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What is Noise?
Ø From Merriam-Webster Dictionary:

ü “loud, confused, and usually inharmonious sound”

ü “any sound that is undesired or interferes with one's hearing of something”

Ø The human auditory system does NOT “sleep” at night like other bodily functions.  
From evolution, humans are most attuned to hear a few frequencies:

ü ~1,000 Hz:  A baby’s cry

ü ~ 600 Hz:   Sound from a predator

ü ~ lower frequencies are felt and cannot be filtered out.
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Ø Sec. 14-2. - Violations of chapter 
“Any person violating any provision of this chapter shall be guilty of a 
Class 2 misdemeanor.”  
ü Limited by: VA Code § 15.2-980

“Civil fines will not exceed $250 for the first offense and $500 for each 
subsequent offense.“

Ø Sec. 14-4. - Maximum permissible sound levels

“Except as otherwise provided, any noise which emanates from any 
operation, activity or source, and which exceeds the maximum permissible 
sound levels established in this section below, is hereby prohibited. Such 
levels shall be measured at the property boundary of the sound source or 
at any point within any other property affected by the noise.“

PW County Noise Ordinance (Chapter 14 – dated Oct. 24, 1989)
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Noise Regulations and Enforcement
Ø Currently, PWC does not require Developer/Operator to perform ANY noise analyses
Ø No VA Code in Zoning or Building sections limit noise (other than aircraft noise)
Ø VA Code § 15.2-980. Civil penalties for violations of noise ordinances:

Any locality may, by ordinance, adopt a uniform schedule of civil penalties for violations of 
that locality's noise ordinance. This provision shall not apply to noise generated in 
connection with the business being performed on industrial property. Civil fines will not 
exceed $250 for the first offense and $500 for each subsequent offense.  …

Ø Current PWC Noise Ordinance #14
ü Adopted in 1989 before industrial areas came near to residential areas (pre DCs)
ü Assumes SINGLE noise source without ambient noises – NOT holistic 
ü Only requires compliance at property boundary
ü Only enforcement is after citizen complaint of excessive noise to PWC Police

• PWC Police have very limited capability to investigate
Ø PWC does NOT have capability to:

ü Separate noises from multiple or dispersed sources
ü Measure dB(Z) noise levels
ü Know what nominal noise levels are from data centers (aka: noise fingerprint)
ü Perform continuous monitoring
ü Track noise complaints/investigations County-wide

5/17/2024 © J.Lyver
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Ø Points to consider:
ü Noise is additive

ü Noise from Data Centers can be detected up to 3 miles away

ü Noise analyses MUST be holistic to include all noise sources, 
health effects, and economic impacts to be effective

ü PWC does not have the capability to do holistic noise analyses

ü Onus should be on operators to control noise, not PWC/citizens

Ø Any noise monitoring/limitation/Ordinance should consider:
ü The overall amount of noise energy/intensity at any ‘occupied’ location

ü The health effects of noise due to individual components in the noise

ü Enforcement/Control of noise limits

Noise Analysis/Predictions
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Modeling Noise
Ø Noise is:

ü An energy wave – can be modeled as energy spreading  AND

ü A pressure wave – can be modeled as a wave spreading 

Ø Noise energy is modeled as:

ü Pressure Wave:  psi or energy in the wave

ü Energy Wave:  Watts per Square Unit on the wave front

ü All modeling is done in base units, then reported in logarithmic units

Ø Noise energy intensity is reported as:  Decibels – dB   

Ø A-weighting [dB(A)] –  The A-weighted scale provides readings that 
conform to a notional human hearing response.  (ANSI S1.4)  ‘A’ Weighted 
is the most commonly used and is weighted to the human ear sensitivity 
from 20Hz to 20 kHz. 

Ø Z-Weighting [dB(Z)]– (frequency-weighting).  Z-weighted scale is the flat 
frequency response of 8 Hz to 20,000 Hz .  Reported in octaves or 
1/3 octaves.  Most common octave center frequencies: 52.5 Hz, 125 Hz, 
250 Hz, 500 Hz, 1,000 Hz, 2,000 Hz, 4,000 Hz and 8,000 Hz.
 (Piano Middle “C” is 523Hz)
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Noise 
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Noise Emitted [dB(A)]

Convert to intensity 
[watts/area]

Attenuation 
[distance ratio]

Calculate intensity
[watts/area]

Noise Heard [dB(A)]

5/20/2024 14



Ø Code authored/developed in MATLAB © and MS Excel © by J.Lyver.
Ø Report Chapter 1 details the basic Physics used to do the modeling.  

ü Appendix III details the sensitivity studies performed to enhance the modeling
Ø Modeling based on a “Nominal Data Center”

ü 330,000 sq ft of floor space measured at 500’ away from building
ü Building assumed to be circular with estimated floors/bldgs
ü Currently 5 noise levels/profiles used based on measurements
ü 189 DC Bldgs/sites individually modeled

(100 DC sites & 217 bldgs)

Ø Substations modeled based on 
small or large size 

Ø Modeling of 203 locations
(neighborhoods, schools, police, 
and fire stations)

Note: Model’s code is Copyright protected.

J.Lyver’s DC Noise Modeling
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J.Lyver’s DC Noise Study Analysis
Ø Developed from scratch in MATLAB © and MS Excel © by J.Lyver.
Ø Ambient Noise:

ü Projected Road Noise:
• Traffic Volumes: https://www.virginiadot.org/info/2021_traffic_data_by_jurisdiction.asp
• Modeling developed from various internet sources and validated from 

readings taken along I-66.
• Noise attenuation for roads modeled from above.

ü Measured neighborhood Ambient Noise
• Detailed studies of 2 neighborhoods combined 
• Model Assumes: -1σ from average measurements (or actual readings)

• Warrenton Ambient Noise predictions verified through professionally done 
background readings [+/- <1 dB(A)]

Ø Projected Data Center noise:
ü Normalized data applied as the average from 4 data center sites initially:  

(AWS Tanner Way, QTS University Drive, facility south of Manassas Airport, and 
randomly selected data center along Loudoun County Parkway near US-50)

ü Over time, added more data centers and substations.  Currently model:
• Air cooled data centers
• Condenser / ADHU cooled data centers
• Special modeling to reflect updated Tanner Way data centers 

ü PWC predictions validated at Tanner Way through measurements [+/- 1.5 dB(A)]
5/22/2024
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Computing Noise
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Computing 
Noise

Nominal DC 
Noise Type 

[dB(A)]

Convert to 
intensity 

[watts/area]

Compute 
Attenuation 

[distance ratio]n

Footprint 
[ft2]

# Floors# Bldg

Distance DC Eff. 
Radius to Location

[ft]

Compute 
Equivalent  

Radius
[ft]

DC Size [ft2]

Effective 
Radius

[ft]

Compute size 
correction 

ratio

Noise Heard 
at location 

[dB(A)]

Nominal DC Type:
x dB(A) for 330,000 ft2 @ 500’

Attenuation Ratio:  n=1.55
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Computing 
Holistic 
Noise

Noise Emitted [dB(A)]

Convert to intensity 
[watts/area]

Attenuation 
[distance ratio]

Calculate NET 
intensity

[watts/area]

Noise Heard [dB(A)]

Noise Emitter #2

Noise Emitter #3

Noise Emitter #n

and so on
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J.Lyver’s DC Noise Study Report - Outputs

Raw Data

Summarized Data

Small Area Maps
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52 dB(A)  Threshold for speech 
interference at 10 meters (US EPA)
60 dB(A)  Threshold for speech 
interference at 1 meter (US EPA)

Each 3 dB(A) increase:  
50% decrease in 
listening ability11/6/2023

Predicted Noise Levels in MNBP - Choropleth
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Choropleth of Noise prediction for Future DCs in Gainesville Area  
(Interpretation and graphic done in MS PowerPoint) 
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EXAMPLE: ArcGISTM  display of Warrenton DC Site showing noise intensity 
levels and ‘Fence Line’ Predictions above Ambient Noise

Blue:  Lyver Model - Locations
Brown: Actual Readings
Green:  Lyver Model – 
                Fence Line Predictions

Shown courtesy 
D.Gibson ©
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EXAMPLE: Noise Prediction display using 
ArcGISTM for “Operational” Warrenton DC

Shown courtesy 
D.Gibson ©

Display shows location of DC, noise level predictions, interpolation of noise 
predictions, residences and schools 24



Understanding Data Center Noise Impacts on Schools
Ø Increases in ambient noise at schools will have several effects:

ü Learning decreases in classrooms (ANSI/ASA S12.60-2010) when noise increases 
above 35 dB(A)  (PWC Schools does not currently use ANSI/ASA S12.60-2010)

ü Unknown as to effects of irritating frequencies on learning [dB(Z)]
ü Outside Physical Education will suffer as noise increases
ü School children never escape the noise:  

• They wake up with the noise, travel to school in the noise, learn in the noise, 
play in the noise, go home in the noise and try to sleep in the noise

• Adults go to work outside the noise areas
ü Understanding of nervous system effects on growing children is limited
ü Noise increases stress in children and adults

Ø PWC Public Schools do NOT have active mitigation programs for continuous noise. 
Currently there are:

ü Elementary Schools 7 <1 mile from a DC and will be 12 <1 mile in 2030
ü Middle Schools 1  <1 mile from a DC and will be  2  <1 mile in 2030
ü High Schools 2  <1 mile from a DC and will be  4  <1 mile in 2030
ü Non-Traditional Sch 1  <2 miles from a DC and will be 2 <1 mile in 2030
ü PWC PS HQs Will be < 1 mile from DCs in 2030  

5/22/2024 © J.Lyver
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J.Lyver’s DC Noise 
Study Report – 
Schools/Police/Fire

© J.Lyver
5/17/2024
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Summary of Base Reports

ØBoth reports are updated as:
ü DC status/approval/operational changes
ü Data is taken/verified for nominal DCs
ü Additional prediction locations are identified

ØSpecial runs can be done with models upon request
ØSpecial mapping can be done upon request

ØPWC has NOT published noise/DC data - public information limited.
ü PWC needs to educate public on effects of noise and health effects 
ü PWC needs to develop a means to make raw and processed DC location and 

modeling data to the public. 
ü GIS systems like “PWC County Mapper” have the capability to make data available 

and to do interpretive displays.
ü I have made all of my reports available to whoever asks for them via personal 

Google Docs at:

5/20/2024 © J.Lyver

QR Code 
to  
Reports
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Scenario to consider #1  (Daytime):

Parcel A
Industrial

Parcel B
Industrial

Parcel C
Residential

Parcel D
Meadow

A/B 
Border

B/C 
Border

C/D 
Border

Middle 
“A”

A/B 
Border

Middle 
“B”

B/C 
Border

Middle 
“C”

C/D 
Border

Middle 
“D”

72 dB(A) 71 dB(A) 70 dB(A) 
(due to A) 68 dB(A) 65 dB(A) 50 dB(A) 40 dB(A)

No new 
noise from 

“B”
VIOLATION 
who at fault

VIOLATION 

Limit:  60 dB(A)
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Scenario to consider #2  (Daytime):

Parcel A
Industrial

Parcel B
Industrial

Parcel C
Residential

Parcel D
Industrial

A/B 
Border

B/C 
Border

C/D 
Border

Middle 
“A”

A/B 
Border

Middle 
“B”

B/C 
Border

Middle 
“C”

C/D 
Border

Middle 
“D”

59 dB(A) 62 dB(A) 59 dB(A) 58 dB(A) 61 dB(A) 58 dB(A) 59 dB(A)

VIOLATION 
who at fault

Note:  58 dB(A) + 58 dB(A) = 61 dB(A)

Limit:  60 dB(A)
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Summary of Actions needed for ‘Noise Rules’
ØAn Updated PWC Noise Ordinance is NOT just a pen/ink update!

ü It may be a “Set” of document changes
v Ordinance, Zoning, Application Review
v May require changes to Commonwealth Laws/Ordinances

ü The Noise Ordinance must take into account:
v Total Noise Intensity Energy levels where health can be affected  [dB(A)]
v Noise in individual 1/3 octaves that are especially irritating to humans  [dB(Z)]
v ”Special” noise intensities to be controlled  (Schools, Police/Fire, Medical)
v That noise measurements can be taken anywhere on any parcel
v Enforcement methods, investigation processes, prosecution processes, 

as well as levels of administrative, civil, & criminal actions

ØPWC will need to improve:
ü Monitoring capabilities (Individual and continuous)
ü Health-Physics expertise
ü Complaint processing, investigation and record keeping
ü Public information 
ü PWC Public School protection of our school children

ØNoise Modeling and facility noise signatures WILL be needed for 
enforcement to separate and identify noise sources

5/20/2024 © J.Lyver
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THANK YOU!

Any Questions?

For further questions:
JLyver4@Comcast.NET

5/20/2024 © J.Lyver
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