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Introduction 
 
This paper will discuss noise and noise 

mitigation in natural gas pressure reducing 
regulator stations. We will look at what noise is, 
the types of noise, regulators/valves as noise 
generators and types of noise mitigation 
treatments. From this information one will be able 
to make an informed decision on how to treat 
noise and why.  

 
Noise basics 

 
Simply put noise is unwanted sound. Sound 

is a wave of high and low pressure fluctuations 
radiating through the air and are transmitted to our 
ear. These waves register against our ear drum 
causing it to vibrate. Pressure waves with more 
energy in them are more forceful and cause the 
ear drum to vibrate more, which is perceived as a 
louder noise to the brain. A normal listener can 
hear in the 20-20,000 Hz (frequency-the number 
of pressure waves passing a given point) range. 
Conversational speech is often in the 100-3000 
Hz range. Higher frequencies are perceived as 
higher pitch sound which is harder for the brain to 
pick up. In addition to frequency, the amount of 
energy or intensity of the pressure wave is an 
indicator of how loud the sound is perceived. The 
more energy or sound power in the wave the 
louder it is perceived.  It’s important to know that  

 
 
 
 

vibrating objects often cause these pressure 
disturbances. The further the listener is from a 
noise source the less loud the noise sounds due to 
the amplitude of the pressure wave decreasing as 
it moves further into the environment. The 
amount of energy in the wave remains the same; 
it’s just spread across a larger area. Another 
common term used when discussing noise is wave 
length, which is the distance the pressure wave 
travels in one of the repeating cycles. 

 
We now know an increase in sound power 

increases how loud the noise is perceived. This 
relationship between sound power and loudness 
isn’t linear, it’s logarithmic. Due to this 
relationship and the fact that sound power 
disperses with distance, it is typical to quantify 
how loud a noise is compared to a reference 
level/point. This reference point is called A-
weighting and is applied to instrument measured 
sound levels in effort to account for the relative 
loudness perceived by the human ear. It is done 
by arithmetically adding a table of values to the 
measured sound pressure levels in decibels (dB). 
The resulting measurements, expressed as dBA, 
provide a single reference describing the sound. 
Most sound level meters are referenced to 0 dBA. 

 
 



Sound measurements are made one meter down 
and away from the noise source (figure 1)  

 

 
Figure 1 
 
Noise levels 

 
Perceived loudness correlates with noise 

level. The smallest noticeable increase in noise to 
a listener is about 3dBA. A 5dBA increase is 
clearly perceptible and a 10 dBA increase causes 
a perceived doubling of judged loudness. For 
example, 70 dBA is judged to be twice as loud as 
60dBA and four times as loud as 50 dBA.  

 
A common noise application could be 

understanding the total noise coming from two 
noise sources at a station. Say we had a meter 
operating at 60dBA and a regulator operating at 
80dBA and we want to calculate total noise. 
Using figure 2 we find we add .05dBA to the 
louder noise. Under these conditions total noise 
would be 80.05dBA.  So, it makes good business 
sense to always treat the louder source.  

 
To add two identical noise sources one adds 

3dBA to the noise. If you had two devices 
generating noise at 80dBA the combined noise 
would be 83dBA. Doubling noise level doesn’t 
double the sound power. 

 
Figure 2 

 
Types of noise 

 
There are three types of noise: Mechanical 

noise-is vibration caused by the physical 
movement of components.  Hydrodynamic noise- 
is vibration caused by liquid cavitation. 
Aerodynamic noise-is vibration caused by rapid 
turbulent expansion, compression or deceleration 
of gases. (600-10000Hz). Our discussion will 
focus on aerodynamic noise.  

 
Why be concerned with noise 

 
So why be concerned with noise? Because of 

mandates and manufacturer’s recommendations. 
Many facilities are directed by Department of 
Labor’s Occupational Safety & Health 
Administration (OHSA) standard #1910.95, 
which is an occupational noise exposure mandate 
(Figure 3).  In general, many facilities will target 
85dBA as their occupational noise goal.  

 



 
Figure 3 

 
Gas companies often have an environmental noise 
mandates, as directed by local, state, municipal or  
county jurisdictions (figure 4). Environmental 
noise is defined as noise generated at one property 
and received at a neighboring property. 
Environmental noise control is now often 
included in station design to ensure generated 
noise matches local mandated codes.  

 

 
Figure 4 

 
Finally, equipment manufacturers often 

recommend keeping noise below 110dBA. Above 
110dBA component vibration may be so intense 
that the asset’s life cycle is reduced.  

 
Regulators and valves as a noise generator 

 
Common noise sources within gas piping 

systems include: regulators/valves, meters, 
odorizers, manifolds, venting and heaters. Often 
the regulator/valve is the loudest; let’s better 
understand why regulators/valves can be loud.  

 
The purpose of a pressure regulator/valve is 

to cause a disturbance. Upstream of a closed 
regulator/valve we have potential energy in the 
form of pressure. When a regulator/valve opens 
this potential energy is disturbed and changes 
form to kinetic energy (velocity, flow). Natural 
laws tell us p2 (pressure downstream of the reg) 
can never equal p1 (the pressure upstream of the 
reg) and that energy cannot be created or 
destroyed-it can only change state. So where does 
the dissipated energy go? Typically it’s lost in the 
form of heat, friction and/or noise. The 
turbulence, caused by the reg disturbance, can be 
the energy source behind the generation of noise 
and vibrations (per Navier-Stokes equations). 
Think of turbulence as the arbitrary movement of 
a fluid similar to swirling water eddies. Eddie size 
determines the impact they have on system 
pressure fluctuations while the fluid velocity 
within the eddies determines the frequency of the 
pressure wave (Strouhal effect). Smaller eddies 
produce a higher frequency, we’ll discuss later 
why smaller eddies are good when 
regulator/valves create disturbances.  

 



 
Figure 5 

 
Furthermore, at the smallest cross sectional 

area of the regulator/valve flow stream (vena 
contracta figure 5) the Bernoulli Principle tells us 
velocities must be the greatest to maintain steady 
flow. This velocity increase comes at the expense 
of pressure. In other words, when velocities 
increase in a valve the pressure decreases. At the 
vena contracta the fluid reaches a minimum and 
maximum velocity which rapidly recovers to a 
lower pressure than p1. As fluid velocity increases 
the noise generated by the turbulence also 
increases.  Globe style regulator/valves minimize 
the fall of pressure at the vena contracta which 
leaves more energy recovered in the form of p2 
pressure and less noise energy lost to the 
environment. Globe style valves are classified as 
‘low recovery’ valves. High recovery valves 
include ball and butterfly style valves, their  
pressure falls lower at the vena contracta. Balls 
and butterfly valves require a larger differential 
pressure for the same verses a globe and is the 
reason why balls and butterflies are often louder 
than globes. .  

  
Measuring regulator/valve noise 

 
To understand noise Regulator/valve 

manufacturers generally measure noise using 

experimental means or sound theoretical 
prediction in their flow labs.  

 
Experimental practices are directed by: 

Instrument Society of American (ISA) #S75.07-
1987, International Electrotechnical Commission 
(IEC) #534-8-1, ANSI S1.11 1966 (R1976) and 
ANSI S1.4 1971. Devices typically used for this 
type of measurement: include hemi anechoic 
isolation chambers and/or microphones and 
vibration tools (figure 6). Isolation chambers are 
large and require special set. Little data analysis is 
required. Vibration/microphone systems require 
high level of data analysis but are mobile and 
relatively easy to install.  

 

 
Figure 6 

 
Sound theoretical prediction methods are 

generally directed by: ISA, IEC and 
regulator/valve manufacturer’s studies. These 
standards provide methods to calculate the 
internal sound pressure, peak frequency, 
transmission loss, acoustical efficiency and A-
weighted noise level at different service 
conditions. Most theoretical prediction tools on 
the market have an accuracy of around +/- 5dBA. 

 
These same standards also discuss the fluid 

Mach number. Mach is a ratio of the fluid velocity 
at the valve outlet to the sonic velocity in the fluid 
at a given temperature. It determines the noise 
level in the valve but also the potential for 
vibration (noise) in the piping system. A higher 
fluid Mach number could generate a frequency 
that will match the valve/pipe system frequency 
which, as we’ll discuss later, can lead to pipeline 
vibration noise. IEC 534-8-3 velocity guideline is 
to keep it below Mach .3. We’ll discuss velocity 



and Mach levels more in the valve noise trim 
section.  

 
When does noise become a problem? 

 
You may be asking yourself the question, 

when does noise become a problem? It’s only a 
problem when the noise leaves the pipe, or stated 
differently-when the pipe down stream of the 
regulator/valve starts vibrating. A pipe starts to 
vibrate if there is enough energy in the pressure 
waves travelling inside the pipe to stimulate it. 
When air around the pipe is disturbed it causes air 
pressure waves to radiate into the environment. 
The good news is that due to the reflections of the 
noise pressure waves inside the pipe only the 
portion of the energy in the pressure wave which 
produces a radial force against the pipe wall will 
be transmitted through the pipe and into the 
environment. The pressure wave energy that is not 
transmitted through the pipe is called transmission 
loss.  

 
To help better understand when the noise 

leaves the pipe we must look at the relationship 
between the fluid frequencies and the pipe 
frequencies, relative to the pipe transmission loss 
spectrum (figure 7). Remember as frequency gets 
lower, the wavelength gets longer. The efficiency 
in which a surface radiates noise is a function of 
frequency. There are four spectrum frequencies 
that need to be understood: cutoff frequency (Fc), 
coincidence frequency (Fo), ring frequency (Fr) 
and peak frequency (Fp). 

 
 

 
Figure 7 

 
Looking at the spectrum, frequencies to the 

left of Fc have little ability to transmit energy to 
the pipe wall, so the pipe doesn’t vibrate and 
noise doesn’t enter the environment. Under these 
conditions the entire sound pressure wave (or 
some portion of it) is able to travel down the pipe 
as a simple plane wave. Within this area of the 
spectrum the pipe transmission loss is high and 
transmission efficiency is the greatest.  The Fc is 
the property of the medium in the pipe. 

   
If the sound pressure wave frequency 

increases it approaches the first coincidence pipe 
frequency (Fo) on the spectrum. The Fo is the 
relationship between the fluid frequency and the 
pipe frequency.  When the fluid noise frequency 
is greater than the Fo the wavelengths become 
shorter and the sound pressure waves in the fluid 
radiate out in many directions hitting and 
reflecting off the inside of the pipe wall. This 
energy creates spiral waves which cause the pipe 
to vibrate. Under these conditions the fluid  
pressure wave frequency and pipeline pressure 
wave frequency travel downstream at the same 
speed, the vibrations coincide. The transmission 
loss will be small and the noise transmission 
through the pipe will be high.  In this region noise 
transmission loss decreases at a rate of 20dB per 
decade of frequency. The Fo of steel pipe is often 
expressed in the pipe manufacturers’ literature.   



If these sound pressure waves continue to 
increase in frequency they would move from Fo 
on the spectrum to ring frequency (Fr). Pipe 
vibration is the greatest at Fr, consequently the 
transmission loss is the least (transmission 
efficiency is the greatest). Fr is produced when 
the fluid pressure wave is equal to the 
circumference of the pipe ring. Under these 
conditions the travelling wave around the pipe 
arrives in phase with the excitation force.  These 
in phase forces cause the pipe to vibrate and to 
amplify the noise. It is under these conditions the 
piping most readily transmits the pressure 
fluctuations that are moving within the pipeline.  
This region’s rate of increase is 13dB per decade 
of frequency.  

 
So what is the relationship between all this 

frequency spectrum talk and regulators/valves? 
One way most regulator/valve noise attenuating 
trims accomplish their noise reduction is by 
shifting the fluid pressure wave to a higher 
frequency which often results in the 
regulator/valve noise peak frequency (Fp) to be to 
the right of Fr on the spectrum.  This is a good 
region to be in since wavelengths become shorter 
compared to the pipe diameter, transmission loss 
increases to 20dB per decade with frequency, 
consequently less noise enters the environment.  

 
Remember as pressure waves enter the 

environment additional transmission losses occur 
as the waves expand and spread the noise energy 
over the increasing area of the wave as it travels 
through the air. Wave amplitude is reduced and 
the impact the wave has on the listener is reduced. 
Distance helps control noise.    

 
Finally, noise can also become a problem due 

to equipment damage it can cause. As mentioned, 
some regulator/valve manufacturers recommend 
limiting noise to levels below 110dBA. Above 
this level the vibration could get so severe it may 

cause regulator/valve damage, reducing the life 
cycle of the asset.  

 
Source treatment mitigation 

 
Ok, say it’s been decided you have a noise 

issue that must be addressed. Generally there are 
two mitigation solutions to a noise problem. They 
include: source treatment which prevents or 
attenuates noise at its source and path treatment 
which places a barrier between the noise source 
and the listener.  

 
Let’s talk about source methods first. A 

common source treatment practice includes the 
premise of recovering more energy in the form of 
downstream pressure by decreasing the velocity 
across the valve disturbance while shifting the 
fluid pressure wave frequency to a higher level 
that’s harder to perceive.  

 
To understand valve pressure recovery we 

need to look at the relationship between pressure 
at the vena contracta and p2. IEC uses five regime 
zones to describe how increasing differential 
pressure (increasing turbulence) causes flow 
pattern changes and intensifies the flow energy. 
Each of these regimes takes out varying levels of 
energy (pressure) and calculates how much of the 
initial energy in the flowing medium is converted 
into noise (acoustical efficiency) and 
corresponding noise power. Figure 8 defines and 
helps us understand the relationship between 
pressure in the valve and the downstream 
pressure. 



 
Figure 8 

 
Regulator/valve manufacturers use noise 

attenuating trim (figure 9) to manipulate this 
pressure relationship and its acoustical efficiency. 
This is accomplished by staging the pressure drop 
across multiple engineered flow passageways 
inside the regulator/valve.  In addition, to 
lowering velocities at each step/stage these special 
noise reduction trims also: reduces turbulence, 
shifts the frequency of the noise to a higher level 
and directs shear shock waves away from the 
walls of the valve and pipe. Noise trims can 
reduce noise as much as 40dBA. 

 
Figure 9 Fisher WhisperFlow 

 
Figure 9 cont. Flowserve MegaStream 

  
 
The placement of the trim passageways 

aligns one gas stream jet against another which 
aids in reducing the pressure without adding to 
velocity. This also creates friction which helps in 
reducing velocity.  Pathway shapes include: small 
holes, narrow slots or other irregular shapes.  

 
As mentioned, noise trim also shifts the fluid 

pressure wave inside the regulator/valve to a 
higher frequency. By shortening the fluid 
wavelengths the frequencies are increased and as 
we learned earlier the noise is shifted to a 
frequency often above the ring frequency on the 
spectrum, resulting in higher pipe transmission 
loss and a quieter regulator/valve. Moreover, 
since controlling frequencies reduces pipe 
vibration this practice also reduces pipe fatigue. 
For this reason many feel controlling frequency 
verses sound power makes a lot of sense.  

 
A final note on velocity: due to the 

understanding that valve noise increases 
proportional to the velocity cubed (spl ~v3) is 
why noise discussions often lead to the subject of 
velocity. As mentioned, IEC 534-8-3 velocity 
guideline is to keep it below Mach .3. Some 
regulator/valve manufacturers suggest one can 
allow outlet velocity to mach .5 (for natural gas 
about 700 fps), if effects of downstream pipe 
expanders are considered. The outlet velocities of 
undersized valves can overpower any noise 
attenuation that occurred across the special valve 
noise trim. Understanding both regulator/valve 
noise and system noise will increase the life cycle 
of station assets while helping to comply with 
environmental noise mandates. 

 
When using source mitigation methods 

consider using filtration (due to trim hole  size) 
and understand that noise trims may lower your 
regulator/valve capacity (Cg).   



 
Path treatment mitigation 

 
Path noise mitigation control involves placing 

a barrier between the noise source and the 
listener. With path treatment a decision is made to 
live with the noise and try to mask it. Means of 
achieving this include: insulation, discharging into 
a vessel, enclosing the source in a cabinet or 
building, boundary wall, inline restrictors such as 
silencer/diffuser plate/orifice plate, distance, and 
burial (figure 10). 

 

 
Figure 10, insulation 

 
Figure 10 cont. cabinet 

 

 
Figure 10 cont. Dresser inline silencer 

 

 
Figure 10 cont. Fisher Type FL inline diffuser 

 
Thermal insulation manufacturers suggest 

they can attenuate noise approximately 3-5 dBA 
per inch of insulation, up to a maximum of 12-15 
dBA. Acoustical insulation can provide 8-10 dBA 
attenuation per inch, up to a maximum attenuation 
of 24-26 dBA.   

 
Fixed restrictions (orifice plate, diffuser plate, 

silencers) can be effective. Some manufacturers 
state they can attenuate up to 40dBA.  It’s 
important to understand these practices are only 
effective within the service conditions used during 
sizing. If service conditions vary, the noise 
attenuation may vary. 

 
Boundary wall attenuates noise 

approximately 5dBA at the listener’s line of sight. 
Every additional 1m of wall height (above sight 
line) equals 1.5dBA additional attenuation.  

 



Pipe geometry and piping material properties will 
affect the pipe’s resonant frequencies and will 
determine whether they will coincide with the 
fluid noise pressure wave frequencies. Heavier 
pipe wall and efficient pipe layout (which reduces 
turbulence) reduces the possibility of the pipe to 
start vibrating. 

 
Lastly, be cognitive that path treatment could 

hide destructive noise and reduce the life cycle of 
station assets.  

 
Noise considerations in station design & 
Summary 

 
Station design considerations concerning 

noise mitigation control typically include: 
determining what the acceptable environmental 
noise levels are at receiving properties, select 
required station equipment to meet the noise 
mandate, select equipment location to meet noise 
mandate, choose appropriate piping geometry 
(size, components, layout, location, wall 
thickness). If it appears noise will be a problem 
consider path or source treatment.  

 
Include noise in your station design and 

operate below mandated permissible noise levels 
and take advantage of possibly increasing your p2 
by recovering more energy in the form of 
downstream pressure. 

---------------- 
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