to the for predicting statistical sound levels over time by using
random or semi-random sampling of
sound level distributions from individual pieces of equipment over time.
This method, often denoted a “Monte
Carlo” method, allows us to sample
a series of sound events an unlimited
number of times in order to determine
the probability distribution of sound
levels in any period – usually ranging
from an hour to a year.

In this example, we will assume that
each piece of equipment operates
independently of the other quarry
equipment. Equipment noise levels
will oscillate during normal operation, with maximums and minimums
occurring at seemingly random times.
The occurrence of a drill starting a
new hole or an excavator scraping
rock are events that will occur, but it is
difficult to predict exactly when. The
starting of a drill does not initiate the
excavator to scrape rock.

To demonstrate the Monte Carlo
method of estimating percentile distributions, we use an example of mining
noise. In our model, we assume that
all sources have a certain distribution
of sound levels over time. We will use
this information to determine how
often the theoretical Lmax will occur
(all maxima occurring simultaneously
from all pieces of equipment), as well
as the L10, L50, and L90.

In this example, we will assume
that each piece of equipment
operates independently of the
other quarry equipment.

continued on page 10...

TUNE INTO ZERO’s
SOUND SOLUTIONS
ZERO is a world-wide leader in high-performance acoustical control for doors,
windows, walls or floors. Nobody does sound control better — we use
advanced technology and testing to master the challenges of creating an
effective barrier and preventing gaps in that barrier for the life of the assembly.
Our systems are rated for use in sound studios, music halls, or where ever
sound solutions are needed — up to 55 STC. Let us help you close the door on
noise — contact us for a copy of our Sound Control brochure, and our 92 page
Product Catalog, or download from our website.
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TABLE 1: EXAMPLE OF
A HYPOTHETICAL
SCENARIO OF SOUND
LEVEL ASSIGNMENTS FOR
A RECEIVER

continued from page 8...
For each source of noise, we use
sound level monitoring data to assign
the range of sound levels. As an
example, Figure 1 shows sound levels
measured of a pneumatic rock hammer at a fixed distance away. Figure
2 takes these sound levels, and plots
the probability of any of these sound
levels occurring. For example, the
probability of the Lmax (maximum
1-second Leq) of 92 dBA is 0.4 percent. While the maximum is 92 dBA,
the most common sound level is 76
dBA at 10.5 percent of the time.

http://www.nwwr.com
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The result of this is a list of one-second sound levels for each source.
Using this list, we randomly assign
each piece of equipment to a simulated 10-hour work day, getting 36,000
predicted seconds. This randomized
assignment is continued for all 36,000
seconds based on the operating times
of each source. The levels for each
piece of equipment is then reduced
based on the modeled attenuation to
distant receivers, representing homes
around the quarry. Then, for each
second, for each receiver, a total sound
pressure level is calculated (Table 1).

With these results, we then calculate
the percentile distribution for any
period at each receiver. This analysis
can be done in a spreadsheet without
any special programming.
Figure 3 shows the results of this
analysis, showing the distribution of
sound levels for the 36,000 samples at
a distant receiver for the combination
of a pneumatic hammer, rock drill,
excavator, and several other pieces of
equipment. From this distribution, we

continued on page 12...

FIGURE 1: SOUND LEVELS OVER
TIME FOR A PNEUMATIC
HAMMER AT A SPECIFIED
DISTANCE

FIGURE 2: FREQUENCY OF
OCCURRENCE OF SOUND
PRESSURE LEVELS FROM
FIGURE 1

The New Reduced Cost STC 41 Door
Krieger’s new STC 41 frame design is
molded with a slot for the acoustical seal,
thereby eliminating the need for screw holes,
retainers, and grouting. Furthermore, there is
no secondary process—you simply insert the
seal and the door is acoustically sound. Most
of all, this design reduces the overall cost of
the door package. And just like all Krieger
products, this door is manufactured to the
size, style, and finish requested. Contact
us today to discuss your needs.

Molded Slot for
Acoustical Seal

See what’s possible.
Request a free Door and Window Idea Catalog at:
www.KriegerProducts.com/NCAC

National Council of Acoustical Consultants
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FIGURE 3: PREDICTED
FREQUENCY DISTRIBUTION OF
TIME OF VARYING SOUND
LEVELS FROM ALL EQUIPMENT

continued from page 10...
can identify the predicted L10, L50,
and L90 sound levels for the operation
of all sources.
While it is unknown to what extent
equipment operations are independent
events, we do know that maximum
levels of one are not dependent on the
maximums of others. In fact, in this
example, there was never a time when
all of the equipment had their maxima at the same time. To this end, our
analysis provides a much clearer view
of likely sound levels from typical
quarry operations over the course of
a day.

3.0 TRAFFIC NOISE
This technique can also be used to
model percentile statistics for traffic

FIGURE 4: SOUND LEVEL FROM
A SINGLE VEHICLE FROM THE
PERSPECTIVE OF A DISTANT
OBSERVER
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noise. To conduct this analysis, we
must first model the movement of a
vehicle as it moves along the roadway
and a specific receiver point. We plot
the vehicular sound level as a function
of time. An example of this is shown
in Figure 4. The figure represents the
sound level of a vehicle with a sound

To conduct this analysis, we
must first model the movement
of a vehicle as it moves along
the roadway and a specific
receiver point.
power of 100 dB as it moves along
the roadway from the perspective of a
distant observer. As shown, the vehicle
noise increases as it moves towards
the receiver and decreases as it moves
away.

The next step is based on the understanding that the overall sound heard
by an observer is a combination of all
the vehicles traveling on the road at
any one time. These vehicles are in
different places at different times, and
may have different sound powers associated with them. Therefore, we can
take a single passby event, and distribute it across an hour by randomizing
its departure time and direction, then
applying a sound power based on its
vehicle type. This can be repeated for
each vehicle using the roadway in an
hour and each vehicle type.
Finally, we can sum up the sound
level for each second, and calculate
statistics for the hour. These could

continued on page 14...

SPRAY-APPLIED THERMAL
& ACOUSTICAL FINISHES
K-13 is a spray-applied, cellulose, thermal
and acoustical material typically used as
a ceiling finish to control the acoustics of
an interior or exterior space.ꀀ
K-13 has been the most internationally
trusted solution to thermal and acoustic
issues for over 60 years and because it
comes in custom colors, it can meet any
design objective. K-13 is so versatile that
the projects range from restaurants to
parking garages.
Additionally, K-13 is made from 80%
recycled material, making the solution to
your sound and thermal problems easy
on the environment.

International Cellulose Corporation
12315 Robin Blvd. Houston, TX 77045
713.433.6701 | 800.444.1252
National Council of Acoustical Consultants
http://www.spray-on.com
www.spray-on.com
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FIGURE 5: CONTROL PANEL OF
MONTE CARLO SIMULATION
SOFTWARE

continued from page 12...
include percentile levels, such as L10,
L50, and L90, averages such as Leq,
and other statistics, such as “time
above.”
When we repeat this Monte Carlo
analysis many times for the same hour,

we converge on a solution. However,
if we would like to use multiple simulations, this involves more complex
programming. In this case, we use
Microsoft Excel Visual Basic for Applications to create the Monte Carlo
simulator (Figure 5).

First, the time-domain sound levels
for each receiver are entered. These are
obtained from a Cadna A model using
its “Passby Level” calculation feature.
Then, the number of vehicles of each
type (car, medium truck, heavy truck,
bus, and motorcycle) is entered. Finally, the sound power of the vehicle used
in the passby level runs is entered.
The program then automatically
calculates the appropriate adjustments
for each vehicle type and sound power, and conducts the simulation for
each iteration. In this example, we use
20 iterations, but there is no limit to
the number that can be run. The program accumulates statistics and gives
a final result after the final iteration
is reached. The solution for a single
iteration is shown in Figure 6.

4.0 DISCUSSION AND
CONCLUSIONS
Monte Carlo simulations of sound
are a powerful tool for modeling
statistical sound levels such as L10,
Lmax, and “time above”. While
these levels can be easily calculated
for a single source, they cannot be
estimated mathematically for the
combination of multiple sources, such
as equipment in a quarry or vehicle
traffic. As such, we must use probabilistic methods, randomly assigning
independently acting sources of sound
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http://www.resilmount.com

FIGURE 6: ONE HOUR OF
SIMULATED VEHICLE
TRAFFIC NOISE
over time. If the sources are not acting
independently, we can provide some
rules to follow. For example, for traffic
noise, we can apply a “following” rule,
so that cars cannot be in the same
space at the same time.

are harder to model, like changing
speed on a roadway by time of day.
Eventually, those can be addressed via
programming if the need arises.

that can address it. We have found the
Monte Carlo method to be worth the
gamble ;-).

While we are not often presented
with standards based on statistical
One of the limitations of this
levels, it is good to have a robust
1 17/06/2015 14:57:21
method isAcousticsBulletinPrintReady.pdf
that complex dependencies
modeling methodology to fall back on
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