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Introduction 

Central Valley Recycling (CVR) is a full scale recycling center located at 524 South 9th Street in 
Modesto, Stanislaus County, California.  The project site is located in an industrial/commercial 
area adjacent to a truck bed cover retailer to the north, an auto body and trucking school to the 
south, and single-family homes to the east (on opposite side of Bystrum Road).   
 
Due to concerns expressed by the residential neighbors to the east regarding noise generated at 
the facility, in January of 2013 CVR retained Bollard Acoustical Consultants (BAC), to conduct 
noise measurements of the facility during normal operations.  BAC conducted those noise 
measurements at the locations shown on Figure 2 and prepared an evaluation of overall facility 
noise generation relative to the Stanislaus County noise standards (Environmental Noise 
Analysis, Central Valley Recycle Facility, Bollard Acoustical Consultants, Inc. (BAC), job # 2013-
003, report dated January 30, 2013).  That analysis, which is incorporated by reference, 
concluded that noise generated during typical operations of the CVR facility exceeded the 
County’s exterior noise standards, and recommended noise mitigation measures to reduce facility 
noise generation to a state of compliance with Stanislaus County noise standards at the nearest 
residences to the east.  In response to those recommendations, the following specific noise 
control measures were implemented: 

 The tin pile was relocated 150 feet from the fence line to the east. 

 Excavator usage is now limited to areas in front of the tin pile, and the excavator no 
longer operates in the back of the site (closer to the nearest residents). 

 Concrete blocks were placed around the tin pile in a U-shape to form a partial noise 
barrier to the east. 

 Trucks are now loaded in the front of the tin pile (further west of the nearest residences 
to the east), and cars unload in front of the tin pile instead of the previous locations 
behind the pile. 

 Concrete blocks were placed around the metal bailer to block the noise from the 
nonferrous material and bailer in the direction of the nearest residences to the east. 

 Other equipment was moved away from the back fence along Bystrum Rd. 

After implementation of the aforementioned noise control measures, BAC returned to the CVR 
site and conducted follow-up noise testing to quantify the noise reduction provided by those 
measures.  The results of that testing were summarized in a letter from BAC to J.B. Anderson 
Land Use Planning dated August 19, 2013.  In 2014, Stanislaus County subsequently requested 
additional information pertaining to potential noise impacts associated with increasing the 
permitted scrap volume tonnage to 2,000 tons per month from the current baseline of 
approximately 950 tons per month, and an evaluation of potential impacts associated with project-
generated vibration.  In response to the County’s request, BAC conducted vibration monitoring at 
the project site in December of 2014, as well as additional analysis of impacts associated with 
increased tonnage.  This report represents an update to the original (August 2013) study to 
incorporate the new noise and vibration data, and updated analysis.  
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Acoustical Fundamentals and Terminology 
 
Noise is often described as unwanted sound.  Sound is defined as any pressure variation in air 
that the human ear can detect. If the pressure variations occur frequently enough (at least 20 
times per second), they can be heard and are called sound.  The number of pressure variations 
per second is called the frequency of sound, and is expressed as cycles per second, called Hertz 
(Hz). 
 
Measuring sound directly in terms of pressure would require a very large and awkward range of 
numbers.  To avoid this, the decibel scale was devised.  The decibel scale uses the hearing 
threshold (20 micropascals of pressure), as a point of reference, defined as 0 dB.  Other sound 
pressures are then compared to the reference pressure, and the logarithm is taken to keep the 
numbers in a practical range.  The decibel scale allows a million-fold increase in pressure to be 
expressed as 120 dB.  Another useful aspect of the decibel scale is that changes in decibel levels 
correspond closely to human perception of relative loudness.  Figure 1 illustrates common noise 
levels associated with various sources. 
 
The perceived loudness of sound is dependent upon many factors, including sound pressure level 
and frequency content.  However, within the usual range of environmental noise levels, perception 
of loudness is relatively predictable, and can be approximated by weighing the frequency 
response of a sound level meter by means of the standardized A-weighing network. There is a 
strong correlation between A-weighted sound levels (expressed as dBA) and community 
response to noise.  For this reason, the A-weighted sound level has become the standard tool of 
environmental noise assessment.  All noise levels reported in this section are in terms of A-
weighted levels.  Please see Appendix A for definitions of acoustical terminology used in this 
report. 
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Figure 1 

Typical A-Weighted Sound Levels of Common Noise Sources 
 

         Loudness Ratio Level       A-Weighted Sound Level (dBA) 
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130

 
Threshold of pain 

   

64 
 

120 Jet aircraft takeoff at 100 feet 
   

32 
 

110 Riveting machine at operators position 
   

16 
 

100 Shotgun at 200 feet 
   

8 
 

90 Bulldozer at 50 feet 
   

4 
 

80 Diesel locomotive at 300 feet 
   

2 
 

70 Commercial jet aircraft interior during flight 
   

1 
 

60 Normal conversation speech at 5-10 feet 
   

1/2 
 

50 Open office background level 
   

1/4 
 

40 Background level within a residence 
   

1/8 
 

30 Soft whisper at 2 feet 
   

1/16 
 

20 Interior of recording studio 
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Vibration Fundamentals and Terminology 

Vibration is like noise in that it involves a source, a transmission path, and a receiver.  While 
vibration is related to noise, it differs in that in that noise is generally considered to be pressure 
waves transmitted through air, whereas vibration usually consists of the excitation of a structure 
or surface.  As with noise, vibration consists of an amplitude and frequency.  A person’s perception 
to the vibration will depend on their individual sensitivity to vibration, as well as the amplitude and 
frequency of the source and the response of the system which is vibrating. 
 
Vibration can be measured in terms of acceleration, velocity, or displacement.  A common practice 
is to monitor vibration measures in terms of peak particle velocities in inches per second.  
Standards pertaining to perception as well as damage to structures have been developed for 
vibration levels defined in terms of peak particle velocities.  Unlike noise, vibration dissipates 
rapidly with distance.  Table 1 shows expected responses to different levels of ground-borne 
vibration.   
 

Table 1 
General Human and Structural Responses to Vibration Levels 

Response Peak Vibration Threshold (in./sec. ppv) 

Structural damage to commercial structures 6 

Structural damage to residential structures 2 

Architectural damage to structures (cracking, etc.) 1 

General threshold of human annoyance 0.1 

Source:  Survey of Earth-borne Vibrations due to Highway Construction and Highway Traffic, Caltrans 

 

Criteria for Acceptable Noise Exposure 

Stanislaus County Code 

The Noise Control Section of the Stanislaus County Code establishes acceptable noise level 
criteria for non-transportation noise sources, such as the Central Valley Recycling Facility 
operations.  Section 10.46.050 of the Stanislaus County Code provides sound limits for sensitive 
receptors in Stanislaus County.  The specific language of that provision is provided below: 
 
10.46.50 Exterior Noise Level Standards 
 

A. It is unlawful for any person at any location within the unincorporated area of the county 
to create to create any noise or to allow the creation of any noise which causes the exterior 
noise level when measured at any property situated in either the incorporated or 
unincorporated area of the county to exceed the noise level standards set forth below:  
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1. Unless otherwise provided herein, the following exterior noise level standards shall apply 
to all properties within the designated noise zone: 

 

Table 2 
Exterior Noise Level Standards 

Stanislaus County Code – Noise Control Section 

 
Maximum A-Weighted Sound Level as 

Measured on a Sound Level Meter (Lmax) 

Designated Noise Zone Daytime (7 a.m. - 10 p.m.) Nighttime (10 p.m. - 7 a.m.) 

Noise Sensitive 45 45 

Residential 50 45 

Commercial 60 55 

Industrial 75 75 

Source: Stanislaus County Code 

 
2. Exterior noise levels shall not exceed the following cumulative duration allowance 

standards: 
 

Table 3 
Cumulative Duration Allowance Standards 

Stanislaus County Code – Noise Control Section 

Designated Noise Zone Allowance Decibels 

Equal to or greater than 30 minutes per hour Table 1 plus 0 dB 

Equal to or greater than 15 minutes per hour Table 1 plus 5 dB 

Equal to or greater than 5 minutes per hour Table 1 plus 10 dB 

Equal to or greater than 1 minutes per hour Table 1 plus 15 dB 

Less than 1 minute per hour Table 1 plus 20 dB 

Source: Stanislaus County Code 

 
3. Pure Tone Noise, Speech and Music.  The exterior noise level standards set forth in Table 

1 shall be reduced by five dB(A) for pure tone noises, noises consisting primarily of speech 
or music, or reoccurring impulsive noise. 

 
4. In the event the measured ambient noise level exceeds the applicable noise level 

standards above, the ambient noise level shall become the applicable exterior noise level 
standard. 
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Criteria for Acceptable Vibration Exposure 

The Stanislaus County General Plan Noise Element and County Noise Ordinance do not contain 
specific standards for assessing vibration-related impacts.  As a result, this analysis utilizes the 
Table 1 level at which the onset of annoyance can be expected, or a peak vibration velocity of 0.1 
inches/second, for the assessment of vibration impacts associated with the project operations.  It 
should be noted that Table 1 indicates that 10 times this level of vibration energy would be 
required to result in architectural damage to structures.  

 
Pre-Mitigation Project Noise Generation (January 2013) 
 
As previously mentioned, Bollard Acoustical Consultants, Inc. (BAC) prepared a noise study for 
the CVR facility dated January 30, 2013.  As part of that survey, five consecutive days of noise 
monitoring was performed at the locations shown on Figure 2.   While all of the data collected for 
that study is included in the January 30 report, Table 4 summarizes the results of the five days of 
continuous noise monitoring conducted near the northeast corner of the CVR facility. 
 

 
Table 4 

Continuous Noise Monitoring Results 
Central Valley Recycle Facility Northeast Corner 

January 17-22, 2013
  Lmax  L2  L8  L25  L50 

   1 min/hr  5 min/hr  15 min/hr  30 min/hr  30‐60 min/hr 

County Noise Ordinance Standard (unadjusted)  70  65  60  55  50 

Ambient noise levels on Sunday, January 20, 2013 

(CVR not operating) 
82  66  60  51  48 

Standard Adjusted for Elevated Sunday Ambient  82  66  60  55  50 

Ambient Noise Level Data During CVR Operations:         

Thursday, January 17, 2013  88  73  69  64  60 

Friday, January 18, 2013  87  71  67  63  60 

Saturday, January 19, 2013  80  68  64  60  57 

Monday, January 21, 2013  92  69  65  61  58 

Tuesday, January 22, 2013  84  70  68  65  63 

Measured Average for all days facility in operation  86  70  66  62  59 

Level of Exceedance of County Standard  4  4  6  7  9 

 
The Table 4 data show the County’s daytime noise standards in the first row.  They are staggered 
in 5 dB increments because a project is allowed to make more noise if it is generated for 
progressively shorter periods of time during each hour.  In other words, noise from the CVR facility 
cannot exceed 70 dB at any time, cannot exceed 65 dB for more than 5 minutes per hour, cannot 
exceed 60 dB for more than 15 minutes per hour, etc. 
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The County noise standards are to be increased in cases where the existing ambient/background 
noise environment is elevated (as it is in the immediate vicinity of the CVR facility.  As shown by 
the Sunday data in Row 2, the measured ambient levels on Sunday exceeded the County’s noise 
standards in the first 2 categories (Lmax and L2) when the CVR facility was not in operation.  This 
is due to the passage of vehicles on Bystrum Road, which resulted in elevated maximum noise 
levels at the residences on the east side of that roadway.  As a result, the measured ambient 
noise level becomes the County standard in those categories.  Because the measured ambient 
noise levels on Sunday did not exceed the County’s noise standards in the final 3 categories, 
those standards were not adjusted.  The third row in the table illustrates the adjusted standards. 
 
The data for the days when the facility was operating is provided in the following rows of Table 
4.  That data only represents the time period of 8 am to 5 pm, which are the normal operating 
hours of the facility (the Sunday data provided above was also limited to those hours to provide 
an apples to apples comparison). 
 
The last row of data shows how much the measured average levels during all CVR operating 
hours exceeded the County’s adjusted noise standards.  The Table 4 data indicate the measured 
noise levels exceeded the County’s noise standards, but those levels were measured closer to 
the CVR operations than the existing residences, so the actual exceedance at the nearest 
neighbors would be expected to be lower than what is shown in the last row of Table 4.   
 
As a result of the January 2013 noise measurement results, specific noise mitigation measures 
were recommended.  Those measures were implemented as indicated in the Introduction section 
of this report.  The following section describes the effectiveness of those noise mitigation 
measures in reducing CVR-generated noise levels.  
 

Post-Mitigation Project Noise Generation (January 2013) 
 
In response to recommendations contained in the January, 2013 noise study, CVR implemented 
several noise mitigation measures.  Figure 3 shows the difference in operations between the 
January 2013 operations and current, mitigated, operations.   
 
To test the effectiveness of the noise mitigation measures in reducing CVR-generated noise levels 
at the nearest residences to the east, BAC repeated the January 2013 noise level surveys 
previously conducted at the project site.  The noise measurement location was in the northeast 
corner of the project site and the follow-up testing was completed from August 1 - 5, 2013.   
 
The measurements were made from the exact same location as the pre-mitigation measurements 
conducted on January 18-21, 2013 to provide a direct comparison of noise levels before and after 
implementation of noise mitigation measures.  The long-term monitoring site was selected 
because it provided a complete view of the CVR facility operations and was approximately the 
same distance from Bystrum Road as the existing residences to the east. 
 
Noise measurement equipment included a Larson-Davis Laboratories (LDL) Model 820 precision 
integrating sound level meter identical to that used for the pre-mitigation noise survey.  The 
system was calibrated in the field before use using a LDL CAL200 acoustical calibrator. 
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The follow-up measurement results are summarized in Table 5.  Table 5 is similar in format to 
Table 4.  Table 6 shows a comparison of the post-mitigation (August 2013) to pre-mitigation 
(January 2013) noise levels. 
 

    
Table 5 

Continuous Noise Monitoring Results 
Central Valley Recycle Facility Northeast Corner 

August 2-4, 2013 

  Lmax  L2  L8  L25  L50 

   1 min/hr  5 min/hr  15 min/hr  30 min/hr  30‐60 min/hr 

County Noise Ordinance Standard (unadjusted)  70  65  60  55  50 

Ambient noise levels on Sunday, August 4, 2013 (CVR 

not operating) 
90  65  59  53  50 

Standard Adjusted for Elevated Sunday Ambient  90  65  60  55  50 

Measured on‐site noise level during CVR facility 

operations 
81  66  62  57  54 

Additional decrease in noise levels due to additional 

distance to residences 
2 dB  2 dB  2 dB  2 dB  2 dB 

Additional decrease in CVR Noise Levels at nearest 

residences due to property line noise barrier. 
5 dB  5 dB  5 dB  5 dB  5 dB 

Resulting CVR Noise Level at nearest residences  74  59  55  50  47 

Level of Exceedance of adjusted County Standard  None  None  None  None  None 

 

This data indicates that the noise mitigation measures incorporated into the current CVR 
operations has resulted in achieving a state of compliance with the County’s noise standards.  
Specifically, CVR noise generation was found to range from 3 to 16 dB below County noise 
standards in the various categories.  As a result, no additional noise attenuation measures appear 
to be warranted for this facility to achieve compliance with County noise standards. 

Analysis of Noise Generated by Increase Operations 

As noted in the Introduction section of this report, Stanislaus County has requested additional 
information pertaining to potential noise impacts associated with increasing the permitted scrap 
volume tonnage to 2,000 tons per month from the current baseline of approximately 950 tons per 
month.   
 
According to CVR representatives, the increase in tonnage could be accommodated with the 
existing equipment and already used on site, and no equipment or operations would need to occur 
closer to the existing residences than currently occurs.  Because the CVR equipment and 
operations can already accommodate the increased tonnage by allowing more material to be 
processed at the site during periods when the facility is currently operating at lower capacity, no 
new noise sources would be introduced as part of the proposed increased tonnage.  As a result, 
no increases in maximum noise levels would result, although an increase in median noise levels 
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could result from the busier operations during hours when the facility would otherwise be 
operating at a lower capacity.  
 
Because the increased tonnage can be accommodated without additional equipment by operating 
the existing equipment during periods when it would otherwise be idle, it is difficult to predict the 
increase in noise levels which would result from the expanded tonnage.  From a purely 
mathematical perspective, a doubling of tonnage would result in a theoretical increase in median 
noise levels of 3 dB.  According to the Table 5 data, a 3 dB increase in median noise levels would 
result in a level of 50 dB L50 at the nearest residences to the east.  Because this level would still 
be satisfactory relative to the County’s 50 dB L50 daytime median noise level standard, the 
increase in tonnage is not expected to result in exceedance of the County’s noise standards.   
 
However, a doubling of tonnage would not automatically translate to a 3 dB increase in noise 
levels at the nearest residences, as the increased activity required to accommodate that tonnage 
would translate to more time when the facility is generating noise, not necessarily higher overall 
noise levels.  Nonetheless, because the Table 5 data indicate that a 3 dB increase could be 
accommodated without causing an exceedance of the County’s noise standards at the nearest 
residences to the east, no adverse noise impacts are expected as a result of the proposed 
increase in monthly tonnage. 

Analysis of Project Vibration 

To quantify vibration levels associated with CVR operations, Bollard Acoustical Consultants, Inc. 
conducted vibration measurements of all major activities occurring at the project site on December 
9, 2014.   The measurements were conducted near the CVR project site boundaries, and adjacent 
to Bystrum Road opposite the nearest existing residences.  Figure 4 shows the locations where 
vibration monitoring was conducted.  Figure 5 shows photographs of representative vibration 
monitoring locations.   
 
The vibration measurements consisted of peak particle velocity sampling using a Larson Davis 
Laboratories Model HVM100 Vibration Analyzer with a PCB Electronics Model 353B51 ICP 
Vibration Transducer.  The test system is a Type I instrument designed for use in assessing 
vibration as perceived by human beings, and meets the full requirements of ISO 8041:1990(E).   
The results of the vibration measurements are shown in Table 6. 
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Figure 5 – Representative Photos of Vibration Measurement Locations 
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Table 6 
Vibration Measurement Results 

CVR Facility – Stanislaus County, CA – December 9, 2014 

 

Location Description Source Peak Vibration (in./sec.)2

1 Northeast Corner All CVR Operations 0.074 

2 Southeast Corner All CVR Operations 0.044 

3 Midpoint of North P/L Metal Shearing Claw – 20 ft. 0.118 

4 Next to Metal Pile Metal Shearing Claw – 20 ft 0.128 

5 Southwest Corner All CVR Operations 0.064 

6 South P/L Near Baler Baler 0.081 

7 Adjacent to Bystrom Rd. All CVR Operations 0.030 

  Garbage Truck on Bystrum Rd. 0.447 

  Truck on Bystrum Rd. 0.290 

Source: Bollard Acoustical Consultants, Inc.  

 
The vibration measurement results shown in Table 6 indicate that vibration levels varied 
depending on proximity to the most significant sources of vibration.  The highest measured 
vibration levels occurred at locations close to the metal shearing claw operations (Sites 3 and 4).  
However, when those levels are projected from the 20 foot measurement distance to the nearest 
neighboring uses, the levels would be well below the 0.1 inch/second threshold of annoyance.   
 
As indicated by the Site 7 data, CVR-generated vibration levels were measured to be 0.030 inches 
per second adjacent to Bystrum Road, in close proximity to the nearest residences to the east.  
This level of vibration was imperceptible to BAC staff.  Conversely, during vehicle passages on 
Bystrum Road, much higher vibration levels were registered.   
 
Based on the vibration levels presented in Table 6, this analysis concludes that CVR-generated 
vibration levels are less than significant at the nearest property boundaries and well below the 
thresholds of annoyance and damage to structures at the nearest residences to the east. 
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Conclusions 

This analysis concludes that the noise mitigation measures implemented at the CVR facility in 
Stanislaus County have effectively reduced facility noise generation to a state of compliance with 
Stanislaus County noise standards.  In addition, this analysis concludes that vibration levels 
generated by heavy equipment and operations at the CVR site would be well below thresholds 
for annoyance and damage to structures at sensitive locations of neighboring uses, including the 
existing residences to the east.  Finally, this analysis concludes that the proposed increase in 
tonnage would not cause an exceedance of the County’s noise level standards at the nearest 
noise-sensitive land uses to the project site (residences to the east).  These conclusions are 
based on noise level data collected at the project site in 2013 and 2014, vibration data collected 
at the project site in 2014, operational information provided by CVR, and on the analysis contained 
herein.   
 
This concludes our environmental noise assessment for the Central Valley Recycle Facility in 
Stanislaus County, California.  Please contact BAC at (916) 663-0500 or paulb@bacnoise.com 
with any questions or requests for additional information. 
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Appendix A
Acoustical Terminology

Acoustics The science of sound.

Ambient The distinctive acoustical characteristics of a given space consisting of all noise sources 
Noise audible at that location.  In many cases, the term ambient is used to describe an existing

or pre-project condition such as the setting in an environmental noise study.

Attenuation The reduction of an acoustic signal.

A-Weighting A frequency-response adjustment of a sound level meter that conditions the output signal
to approximate human response.

Decibel or dB Fundamental unit of sound, A Bell is defined as the logarithm of the ratio of the sound
pressure squared over the reference pressure squared.  A Decibel is one-tenth of a Bell.

CNEL Community Noise Equivalent Level.  Defined as the 24-hour average noise level with
noise occurring during evening hours (7 - 10 p.m.) weighted by a factor of three and
nighttime hours weighted by a factor of 10 prior to averaging.

Frequency The measure of the rapidity of alterations of a periodic signal, expressed in cycles per
second or hertz.

Ldn Day/Night Average Sound Level.  Similar to CNEL but with no evening weighting.

Leq Equivalent or energy-averaged sound level.

Lmax The highest root-mean-square (RMS) sound level measured over a given period of time.

Loudness A subjective term for the sensation of the magnitude of sound.

Masking The amount (or the process) by which the threshold of audibility is for one sound is raised
by the presence of another (masking) sound.

Noise Unwanted sound.

Peak Noise The level corresponding to the highest (not RMS) sound pressure measured over a given
period of time.  This term is often confused with the Maximum level, which is the highest
RMS level.

RT6060 The time it takes reverberant sound to decay by 60 dB once the source has been
removed.

Sabin The unit of sound absorption.  One square foot of material absorbing 100% of incident
sound has an absorption of 1 sabin.

SEL A rating, in decibels, of a discrete event, such as an aircraft flyover or train passby, that 
compresses the total sound energy of the event into a 1-s time period.

Threshold The lowest sound that can be perceived by the human auditory system, generally 
of Hearing considered to be 0 dB for persons with perfect hearing.

Threshold  Approximately 120 dB above the threshold of hearing.
 of Pain  
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