el

OIl & Gas Exploration
and Production
Noise Impact
Evaluation and Mitigation



el

The Basics of Sound and Noise
Impact Evaluations
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What Is Noise?

Noise is unwanted sound which may be hazardous to health,
interfere with speech and verbal communications or is otherwise
disturbing, irritating or annoying.

What Is Sound?

Sound is defined as any pressure variation in air, water or other fluid
medium which may be detected by the human ear.

What Are the Characteristics of Sound?

The two most important characteristics which must be known in
order to evaluate the sound or noise are its amplitude and frequency. The
amplitude or height of the sound wave from peak to valley determines the
loudness or intensity. The wave length determines the frequency, pitch, or
tone of the sound.
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How Are These Characteristics Expressed?

The frequency of sound is expressed in wavelengths per second or
cycles per second (CPS). It is more commonly referred to as Hertz. Low
frequency noise is 250 Hertz (Hz) and below. High frequency noise is 2000
Hz and above. Mid-frequency noise falls between 250 and 2000 Hz.

The amplitude of sound is expressed decibels (dB). This is a
logarithmic compressed scaled dealing in powers of 10 where small
increments in dB correspond to large changes in acoustic energy.
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> What Are Octave Bands?

Standardized octave bands are groups of frequencies named by the
center frequency where the upper limit is always twice the lower limit of
the range. Test data for performance of acoustical materials is
standardized for easy comparison at the center frequencies. Equipment
noise levels and measurement devices (dB meters) also follow the
preferred octave bands.
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Typical Noise Levels

Painful Acoustic Trauma Shotgun blast
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The most common influences
to ambient sound levels:

Road traffic
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Noise Impact Evaluation
Methodology

Whether the operation is a drilling rig, completions activity, compressor
station or construction project the noise impact evaluation utilizes the
same approach:

= Establishment of Ambient Sound Level Conditions

= Establishment of Noise Source Levels

= Determination of Equipment Layout and Operations
= Development of a Site Specific Noise Impact Model

= Evaluation and Design of Sound Mitigation Systems

= Compliance Verification
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Establishment of Ambient Sound
Level Conditions



Establishment of Ambient Sound Level Conditions
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Establishment of Noise Source
Levels



Beam Forming Noise Analysis

Beamforming High Frequency Analysis Beamforming Low Frequency Analysis






Drilling Rig Equipment Noise Sources
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Determination of Equipment
Layout and Operations



Drilling & Completions Sample Equipment Layouts
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Sample Equipment Layouts
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Develop a Site Specific Noise
Impact Model

Unmitigated & Mitigated Models



Drilling & Completions Sample Noise Impact Models




Option #1
With 12’ High Acoustical Panels

Option #2 Option #3
With 12’ High Acoustical Panels, Rig Floor With 12’ High Acoustical Panels, Rig Floor
Blankets & 1,400’ x 16’ Tall Perimeter Wall Blankets & 1,400’ x 24’ Tall Perimeter Wall



Completions Unmitigated with Various Mitigation Options
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Option #1
With 12’ High Acoustical Panels

Option #2 ] i Opt_ion #3
With 12’ High Acoustical Panels & 1,400’ x 16’ With 12" High Acoustical Panels & 1,400" x 24
Tall Perimeter Wall Tall Perimeter Wall
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Noise Impact Models




Noise Level, dBA
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Evaluation and Design of Sound
Mitigation Systems
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Noise Mitigation Methodology

s Receiver Noise Control
s Source Noise Control

s Path Noise Control
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Completions Mitigation
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Compliance Verification




Live Noise Monitoring User Interface

Data collection and real-time reporting can include

dB levels, audio files, weather data, vibration data
and dust level data.
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Additional Noise Impact
Evaluations to be Considered



Pure Tone Assessment

A pure tone shall be deemed to exist 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 two contiguous one-third octave bands by 5

and by 15 dB for center
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Pure Tone at § KHz:
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(High Frequency Pure Tone)
Frequency (Hz)

x
=]
~
x
]
o
-

8k

093765“3210
0 W W W o [

5k

(ap) 19A87 punog

Pure Tone at 2
500 800 1.25k 2k 3.15k
Frequency (Hz)

(Mid Frequency Pure Tone)
315

Frequency Spectrum Chart
20 315 50 80 125 200

12.5

o O @~ © N - o
6666555 5554

(ap) 1eae punog




el

Low Frequency Assessment

This is characterized by noise levels at frequencies less than 100 hertz (Hz).
Typically, low frequency noise is described as noise levels in the 16 Hz, 32Hz,
and 64Hz octave bands. Noise at those frequencies can be annoying to some
people even at relatively low levels that might not be discernible to other
people standing nearby. Low-Frequency noise can propagate through closed
windows and lightweight walls typical of most homes, so in many cases the
indoor and outdoor levels at homes near sources of low-frequency noise can
be nearly identical. For that reason, annoyance from low-frequency noise
usually occurs when the receiver is indoors where the background noise levels
are low compared to the intruding low-frequency noise. If the low-frequency
noise level is sufficiently high, it can cause discernable vibration and rattling
of windows or other lightweight structures.

= 16 Hz octave band : 65 dB
= 32 Hz octave band : 65 dB
= 64 Hz octave band : 65 dB



What is the Difference between dB, dBA and dBC?

dB sound pressure levels are unweighted. dBA levels are “A” weighted
according to the weighting curves shown below to approximate the way the
human ear hears. For example, a 100 dB level at 100 Hz will be perceived to
have a loudness equal to only 80 dB at 1000 Hz. Other weighting scales (C
and B) are also shown. The dBA scale is based on a child’s hearing and was
originally documented based on actual hearing tests to characterize the
human ear’s relative response to noise.
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