












Figure 7-1
Train Noise Modeling Locations
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extend from the project site to the location on the track where trains are currently able 
achieve 30 mph.  

 This analysis also indicates that the buildings in the Central Shops District could be 
exposed to noise in excess of 80 dB-Leq from train passages. These buildings are 
currently unoccupied and are not used for any noise sensitive activities. However, in the 
future there are plans to develop these buildings for commercial uses and a museum. 
Because these buildings would not be developed before the track is realigned, the 
increased noise from the track realignment is not predicted to result in an adverse effect 
on these buildings. The future reuse of the buildings, however, will need to take into 
account the high noise levels from train passages.  

7.1.2.  Phase 2 
Under Phase 2, additional facility improvements would be made including relocating and 
reconfiguring passenger parking to accommodate existing parking demand and to 
improve the drop-off area in front of the Depot. The traffic analysis conducted for this 
phase indicate that very small changes in peak hour traffic volumes (typically less than 
10%) will occur at some intersections in the area. A 10% change in traffic volume 
equates to less than a 0.5-dB change in traffic noise, which would not be perceptible.  

7.1.3.  Phase 3 
Under the Phase 3, alternatives the existing Station would be converted into a large, 
multimodal regional transportation facility with substantially expanded facilities. The 
primary difference between the two alternatives is the ultimate location of the Depot 
building. A detailed traffic analysis of Phase 3 conditions has not been prepared. 
However, the cumulative traffic noise conditions evaluated for the Railyards Specific 
Plan (City of Sacramento 2007) are representative of conditions that would occur under 
Phase 3. Table 7-3 summarizes traffic noise modeling results under cumulative 
conditions with and without implementation of the Railyards Specific Plan.  
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Table 7-3. Cumulative Traffic Noise Levels with and without Project 

Receptor 
Location Roadway 

Noise Levels (CNEL)

Existing 
No Project 

(dB) 

Cumulative 
without 
Project 

(dB) 

Cumulative 
with 

Project 
(dB) 

Change 
over 

Existing 
(dB) 

Project 
Contribution 

(dB) 

517 7th Street 7th Street, south 
of E Street 

66.6 71.5 67.8 1.2 -3.7 

619 12th Street 12th Street 
between F and 
G Streets 

69.9 70.5 70.5 0.6 0.0 

Econo Lodge 
(along 16th 
Street) 

16th Street 
between G and 
H Streets 

71.1 71.6 71.4 0.3 -0.2 

1239 Richards 
Boulevard 

Richards 
Boulevard east 
of Del Rios 
Street 

66.3 71.1 69.6 3.3 -1.5 

North B Street 
and Bannon 
Street 

North B Street 
east of 7th 

Street (and the 
proposed 5th 
Street 
extension) 

63.7 65.9 68.9 5.2 3.0 

7th Street 
within the 
Specific Plan 
Area 

7th Street south 
of North B 
Street 

68.3 73.2 69.5 1.2 -3.7 

Source: PBS&J/EIP 2007 in City of Sacramento 2007. 
Notes: 
1. Noise levels were calculated based on peak-hour traffic volumes proved by Dowling Associates, Inc. PM peak-hour 

traffic volumes were used for all roadway segments except 12th Street, where the AM peak hour represented the worst-
case noise level increase. 

2. Cumulative is analyzed for be Year 2030. Cumulative Plus Project assumes Full Buildout of the project by the year 
2030. 

 
Because the anticipated increases in noise are predicted to be 3 dB or less (barely 
perceptible) the project-related increase in noise is not considered to be adverse.  

7.2.  Future Vibration Environment, Impacts, and Mitigation  

Groundborne vibration effects from rail and highway operations in the project area and 
the effect of the track relocation have been evaluated in detail in WIA 2007. Table 7-4 
summarizes the results of the analysis. Figure 7-2 shows the districts where the 
assessment points are located. (The Museum of Railroad Technology would be located in 
the Central Shops District and the Performing Arts Facility would be located in West End 
District).  
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Table 7-4. Projected Groundborne Vibration and Noise at the Location of the Closest Sensitive Receptors 

Rec. 
ID 

Rec. Dist. 
Location Source Land 

Use 
Side 

of 
Track 

Speed 
(mph) 

Distance 
to Near 

Track CL 
(feet) 

Track 
Type 

FTA GBV 
Criteria, 

VdB 

Projected 
GBV, VdB 

(re 1 
µin/sec) 

Type of 
Impact 

FTA GNB 
Criteria, 

dBA 

Projected 
GBN, dBA 
(re 20 µPa) 

Type of 
Impact 

1 Museum of 
Railroad 
Technology 

Freight INST N 30 45 AG 75 91 I 40 51 I 
Pass 10 70 80 I 47 I 

2 Performing 
Arts Facility 

Freight PA N 30 520 AG 65 77 I 25 27 I 
Pass 10 550 63 NI 30 I 

3 Parcel 47b – 
West End 
District 

Freight MFR N 30 45 AG 72 91 I 35 51 I 
Pass 10 45 84 I 51 I 
LRT E 35 150 EM 74 I 27 NI 

4 Parcel 51 – 
East End 
District 

Freight MFR N 30 100 AG 72 88 I 35 44 I 
Pass 30 100 84 I 51 I 

5 Parcel 44 – 
Depot District 

Freight MFR S 30 250 AG 72 83 I 35 34 NI 
Pass 10 90 78 I 45 I 
LRT 20 20 EM 74 I 50 I 

6 Parcel 12 – 
West End 
Dist. 

I-5 MFR E – 80 – 72 70 NI 35 20 NI 

Source: WIA 2007. 
Pass = passenger trains, Amtrak or high-speed trains (California high-speed rail). 
LRT  = light-rail train. 
I-5  = vehicle traffic in Interstate 5. 
MFR  = multifamily residence. 
PA  = performing arts. 
INST  = institutional. 
AG  = at-grade ballast and tie track. 
EM  = at-grade embedded track. 
I  = impact as defined by FTA. 
NI  = no impact as defined by FTA. 
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It is important to recognize that the track would be relocated before most of these uses 
would be developed. Accordingly, the impacts identified in Table 7-4 would not occur 
until the development is implemented. However, there are existing uses in the Depot 
District where FTA criteria are predicted to be exceeded. In addition, the historic 
buildings in the Central Shops District may be considered fragile historic buildings. For 
the purposes of this analysis these buildings are considered to fall into the category of 
“buildings extremely susceptible to vibration damage” as indicated in Table 4-6. The 
corresponding impact threshold for these types of buildings is 90 VdB (Table 4-6). The 
results in Table 7-4 indicate that buildings in the Central Shops District could be exposed 
to ground vibration as high as 91 VdB. Accordingly, vibration from the track relocation is 
considered to result in an adverse effect on those buildings because of the potential for 
damage.  

WIA 2007 provides a detailed discussion of options for mitigating vibration from the 
track relocation. The report states that the available mitigation measures are essentially 
limited to a maximum vibration reduction of 15 VdB. With vibration levels as high as 16 
VdB above the FTA criterion in the Central Shops District, the report acknowledges that 
it might not be feasible to reduce vibration to the occupied use criterion level of 75 VdB 
for the current building siting plan. It does appear feasible that vibration can be mitigated 
to reduce vibration below the 90 VdB damage threshold.   

The following is a summary of mitigation options for reducing vibration from the track 
relocation presented in WIA 2007. 

• Increase distance to buildings: Locating vibration sensitive receptors further away 
from the rail alignment could help reduce the level of impact. The following 
distances are based on projected groundborne vibration levels in the ground. A 
thorough review of the proposed structural properties of the buildings when they are 
available could alter the screening distances. All distances are measured from the 
closest track centerline. At this stage of the analysis, the minimum recommended 
distance for residential buildings is 700 feet from freight trains traveling at 30 mph, 
200 feet from passenger trains traveling 10 mph (west of Seventh Street), and 450 
feet for passenger trains traveling 30 mph (east of Seventh Street).  

• Soil densification: the increase of the soil stiffness under the track will theoretically 
reduce the force that the rail vehicle is capable of imparting to the soil and if so then 
the resulting soil vibration levels should be lower. However, this type of mitigation 
does not appear capable at this point of providing enough reduction by itself to 
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achieve levels specified by the FTA criteria. Moreover, the extent of this type of 
solution should go down to the naturally occurring stiffer layers of soil, which may 
require treatment that is very deep. It is anticipated that treatment of the soil to 
depths of at least 30 feet or deeper would provide benefits on the order of about 4 
VdB of reduction. Detailed investigation and analysis of the local soil characteristics 
should be performed prior to further analyzing this mitigation approach. 

• Trenches: The use of trenches could mitigate vibration from the UPRR rail. This 
method is more effective when trenches are located next to the rail alignment. 
Trenches work in a manner analogous to a sound wall. However, a general rule of 
thumb as presented by FTA is that the bottom of the trench should be at least 0.6 
times the Rayleigh wavelength. Based on the initial third-octave band analysis, 
vibration mitigation must be achieved for frequencies of 6 Hz and higher. The 
equivalent trench depth for standard soil at a frequency of 6 Hz would be 
approximately 60 feet. The expected reduction in vibration levels could be on the 
order of 4 to 5 VdB with this method. 

• Piles under track bed: Another mitigation alternative is to construct a concrete 
track bed over deep and massive piles. Piles would need to be driven about 60 feet 
deep into the soil. The expected vibration reduction provided by this type of 
mitigation is no more than 5 VdB under optimal circumstances. 

• Tire-derived aggregate (TDA): The use of shredded scrap tires as a vibration 
isolating medium for rail is relatively recent. TDA as a vibration reduction medium 
consists of the construction of a compacted layer of shredded tires approximately 12 
to 18 inches thick located below the sub-ballast and ballast layers of track. This 
system has been installed at selected locations on two transit systems, the Santa 
Clara Valley Transportation Authority’s Vasona Line and at Denver's TREX light 
rail line. Recent investigation indicates that the performance is more effective than a 
ballast mat, but less effective, particularly at lower frequencies, when compared to 
the performance of a floating slab track bed system. 

• Floating slab tracks: This approach basically consists of a massive concrete slab 
supported on elastomeric elements, normally natural rubber. Several designs have 
been successfully used for heavy rail transit systems, such as in Washington DC, 
Atlanta, Boston, and the Bay Area on the San Francisco Bay Area Rapid Transit 
District (BART) system. This specific design consists of concrete slabs that are 
normally 6-feet long and supported vertically on four natural rubber pads per slab. 



Chapter 7 Future Noise and Vibration Environment, Impacts, and Mitigation 

Sacramento Intermodal Transportation Facility Noise Study Report 38 

Each slab is held in place in the lateral direction by natural rubber “side pads” that 
bear against a curb constructed in a concrete bathtub (shallow retained cut). In the 
longitudinal direction, natural rubber pads separate adjacent slabs. All of the 
horizontal (lateral and longitudinal) restraint pads are pre-compressed during 
installation. One of the most significant design parameters of the floating slab track 
bed is the fundamental natural frequency of the track bed in the vertical direction. 
The appropriate floating slab natural frequency depends on the groundborne 
vibration frequencies, which require reduction. To date, floating slab track bed 
designs have been in the 8 to 16 Hz range. The design for the BART system was 
targeted to achieve an 8 Hz natural frequency, because of unusual circumstances 
primarily involving soil conditions. 
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Chapter 8.  Construction Noise and Vibration  

8.1.  Construction Noise  

During track relocation and construction of projects identified under each phase of the 
project, noise levels would be produced by the operation of heavy-duty equipment and 
various other construction activities. Similar to other projects in the area, pile driving 
could be used for building and track bed foundations. 8-hour Leq construction noise levels 
have been estimated using FTA methodology for various typical construction phases. The 
noise levels associated with equipment to be used during the various project construction 
phases are shown in Table 8-1. 

There are sensitive uses surrounding the project area—specifically, residential uses to the 
north, south, and southeast. Construction noise would affect surrounding uses to varying 
degrees throughout the period of construction including site grading, excavation for 
infrastructure and building foundations, pile driving, building construction, and paving 
and landscaping installation. Sacramento Municipal Code, Title 8 (Health and Safety), 
Chapter 8.68 (Noise Control) limits construction activity to the period between the hours 
of 7 a.m. and 6 p.m., Monday through Saturday. Construction is also limited to the hours 
between 9 a.m. and 6 p.m. on Sunday. Because typical sleeping hours fall outside the 
time during which construction must occur, construction noise would not be expected to 
disturb the sleep of nearby residents.  

Office and commercial uses in the vicinity of the Specific Plan Area would be open 
during the day when construction would occur. The noise from construction could disturb 
people working in these buildings. Older California building standards (pre-1970) 
generally provide a reduction of exterior-to-interior noise levels up to about 20 dB with 
closed windows; newer buildings generally provide a reduction up to about 30 dB. 
Accordingly, interior noise levels would be 20–30 dB less than the levels shown in 
Table 8-1.  

Pile driving noise typically can be as high as 101 dBA at 50 feet from the hammer (FTA 
2006) and may be audible within buildings in and near the project area. While it is 
anticipated that most occupants of the closest residential units would be at work during 
the day, occupants of commercial offices would be at work during the day and could be 
affected by pile driving activities. 
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Table 8-1. Estimated Construction Noise Levels (dBA) 

Construction Equipment 8-hour Leq

25 feet 50 feet 75 feet 
Demolition 
Track hoe 96 90 87 
Crane 94 88 85 
Excavator / loader 91 85 82 
Water truck 94 88 85 
Site work 
Crawler tractor 91 85 82 
Grader 91 85 82 
Loader 91 85 82 
Compactor 88 82 79 
Water truck 94 88 85 
Pile driver 107 101 98 
Foundation 
Backhoe 86 80 77 
Loader 91 85 82 
Forklift 85 79 76 
Water truck 94 88 85 
Utilities 
Back hoe 86 80 77 
Water truck 94 88 85 
Forklift 85 79 76 
Slab on Grade 
Skip loader 88 82 79 
Bobcat tractor 90 84 81 
Forklift 85 79 76 
Steel erection 
Crane 94 88 85 
Air compressor 87 81 76 
Generator 87 81 78 
Forklift 85 79 78 
Decking/slabs 
Generator 87 81 78 
Forklift 85 79 76 
Concrete pump 88 82 79 
Completion 
Forklift 85 79 76 
Source: PBS&J/EIP 2007 in City of Sacramento 2007. 
Notes: Noise levels calculated from equations defined by FTA 2006, pages 12-2 to 12-7. 

 
FTA guidance indicates that 8-hour Leq construction noise levels should not exceed 
80 dBA during the day and 70 dBA at night at residences. The guidance also indicates 
that 8-hour Leq construction noise levels should not exceed 85 dBA at commercial uses as 
any time. The results in Table 8-1 indicate that construction noise could exceed these 
levels at nearby residential and commercial uses. Accordingly, construction noise is 
predicted to result in an adverse noise impact.  

Implementation of the following mitigation measures would reduce exposure of 
occupants on- and off-site to the maximum extent feasible; however, due to the potential 



Chapter 8 Construction Noise and Vibration 

Sacramento Intermodal Transportation Facility Noise Study Report 41 

use of pile driving and other noisy construction activities, it may not be feasible to reduce 
noise below the FTA guideline levels in all cases. 

Whenever construction occurs adjacent to occupied residences (on- or off-site), 
temporary barriers can be constructed around the construction sites to shield the ground 
floor of the noise-sensitive uses. Construction activities should be conducted to comply 
with the City’s Noise Ordinance, which limits such activity to the hours of 7 a.m. to 
6 p.m., Monday through Saturday, and 9 a.m. to 6 p.m. on Sunday, prohibits nighttime 
construction, and requires the use of exhaust and intake silencers for construction 
equipment engines. Construction equipment staging areas should be located as far as 
feasible from residential areas while still serving the needs of construction contractors. 
Quieter “sonic” pile-drivers can be used, unless engineering studies indicate that it is not 
feasible or cost-effective, based on geotechnical considerations.  

8.2.  Construction Vibration  

Certain construction activities could result in high levels of groundborne vibration. 
Table 8-1 summarizes vibration levels produced by equipment that is likely to be used in 
the project area.  

Table 8-2. Vibration Source Levels for Construction Equipment 

Construction Equipment PPV at 25 feet 
(in/sec) Approximate VdB at 25 feet 

Pile Driver (impact)   
Upper range 1.518 112 
Typical 0.644 104 

Pile Driver (sonic)   
Upper range 0.734 105 
Typical 0.170 93 

Vibratory roller 0.210 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 
Source: FTA 2006 in City of Sacramento 2007. 

 
These values are compared to FTA vibration damage criteria previous presented in 
Table 4-6. This comparison indicates that pile driving and other high-impact equipment 
could expose existing buildings in the project area to vibration that has the potential to 
cause damage. The historic buildings in the Central Shops District in particular may be 
susceptible to damage from pile driving and other impact activities. This is considered an 
adverse effect.  
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Measures that can be used to limit vibration from construction equipment include using 
drilled piles or using a sonic or vibratory pile driving instead of high-impact pile drivers. 
Alternative demolition methods that do not involve impact can also be used. For 
example, sawing concrete decks into sections that can be loaded onto trucks can result in 
lower vibration levels than impact demolition by pavement breakers.  
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