




















































































































































































































































































































































































































































































































































































































Photograph 5.  Maintenance well and upland 
non-native grassland. Photograph taken April 
25, 2024, facing south. 

Photograph 6. Upland ditch. Photograph taken 
April 25, 2024, facing northeast. 

Photograph 7. Seasonal wetland swale. 
Photograph taken April 25, 2024, facing 
southwest. 

Photograph 8. Upland non-native grassland. 
Photograph taken April 25, 2024, facing 
northwest. 
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Photograph 9. Seasonal wetland. Photograph 
taken on March 21, 2024, facing west. 

Photograph 10. Riparian vegetation along 
Colgan Creek Flood Control Channel. 
Photograph taken April 25, 2024, facing west. 

Photograph 11. Colgan Creek Flood Control 
Channel (Intermittent Stream). Photograph 
taken April 25, 2024, facing west. 

Photograph 12. Seasonal wetland that drains 
into Colgan Creek. Colgan Creek Riparian in 
background. Photograph taken April 25, 2024, 
facing south. 
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Photograph 13. Wetland ditch, along Meadow 
Lane. Photograph taken March 21, 2024, 
facing west. 

Photograph 14. Wetland ditch, along Meadow 
Lane. Photograph taken March 21, 2024, 
facing southwest. 

Photograph 15. Sebastopol meadowfoam 
(Limnanthes vinclulans; FE, SE, CRPR 1B) 
population in the northernmost seasonal 
wetland swale.   

Photograph 16. Sebastopol meadowfoam 
population in the northernmost seasonal 
wetland swale. Photograph taken April 25, 
2024, facing north.
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388 17th Street, Suite 230, Oakland, CA 94612 | (510) 420-8686 | www.baseline-env.com  
Mailing Address: PO Box 18586, Oakland, CA 94619 

MEMORANDUM 
 
 

Date: 28 June 2024 Job No.: 21202-18  

To:  Geoff Reilly, Senior Environmental Planner, WRA, Inc. 

From: Johnathan Rizzo-Mosbaugh, Environmental Scientist, Baseline Environmental 
Consulting 

Subject: Construction Noise and Vibration Technical Study, Llano Trunk Rehabilitation 
Project, Santa Rosa, California 

INTRODUCTION 

Baseline Environmental Consulting (Baseline) has prepared this technical study to evaluate the 
potential noise and vibration impacts associated with construction of the proposed Llano Trunk 
Rehabilitation Project (Project) located along the border of the City of Santa Rosa (City) and 
unincorporated Sonoma County (County) in California. The proposed Project includes the 
rehabilitation of the existing Llano Road Trunk pipeline, a critical City wastewater collection 
facility, which carries approximately two thirds of the City’s wastewater flow to the Laguna 
Wastewater Treatment Plant. The existing pipeline is nearly 50 years old and must be 
rehabilitated to prevent failure of the system and/or more impactful actions that would be 
associated with replacement.  

The scope of the Project includes rehabilitation of approximately 8,170 linear feet of the 66-
inch reinforced concrete pipe trunk sewer. It also includes condition assessment of the existing 
manholes along the alignment and rehabilitation of the manholes as recommended at the 
conclusion of the condition assessment field investigation. To implement the Project, a 
temporary bypass pumping facility will be required and will include temporary bypass pumps, 
associated manifold and valving assemblies, and approximately 9,200 linear feet of triple barrel 
18-inch diameter high-density polyethylene (HDPE) bypass pipelines. The HDPE pipelines will be 
installed in predominantly undeveloped areas adjacent to Llano Road and Meadow Lane. All 
effects of the Project will be temporary because the project footprint will be restored after 
conclusion of the Project.  

This technical memorandum includes an overview of fundamental noise and vibration concepts, 
a description of the existing sensitive receptors and noise conditions in the Project vicinity, and 
an analysis of the potential noise and vibration impacts associated with construction of the 
Project. This study will be used to support an Initial Study and Mitigated Negative Declaration 
for the proposed Project. 
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NOISE AND VIBRATION CONCEPTS 

Noise Concepts and Terminology 
Noise is commonly defined as unwanted sound that annoys or disturbs people and can have an 
adverse psychological or physiological effect on human health. Sound is measured in decibels 
(dB), which is a logarithmic scale. Decibels describe the purely physical intensity of sound based 
on changes in air pressure, but they cannot accurately describe sound as perceived by the 
human ear since the human ear is only capable of hearing sound within a limited frequency 
range. For this reason, a frequency-dependent weighting system is used, and monitoring results 
are reported in A-weighted decibels (dBA). Decibels and other acoustical terms are defined in 
Table 1. 

A typical method for determining a person’s subjective reaction to a new noise is by comparing 
it to existing conditions. The following describes the general effects of noise on people:1  

 A 3-dBA change is considered barely noticeable. 

  A 5-dBA change is considered clearly noticeable, but not dramatic.  

 A 10-dBA change is perceived as a doubling or halving in loudness. 

Table 1.  Definition of Acoustical Terms 

Term Definition 

Frequency (Hz) The number of complete pressure fluctuations per second above and below 
atmospheric pressure. 

Decibel (dB) 

A unit describing the amplitude of sound on a logarithmic scale. Sound 
described in decibels is usually referred to as sound or noise “level.” This unit 
is not used in this analysis because it includes frequencies that the human 
ear cannot detect. 

A-Weighted Sound 
Level (dBA) 

The sound pressure level in decibels as measured on a sound level meter 
using the A-weighting filter network. The A-weighting filter de-emphasizes 
the very low and very high frequency components of the sound, in a manner 
similar to the frequency response of the human ear, and correlates well with 
subjective reactions to noise. All sound levels in this report are A-weighted. 

Maximum Sound Levels 
(Lmax) The maximum sound level measured during a given measurement period. 

Equivalent Noise 
Level (Leq) 

The average A-weighted noise level during the measurement period. For this 
evaluation, Leq refers to a 1-hour period unless otherwise stated. 

 
1 Charles M. Salter Associates, Inc., 1998. Acoustics – Architecture, Engineering, the Environment, William Stout 
Publishers. 
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Term Definition 

Community Noise 
Equivalent Level (CNEL) 

The average A-weighted noise level during a 24-hour day, obtained after 
addition of 5 decibels to sound levels during the evening from 7:00 to 10:00 
p.m. and after addition of 10 decibels to sound levels during the night 
between 10:00 p.m. and 7:00 a.m. 

Day/Night Noise 
Level (Ldn) 

The average A-weighted noise level during a 24-hour day, obtained after 
addition of 10 decibels to sound levels during the night between 10:00 p.m. 
and 7:00 a.m. 

Ambient Noise Level The existing level of environmental noise at a given location from all sources 
near and far. 

Vibration Decibel (VdB) A unit describing the amplitude of vibration on a logarithmic scale. 

Peak Particle Velocity 
(PPV) 

The maximum instantaneous peak of a vibration signal. 

Root Mean Square (RMS) 
Velocity 

The average of the squared amplitude of a vibration signal. 

Sources:  Charles M. Salter Associates, Inc., 1998. Acoustics – Architecture, Engineering, the Environment, William 
Stout Publishers.  
Federal Transit Administration, 2018. Transit Noise and Vibration Impact Assessment Manual, FTA Report No.0123, 
September. 
 
General Information on Vibration 
Vibration is an oscillatory motion through a solid medium in which the motion’s amplitude can 
be described in terms of displacement, velocity, or acceleration. Typically, ground-borne 
vibration generated by human activities attenuates rapidly with distance from the source of the 
vibration.  

Several different methods are used to quantify vibration. Vibration amplitudes are usually 
expressed as either Peak Particle Velocity (PPV) or as Root Mean Square (RMS) velocity. PPV is 
appropriate for evaluating potential damage to buildings, but it is not suitable for evaluating 
human response to vibration because it takes the human body time to respond to vibration 
signals. The response of the human body to vibration is dependent on the average amplitude of 
a vibration event. Thus, RMS is more appropriate for evaluating human response to vibration. 
PPV and RMS are described in units of inches per second (in/sec), and RMS is also described in 
vibration decibels (VdB). 

ENVIRONMENTAL SETTING 

Existing Ambient Noise Conditions 
As mentioned above, the proposed HDPE pipelines would be installed in predominantly 
undeveloped areas adjacent to Llano Road and Meadow Lane. The primary source of noise in 
the Project vicinity is traffic on Todd Road, which intersects Llano Road within the northern 
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section of the Project. Based on the 2020 noise contours included in the Santa Rosa General 
Plan,2 the ambient noise level from traffic adjacent to Todd Road is approximately 60 dba. 
Therefore, the maximum ambient noise level associated with traffic along the Project alignment 
is 60 dba.  

Existing Sensitive Receptors 
Noise-sensitive receptors are locations where people are more susceptible to elevated noise 
levels than others due to the amount of noise exposure and the types of activities typically 
involved. Sensitive receptors include residences, schools, places of worship, hospitals, 
convalescent homes, hotels, libraries. Noise-sensitive receptors near the Project include single-
family homes located as close as 54 feet from the pipeline alignment. 

Vibration-sensitive receptors are locations where people are more susceptible to the adverse 
effects of vibration. These include residences and other buildings where people normally sleep, 
as well as buildings that have the potential for activity interference (e.g., schools and places of 
worship). In certain situations, vibration also can cause structural damage. Vibration-sensitive 
receptors near the Project are the same single-family homes identified as noise-sensitive 
receptors.  

Regulatory Framework 
Federal Transit Administration  

The Federal Transit Administration (FTA) has developed a general construction noise threshold 
of 90 dBA Leq at the nearest noise-sensitive receptor.3 According to the FTA, if the combined 
noise level in 1 hour from the two noisiest pieces of equipment exceeds the 90 dBA threshold 
at a noise-sensitive receptor, then there may be a substantial adverse reaction.  

The FTA has developed vibration thresholds to prevent disturbances to (i.e., annoyance of) 
building occupants based on the frequency of a vibration event, as shown in Table 2.4 
Vibrations that exceed the vibration thresholds could result in potential disturbance to people 
or activities. For construction activities, FTA’s recommended vibration threshold for the 
disturbance of residences is 80 VdB. 

 
2 City of Santa Rosa, 2009. Santa Rosa General Plan 2035. November 3.  
3 Federal Transit Administration (FTA), 2018. Transit Noise and Vibration Impact Assessment Manual, FTA Report 
No.0123, September. 
4 Federal Transit Administration (FTA), 2018. Transit Noise and Vibration Impact Assessment Manual, FTA Report 
No.0123, September. 
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Table 2.  Vibration Thresholds for Disturbance to Building Occupants 

Land Use 

Maximum RMS Velocity (VdB) 

Frequent 
Events 

Occasional 
Events 

Infrequent 
Events 

Buildings where vibration would interfere with operations 65 65 65 

Residences and buildings where people normally sleep 72 75 80 

Institutional land uses with primarily daytime use 75 78 83 
Note: Frequent events = more than 70 events per day; Occasional events = 30 - 70 events per day; Infrequent 
events = less than 30 events per day. 
Source: FTA, 2018. 

California Department of Transportation 

The California Department of Transportation (Caltrans) has developed vibration thresholds 
based on PPV values to evaluate the potential impact of construction vibration on structures.5 
Construction vibrations that exceed the vibration thresholds could result in potential damage to 
structures. For construction activities, Caltrans’ recommends vibration threshold for damage to 
older residential structures is 0.3 in/sec. 

Table 3.  Vibration Thresholds for Damage to Structures 

Land Use 

Maximum Peak Particle Velocity (in/sec) 

Transient Source 
Continuous or Frequent 

Intermittent Source 

Extremely fragile historic buildings, ruins 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 commercial buildings 2.0 0.5 
Note: Transient sources create a single isolated vibration event (e.g., blasting). Continuous/frequent intermittent 
sources include impact pile drivers, crack-and-seat equipment, vibratory pile drivers, and vibratory compaction 
equipment. 
Source: Caltrans, 2020. 

 
5 California Department of Transportation (Caltrans), 2020. Transportation and Construction Vibration Guidance 
Manual. 
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City of Santa Rosa General Plan 

The Noise and Safety Element of the Santa Rosa General Plan6 includes policies and programs 
to guide the City in maintaining acceptable community noise levels. None of the policies or 
programs apply to construction noise.  

City of Santa Rosa Noise Ordinance 

Chapter 17-16 of the City’s municipal code outlines noise standards associated with land-use 
development. None of these standards apply to construction noise. 

Sonoma County General Plan 

The Noise Element of the Sonoma County General Plan7 includes goals and policies to guide the 
County in maintaining acceptable community noise levels. Policy NE-1c includes noise criteria 
for recurring impulse tones such as pile drivers. There are no other policies that would apply to 
construction noise.  

SIGNIFICANCE THRESHOLDS 

The City and County have not established criteria for assessing construction noise and vibration 
impacts. Therefore, in this analysis the following FTA and Caltrans thresholds are used to 
evaluate the significance of potential noise and vibration impacts to nearby single-family homes 
associated with implementation of the Project:  

 Construction Noise Threshold = 90 dBA Leq 

 Construction Vibration Disturbance Threshold = 80 VdB 

 Construction Vibration Damage Threshold = 0.3 in/sec 

ANALYSIS AND FINDINGS 

Construction Noise 
Construction of the Project is anticipated to begin in June 2025 and is expected to occur over a 
period of approximately 5 months. As construction progresses along the Project alignment, 
noise from construction activities would temporarily affect different sensitive receptors. 
Construction noise levels would vary from day-to-day, depending on the number and type of 
equipment being used, the types and duration of activity being performed, the distance 

 
6 City of Santa Rosa, 2009. Santa Rosa General Plan 2035. November 3. 
7 Sonoma County Permit and Resource Management Department, 2012. Sonoma County General Plan 2020. As 
Amended on October 23, 2012. 
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between the noise source and the receptor, and the presence of barriers (if any) between the 
noise source and receptor.  

To evaluate noise levels during construction, the Project applicant provided a list of 
construction equipment that would be used for the Project (e.g., excavator and backhoe). The 
types of construction equipment that would be used for the Project and the associated noise 
calculations are included in Attachment A.  

In accordance with the FTA guidance,8 construction noise impacts were evaluated by 
quantifying the maximum noise levels that would result from simultaneous operation of the 
two noisiest pieces of equipment near the boundary of the Project closest to a noise-sensitive 
receptor. Modeling the potential noise impact at the closest noise-sensitive receptor is 
conservative because it represents a worst-case scenario for all nearby sensitive receptors 
exposed to noise during Project construction. The Project’s construction noise level was 
estimated at the nearest noise-sensitive receptor, a single-family home, located at 3944 Llano 
Road approximately 54 feet east of the Project alignment. As shown in Table 4, Project 
construction would not generate noise levels above the FTA’s 90 dBA Leq threshold at the 
nearest noise-sensitive receptor. Therefore, Project construction would not generate a 
substantial temporary increase in ambient noise levels in the Project vicinity and this impact 
would be less than significant. 

Table 4.  Potential Noise Impact at Nearest Sensitive Receptor from Project Construction  

Source 

Maximum Noise 
Level 

(dBA Leq) 

Noise 
Threshold 
(dBA Leq) 

Exceed 
Threshold? 

Construction 84 90 No 
Source: Noise calculations included in Attachment A. 

Construction Vibration 
Construction can result in varying degrees of ground vibration depending on the type of 
equipment and activity. The primary types of equipment that could generate substantial 
ground vibration during project construction and the associated vibration calculations are 
included in Attachment A. To evaluate the Project’s potential vibration effects on nearby 
sensitive receptors, it was assumed that the equipment that could generate substantial ground 
vibration would be used the near boundary of the Project closest to a vibration-sensitive 
receptor. Modeling the potential vibration impact at the closest vibration-sensitive receptor is 

 
8 Federal Transit Administration (FTA), Office of Planning and Environment. 2006. Transit Noise and Vibration Impact 
Assessment. FTA-VA-90-1003-06. 
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conservative because it represents a worst-case scenario for all nearby sensitive receptors 
exposed to vibration during Project construction. 

The Project’s construction vibration levels were estimated at the nearest vibration-sensitive 
receptor, a single-family home, located at 3944 Llano Road approximately 54 feet east of the 
Project alignment. As shown in Table 5 and Table 6, Project construction would not generate 
vibration levels above the disturbance and damage thresholds, respectively, at the nearest 
vibration-sensitive receptor. Therefore, Project construction would not generate excessive 
vibration levels that would disturb nearby residents or damage older residential structures and 
this impact would be less than significant.   

Table 5. Potential Vibration Disturbance Impact at Nearest Sensitive Receptor from  
Project Construction  

Ground Vibration 
Equipment 

Maximum  
Vibration Level 

(VdB) 

Disturbance 
Threshold 

(VdB) 
Exceed 

Threshold? 
Loaded Trucks 76 80 No 

Source: Vibration calculations included in Attachment A. 
 
Table 6. Potential Vibration Damage Impact at Nearest Sensitive Receptor from  

Project Construction 

Ground Vibration 
Equipment 

Maximum  
Vibration Level 

(in/sec) 

Damage 
Threshold 

(in/sec) 
Exceed 

Threshold? 
Loaded Trucks 0.02 0.3 No 

Source: Vibration calculations included in Attachment A. 
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Construction Vibration Calculations for Potential Building Damage

Typical Ground-Borne 
Vibration Equipment

Typical 
Vibration Level1

(PPV1) Receptor Type
Vibration 
Threshold

Reference 
Distance 

(D1)

Receptor
Distance 

(D2)

Equipment 
Used for 
Project?

Vibration Level @ 
Receptor

(PPV2)

Buffer 
Distance to 
Threshold

Unit: in/sec -- in/sec feet feet -- in/sec feet
Pile Driver (impact) 0.644 Older Residential Structure 0.3 25 54 No -- --
Pile Driver (sonic) 0.17 Older Residential Structure 0.3 25 54 No -- --
Vibratory Roller 0.21 Older Residential Structure 0.3 25 54 No -- --
Hoe Ram 0.089 Older Residential Structure 0.3 25 54 No -- --
Large bulldozer 0.089 Older Residential Structure 0.3 25 54 No -- --
Caisson drilling 0.089 Older Residential Structure 0.3 25 54 No -- --
Loaded trucks 0.076 Older Residential Structure 0.3 25 54 Yes 0.02 10
Jackhammer 0.035 Older Residential Structure 0.3 25 54 No -- --
Small bulldozer 0.003 Older Residential Structure 0.3 25 54 No -- --
Notes:
"--" = not applicable
Buffer distance to vibration threshold for building damage calculated based on the following equation:2

D2 =  (PPV1 / PPV2)^ (1 / 1.5) * D1

Where:
PPV1 = Vibration level at reference distance
PPV2 = Vibration threshold for building damage
D1 =  Reference distance
D2 =  Distance to Receptor

1 Federal Transit Administration, 2018. Transit Noise and Vibration Impact Assessment Manual, Table 7-4. September.
2 Federal Transit Administration, 2018. Transit Noise and Vibration Impact Assessment Manual, Equations 7-2. September.
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Table 7-4 Vibration Source Levels for Construction Equipment (FTA 2018)
Equipment PPV @ 25 feet RMS @ 25 feet
Pile Driver (impact) upper range 1.518 112
Pile Driver (impact) typical 0.644 104
Pile Driver (sonic) upper range 0.734 105
Pile Driver (sonic) typical 0.17 93
Clam shovel drop (slurry wall) 0.202 94
Hydromill (slurry wall) in soil 0.008 66
Hydromill (slurry wall) in rock 0.017 75
Vibratory Roller 0.21 94
Hoe Ram 0.089 87
Large bulldozer 0.089 87
Caisson drilling 0.089 87
Loaded trucks 0.076 86
Jackhammer 0.035 79
Small bulldozer 0.003 58



EQUIPMENT HOURS

Construction Off-Road Equipment Activity (Total Hours per Month)

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Garney -  Cat 335 Excavator Excavator Diesel Diesel 115 Tier 4 Final 320 320 320 320 320
Garney -  Cat 624 Loader Rubber Tired Loader Diesel Diesel 200 Tier 4 Final 160 160 160 160 160
Garney -  John Deere 410 Backhoe  Tractors/Loaders/Backhoes Diesel Diesel 116 Tier 4 Final 160 160 160 160 160
Garney -  Signal Boards Signal Boards Diesel Diesel 6 Average 720 720 720 720 720
Manhole Rehab Dodge Ram 5500 Off-Highway Truck Diesel Diesel 410 Average 0 0 12 360 36
Manhole Rehab Dodge Ram 3500 Off-Highway Truck Diesel Diesel 410 Average 0 0 12 360 36
Manhole Rehab Doosan P185 Portable Air Compressor Air Compressor Diesel Diesel 49 Tier 4 Final 0 0 12 360 36
Manhole Rehab Llanda 7000 psi Pressure Washer Pressure Washer Diesel Gasoline 24 Tier 4 Final 0 0 12 360 36
Manhole Rehab Honda 6500 Portable Power Generator Set Diesel Gasoline 24 Tier 4 Final 0 0 12 360 36
 CIPP Resin Static Mixer Other Construction Equipment Diesel Electric 10 Average 0 0 24 96 24
 CIPP Reach Lift Forklifts Diesel Diesel 63 Average 0 9 3 12 3
 CIPP Conveyor/Pinch Roller Trailer Other Construction Equipment Diesel Electric 10 Average 0 0 48 192 48
 CIPP Refrigeration Truck Off-Highway Truck Diesel Diesel 350 Average 0 0 24 96 24
 CIPP Generator Generator Sets Diesel Diesel 84 Average 0 0 192 768 192
 CIPP Air Compressor 185 Air Compressor Diesel Diesel 49 Average 0 0 192 768 192
 CIPP Resin Pump/Heat Exchanger Pump Diesel Electric 10 Average 0 0 24 72 24
 CIPP CIPP Boiler Truck/Trailer Off-Highway Truck Diesel Diesel 400 Average 0 0 72 288 72
 CIPP Semi Trucks Off-Highway Trucks Diesel Diesel 400 Average 0 0 24 48 24
 CIPP 6" Gorman Rupp Circulation Pumps Pump Diesel Diesel 80 Average 0 0 36 144 36
 CIPP Light Towers Other Construction Equipment Diesel Diesel 12 Average 0 0 60 240 60
 CIPP Vacuum Pump Pump Diesel Electric 5 Average 0 0 24 96 24
Bypass 12" Bypass Pumps Pumps Diesel Diesel 225 Average 0 0 1440 1440 1440
Bypass Reach Lift Forklifts Diesel Diesel 110 Average 0 0 84 0 84
Bypass Light Tower Other Construction Equipment Diesel Gas 10 Average 0 0 240 240 240
Bypass Fusion Machine Other Construction Equipment Diesel Diesel 16 Average 0 210 0 0 0
CCTV  & Cleaning Vactor Jetter/Combo Cleaner Off-Highway Truck Diesel Diesel 400 Average 0 0 60 60 60
CCTV  & Cleaning TV Truck Off-Highway Truck Diesel Diesel 350 Average 0 0 40 40 40

2025Custom 
Engine Tier

Custom
Fuel Type

Custom 
HorsepowerPhase CalEEMod EquipmentEquipment Type

Default 
Fuel Type




