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Outline of presentation

® Overview of how we perceive and measure sound and noise
® Caveats, challenges, etc.

® Research/theory on the implications for communities near data
centers

® What actions can community members take?
® Discussion of the issue in relation to other data center concerns

® General discussion and questions




Physical characteristics of sound for our purposes

® What we perceive as sound are pressure changes over time through air
® The common metric for intensity is the decibel (dB)

® This compresses the range of perceivable sound (millions of levels) using a
logarithmic scale.

® Results in a useful range from o dB (*threshold”) to mid 100’s (e.g., 140 dB
is painful)

® Hearing loss from inner ear hair cell damage can occur for sounds at or
above 85 dB (e.qg., a gas lawnmower for the operator can be about go dB)

OSHA mandate: Employers must provide hearing protection for 8 hr
exposure at or above go dB




Sound vs. Noise

Physical sound intensity level is different than loudness (which is the
perceived intensity of a sound)

dB vs dBA

® dBA adjust physical intensities to achieve “equal” perceived loudness
Noise is usually something unpleasant
In addition to intensity or level, sound quality is a factor

E.g., unpleasant sounds that aren’t typically loud (such as fingernails
scratching a chalkboard)

Unfortunately, government regulations mostly apply to sound intensity; not
the unpleasant qualities of sound

In other words, many reqgulations consider all sounds to be equal (when they
can vary on important factors like tonality, dissonance, etc.). Challenges in
regulating the more subjective factors like annoyance of sounds.



How is noise requlated?

While the U. S.

Environmental Protection
Agency

Office of Noise Abatement and Control (ONAC), defunded
after 10 years

(1) educational materials on the public health effects of noise and the most
effective means of noise control; (2) conduct or finance specified research
projects on noise control; (3) administer a nationwide Quiet Communities

Recommends a 24-h average outdoor noise limit of 55 dBA
(day—night average) or 45 dBA indoors to protect public
health

Environmental and community noise

e Under 70dB at property line


https://www.epa.gov/laws-regulations/summary-noise-control-act
https://www.congress.gov/bill/95th-congress/senate-bill/3083/summary/00
https://www.congress.gov/bill/95th-congress/senate-bill/3083/summary/00
https://www.congress.gov/bill/95th-congress/senate-bill/3083/summary/00
https://www.epa.gov/laws-regulations/summary-noise-control-act
https://www.congress.gov/bill/95th-congress/senate-bill/3083/summary/00
https://www.congress.gov/bill/95th-congress/senate-bill/3083/summary/00

he issue: Continuous noise from data centers

® 24/7 (... but also blasting during initial construction)
® Sources: Cooling towers, generators, ventilation fans

® There could be hundreds to thousands of fans operating
simultaneously at one site

® What are the qualities of these sound sources?

® Are they consistent across time?



Effects of noise

At 55 dB: “"The upper acceptance level for spaces where quiet is expected (150 — 2400
Hz). People will have to raise their voices slightly to converse over distances greater than
8 ft. This level of noise will awaken about half of a given population about half of the
time. It is still annoying to people who are especially sensitive to noise” (Human Factors
and Ergonomics Design Handbook (2016, Third edition, McGraw Hill Education)

Noise at this level can be described as annoying/unwanted for some people
Sound level can be measured with phone app’s such as Decibel X

The default setting applies a filter that mimics the sound processing of the ear canal
(part of the outer ear)—dBA

® OQur hearing is less sensitive to frequencies below and above 1000 Hz

® The dBA metric assigns greater weight to frequencies between 5oo and 8ooo Hz. Hz is
the frequency of the sound in cycles per second

® E.g., a 60dB sound at 100 Hz sounds about as loud as a 40 dB sound at 1000 Hz

® E.g., Inanindustrial or residential application, the 100 Hz physical intensity is weighted
less than higher frequencies in the dBA metric.

Perhaps 20-30 dB of noise can be mitigated with store bought earplugs



Health impacts

Impact on sleep and well-being

Sleep loss and annoyances can increase physiological stress that can be a
contributing factor to health problems such as heart disease and
depression/anxiety

Individual differences in habituation (adapting) to noise from intermittent
and continuous sources

As previously mentioned, hearing loss results from exposures at or above
85 dB for extended periods

® ...orexposure to very loud sounds over 100 dB for short periods (like
firing a gun without using hearing protection, very loud music, etc.).

However, factors like tonality, dissonance, etc. can be annoying at lower
intensities, like in the 5o dB range.




Literature review on mitigation

Caveat: The three sources reviewed are from the same conference on noise
control/acoustical engineering. Also note: This is not my area of expertise! ©

Source 1

https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/000
oooo1/artoooos# (.pdfavailable)

"There is no silver bullet for eliminating air-cooled chiller sound issues, but a
combination of source and path treatments can be applied to address different
aspects depending on the application with acceptable results. Overall
attenuation, tonal control, equipment operation, airflow, space constraints, etc.
are all considerations that must be evaluated and addressed with a noise control
solution. Sound barrier walls can be supplemented with source treatments to
provide better overall broadband performance and tonal smoothing at the
chiller source while helping to manage the equipment operation, such as
discharge airflow. Selecting the right solution for the project requires careful
consideration.”


https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/00000001/art00004
https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/00000001/art00004
https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/00000001/art00004

Mitigation (research/theory review)

Source 2: Utilized acoustical modeling based on terrain, number of fans
expected to run, etc. (See Figure 2)

https://ince.publisher. Ingentaconnect.com/content/ince/incecp/2024/000
00269/00000002/artoooaq (.pdf available)

Data center noise can also include noise from electrical substations that
are needed to support the center (60 — 8o dBA).

“To summarize the quantitative limits, hourly average sound emissions from this site are
limited to 55 dB(A) when received at residential properties, 65 dB(A) at commercial
properties, and 70 dB(A) at industrial properties. These limits apply at all hours and are
evaluated 5 feet above grade. The County noise code discusses noise qualitatively,
prohibiting noise that is loud, unusual, or unnecessary, but provides no meaningful
quantitative limits.”


https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/00000002/art00019
https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/00000002/art00019
https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/00000002/art00019

Mitigation

Interestingly, the study also modeled the impact of adding additional
centers at the site.

When included in the model, noise exceeded the county limits.

They then modeled the impact of mitigation via installation of sound
barriers, re-locating the chiller fans, raising the site, etc.

The authors recommend that noise issues be addressed early using best
practices. The operators appeared open to their recommendations.

Conclusion: "This case study highlights the challenges of noise-sensitive receptor
locations at vantage points above noise sources as well as the large scale of noise control
needed when hundreds of noise sources are present. The project is still ongoing, and the
final mitigation measures have not been finalized. Data Centers #1 and #2 are currently
being constructed. Once finalized, the data center campus should be able to meet the 55
dB(A) regulatory limit at all nearby residences.”



Mitigation challenges, lack of specific requlations

Source 3 (on addressing sound quality)

https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/
00000001/artooo32# (.pdf available)

Some communities might adopt what are called “nuisance codes” that can
include aspects of sound quality.

But, these can be difficult to enforce due to the subjective nature of the issue.

Another challenge is that these sound sources are influenced by other
environmental conditions affecting ambient (background) noise like traffic, wind
direction and weather inversions (which can cause sound to travel further)

Again, addressing issues like this early in a project is emphasized, rather than
trying to mitigate after completing construction (A big theme to emphasize)



https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/00000001/art00032
https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/00000001/art00032
https://ince.publisher.ingentaconnect.com/content/ince/incecp/2024/00000269/00000001/art00032

Mitigation challenges, lack of specific requlations

® "ltis easy to see how changes in ambient sounds impact the sound level
limits of a dynamic code. For example, if a cooling tower resulted in sound
levels of 5o dBA at a receiving property line, and the limit was 10 dBA
above ambient, the equipment would be in compliance as long as the
ambient sound levels did not drop below 40 dBA. However, if the ambient
sound levels were to drop below 40 dBA the cooling tower could then be
in violation of the code. The obvious remedy to not exceeding the code
limit is to design for the lowest ambient condition, but for reasons
previously mentioned, determining the lowest ambient sound level may
not be straightforward, and even with long term monitoring (weeks or
months), future sounds could change unexpectedly and for significant
durations.”




Low frequency noise and details on regulations

® "We suggest that LFN is any unwanted sound below 100 Hz. This
frequency range is considered by a number of industry standards and
generally requires a different type of analysis than typical for
environmental noise measurements. ANSI S12.94 specifically defines the
sound level of low frequencies (LLF) as the sum of the 16, 31.5, and 63 Hz
octave bands... Some existing codes with octave band limits do include
limitations on sounds that fall within the LFN range. Most codes with
octave band limitations often provide limits in the 63 Hz octave band,
with others extending to the 31.5 Hz octave band. In those cases, the
codes already provide objective LFN limits for the sounds. In cases where
LFN concerns arise and octave band limits are not provided in the noise
code, the sounds might be compared to the threshold of human hearing,
the likelihood of rattle, and tonality standards.”




Low frequency noise and details on regulations (or
getting into the weeds!)

Further, the issue is complicated by the application of the common A-weighted dB scale.

Human hearing is less sensitive for energy in low frequency bands (by 6o dB), so the A-
weighting adjusts energy in these frequencies to match “thresholds” at higher
frequencies. But, much more physical energy can be in the low frequency range.

An issue aside from the loudness of these frequencies is that they can produce vibration
of materials within the home (often perceived as a rattling sound). Think of the sound
and perhaps vibration noted from thunder or explosions. At greater distances, only the
lower frequencies reach our ear. Higher frequencies are more easily reflected/absorbed.

Figures 2 and 3 illustrate sound levels of various frequencies from chiller fans and air
handlers, respectively.

E.g., description of Figure 3: "The figure shows the fans have overall similar overall A-
Welghted sound power levels, and generaIIy similar octave band sound power levels.
However, the “initial” fan selection had a “smoother” sound spectrum and was not
expected to cause any tonal concerns at the receiving properties. The “substitute” fan
had the appearance of a tone in the 250 Hz octave band. While this tone did not
constitute a LFN concern, the presence of the tone is significant.”



Mitigation (conclusions/implications)

® Source 3 Conclusion: *Many of the current local noise codes that exist to
protect the communities are ill-suited to account for the types of noise
generated by data centers, particularly those campuses that are sited
next to rural or semi-rural residential communities. A tremendous
opportunity and obligation exists, in regions where data centers are
targeted, to develop more comprehensive noise code to better align
community expectations, community sentiment, available measurement
technology, and improved analysis. The tools under consideration include
those related to low frequency noise, tones, perceived rattle, dynamic
sound level limits, and alternative frequency weightings.”

Again, these studies suggest the importance of consulting with acoustic
engineers and applying best practices to mitigate noise problems.

But, are we often too late?



Data Center noise enforcement

® Typically, complaint-driven

® Where are readings typically taken from? Usually, the property line
by planning staff or police.

® Often unclear who is responsible for enforcement (zoning
administrator, police, the center itself?

® Any corrections to reduce problems obviously will take some time.

® Emergency generators are likely exempt from such ordinances!



Recommendations:

® Can't emphasize enough the importance of being proactive in the
initial stages of data center planning/development

® This would include noise modeling/engineering studies and noise
testing prior to construction (i.e., before violations occur)

® Annual and/or frequent testing under different weather/seasonal
conditions

® Including having the right equipment and people trained in its use

® Keeping data centers away from residential areas and areas that
would be sensitive to excess noise (nature preserves, etc.)

® Clear pathways for citizens to file complaints and have them
addressed properly; consequences for violators



Reflections/implications

Some other thoughts ...

We should also be mindful of where this issue falls in terms of community
concerns

From a recent Gallup Poll, the top issue most people were concerned
about was the effect on resources (energy and water use, loss of
farmland). General Quality was also mentioned by 22% of respondents as
a concern, with issues like impacts on housing, traffic issues, health issues
(which could include noise). Noise, Air, & Water pollution was mentioned
less frequently as a concern (26% of respondents)

https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx



https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx
https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx
https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx
https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx
https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx
https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx
https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx
https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx
https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx
https://news.gallup.com/poll/709772/americans-oppose-data-centers-area.aspx

Questions & Discussion

Full disclosure:
This image was
generated using
Copilot and took
a few minutes!
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