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Chapter 1 
Introduction 

The purpose of this Noise and Vibration Technical Report is to identify any noise or vibration 
impacts that may be associated with the proposed Bella Terra Residential Project (project), to be 
redeveloped by Bella Terra Associates, LLC (BTA) in the northern portion of the City of Huntington 
Beach (city) in western Orange County, Southern California. The analysis provided in this report 
evaluates the potential for short- and long-term noise and vibration impacts associated with the 
construction and operation of the project. The analysis includes a description of the environmental 
setting for the project, including existing noise conditions, as well as applicable laws and regulations. 
It also documents the assumptions, methodologies, and findings used to evaluate the impacts. 

1.1 Project Description Summary 
The project site is located within the existing Bella Terra Shopping Center. The project would 
demolish the existing 149,001 square feet (sf)  occupied by Burlington Coat Factory1 and adjacent 
33,331-sf retail commercial building and replacing it with a mixed-use development consisting of 
approximately 300 multi-family residential units and 25,029 sf of new retail and restaurant uses, 
on-site parking spaces for residents, off-site parking spaces for residential guests, retail and 
restaurant parking spaces, and associated hardscape, landscaping, and related improvements with 
an overall proposed residential and commercial floor area of 352,461 sf and 40,449 sf (includes 
15,449 sf of existing retail pads), respectively.  

Residential reserved parking will be located in a new three-level podium garage with approximately 
404 parking stalls. The new residential parking garage will have a direct ground floor connection to 
the existing retail parking structure for shared retail/restaurant and residential guest parking use 
with parking supply for a demand of 150 residential guest parking spaces and 201 retail/restaurant 
parking spaces in the existing parking structure. The project proposes to construct a new internal 
roadway through the project site as an extension of Bella Terra Drive, which will provide access to 
the residential reserved parking garage, existing retail parking structure, and existing crescent 
roadway between Costco and the retail/restaurant portion of the project site. The project is 
expected to be constructed and fully occupied by the Year 2024.  

The project site consists of approximately 3.35 acres of land (Figure 1-1, Project Site Aerial Location 
Map). A larger study area has been provided for evaluation to ensure that all lands potentially 
affected by the project are included in the analysis. Figure 1-2, Conceptual Site Plan, shows the 
project components. 

 

 
1  While the entire Burlington Coat Factory footprint that would be demolished is 149,001 sf, only half of the 

building (74,501 sf) is currently occupied and operational.  
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Figure 1-1
Project location and Vicinity
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Source: ESRI StreetMap 
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Figure 1-2
Site Plan

\\
PD

CC
IT
RD

SG
IS
1\
Pr
oj
ec
ts
_1

\B
el
la
Te
rr
a\
00

05
9_

21
_C

EQ
A
\F
ig
ur
es
\A
Q



Bella Terra Associates, LLC 
 Chapter 1  

Introduction 
 

 
Noise and Vibration Technical Report 
Bella Terra Residential Project 1-5 April 2022 

ICF 559.21 
 

1.1.1 Project Design Features 
The proposed project includes the following noise and vibration project design features (PDFs): 

PDF-NOI-1: Avoid or reduce potentially damaging vibration at nearby buildings from project 
construction. During construction activities, the project proponent shall avoid using heavy 
construction equipment within 12 feet of all neighboring buildings. The contractor may use 
alternative (smaller) equipment to reduce the distance at which impacts could occur, such as, but 
not limited to, using a Bobcat or skid steer instead of full-size graders or bulldozers. If it is 
determined that equipment substitutions cannot be fully implemented, then the project proponent 
shall take the following additional steps to protect the neighboring buildings from construction 
vibration damage: 

• The project proponent/contractor shall retain a qualified structural or geotechnical engineer to 
conduct preconstruction surveys of neighboring structures (including photographing and/or 
videotaping) to document existing building conditions for future comparison if any vibration-
related damage is suspected or results from construction-related activities; and 

• Based on professional judgment and review of the specific buildings involved, the 
structural/geotechnical engineer shall provide written recommendations to the project 
proponent and the City of Huntington Beach for updated vibration thresholds and revised 
impact distances for potentially affected buildings; and 

• The person(s) conducting the monitoring shall have the authority to issue a stop work order to 
the contractor if excessive vibration levels are measured or other observations occur that 
indicate potential building damage may occur. In the event of such an occurrence, the monitor 
shall notify the project proponent and the City of Huntington Beach; and 

• If any damage to existing buildings is determined to occur because of project construction, the 
project proponent shall be financially responsible for the necessary repairs, structural or 
cosmetic, to return the damaged building to its pre-existing state.  

PDF-NOI-2: Avoid or reduce potentially damaging vibration at nearby buildings from pile 
installation. The project’s geotechnical report recommends that the buildings to be supported on 
piles with a structural floor slab. The method of pile installation for the proposed project will be 
auger cast piles with drilling instead of driven piles. 

PDF-NOI-3: Design and install all onsite mechanical and electrical equipment at the project 
site to comply with the applicable City of Huntington Beach noise ordinance. During the 
architectural and engineering design phase, prior to the issuance of any building permits for the 
project, the project proponent shall retain an acoustical consultant to evaluate the design and 
provide recommendations, as necessary, to ensure that combined noise levels from all onsite 
mechanical and electrical equipment (e.g., HVAC equipment, transformers, pumps, fans, etc.), are 
designed and will be installed to comply with the City of Huntington Beach Noise Ordinance (City of 
Huntington Beach Municipal Code Section 8.40.050) at The Residences at Bella Terra apartments. 
Such recommendations may include, but are not limited to, changes in equipment locations; sound 
power limits or specifications; rooftop parapet walls; acoustic absorption materials, louvers, 
screens, or enclosures; or intake and exhaust silencers. The project proponent shall submit a copy of 
the acoustical consultant’s report to the City of Huntington Beach for review and approval prior to 
project construction. 
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PDF-NOI-4: Limit hours of operation of the pool and pool deck. Use of the pool and pool deck 
shall be prohibited between the hours of 10 p.m. and 7 a.m.; this prohibition shall be included in the 
City of Huntington Beach’s Conditions of Approval for the project. Signage shall be clearly posted at 
all entrances to the pool deck indicating the hours of operation for residents and guests, which shall 
start each day no earlier than 7 a.m. (or later if desired by the project operator) and end each day no 
later than 10 p.m. (or earlier if desired by the project operator). The project operator shall enforce 
the hours of operation and access to the pool area shall be controlled by gates that are locked 
outside the designated hours of operation. 
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Chapter 2 
Noise Fundamentals 

Sound can be described as the mechanical energy of a vibrating object transmitted by pressure 
waves through a liquid or gaseous medium (e.g., air) to a hearing organ, such as a human ear. Noise 
is often defined as sound that is objectionable because it is unwanted, disturbing, or annoying.  

In the science of acoustics, the fundamental model consists of a sound (or noise) source, a receptor, 
and the propagation path between the two. The loudness of the noise source and the obstructions or 
atmospheric factors, which affect the propagation path to the receptor, determine the sound level 
and the characteristics of the noise perceived by the receptor.  

The following sections provide an explanation of key concepts and acoustical terms used in the 
analysis of environmental and community noise. 

2.1 Frequency, Amplitude, and Decibels 
Continuous sound can be described by its frequency (pitch) and amplitude (loudness). A low-
frequency sound is perceived as low in pitch; a high-frequency sound is perceived as high-pitched. 
Frequency is expressed in terms of cycles per second, or Hertz (Hz) (e.g., a frequency of 250 cycles 
per second is referred to as 250 Hz). High frequencies are sometimes more conveniently expressed 
in kilohertz (kHz), or thousands of Hz. The audible frequency range for humans is generally between 
20 Hz and 20,000 Hz.  

The amplitude of pressure waves generated by a sound source correlates with the loudness of that 
source. The amplitude of a sound is typically described in terms of sound pressure level (SPL), also 
referred to simply as the sound level. The SPL refers to the root-mean-square (rms)2 pressure of a 
sound wave and is measured in units called microPascals (µPa). One μPa is approximately one 
hundred-billionth (0.00000000001) of normal atmospheric pressure. Sound pressure amplitudes 
for different kinds of noise environments can range from less than 100 to over 100,000,000 μPa. 
Because of this large range of values, sound is rarely expressed in terms of μPa. Instead, a 
logarithmic scale is used to describe the SPL in terms of decibels, abbreviated dB. The decibel is a 
logarithmic unit that describes the ratio of the actual sound pressure to a reference pressure (20 
µPa is the standard reference pressure level for acoustical measurements in air). Specifically, an SPL, 
in dB, is calculated as follows: 









×=

Pa
XSPL
µ20

log20 10  

where X is the actual sound pressure and 20 µPa is the reference pressure. The threshold of hearing 
for young people is about 0 dB, which corresponds to 20 μPa. 

 
2  Root-mean-square (rms) is defined as the square root of the mean (average) value of the squared amplitude of 

the noise signal. 
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2.1.1 Decibel Calculations 
Because decibels represent noise levels using a logarithmic scale, SPLs cannot be added, subtracted, 
or averaged through ordinary arithmetic. On the dB scale, a doubling of sound energy corresponds 
to a 3-dB increase. In other words, when two identical sources are each producing sound of the 
same loudness, their combined sound level at a given distance would be 3 dB higher than one source 
under the same conditions. For example, if one bulldozer produces an SPL of 80 dB, two bulldozers 
would not produce a combined sound level of 160 dB. Rather, they would combine to produce 83 dB. 
The cumulative sound level of any number of sources, such as excavators, can be determined using 
decibel addition. The same decibel addition is used for A-weighted decibels described below.  

Similarly, the arithmetic mean (average) of a series of noise levels does not accurately represent the 
overall average noise level. Instead, the values must be averaged using a linear scale before 
converting the result back into a logarithmic (dB) noise level. This method is typically referred to as 
calculating the “energy average” of the noise levels.  

2.1.2 A-Weighting 
The dB scale alone does not adequately characterize how humans perceive noise. The dominant 
frequencies of a sound have a substantial effect on the human response to that sound. Although the 
intensity (energy per unit area) of the sound is a purely physical quantity, the loudness or human 
response is determined by characteristics of the human ear. 

Human hearing is limited in the range of audible frequencies as well as in the way it perceives the 
SPL in that range. In general, people are most sensitive to the frequency range of 1,000 to 5,000 Hz 
and perceive sounds within that range better than sounds of the same amplitude at higher or lower 
frequencies. To approximate the response of the human ear, sound levels of individual frequency 
bands are weighted (i.e., adjusted), depending on human sensitivity to those frequencies. The 
resulting SPL is expressed in A-weighted decibels, or dBA. 

The A-weighting scale approximates the frequency response of the average young ear when 
listening to most ordinary sounds. When people make judgments regarding the relative loudness or 
annoyance of a sound, their judgments correlate well with the A-weighted sound levels of those 
sounds. Table 2-1 describes typical A-weighted sound levels for various noise sources. 
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Table 2-1. Typical A-Weighted Sound Levels 

Common Outdoor Noise Source Sound Level (dBA) Common Indoor Noise Source 
 — 110 — Rock band 

Jet flying at 1,000 feet   
 — 100 —  

Gas lawn mower at 3 feet   
 — 90 —  

Diesel truck at 50 feet at 50 mph   Food blender at 3 feet 
 — 80 — Garbage disposal at 3 feet 

Noisy urban area, daytime   
Gas lawn mower at 100 feet — 70 — Vacuum cleaner at 10 feet 

Commercial area  Normal speech at 3 feet 
Heavy traffic at 300 feet — 60 —  

  Large business office 
Quiet urban daytime — 50 — Dishwasher in next room 

   

Quiet urban nighttime — 40 — Theater, large conference room 
(background) 

Quiet suburban nighttime   
 — 30 — Library 

Quiet rural nighttime  Bedroom at night 
 — 20 —  
  Broadcast/recording studio 
 — 10 —  

Lowest threshold of human hearing — 0 — Lowest threshold of human hearing 
Source: Caltrans 2013. 

2.2 Noise Descriptors  
Because sound levels can vary markedly over a short period of time, various descriptors or noise 
“metrics” have been developed to quantify environmental and community noise. These metrics 
generally describe either the average character of the noise or the statistical behavior of the 
variations in the noise level. Some of the most common metrics used to describe environmental 
noise, including those metrics used in this report, are described below. 

 Equivalent Sound Level (Leq) is the most common metric used to describe short-term average 
noise levels. Many noise sources produce levels that fluctuate over time; examples include 
mechanical equipment that cycles on and off or construction work, which can vary sporadically. 
The Leq describes the average acoustical energy content of noise for an identified period of time, 
commonly 1 hour. Thus, the Leq of a time-varying noise and that of a steady noise are the same if 
they deliver the same acoustical energy over the duration of the exposure. For many noise 
sources, the Leq will vary depending on the time of day. A prime example is traffic noise, which 
rises and falls depending on the amount of traffic on a given street or freeway. 
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 Maximum Sound Level (Lmax) and Minimum Sound Level (Lmin) refer to the maximum and 
minimum sound levels, respectively, that occur during the noise measurement period. More 
specifically, they describe the root-mean-square sound levels that correspond to the loudest and 
quietest 1-second intervals (when measured on a sound level meter with “slow” time-
weighting) or 0.125-second intervals (when measured on a sound level meter with “fast” time-
weighting) that occur during the measurement. 

 Percentile-Exceeded Sound Level (Lxx) describes the sound level exceeded for a given 
percentage of a specified period. For example, the L50 is the sound level exceeded 50 percent of 
the time (such as 30 minutes per hour), and L25 is the sound level exceeded 25 percent of the 
time (such as 15 minutes per hour). 

 Community Noise Equivalent Level (CNEL) is a measure of the 24-hour average A-weighted 
noise level that is also time-weighted to “penalize” noise that occurs during the evening and 
nighttime hours when noise is generally recognized to be more disturbing (because people are 
trying to rest, relax, and sleep during these times). 5 dBA is added to the Leq during the evening 
hours of 7 p.m. to 10 p.m.; 10 dBA is added to the Leq during the nighttime hours of 10 p.m. to 7 
a.m.; and the energy average is then taken for the whole 24-hour day. 

 Day-Night Sound Level (Ldn) is very similar to the CNEL described above. Ldn is also a time-
weighted average of the 24-hour A-weighted noise level. The only difference is that no “penalty” 
is applied to the evening hours of 7 p.m. to 10 p.m. 10 dBA is added to the Leq during the 
nighttime hours of 10 p.m. to 7 a.m., and the energy average is then taken for the whole 24-hour 
day. 

It is noted that various federal, state, and local agencies have adopted CNEL or Ldn as the measure of 
community noise. While not identical, CNEL and Ldn are normally within 1 dBA of each other when 
measured in typical community environments, and many noise standards/regulations use the two 
interchangeably. 

2.3 Sound Propagation 
When sound propagates over a distance, it changes in both level and frequency content. The manner 
in which noise is reduced with distance depends on the following important factors. 

 Geometric Spreading. Sound from a single source (i.e., a “point” source) radiates uniformly 
outward as it travels away from the source in a spherical pattern. The sound level attenuates (or 
drops off) at a rate of 6 dBA for each doubling of distance. Highway noise is not a single 
stationary point source of sound. The movement of vehicles on a highway makes the source of 
the sound appear to emanate from a line (i.e., a “line” source) rather than from a point. This 
results in cylindrical spreading rather than the spherical spreading resulting from a point 
source. The change in sound level (i.e., attenuation or decrease) from a line source is 3 dBA per 
doubling of distance. 

 Ground Absorption. The noise path between the source and the observer is usually close to the 
ground. The excess noise attenuation from ground absorption occurs due to acoustic energy 
losses on sound wave reflection. For acoustically “hard” sites (i.e., sites with a reflective surface, 
such as a parking lot or a smooth body of water, between the source and the receptor), no excess 
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ground attenuation is assumed because the sound wave is reflected without energy losses. For 
acoustically absorptive or “soft” sites (i.e., sites with an absorptive ground surface, such as soft 
dirt, grass, or scattered bushes and trees), an excess ground attenuation value of 1.5 dBA per 
doubling of distance is normally assumed. When added to the geometric spreading, the excess 
ground attenuation results in an overall drop-off rate of 4.5 dBA per doubling of distance for a 
line source and 7.5 dBA per doubling of distance for a point source. 

 Atmospheric Effects. Research by the California Department of Transportation (Caltrans) and 
others has shown that atmospheric conditions can have a major effect on noise levels. Factors 
include wind, air temperature (including vertical temperature gradients), humidity, and 
turbulence. Receptors downwind from a source can be exposed to increased noise levels relative 
to calm conditions, whereas receptors upwind can have lower noise levels. Increased sound 
levels can also occur over relatively large distances because of temperature inversion conditions 
(i.e., increasing temperature with elevation).  

 Shielding by Natural or Human-Made Features. A large object or barrier in the path between 
a noise source and a receptor can substantially attenuate noise levels at the receptor. The 
amount of attenuation provided by this shielding depends on the size of the object, proximity to 
the noise source and receptor, surface weight, solidity, and the frequency content of the noise 
source. Natural terrain features (such as hills and dense woods) and human-made features 
(such as buildings and walls) can substantially reduce noise levels. Walls are often constructed 
between a source and a receptor with the specific purpose of reducing noise. In addition to the 
noise that diffracts over the top of a barrier, noise will also diffract around the ends of the 
barrier leading to “flanking” noise that can reduce the overall efficacy of the barrier. Assuming it 
is long enough to minimize the effects of flanking noise, a barrier that breaks the line of sight 
between a source and a receptor will typically result in at least 5 dB of noise reduction. A higher 
barrier may provide as much as 20 dB of noise reduction. 

2.4 Human Response to Noise 
Noise can have a range of effects on people including hearing damage, sleep interference, speech 
interference, performance interference, physiological responses, and annoyance. Each of these is 
briefly described below: 

 Hearing Damage. A person exposed to high noise levels can suffer either gradual or traumatic 
hearing damage. Gradual hearing loss occurs with repeated exposure to excessive noise levels 
and is most commonly associated with occupational noise exposures in heavy industry or other 
very noisy work environments. Traumatic hearing loss is caused by sudden exposure to an 
extremely high noise level, such as a gunshot or explosion at very close range. The potential for 
noise-induced hearing loss is not generally a concern in typical community noise environments. 
Noise levels in neighborhoods, even in very noisy airport environs, are not sufficiently loud as to 
cause hearing loss. 

 Sleep Interference. Exposure to excessive noise levels at night has been shown to cause sleep 
disturbance. Sleep disturbance refers not only to awakening from sleep, but also to effects on the 
quality of sleep such as altering the pattern and stages of sleep. World Health Organization 
guidelines recommend noise limits of 30 dBA Leq (8-hour average) for continuous noise and 45 
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dBA Lmax for single sound events inside bedrooms at night to minimize sleep disturbance (World 
Health Organization 1999).  

 Speech Interference. Speech interference can be a problem in any situation where clear 
communication is desired, but is often of particular concern in learning environments (such as 
schools) or situations where poor communication could jeopardize safety. Normal 
conversational speech inside homes is typically in the range of 50 to 65 dBA (EPA 1977) and any 
noise in this range or louder may interfere with speech. As background noise levels rise, the 
intelligibility of speech decreases and the listener will fail to recognize an increasing percentage 
of the words spoken. A speaker may raise his or her voice in an attempt to compensate for 
higher background noise levels, but this in turn can lead to vocal fatigue for the speaker. 

 Performance Interference. Excessive noise has been found to have various detrimental effects 
on human performance, including information processing, concentration, accuracy, reaction 
times, and academic performance. Intrusive noise from individual events can also cause 
distraction. These effects are of obvious concern for learning and work environments.  

 Physiological Responses. Acute noise has been shown to cause measurable physiological 
responses in humans, including changes in stress hormone levels, pulse rate, and blood 
pressure. The extent to which these responses cause harm or are signs of harm is not clearly 
defined, but it has been postulated that they could contribute to stress-related diseases, such as 
hypertension, anxiety, and heart disease. However, research indicates links between 
environmental noise and permanent health effects are generally weak and inconsistent. 
Statistically significant health risks have been found for extended exposure to very high noise 
levels, such as for workers exposed to high levels of industrial noise for 5 to 30 years (World 
Health Organization 1999). 

 Annoyance. The subjective effects of annoyance, nuisance, and dissatisfaction are possibly the 
most difficult to quantify, and no accurate method exists to measure these effects. This difficulty 
arises primarily from differences in individual sensitivity and habituation to sound, which can 
vary widely from person to person. What one person considers tolerable can be unbearable to 
another of equal hearing acuity. An important tool in estimating the likelihood of annoyance due 
to a new sound is by comparing it to the existing baseline or “ambient” environment to which 
that person has adapted. In general, the more the level or tonal (frequency) variations of a sound 
exceed the previously existing ambient sound level or tonal quality, the less acceptable the new 
sound will be. 

In most cases, effects from sounds typically found in the natural environment would be limited to 
annoyance or interference. Physiological effects and hearing loss would be more commonly 
associated with human-made noise, such as in an industrial or occupational setting. 

Studies have shown that under controlled conditions in an acoustics laboratory, a healthy human 
ear is able to discern changes in sound levels of 1 dBA. In the normal environment, the healthy 
human ear can detect changes of about 2 dBA; however, it is widely accepted that a doubling of 
sound energy, which results in a change of 3 dBA in the normal environment, is considered just 
noticeable to most people. A change of 5 dBA is readily perceptible, and a change of 10 dBA is 
perceived as being twice as loud. Accordingly, a doubling of sound energy (e.g., doubling the volume 
of traffic on a highway) resulting in a 3-dBA increase in sound would generally be barely detectable. 
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2.5 Noise-Sensitive Land Uses 
Noise-sensitive land uses are the locations most likely to be adversely affected by excessive noise 
levels, as well as places where quiet is an essential element of their intended purpose. Based on the 
Noise Element of the City of Huntington Beach General Plan and the City’s Noise Ordinance, noise-
sensitive land uses within the City include residences, hotels/motels, schools, day care, hospitals, 
convalescent facilities, libraries, churches, museums, and open spaces (public parks and recreation 
spaces).  
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Chapter 3 
Groundborne Vibration Fundamentals 

This section describes basic concepts related to groundborne vibration. Groundborne vibration is a 
small, rapidly fluctuating motion transmitted through the ground. The effects of groundborne 
vibrations are typically limited to causing nuisance or annoyance to people, but at extreme vibration 
levels damage to buildings may also occur. 

In contrast to airborne sound, groundborne vibration is not a phenomenon that most people 
experience every day. The ambient groundborne vibration level in residential areas is usually much 
lower than the threshold of human perception. Most perceptible indoor vibration is caused by 
sources within buildings, such as mechanical equipment while in operation, people moving, or doors 
slamming. Typical outdoor sources of perceptible groundborne vibration are heavy construction 
activity (such as blasting, pile driving, or earthmoving), steel-wheeled trains, and traffic on rough 
roads. If a roadway is smooth, the groundborne vibration from traffic is rarely perceptible, even in 
locations close to major roads. The strength of groundborne vibration from typical environmental 
sources diminishes (or attenuates) fairly rapidly over distance.  

For the prediction of groundborne vibration, the fundamental model consists of a vibration source, a 
receptor, and the propagation path between the two. The power of the vibration source and the 
characteristics and geology of the intervening ground, which affect the propagation path to the 
receptor, determine the groundborne vibration level and the characteristics of the vibration 
perceived by the receptor. 

The following sections provide an explanation of key concepts and terms used in the analysis of 
environmental groundborne vibration. 

3.1 Displacement, Velocity, and Acceleration 
When a vibration source (blasting, dynamic construction equipment, train, etc.) impacts the ground 
it imparts energy to the ground, creating vibration waves that propagate away from the source along 
the surface and downward into the earth. As vibration waves travel outward from a source, they 
excite the particles of rock and soil through which they pass and cause them to oscillate. The 
distance that these particles move is referred to as the displacement and is typically very small, 
usually only a few ten-thousandths to a few thousandths of an inch. Velocity describes the 
instantaneous speed of the motion, and acceleration is the instantaneous rate of change of the speed. 
Each of these measures can be further described in terms of frequency and amplitude, as discussed 
below. 

Although displacement is generally easier to understand than velocity or acceleration, it is rarely 
used to describe groundborne vibration because most transducers used to measure vibration 
directly measure velocity or acceleration, not displacement. 
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3.2 Frequency and Amplitude 
The frequency of a vibrating object describes how rapidly it is oscillating. The unit of measurement 
for the frequency of vibration is Hz (the same as used in the measurement of noise), which describes 
the number of cycles per second. 

The amplitude of displacement describes the distance that a particle moves from its resting (or 
equilibrium) position as it oscillates and can be measured in inches. The amplitude of vibration 
velocity (the speed of the movement) can be measured in inches per second (in/s). The amplitude of 
vibration acceleration (the rate of change of the speed) can be measured in in/s per second. 

3.3 Vibration Descriptors  
As noted above, there are various ways to quantify groundborne vibration based on its fundamental 
characteristics. Because vibration can vary markedly over a short period of time, various descriptors 
have been developed to quantify vibration. The two most common descriptors used in the analysis 
of groundborne vibration are vibration velocity level and peak particle velocity, each of which are 
described below: 

 Peak Particle Velocity (PPV) is defined as the maximum instantaneous positive or negative 
peak amplitude of the vibration velocity. The unit of measurement for PPV is in/s. Unlike many 
quantities used in the study of environmental acoustics, PPV is typically presented using linear 
values and does not employ a dB scale. Because it is related to the stresses that are experienced 
by buildings, PPV is generally accepted as the most appropriate descriptor for evaluating the 
potential for building damage (both Federal Transit Administration and Caltrans guidelines 
recommend using PPV for this purpose). It is also used in many instances to evaluate the human 
response to groundborne vibration (Caltrans guidelines recommend using PPV for this 
purpose).  

 Vibration Velocity Level (LV) describes the rms vibration velocity. Due to the typically small 
amplitudes of groundborne vibrations, vibration velocity is often expressed in decibels, 
calculated as follows. 











×=

ref
V V

VL 10log20  

where V is the actual rms velocity amplitude and Vref is the reference velocity amplitude. It is 
important to note that there is no universally accepted value for Vref, but the accepted reference 
quantity for vibration velocity in the U.S. is 1 micro-inch per second (1×10-6 in/s). The 
abbreviation VdB is commonly used for vibration decibels to distinguish from noise level 
decibels. LV is often used to evaluate human response to vibration levels (Federal Transit 
Administration guidelines recommend using LV for this purpose). 
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3.4 Vibration Propagation 
Vibration energy spreads out as it travels through the ground, causing the vibration level to 
diminish with distance away from the source. High-frequency vibrations reduce much more rapidly 
than low frequencies so that low frequencies tend to dominate the spectrum at large distances from 
the source. The propagation of groundborne vibration is not as simple to model as airborne noise. 
This is because noise in the air travels through a relatively uniform medium while groundborne 
vibrations travel through the earth, which may contain significant geological differences. Geological 
factors that influence the propagation of groundborne vibration include the following: 

 Soil conditions. The type of soil is known to have a strong influence on the levels of 
groundborne vibration. Among the most important factors are the stiffness and internal 
damping of the soil. Hard, dense, and compacted soil; stiff clay soil; and hard rock transmit 
vibration more efficiently than loose, soft soils; sand; or gravel. 

 Depth to bedrock. Shallow depth to bedrock has been linked to efficient propagation of 
groundborne vibration. One possibility is that shallow bedrock acts to concentrate the vibration 
energy near the surface, reflecting vibration waves back toward the surface that would 
otherwise continue to propagate farther down into the earth. 

 Soil strata. Discontinuities in the soil strata (i.e., soil layering) can also cause diffractions or 
channeling effects that affect the propagation of vibration over long distances.  

 Frost conditions. Vibration waves typically propagate more efficiently in frozen soils than in 
unfrozen soils. Propagation also varies depending on the depth of the frost.  

 Water conditions. The amount of water in the soil can affect vibration propagation. The depth 
of the water table in the path of the propagation also appears to have substantial effects on 
groundborne vibration levels. 

Specific conditions at the source and receiver locations can also affect the vibration levels. For 
instance, how the source is connected to the ground (e.g., direct contact, through rails, or via a 
structure) will affect the amount of energy transmitted into the ground. There are also notable 
differences when the source is underground (such as in a tunnel) versus on the surface. At the 
receiver, vibration levels can be affected by variables such as the foundation type, building 
construction, and acoustical absorption inside the rooms where people are located. When vibration 
encounters a building, a ground-to-foundation coupling loss will usually reduce the overall vibration 
level. However, under certain circumstances, the ground-to-foundation coupling may also amplify 
the vibration level due to structural resonances of the floors and walls. 

3.5 Effects of Groundborne Vibration 
Vibration can result in effects that range from annoyance to structural damage. Annoyance or 
disturbance of people may occur at vibration levels substantially below those that would pose a risk 
of damage to buildings. Each of these effects is discussed below. 
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3.5.1 Potential Building Damage 
When groundborne vibration encounters a building, vibrational energy is transmitted to the 
structure, causing it to vibrate. If the vibration levels are high enough, damage to the building may 
occur. Depending on the type of building and the vibration levels, this damage could range from 
cosmetic architectural damage (e.g., cracked plaster, stucco, or tile) to more severe structural 
damage (e.g., cracking of floor slabs, foundations, columns, beams, or wells). Buildings can typically 
withstand higher levels of vibration from transient sources than from continuous or frequent 
intermittent sources. Transient sources are those that create a single isolated vibration event, such 
as blasting or drop balls. Continuous/frequent intermittent sources include impact pile drivers 
(impact or vibratory), crack-and-seat equipment, and vibratory compaction equipment. Older, 
fragile buildings (which may include important historic buildings) are of particular concern. Modern 
commercial and industrial buildings can generally withstand much higher vibration levels before 
potential damage occurs. 

3.5.2 Human Disturbance or Annoyance 
Groundborne vibration can be annoying to people and can cause serious concern for nearby 
neighbors of vibration sources, even when vibration is well below levels that could cause physical 
damage to structures. Groundborne vibration is almost exclusively a concern inside buildings and is 
rarely perceived as a problem outdoors, where the motion may be discernible but there is less 
adverse reaction without the effects associated with the shaking of a building. The normal frequency 
range of most groundborne vibration that can be felt generally starts from a low frequency of less 
than 1 Hz to a high of about 200 Hz.  

When groundborne vibration waves encounter a building, vibrational energy is transmitted to the 
building foundation and then propagates throughout the remainder of the structure, causing 
building surfaces (walls, floors, and ceilings) to vibrate. This movement may be felt directly by 
building occupants and may also generate a low-frequency rumbling noise as sound waves are 
radiated by the vibrating surfaces. At higher frequencies, building vibration can cause other audible 
effects, such as rattling of windows, building fixtures, or items on shelves or hanging on walls. These 
audible effects due to groundborne vibration are referred to as groundborne noise. Groundborne 
vibration levels that result in groundborne noise are often experienced as a combination of 
perceptible vibration and low-frequency noise. However, sources that have the potential to generate 
groundborne noise are likely to produce airborne noise impacts that mask the radiated 
groundborne noise. Any perceptible effect (vibration or groundborne noise) can lead to annoyance. 
The degree to which a person is annoyed depends on the activity in which they are participating at 
the time of the disturbance. For example, someone sleeping or reading will be more sensitive than 
someone who is engaged in any type of physical activity. Reoccurring vibration effects often lead 
people to believe that the vibration is damaging their home, although vibration levels are well below 
minimum thresholds for damage potential (Caltrans 2020).  

Numerous studies have been conducted to characterize the human response to vibration, and, over 
the years, numerous vibration criteria and standards have been suggested by researchers, 
organizations, and governmental agencies. These studies suggest that the thresholds for perception 
and annoyance vary according to duration, frequency, and amplitude of vibration. For transient 
vibration sources (single, isolated vibration events such as blasting), the human response to 
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vibration varies from barely perceptible at a PPV of 0.04 in/s, to distinctly perceptible at a PPV of 
0.25 in/s, and severe at a PPV of 2.0 in/s. For continuous or frequent intermittent vibration sources 
(such as pile driving or vibratory compaction equipment), the human response to vibration varies 
from barely perceptible at a PPV of 0.01 in/s, to distinctly perceptible at a PPV of 0.04 in/s, strongly 
perceptible at a PPV of 0.1, and severe at a PPV of 0.4 in/s (Caltrans 2020).  

3.6 Vibration-Sensitive Land Uses 
As noted above, the potential effects of groundborne vibration can be divided into two categories: 
building damage and potential human annoyance. Because building damage would be considered a 
permanent negative effect at any building, regardless of land use, any type of building would 
typically be considered sensitive to this type of impact. Fragile structures, which often include 
historic buildings, are most susceptible to damage and are of particular concern. 

Human annoyance effects from groundborne vibration are typically only considered inside occupied 
buildings and not at outside areas such as residential yards, parks, or open space. Buildings that 
would be considered sensitive to human annoyance caused by vibration are generally the same as 
those that would be sensitive to noise. 
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Chapter 4 
Existing Noise Environment 

The project is located within the city limits of Huntington Beach, specifically within the Bella Terra 
Specific Plan area which contains a mix of regional commercial uses and high density residential. 
The existing land uses directly adjacent to the project site are primarily commercial, with a multi-
story parking structure to the north, existing retail and loading docks to the east, surface parking to 
the south, and commercial uses (retail, restaurants, and a Costco store with a gas station) to the 
west. Also to the west are The Residences at Bella Terra apartments; these are the closest noise-
sensitive receptors to the project site and are located approximately 75 feet from the project site.  

Other noise-sensitive land uses in the project vicinity are substantially farther away from the site, 
outside of the Bella Terra Specific Plan boundary. These uses include the Hotel Huntington Beach 
approximately 460 feet to the north; the Fusion Academy private school approximately 915 feet to 
the north; Driftwood Park Mobile Club mobile home park approximately 1,100 feet to the northeast, 
across I-405; single-family homes approximately 2,100 feet to the east, across I-405; the SpringHill 
Suites by Marriott Huntington Beach hotel approximately 1,100 feet to the southeast; the Refuge 
Calvary Chapel Huntington Beach approximately 780 feet to the southeast; the Sher Lane 
Apartments approximately 990 feet to the south; the Boardwalk by Windsor apartment 
approximately 930 feet to the west; and the Artisan Residences at Bella Terra apartments 
approximately 990 feet to the northwest. 

The primary sources of noise in the project vicinity are traffic on I-405, on local roadways, and in 
parking lots and interior roadways within the existing Bella Terra mixed use development 
(including at the Costco parking lot and gas station) and other commercial development in the area. 
Secondary sources included trucks loading or unloading, pedestrian activity, and natural 
background noise (e.g., wind and birds).  

Five noise measurements were used to document existing noise levels within the project area in 
October 2021. These included both short-term (ST) measurements conducted over a period of at 
least 15 minutes and a long-term (LT) noise measurement conducted over a period of 
approximately 70 hours from Friday, October 15, to Monday, October 18, 2021.  

The instrumentation used to obtain the ST noise measurements consisted of a Type 1 Larson Davis 
(Model 831) integrating sound level meter (SLM). The instrumentation used to obtain the LT noise 
measurements consisted of a Type 2 Piccolo II SLM. All SLMs were field-calibrated prior to each 
measurement to ensure accuracy using a Larson Davis CAL200 acoustical calibrator; the calibration 
was also rechecked at the conclusion of each measurement. The instruments are maintained to 
manufacturer specifications to ensure accuracy, in accordance with American National Standards 
Institute standard S1.4.  The SLM microphones were mounted at a height of 5 feet above the ground 
for all measurements except for LT1. LT1 was mounted at a height of approximately 8 feet above the 
ground and secured to a metal trellis for security. The noise measurement results are summarized in 
Table 4-1. All measurement locations are shown on Figure 4-1. Field noise survey sheets are 
included in Appendix A of this report. Noise measurements indicate that the daytime ambient noise 
levels generally ranged between 56 and 66 dBA Leq during both weekdays and the weekend. 
Nighttime ambient noise levels generally ranged from 48 to 64 dBA Leq on weekdays and 51 to 65 
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dBA Leq on weekends. The LT noise measurement indicates that the average daily noise level ranged 
from approximately 63 to 66 dB CNEL in the project area. 

Table 4-1. Measured Existing Noise Levels in Project Area 

Location Number: Description Date Time1 
Noise Levels (dBA) 
Leq CNEL 

LT1: At the exterior loading/storage 
area on the west side of the project 
site. 

10/15/2021 
to 
10/18/2021 

Weekday Daytime 
 

56 – 662 
(61 average2) 

65 
Weekday 
Nighttime 

48 – 642 
(58 average3) 

Weekend Daytime 56 – 662 
(60 average2) 63 – 652 

(64 average4) Weekend 
Nighttime 

51 – 652 
(58 average3) 

ST1: Adjacent to the northwest 
corner of the project site and the 
southwest corner of the existing 
Bella Terra parking structure. 

10/15/2021 4:23 p.m. to 
4:43 p.m. 

62 NM 

ST2: Adjacent to the northeast 
corner of The Residences at Bella 
Terra apartments. 

10/15/2021 2:33 p.m. to 
2:53 p.m. 

58 NM 

ST3: At the south end of the project 
site, in front of the existing 
Burlington retail store. 

10/15/2021 3:12 p.m. to 
3:32 p.m. 

59 NM 

ST4: Adjacent to the southeast 
corner of The Residences at Bella 
Terra apartments. 

10/15/2021 3:51 p.m. to 
4:11 p.m. 

56 NM 

1 Daytime period is 7 a.m. to 10 p.m. Nighttime period is 10 p.m. to 7 a.m. 
2 Range of hourly values for the indicated period. 
3 Average hourly value across the indicated period. 
4 Average 24-hour CNEL across the measurement period. 
NM = not measured  
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Chapter 5 
Regulatory Framework 

5.1 Federal 
There are no federal noise or vibration regulations that apply to the project. 

5.2 State 
5.2.1 Noise 

The State of California General Plan Guidelines, published and updated by the Governor’s Office of 
Planning and Research, provides guidelines for evaluating the compatibility of various land uses as a 
function of community noise exposure. These are guidelines for general land use planning that 
describe noise acceptability categories for different types of land uses considered by the state. 
California also requires each local government entity to perform noise studies and implement a 
noise element as part of its general plan. The purpose of the noise element is to limit the exposure of 
the community to excessive noise levels; the noise element must be used to guide decisions 
concerning land use. A discussion of relevant noise-related policies in the City of Huntington Beach 
General Plan (City of Huntington Beach 2017) is provided below. 

5.2.2 Vibration 

California Department of Transportation 

There are no state vibration standards that directly apply to the project. As noted below, there are 
no quantitative local standards for assessing groundborne vibration from project construction 
(there are local operational vibration standards which are described below). Therefore, while the 
project would not be subject to Caltrans oversight, guidance published by the agency nonetheless 
provides groundborne vibration criteria that are useful in establishing thresholds of impact. 
Caltrans’ widely referenced Transportation and Construction Vibration Guidance Manual (Caltrans 
2020) provides guidance for two types of potential impact: (1) damage to structures, and (2) 
annoyance to people. Guideline criteria for each are provided in Tables 5-1 and 5-2. 
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Table 5-1. Caltrans Guideline Vibration Damage Criteria 

Structure and Condition 

Maximum PPV (in/s) 
Transient 

Sources 
Continuous/Frequent 
Intermittent Sources 

Extremely fragile historic buildings, ruins, ancient monuments 0.12 0.08 
Fragile buildings 0.2 0.1 
Historic and some old buildings 0.5 0.25 
Older residential structures 0.5 0.3 
New residential structures 1.0 0.5 
Modern industrial/commercial buildings 2.0 0.5 

Source: Caltrans 2020. 
Notes: 
Transient sources create a single, isolated vibration event, such as blasting or drop balls. Continuous/frequent 
intermittent sources include pile drivers (impact and vibratory), crack-and-seat equipment, and vibratory 
compaction equipment. 

Table 5-2. Caltrans Guideline Vibration Annoyance Criteria 

Human Response 

Maximum PPV (in/s) 
Transient 

Sources 
Continuous/Frequent 
Intermittent Sources 

Barely perceptible 0.04 0.01 
Distinctly perceptible 0.25 0.04 
Strongly perceptible 0.9 0.10 
Severe 2.0 0.4 

Source: Caltrans 2020. 
Notes: 
Transient sources create a single, isolated vibration event, such as blasting or drop balls. Continuous/frequent 
intermittent sources include pile drivers (impact and vibratory), crack-and-seat equipment, and vibratory 
compaction equipment. 

5.3 Local 
5.3.1 City of Huntington Beach General Plan – Noise Element 

The City of Huntington Beach General Plan Noise Element (City of Huntington Beach 2017) 
describes how the City considers noise control in the planning process. The Noise Element discusses 
four issues of concern related to noise and provides goals and policies related to each, as described 
below.  

Issue 1 - Protecting noise-sensitive land uses  

For this issue, the Noise Element identifies the following Goals and Policies: 

Goal N-1. Noise-sensitive land uses are protected in areas with acceptable noise. 
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Policies 

A. Maintain acceptable stationary noise levels at existing noise-sensitive land uses such as schools, 
residential areas, and open spaces. 

B. Incorporate design and construction features into residential, mixed-use, commercial, and 
industrial projects that shield noise-sensitive land uses from excessive noise. 

Issue 2 - Ensuring Land Use/Noise Compatibility 

For this issue, the Noise Element identifies the following Goals and Policies: 

Goal N-2. Land use patterns are compatible with current and future noise levels. 

Policies 

A. Require an acoustical study for proposed projects in areas where the existing or projected noise 
level exceeds or would exceed the maximum allowable levels identified in Table N-2 [of the 
Noise Element]. The acoustical study shall be performed in accordance with the requirements set 
forth in this Noise Element. 

B. Allow a higher exterior noise level standard for infill projects in existing residential areas 
adjacent to major arterials if no feasible mechanisms exist to meet exterior noise standards. 

C. Minimize excessive noise from industrial land uses through incorporation of site and building 
design features that are intended to reduce noise impacts to sensitive land uses. 

D. Encourage new mixed-use development projects to site loading areas, parking lots, driveways, 
trash enclosures, mechanical equipment, and other noise sources away from residential portions 
of the development, to the extent feasible. 

Issue 3 - Reducing Noise from Mobile Sources 

For this issue, the Noise Element identifies the following Goals and Policies: 

Goal N-3. The community is not disturbed by excessive noise from mobile sources such as 
vehicles, rail traffic, and aircraft. 

Policies 

A. Mitigate noise created by any new transportation noise source so that it does not exceed the 
exterior or interior sound levels specified in Table N-2 [of the Noise Element] 

B. Prioritize use of site planning and project design techniques to mitigate excessive noise. The use 
of noise barriers shall be considered a means of achieving the noise standards only after all other 
practical design-related noise mitigation measures have been integrated into the project. 

C. Employ noise-reducing technologies such as rubberized asphalt, fronting homes to the roadway, 
or sound walls to reduce the effects of roadway noise on noise-sensitive land uses. 

D. Continue to work with local, state, and federal agencies to install, maintain, and renovate 
highway and arterial right-of-way buffers and sound walls. 

E. Continue to work with regional, state, and federal agencies, including officials at John Wayne 
Airport and Long Beach Airport, to implement noise-reducing measures and to monitor and 
reduce noise associated with aircraft: 

a. Coordinate with Long Beach Airport to modify the approach of commercial aircraft to an 
altitude of 2,100 feet or higher when passing over the area near Bolsa Chica Street. 



Bella Terra Associates, LLC 
 Chapter 5  

Regulatory Framework 
 

 
Noise and Vibration Technical Report 
Bella Terra Residential Project 5-4 April 2022 

ICF 559.21 
 

b. Coordinate with Long Beach Airport so that aircraft delay deployment of landing gear 
and flaps until they are over the Naval Weapons Station to reduce the noise levels they 
produce over the community. 

F. Continue to coordinate with the Federal Aviation Administration, Caltrans Division of 
Aeronautics, and the Orange County Airport Land Use Commission regarding the siting and 
operation of heliports and helistops to minimize excessive helicopter noise. 

Issue 4 - Mitigating Noise from Construction, Maintenance, and Other Sources 

For this issue, the Noise Element identifies the following Goals and Policies: 

Goal N-4. Noise from construction activities associated with discretionary projects, 
maintenance vehicles, special events, and other nuisances is minimized in residential areas 
and near noise-sensitive land usesLand use patterns are compatible with current and future 
noise levels. 

Policies 

A. Reduce construction, maintenance, and nuisance noise at the source as the first and preferred 
strategy to reduce noise conflicts. 

B. Require that new discretionary uses and special events such as restaurants, bars, entertainment, 
parking facilities, and other commercial uses or beach events where large numbers of people 
may be present adjacent to sensitive noise receptors comply with the noise standards in Table N-
2 [of the Noise Element] and the City Noise Ordinance 

C. Encourage shielding for construction activities to reduce noise levels and protect adjacent noise-
sensitive land uses. 

D. Limit allowable hours for construction activities and maintenance operations located adjacent to 
noise-sensitive land uses. 

5.3.2 Bella Terra Specific Plan 
The Bella Terra Specific Plan (City of Huntington Beach 2010) establishes the planning concept, 
design theme, development regulations and administrative procedures necessary to achieve an 
orderly and compatible development of the project area. Its goals, policies, and standards are 
compatible with those of the City of Huntington Beach General Plan, but are tailored to the particular 
needs of the Bella Terra area, located towards the northeast boundary of the City of Huntington 
Beach. The Bella Terra Specific Plan does not contain any specific guidelines or policies related to 
noise or vibration. 

5.3.3 City of Huntington Beach Municipal Code  
Chapter 8.40 (Noise Control) of the Huntington Beach Municipal Code, provides regulations for both 
operational noise and construction noise, as well as operational vibration, as described in the 
following sections. 
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Operational Noise 

Section 8.40.050 of the municipal code establishes standards for exterior noise levels. Noise limits 
vary depending on the receiving land use as summarized in Table 5-3. 

Table 5-3. City of Huntington Beach Municipal Code Exterior Noise Limits 

Land Use Time Period Leq Lmax 

Low-Density Residential 
Daytime (7 a.m. to 10 p.m.) 55 75 
Nighttime (10 p.m.–7 a.m.) 50 70 

Medium-, High-Density Residential, Hotels, 
Motels 

Daytime (7 a.m. to 10 p.m.) 60 80 
Nighttime (10 p.m.–7 a.m.) 50 70 

Schools Hours of Operation 55 75 
Hospitals, Churches, Cultural, Museum, 
Library, Public Park, Recreational 

Hours of Operation 60 80 

Commercial/Office Hours of Operation 65 85 

The following conditions apply to the noise limits in Table 5-3: 

• The above standard does not apply to the establishment of multifamily residence private 
balconies and patios. Multifamily developments with balconies or patios that do not meet noise 
standards are required to provide occupancy disclosure notices to all future tenants regarding 
potential noise impacts. 

• The above daytime (7:00 a.m.–10:00 p.m.) standards for hotels, motels and commercial uses 
shall apply only to active outdoor use areas such as a pool or outdoor courtyard. 

• In the event the alleged offensive noise consists entirely of impact or impulsive noise, simple 
tone noise, speech, music, or any combination thereof, each of the above noise levels shall be 
reduced by five dBA. 

• If the alleged offense affects a property outside the City’s jurisdiction, the exterior noise 
standards shall be enforced at the City boundary. 

• In the event the measured ambient noise level exceeds any of the noise limit categories above, 
the noise limit shall be increased to reflect said ambient noise level. 

• In the event that the noise source and the affected property are within different land use 
categories, the noise standards of the affected property shall apply. 

Construction Noise 

Section 8.40.090 (Special Provisions) exempts construction noise (i.e., noise sources associated with 
construction, repair, remodeling, or grading of any real property) from City’s noise standards, 
provided that: 

1. The City has issued a building, grading or similar permit for such activities;  



Bella Terra Associates, LLC 
 Chapter 5  

Regulatory Framework 
 

 
Noise and Vibration Technical Report 
Bella Terra Residential Project 5-6 April 2022 

ICF 559.21 
 

2. Said activities do not take place between the hours of 7:00 p.m. and 7:00 a.m., Monday through 
Saturday, or at any time on Sunday or a Federal holiday; and 

3. The average construction noise levels do not exceed 80 dBA Leq at nearby noise-sensitive land 
uses. If outdoor construction activities are permitted by the City after 7:00 p.m. or before 7:00 
a.m., the average construction noise levels at nearby noise-sensitive land uses shall be limited to 
50 dBA Leq. 

Operational Vibration 

For groundborne vibration from project operations, the municipal code states that it is unlawful for 
any person to create, maintain or cause any operational ground vibration on any property which 
exceeds 72 VdB at nearby vibration-sensitive land uses; the vibration limit at vibration-sensitive 
uses with high sensitivity such as operations conducting medical research and imaging is 65 VdB.  
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Chapter 6 
Methodology 

6.1 Methodology 
6.1.1 General Assumptions for Noise Calculations 

This section describes the general assumptions and methodology used throughout the quantitative 
analyses in this study. As described previously, three of the most important variables affecting the 
noise level experienced at a noise-sensitive receptor are (1) the distance between the noise source 
and the receptor, (2) the ground conditions between the two, and (3) the acoustical shielding 
between the two. The following sections describe how these variables were addressed in the 
analyses. 

Source-to-Receiver Distances 

Depending on the source in question and the noise metric to be assessed, one of two definitions can 
be used to describe the source-to-receiver distance, as summarized below. 

Closest Distance. The closest source-to-receptor distance is very straightforward and describes the 
shortest distance between the noise sensitive receptor and the closest part of the noise source, such 
as an individual piece of equipment or the closest edge of an active construction site. 

Acoustical Average Distance. The acoustical average distance is used to represent noise sources 
that are mobile or distributed over an area (such as a construction site or parking lot); it is 
calculated by multiplying the shortest distance between the receiver and the noise source area by 
the farthest distance and then taking the square root of the product: 

Acoustical average distance = �DistanceA × DistanceB 

where DistanceA is the shortest distance between the receiver and the noise source area (i.e., the 
active construction site) and DistanceB is the longest distance between the receiver and the noise 
source area. 

For a small stationary noise source, such as an individual piece of mechanical equipment, there is 
usually negligible difference between the closest distance and the acoustical average distance. 
However, the acoustical average distance is generally a more accurate description for larger 
distributed noise sources; in such cases, the acoustical average distance is always larger than the 
closest distance. 

Ground Conditions 

Noise levels were assumed to decrease at a rate of 6 dB per doubling of distance, which is the 
standard assumption for acoustically hard (i.e., reflective) ground surfaces such as asphalt, concrete, 
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water, and packed dirt. This is a reasonable assumption given the built-out and heavily paved nature 
of the area around the project site. 

Acoustical Shielding 

The presence of noise barrier effects (acoustical shielding) that might be provided by walls, fences, 
buildings, topography, and other solid barriers is assessed on a case-by-case basis. For the 
assessment of worst-case noise levels at the closest noise-sensitive receptors, acoustical shielding is 
generally neglected because the receptors may have direct line-of-sight to the project.  

6.1.2 Construction Noise and Vibration 
The evaluation of potential noise and vibration impacts associated with project construction was 
conducted using the methods described below, based on the construction schedule, phasing, and 
equipment assumptions developed for the Project’s Air Quality and Greenhouse Gas Technical Report 
(ICF 2022). 

Noise 

Construction-related noise was analyzed using data and modeling methodologies from the Federal 
Highway Administration’s (FHWA’s) Roadway Construction Noise Model (FHWA 2008), which 
predicts average noise levels at nearby receptors by analyzing the type of equipment, the distance 
from source to receptor, usage factor (the fraction of time the equipment is operating in its noisiest 
mode while in use), and the presence or absence of intervening shielding between source and 
receptor. Although the proposed project is not specifically a roadway construction project, the 
model is broad enough to be applicable, providing noise data for all the equipment types typically 
required during conventional construction. This methodology calculates the composite average 
noise levels for multiple equipment items scheduled during each construction phase for the project. 
The average daily construction noise level (8-hour Leq) generated during each phase of construction 
was calculated at a reference distance of 50 feet. Impact screening distances were calculated based 
on the 80 dBA Leq noise contour for each construction phase (because 80 dBA Leq corresponds to the 
City’s construction noise limit). For any receivers that fell inside the screening distance(s), the 
reference noise levels were then adjusted for each analyzed receptor based on their acoustical 
average distance to the construction site in order to predict receiver-specific noise levels. The 
reference noise levels and usage factors used in the analysis are summarized in Table 6-1. 
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Table 6-1. Construction Equipment Noise Levels 

Equipment Item Reference Noise Level at 25 feet, dBA Usage Factor1 
Air Compressor 77.7 0.4 
Backhoe 77.6 0.4 
Concrete Mixer Truck 78.8 0.4 
Concrete Pump 81.4 0.2 
Concrete/Industrial Saws 89.6 0.2 
Crane 80.6 0.16 
Dozer 81.7 0.4 
Drill Rig 84.4 0.2 
Excavator 80.7 0.4 
Forklift 79.1 0.4 
Grader 85.0 0.4 
Loader 79.1 0.4 
Aerial Lift 74.7 0.2 
Paver 77.2 0.5 
Paving Equipment 77.2 0.5 
Roller 80.0 0.2 
Scraper 83.6 0.4 

Source: FHWA 2008. 
1 Usage factor = the fraction of time the equipment is operating in its noisiest mode while in use. 

Vibration 

Construction-related vibration resulting from the project was analyzed using data and modeling 
methodologies provided by Caltrans’ Transportation and Construction Vibration Guidance Manual 
(Caltrans 2020). This guidance manual provides typical vibration source levels for various types of 
construction equipment, as well as methods for estimating the propagation of groundborne 
vibration over distance. Table 6-2 provides the PPV levels of construction equipment expected to be 
used for the project; the levels are provided for a reference distance of 25 feet. The project’s 
geotechnical report recommends that the buildings to be supported on piles with a structural floor 
slab. The method of pile installation for the proposed project is auger cast piles with drilling instead 
of driven piles. Therefore, the analysis considers the vibration level associated with drilling for the 
pile installation. All the analyzed equipment is classified as continuous/frequent intermittent 
vibration sources. 

The following equation from the guidance manual was used to estimate the change in PPV levels 
over distance: 

PPVrec = PPVref ×(25/D)n 

where PPVrec is the PPV at a receptor; PPVref is the reference PPV at 25 feet from the equipment; D is 
the distance from the equipment to the receiver, in feet; and n is a value related to the vibration 
attenuation rate through ground (the default recommended value for n is 1.1). Because 
groundborne vibration is assessed in terms of the peak (instantaneous) particle velocity, the 
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distances used in the analyses are the shortest distances between the construction activity and the 
receiver (rather than the average distance). 

Table 6-2. Construction Equipment Vibration Levels 

Equipment Item Reference PPV at 25 feet, in/s1 
Vibratory roller  0.210 
Large bulldozer2 0.089 
Drilling3  0.089 
Small bulldozer4 0.003 

Source: Caltrans 2020. 
1 Obtained from Caltrans 2020. 
2 Considered representative of other heavy earthmoving equipment such as excavators, graders, backhoes, etc. 
3 Based on data for caisson drilling. 
4 Considered representative of smaller equipment such as small skid steers and mini excavators. 

6.1.3 Operational Noise 

Traffic Noise 

Traffic noise is analyzed based on the project Traffic Impact Analysis (TIA) (Linscott, Law & 
Greenspan, Engineers 2021). The TIA does not provide average daily traffic volumes (ADT) for 
individual roadways. However, the trip generation forecasts contained in the TIA provide enough 
information to facilitate a qualitative traffic noise analysis. 

On-Site Operational Noise Sources 

The main sources of operational noise associated with the project are expected to be parking 
activities, loading areas, mechanical and electrical equipment, and outdoor activity areas (such as 
pool decks). Project parking and loading noise levels are expected to be similar to, or reduced, in 
comparison to existing conditions and are analyzed qualitatively on that basis. The methodologies 
for analyzing noise from mechanical and electrical equipment, and outdoor activity areas are 
described in more detail below. 

Mechanical and Electrical Equipment 

Specifics of the mechanical and electrical systems at the project site are still being designed and full 
details are not finalized. However, based on available information, the project will include the 
following: 

• Mechanical and HVAC equipment on the rooftop and within the garage. 

• Electrical transformers (likely at ground level near the northwest corner of the project site). 

• Mechanical equipment for the pool and spa. 

Based on input from the project developer, each residential unit would be served by a spilt-system 
HVAC system with a rooftop compressor. This would result in a total of 300 rooftop compressors. 
Based on published data for a residential heat pump compressor each rooftop unit could generate a 
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sound power of approximately 76 dBA (sample data is included in Appendix B). This noise level is 
used to assess the potential for noise impacts at the closest noise-sensitive receptors assuming all 
300 units could run simultaneously. The analysis also acknowledges the possibility of additional 
outdoor equipment that has not yet been identified due to the preliminary nature of the mechanical 
designs for the Project. 

The project will likely also include trash compactors. However, as illustrated in the project plans3, 
trash rooms would be enclosed spaces inside the building garage, separated from nearby receptors 
by the intervening commercial spaces. Therefore, noise from trash compactor operation would be 
shielded from all noise-sensitive receptors and the resulting off-site noise levels would be negligible. 
Accordingly, noise levels from trash compactors are not analyzed in any further detail in this report. 

Outdoor Activity Areas 

Noise from outdoor activity areas would consist primarily of people congregating and conversing in 
those areas. However, the highest noise levels are expected to occur when children are playing at the 
pool deck. Therefore, noise levels were estimated using measured noise data from an existing 
swimming pool (Ldn Consulting 2014). Noise measurements were obtained at the Oceanside YMCA 
during open swimming activities with 25 children in the main pool and the results indicated a total 
sound power level of 92.5 dBA Leq; this is equivalent to a noise level of 60.8 dBA Leq at a reference 
distance of 50 feet. Published data for human speech noise levels were used to estimate additional 
noise from adults talking. Reference speech noise levels for people in various noise environments 
are shown in Table 6-3. It was assumed that up to 50 adults (25 male and 25 female) would be 
talking in raised voices simultaneously at the pool deck. It was further assumed that outdoor activity 
would be limited to the daytime hours of 7 a.m. to 10 p.m., and that noise-generating outdoor areas 
such as the proposed pool deck would be closed outside of those hours. 

Table 6-3. Sound Levels of Speech for Different Vocal Efforts 

Vocal Effort 
Sound Level at 1 Meter, dBA Leq 

Male Female Children 
Casual 53 50 50 
Normal 58 55 55 
Raised 65 62 62 
Loud 75 71 71 
Shout 88 82 82 

Sources: Harris 1998; U.S. Environmental Protection Agency 1977. 
 

 

 
3  Refer to Floor Plan Level 1 on sheet A-2.3 of the Bella Terra Residential, Entitlement Application Submittal Plans. 

July 6th, 2021. TCA Architects. 
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Chapter 7 
Impacts Analysis 

7.1 Construction 
Potential construction noise and vibration impacts are analyzed at off site sensitive receptors. 
Construction noise and vibration levels are not analyzed within the project site itself because, 
according to information provided by the project developer, residential units will not be occupied 
during base building improvements (construction) of the concrete podium structure, concrete 
parking structure, or the rand wood frame residential structure atop the podium. Residential units 
will be occupied only upon final City of Huntington Beach building inspection and receipt of a 
Certificate of Occupancy. Residential units will be occupied during future tenant improvements. 
However, such work would be limited to improvements to the interior of ground floor commercial 
spaces and would not include heavy construction activities such as demolition, earthmoving, 
grading, pile installation, etc.  

7.1.1 Noise 
Two types of short-term noise impacts could occur during project construction. First, construction 
vehicles would incrementally increase noise levels on access roads. This would include construction 
worker vehicles and haul trucks traveling to and from the project site. Although there would be 
a relatively high single-event noise level, which could cause an intermittent noise nuisance (e.g., 
passing trucks at 50 feet would generate up to 77 dBA), the effect on longer-term ambient noise 
levels would be small. In addition, the proposed haul route for the project has been designed to 
avoid residential land uses, particularly The Residences at Bella Terra apartments. The construction 
staging, loading, and haul truck area would be in the existing loading dock area at the center of Bella 
Terra Mall, which is surrounded by existing commercial buildings. Trucks would enter and exit this 
area via the driveway to the north, then Central Avenue to and from I-405. Therefore, there would 
be no impacts related to the short-term noise associated with commuting construction workers and 
transporting equipment and materials to the project site. 

The second category of construction noise would be noise generated during onsite project 
construction. Construction would occur only during the periods permitted by the Huntington Beach 
Municipal Code (7 a.m. to 7 p.m., Monday through Saturday with no work on Sundays or Federal 
holidays). Using the methodology described in Section 6, the average construction noise level (8-
hour Leq) generated during each phase of construction was calculated at a reference distance of 50 
feet. Details are provided in Appendix B and the results are summarized in Table 7-1.  
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Table 7-1. Construction Equipment and Composite Noise Levels by Phase 

Construction Phase Equipment Quantity1 Leq at 50 Feet, dBA 

Demolition 
Concrete/Industrial Saws 4 

90 Excavators 3 
Rubber Tired Dozers 3 

Site Preparation 
Rubber Tired Dozers 2 

82 Loader 1 
Backhoes 1 

Grading and Pile 
Installation 

Excavators 1 

89 

Graders 1 
Rubber Tired Dozers 1 
Scrapers 2 
Loaders 1 
Backhoes 1 
Drill Rig 2 
Concrete Pump 2 
Concrete Mixer Truck 2 
Crane 1 

Building Construction  
Aerial Lifts 1 

82 Cranes 1 
Forklifts 4 

Architectural Coating Air Compressors 1 74 

Paving 
Pavers 2 

82 Paving Equipment 2 
Rollers 2 

1 The quantity of each type of equipment anticipated to operate at the project site during each construction phase. 

Using the reference noise levels in Table 7-1 for each phase of construction, screening distances at 
which noise levels would be reduced to the 80 dBA Leq limit permitted by the City’s municipal code 
were calculated. The results of those calculations are summarized in Table 7-2. The closest noise-
sensitive receptors to the project site are The Residences at Bella Terra apartments, approximately 
75 feet west of the project site. The next closest receivers are 460 feet away or more, which is well 
outside the screening distances for all phases of construction, indicating there would be no 
significant construction noise impacts at those locations. Because The Residences at Bella Terra 
apartments are within the screening distances for potential construction noise impacts, additional 
analysis was conducted to estimate typical noise levels from each phase of construction after 
adjusting for the acoustical average distance between the apartments and construction area. Details 
are provided in Appendix B and the results are summarized in Table 7-3. The calculated 
construction noise levels are also compared to the existing ambient noise levels. For the purposes of 
this comparison, the range of measured hourly daytime weekday Leq’s is used because the weekday 
daytime period is when most of the construction activity would occur. As shown in Table 7-3, noise 
increases are predicted to range from 1 dB, which is a barely noticeable change associated with 
periods when construction activity is quieter than the existing ambient, to 23 dB which would be a 
large and clearly noticeable increase. Although these short-term increases would be very noticeable 
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and may cause nuisance or annoyance to nearby residents, average construction noise levels are less 
than 80 dBA for all phases. Therefore, although some large noise increases are predicted, the 
resulting noise levels would not exceed the applicable City noise limits for temporary construction 
activities. As a result, the overall impact of construction noise is determined to be less than 
significant. 

Table 7-2. Distance to 80 dBA Leq Noise Contour by Construction Phase 

Construction Phase Distance to Reduce Noise level to 80 dBA Leq, feet 
Demolition 162 
Site Preparation 66 
Grading and Pile Installation 134 
Building Construction 62 
Architectural Coating 24 
Paving 60 

Table 7-3. Construction Noise Levels and Ambient Noise Increases at The Residences at Bella Terra 
Apartments 

Construction Phase 
8-Hour 
Leq, dBA 

Range of Measured 
Ambient Noise 
Levels, Leq dBA 

Range of 
Combined Noise 
Levels, Leq dBA 

Noise Level 
Increase, dB 

Demolition 79 

56–66 

79–79 13–23 
Site Preparation 71 71–72 61–5 
Grading and Pile Installation 77 77–77 11–21 
Building Construction 70 70–72 6–14 
Architectural Coating 62 63–67 1–7 
Paving 70 70–71 5–14 

7.1.2 Vibration 
Heavy construction equipment would generate groundborne vibration that could affect nearby 
structures or residents. Each of the potential types of construction impact (building damage and 
human annoyance) is discussed in further detail below.  

Potential Building Damage 

Using the source vibration levels and methodology described in Section 6, the distances for potential 
vibration damage impacts at various receiver building categories were calculated for the range of 
anticipated construction equipment. The analyses are provided in Appendix C, and the results are 
summarized in Table 7-4. Because the potential for building damage is assessed based on the 
instantaneous PPV, the identified distances are the closest distances between the construction 
equipment and the potentially affected structure (not the average distance). The closest offsite 
buildings are the neighboring commercial buildings and parking structure, and the apartments to 
the west, (approximately 75 feet from the construction zone). These buildings are all modern 
commercial or residential structures which have a vibration damage threshold of 0.5 in/s PPV. The 
apartments are outside of the worst-case impact distance of 12 feet, indicating there would be no 
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significant building damage impacts at the apartments due to project construction. However, the 
existing commercial and parking structure buildings to the north and east could be within 12 feet of 
the anticipated construction equipment. Implementing the restrictions included in PDF-NOI-1 and 
PDF-NOI-2 (see Section 1.1.1, Project Design Features) would reduce the construction vibration 
damage impacts to below a level of significance. 

Table 7-4. Impact Distances for Potential Vibration Damage from Project Construction 

 

Equipment 
Item Building Category 

Vibration Damage 
Impact Criteria, PPV1 

Distance to 
Impact Criteria 

Vibratory 
roller 

New residential structures 0.5 in/s 12 feet 
Modern industrial/commercial buildings 0.5 in/s 12 feet 

Large 
bulldozer2 

New residential structures 0.5 in/s 6 feet 
Modern industrial/commercial buildings 0.5 in/s 6 feet 

Drilling3 
New residential structures 0.5 in/s 6 feet 
Modern industrial/commercial buildings 0.5 in/s 6 feet 

Small 
bulldozer4 

New residential structures 0.5 in/s 1 feet 
Modern industrial/commercial buildings 0.5 in/s 1 feet 

1 All criteria are based on the values for continuous/frequent intermittent sources (all the anticipated sources fall 
into this category). 

2 Considered representative of other heavy earthmoving equipment such as excavators, graders, backhoes, etc. 
3 Based on data for caisson drilling. 
4 Considered representative of smaller equipment such as small skid steers and mini excavators. 
 

Potential Human Annoyance 

Using the methodology described in Section 7, the distances at which various levels of human 
vibration perception are expected were calculated for the range of anticipated construction 
equipment. The analyses are provided in Appendix C, and the results are summarized in Table 7-5. 
While exact vibration sensitivity varies by individual, the “strongly perceptible” criterion of 0.1 in/s 
PPV is selected as the threshold of impact. Because the potential for annoyance is assessed based on 
the instantaneous PPV, the indicated impact distances are the closest distances between the 
construction equipment and the sensitive structure (not the average distance). The closest sensitive 
offsite buildings are the apartments to the west, approximately 75 feet from the construction zone, 
which is beyond the predicted distance at which strongly perceptible groundborne vibration would 
occur. As a result, project construction would not generate excessive groundborne vibration levels 
with respect to human annoyance at any sensitive receptor and the impact would be less than 
significant. 
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Table 7-5. Impact Distances for Potential Human Annoyance from Project Construction 

Equipment Item 
Distance to Strongly Perceptible Groundborne 

Criterion of 0.1 in/s PPV1 
Vibratory roller 50 
Large bulldozer2 23 
Drilling3  23 
Small bulldozer4 2 

1 Criterion is based on the value for continuous/frequent intermittent sources (all the anticipated sources fall into 
this category). 

2 Considered representative of other heavy earthmoving equipment such as excavators, graders, backhoes, etc. 
3 Based on data for caisson drilling. 
4 Considered representative of smaller equipment such as small skid steers and mini excavators. 

7.2 Project Operation 
7.2.1 Noise 

Operational Traffic 

The project TIA indicates that net trip generation will be reduced with implementation of the 
proposed project. Specifically, daily net trip generation would be reduced by 2,636 trips relative to 
existing conditions. As a result, traffic noise levels would be slightly reduced, relative to conditions 
without the project, under both existing and future scenarios and the project would not generate 
any significant traffic noise impacts. 

Stationary Noise Sources 

The stationary noise sources associated with the proposed project would be similar to noise sources 
that already exist within the Bella Terra Specific plan area, at the project site and in the surrounding 
vicinity. These noise sources include mechanical and electrical equipment, traffic within parking lots 
and parking structures, truck loading and unloading activities for commercial uses, outdoor dining 
and pavilion areas, and general pedestrian activity. As such, the proposed land uses and the 
associated noise sources would generally be compatible with the surrounding area, including the 
closest existing noise-sensitive receptors (The Residences at Bella Terra apartments) which are 
high-density residential uses within an existing mixed-use development. The primary noise sources 
associated with the proposed project are discussed in further detail below. 

Parking Noise 

Parking activity is part of the existing noise environment at the project site. Surface parking lots are 
located throughout the Bella Terra specific plan area and multi-story parking structures are located 
immediately north of the project site as well as within The Residences at Bella Terra apartments 
development to the west. The proposed parking for the project, including the main entrance and exit 
driveway, would be located within the building structure toward the interior and east side of the 
project. At this location, the project parking would be shielded from the existing Residences at Bella 
Terra apartments to the west by intervening commercial and residential units. As noted under 
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Operational Traffic, above, total trip generation from the project site would decrease with 
implementation of the proposed project. As a result, project parking activity would not increase 
parking-related noise at sensitive receptors in the project vicinity and impacts would be less than 
significant.  

Loading Areas 

Commercial and residential loading areas would be accessed from the west side of the project site, 
along the existing interior roadway that separates the project site from the adjacent Costco and 
Residences at Bella Terra apartments. Loading activities already occur along this roadway, so this 
would not represent a new noise source. Furthermore, loading would occur within interior 
driveways inside the proposed podium structure east of the roadway. These interior locations 
would help to contain loading noise and reduce noise propagation to off-site receptors. As a result, 
project loading area activity would not increase loading-related noise at sensitive receptors in the 
project vicinity and impacts would be less than significant. 

Mechanical and Electrical Equipment 

As described in Chapter 6, Methodology, mechanical equipment would include 300 rooftop 
compressor units, each with an estimated sound power of 76 dBA. Assuming the compressors would 
be distributed across the project rooftops and could potentially all run simultaneously, noise levels 
at the Residences at Bella Terra apartments are estimated using the acoustical average distance 
between the closest residential façade and the project area (approximately 190 feet). At this 
distance the estimated combined noise level is approximately 57 dBA. This noise level would exceed 
the City’s operational noise limit for high-density residential uses of 50 dBA Leq during nighttime 
hours but would comply with the limit of 60 dBA Leq during daytime hours. Actual noise levels will 
depend on many factors and may be reduced by design features such as acoustical shielding, 
increased distance from noise-sensitive receptors, or selection of quieter equipment, as well as 
operational variables such as what equipment operates simultaneously. Noise levels may also be 
increased by additional exterior equipment that has not yet been identified, including equipment 
serving the commercial portions of the project. Therefore, the possibility exists that onsite 
mechanical and electrical equipment noise levels may exceed applicable noise standards at nearby 
noise-sensitive receptors. As discussed in PDF-NOI-3 (see Section 1.1.1, Project Design Features), all 
onsite mechanical and electrical equipment will be designed to comply with the applicable City of 
Huntington Beach noise ordinance.  As a result, the noise impacts from the project’s mechanical and 
electrical equipment would be less than significant.  

Outdoor Activity Areas 

Many of the proposed outdoor activity areas, such as Courtyards C and D, are surrounded by 
residential units that would block substantial noise from propagating to surrounding land uses. 
Other areas, such as Courtyard B and the Dog Courtyard are partially shielded from The Residences 
at Bella Terra apartments and oriented towards non-sensitive uses such as the neighboring Costco 
gas station. However, The Residences at Bella Terra apartments would be exposed to noise from 
Courtyard A (the main pool deck). Assuming 25 children playing in the pool and 50 adults talking 
continuously in raised voices, and adjusting for the acoustical average distance between the closest 
residential façade and the pool deck (approximately 125 feet), the resulting noise level is 
approximately 54 dBA Leq. Because this noise level is dominated by speech, the applicable daytime 
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noise limit from the City of Huntington Beach municipal code is 55 dBA Leq (this is derived from the 
basic daytime noise limit of 60 dBA Leq at high-density residential uses, with a reduction of 5 dB due 
to the dominance of speech). As a result, outdoor activity noise is expected to comply with 
applicable noise standards and the impact would be less than significant during the daytime hours 
of 7 a.m. to 10 p.m. In addition, as PDF-NOI-4 (see Section 1.1.1, Project Design Features) would 
prohibit the use of the pool and pool deck  during the nighttime hours of 10 p.m. and 7 a.m., there 
would be no exceedance of the applicable nighttime noise limit of 45 dBA Leq (this is derived from 
the basic nighttime noise limit of 50 dBA Leq at high-density residential uses, with a reduction of 5 
dB due to the dominance of speech). As a result, the noise impacts from the project’s outdoor 
activity areas would be less than significant. 

7.2.2 Vibration 
Once the proposed project is operational, there would be no substantial sources of groundborne 
vibration at the project site. The mechanical equipment installed at the project site would cause 
some localized vibration that might be perceptible at close range (e.g., within the same building), but 
there would be no perceptible vibration at other properties. Therefore, there would be no vibration 
impacts as a result of project operation. 

7.2.3 Aircraft Noise 
There are no private airstrips in the project vicinity (i.e., within two miles of the project site). The 
closest public or public use airport to the project site is John Wayne Airport (SNA) approximately 8 
miles to the southeast. The closest military airfield is Joint Forces Training Base (JFTB) Los Alamitos 
approximately 5 miles to the northwest. At these distances, the project site is several miles outside 
the 60 dB CNEL noise contours for both SNA (HMMH 2020) and JFTB Los Alamitos (Orange County 
ALUC 2017). The closest heliport to the project site is Southern California Edison’s Huntington 
Beach Service Center Heliport approximately 0.9 mile to the north. This is a private heliport with 
approximately 5 flights per year.4 The next closest heliport is Huntington Beach Police Department 
Heliport approximately 2.5 miles to the south. Due to the large distances from the project site 
and/or low number of flights, daily helicopter noise at the project site would be low. Furthermore, 
the project would not introduce any new aircraft noise sources to the study area and would not 
cause changes to flight operations at existing airports, airfields, airstrips, or heliports in the region. 
As a result, there would be no aircraft noise impacts due to implementation of the proposed project.  

 

 
4  Flight estimate provided during a phone call with Mr. Dave Guerrero, heliport manager. 
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Chapter 8 
Recommended Mitigation Measures 

After implementing PDF-NOI-1 through PDF-NOI-4 (see Section 1.1.1, Project Design Features), the 
project’s noise and vibration impacts have been reduced to below a level of significance. Therefore, 
no additional mitigation measures are required.  
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Chapter 9 
Cumulative Conditions 

The only identified related project in the study area is the proposed In-N-Out restaurant to be 
located at 7902 Edinger Avenue. This project involves the demolition of a 10,000 sf Bank with a 
drive through ATM and the construction of a new 3,580 sf fast food restaurant with a drive through 
window. This project is more than 1,200 feet from the proposed project, which is more four times 
the distance at which any direct noise or vibration impacts are predicted for the proposed project. 
Due to the large separation between the two projects, any noise or vibration impacts identified as a 
direct result of either project would be dominated by the nearest project and the incremental 
increase in noise or vibration levels due to the more distant project would be negligible. As a result, 
there would be no significant cumulative impacts related to noise or groundborne vibration. 
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Noise Measurement Field Surveys 
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Construction and Operational Noise Levels 
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Table 1.  Construction Noise Analysis: Demolition

Item No. Description
48 Saw, Concrete 89.6 0.2 4 8 8 50 hard 0 89
18 Excavator 80.7 0.4 3 8 8 50 hard 0 81
13 Dozer 81.7 0.4 3 8 8 50 hard 0 82

Combined Equipment 90

Table 2.  Construction Noise Analysis: Site Preparation

Item No. Description
13 Dozer 81.7 0.4 2 8 8 50 hard 0 81
29 Loader (Front End Loader) 79.1 0.4 1 8 8 50 hard 0 75
2 Backhoe 77.6 0.4 1 8 8 50 hard 0 74

Combined Equipment 82

Table 3.  Construction Noise Analysis: Grading and Pile Installation

Item No. Description
18 Excavator 80.7 0.4 1 8 8 50 hard 0 77
23 Grader 85 0.4 1 8 8 50 hard 0 81
13 Dozer 81.7 0.4 1 8 8 50 hard 0 78
51 Scraper 83.6 0.4 2 8 8 50 hard 0 83
29 Loader (Front End Loader) 79.1 0.4 1 8 8 50 hard 0 75
2 Backhoe 77.6 0.4 1 8 8 50 hard 0 74

15 Drill Rig, Auger 84.4 0.2 2 8 8 50 hard 0 80
41 Pump, Concrete (or concrete p 81.4 0.2 2 8 8 50 hard 0 77
31 Mixer, Concrete (or concrete m 78.8 0.4 2 8 8 50 hard 0 78
12 Crane 80.6 0.16 1 8 8 50 hard 0 73

Combined Equipment 89

Equipment Typical 
Level @ 
50', dBA1

Equipment Typical 
Level @ 
50', dBA1

Usage 
Factor1,2

Hard or 
Soft Site?

Barrier 
Attenuation, 

dB
 Leq(h), 

dBA

Analysis 
Period 
(Hours)

Number 
of Units

Hours Per 
Day

Analysis 
Period 
(Hours)

Distance to 
Receiver, ft.

Distance to 
Receiver, ft.

Number 
of Units

Hours Per 
Day

Hard or 
Soft Site?

Barrier 
Attenuation, 

dB
 Leq(h), 

dBA

Equipment Typical 
Level @ 
50', dBA1

Usage 
Factor1,2

Number 
of Units

Hours Per 
Day

Analysis 
Period 
(Hours)

Distance to 
Receiver, ft.

Hard or 
Soft Site?

Barrier 
Attenuation, 

dB
 Leq(h), 

dBA

Usage 
Factor1,2



Table 4.  Construction Noise Analysis: Building Construction

Item No. Description
30 Man Lift 74.7 0.2 1 8 8 50 hard 0 68
12 Crane 80.6 0.16 1 8 8 50 hard 0 73
70 Forklift (based on loader) 79.1 0.4 4 8 8 50 hard 0 81

Combined Equipment 82

Table 5.  Construction Noise Analysis: Architectural Coating

Item No. Description
10 Compressor, Air 77.7 0.4 1 8 8 50 hard 0 74

Combined Equipment 74

Table 6.  Construction Noise Analysis: Paving

Item No. Description
34 Paver 77.2 0.5 2 8 8 50 hard 0 77
34 Paver 77.2 0.5 2 8 8 50 hard 0 77
44 Roller 80 0.2 2 8 8 50 hard 0 76

Combined Equipment 82

    FHWA Roadway Construction Noise Model (RCNM), Version 1.1, December 8, 2008; and/or 
    "Transit Noise and Vibration Impact Assessment Manual", FTA Report No. 0123, September 2018; and/or
    "Noise from Construction Equipment and Operations, Building Equipment, and Home Appliances;" BBN/EPA, December 31, 1971

Typical 
Level @ 
50', dBA1

Usage 
Factor1,2

1. Obtained or estimated from:

2. Usage Factor = percentage of time equipment is operating in noisiest mode while in use

Analysis 
Period 
(Hours)

Distance to 
Receiver, ft.

Hard or 
Soft Site?

Barrier 
Attenuation, 

dB
 Leq(h), 

dBA

Equipment Typical 
Level @ 
50', dBA1

Usage 
Factor1,2

Number 
of Units

Hours Per 
Day

Equipment

Analysis 
Period 
(Hours)

Distance to 
Receiver, ft.

Hard or 
Soft Site?

Barrier 
Attenuation, 

dB
 Leq(h), 

dBA

Equipment Typical 
Level @ 
50', dBA1

Usage 
Factor1,2

Number 
of Units

Hours Per 
Day

Barrier 
Attenuation, 

dB
 Leq(h), 

dBA
Number 
of Units

Hours Per 
Day

Analysis 
Period 
(Hours)

Distance to 
Receiver, ft.

Hard or 
Soft Site?



Table 7.  Construction Noise Analysis: Distance to 80 dBA Leq Noise Contours

Construction Phase
Reference Distance, 

feet
Leq, dBA at Reference 

Distance
Attenuation Rate 

(X*log) Target Value, dBA
Distance to Noise 

Contour, feet
Demolition 50 90 20 80 162
Site Preparation 50 82 20 80 66
Grading and Pile Installation 50 89 20 80 134
Building Construction 50 82 20 80 62
Architectural Coating 50 74 20 80 24
Paving 50 82 20 80 60



Closest Farthest
Acoustical 

Average Low High Low High Low High
Demolition 90 79 56 66 79 79 13 23
Site Preparation 82 71 56 66 71 72 6 15
Grading and Pile Installation 89 77 56 66 77 77 11 21
Building Construction 82 70 56 66 70 72 6 14
Architectural Coating 74 62 56 66 63 67 1 7
Paving 82 70 56 66 70 71 5 14

Table 8.  Construction Noise Analysis: Noise Levels at The Residences at Bella Terra Apartments

Hourly Ambient Range
Combined Noise 

Levels Noise IncreaseDistances, feet

Construction Phase
Leq at 50 feet, 

dBA

75 490 192

Leq at 
Receiver, dBA
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Appendix C 
Construction Vibration Levels 
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Table 1. Construction Vibration Analysis: Potential Building Damage

Vibration attenuation constant (n): 1.1

Building Category:

Extremely fragile 
historic buildings, 

ruins, ancient 
monuments

Fragile 
buildings

Historic and 
some old 
buildings

Older 
residential 
structures

New 
residential 
structures

Modern 
industrial/ 

commercial 
buildings

Vibration Damage Impact 
Criteria, PPV, in/s: 0.08 0.1 0.25 0.3 0.5 0.5

Vibratory roller 0.21 61 50 22 19 12 12
Large bulldozerb 0.089 28 23 10 9 6 6
Caisson drilling 0.089 28 23 10 9 6 6
Small bulldozerc 0.003 2 2 1 1 1 1

a Obtained from "Transportation and Construction Vibration Guidance Manual", Caltrans 2020
b Considered representative of other heavy earthmoving equipment such as excavators, graders, backhoes, etc.
c Considered representative of smaller equipment such as small skid steers and mini excavators.

Equipment Item
Reference PPV at 

25 feet, in/s a

Distance to Impact Criteria, 
feet:



Table 2. Construction Vibration Analysis: Potential Human Annoyance

Vibration attenuation constant (n): 1.1

Perceptibility: Barely 
perceptible

Distinctly 
perceptible

Strongly 
perceptible Severe

Vibration Damage Impact 
Criteria, PPV, in/s: 0.01 0.04 0.1 0.4

Vibratory roller 0.21 399               113               50                 14                 
Large bulldozerb 0.089 183               52                 23                 7                   
Caisson drilling 0.089 183               52                 23                 7                   
Small bulldozerc 0.003 9                   3                   2                   1                   

a Obtained from "Transportation and Construction Vibration Guidance Manual", Caltrans 2020
b Considered representative of other heavy earthmoving equipment such as excavators, graders, backhoes, etc.
c Considered representative of smaller equipment such as small skid steers and mini excavators.

Equipment Item
Reference PPV 
at 25 feet, in/s a

Distance to Impact Criteria, 
feet:
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