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5.7.2.2 Light Rail Transit with Supplemental Crossing (Alternative 5) 

With the Supplemental Bridge, LRT headways would increase slightly during off-peak 
hours. The light rail is predicted to cause 7 impacts at the floating homes under the 
Hayden Island Adjacent alternative and 21 impacts under the Hayden Island Offset 
alternative. No noise impacts are projected in Downtown Vancouver areas. 

There are 19 moderate noise impacts predicted along McLoughlin Boulevard. Again, no 
direct noise impacts are expected for the Fly over. The 16th Street Alternative is 
projected to cause up to 10 noise impacts, which is the same as under the Replacement 
Crossing alternative. 

Thirty moderate noise impacts are predicted along the west side of Broadway Street 
between East 19th Street and East 29th Street. There are no noise impacts under the 
Broadway Couplet or north of East 29th Street along Main Street. Exhibit 5-16 
summarizes of the LRT impacts for each alignment alternative.  

Exhibit 5-16. LRT Noise Levels and Impacts by Transit alignment with 
Supplemental Crossing Alternative 

Existing Ldn
 

Range1 
Train Ldn

 

Range2 
Combined Ldn

 

Range3 Impacts 
Alignment Area 

Min Max Min Max Min Max Mod4 Sev5 
I-5 Offset Floating Homes 61 69 56 63 62 69 21 0 

I-5  Adjacent Floating Homes 60 68 55 64 61 69 7 0 

Washington 2-Way Downtown 71 71 60 60 71 71 0 0 

McLoughlin D St to I-5 62 65 57 62 64 67 19 0 

I-5 Over Fly-Over I-5 North of 33rd 70 70 57 61 70 70 0 0 

16th Street C St to I-5 61 70 59 63 63 70 10 0 

Broadway 2-way 19th to 29th 64 66 55 64 65 67 30 0 

Main Street 2-way Main North of 29th 70 70 60 61 61 61 0 0 

Broadway-Main 
Couplet 19th to 29th 64 66 55 58 58 58 0 0 

Notes: 
1. Existing range of day-night noise levels expected within the noted Area. 
2. Predicted range of day-night noise levels expected within the noted Area due to proposed LRT operations 
3. Existing Ldn range plus Train Ldn range and compared to the FTA Impact criteria as given in Exhibit 2 5. FTA Transit Noise Impact Criteria. 
4. Moderate Impacts – Per FTA impact criteria as given in Exhibit 2 5. FTA Transit Noise Impact Criteria. FTA requires that mitigation be 

evaluated for all areas where moderate impacts are projected, although consideration of factors such as cost effectiveness can be 
incorporated into the decision about whether to specify mitigation for a particular area. 

5. Severe Impacts - Per FTA impact criteria as given in Exhibit 2 5. FTA Transit Noise Impact Criteria. FTA considers severe impact to be a 
“significant adverse effect” in the context of the National Environmental Protection Act (NEPA). Noise impacts in the severe range represent 
the most compelling need for mitigation. 
 

5.7.3 Bus Rapid Transit (BRT) Alternative 

The following sections summarize the potential BRT noise impacts under the 
Replacement and Supplemental Crossing alternatives. Exhibits 5-17 through 5-19 provide 
aerial views of the BRT noise impacts discussed in this section. 



          BRT with Full Bridge Replacement
Impacts and Mitigation with Hayden Island Offset:

14 severe noise impacts
28 moderate noise impacts

  BRT with Full Bridge Supplemental
Impacts and Mitigation with Hayden Island Offset:

21 severe noise impacts
21 moderate noise impacts

8 to 12 foot noise walls would be able to
 mitigate all noise impacts.

          BRT with Full Bridge Replacement
Impacts and Mitigation with Hayden Island Adjacent:

7 severe noise impacts
28 moderate noise impacts

  BRT with Full Bridge Supplemental
Impacts and Mitigation with Hayden Island Adjacent:

7 severe noise impacts
28 moderate noise impacts

8 to 12 foot noise walls would be able to
 mitigate all noise impacts.
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Exhibit 5-17: BRT Noise Impact Summary - 
Portland Area



          BRT with Full Bridge Replacement
Impacts and Mitigation with Washington Downtown:
 - Impacts at 20 lower floor rooms of Smith Tower facing 
Washington
 - 50 impacts along the 3rd and 4th floors facing 
Washington at 700 Washington St.

  BRT with Full Bridge Supplemental
Impacts and Mitigation with Washington Downtown:
 - 50 impacts along the 3rd and 4th floors facing 
Washington at 700 Washington St.

For Replacement: noise levels are within HUD Standards
For Supplemental: possible window upgrades at Smith Tower; 
noise levels at 700 Washington St. are within HUD Standards
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Exhibit 5-18: BRT Noise Impact Summary - 
Downtown Vancouver Area



          BRT with Full Bridge Replacement
Impacts and Mitigation with Main, north of 29th St.:

1 moderate noise impacts

  BRT with Full Bridge Supplemental
Impacts and Mitigation with  Main, north of 29th St.:

8 moderate noise impacts

Mitigate using sound insulation program
 to within HUD Standards.

          BRT with Full Bridge Replacement
Impacts and Mitigation with I-5 Flyover:

12 severe noise impacts
3 moderate noise impacts

  BRT with Full Bridge Supplemental
Impacts and Mitigation with I-5 Flyover:

12 severe noise impacts
3 moderate noise impacts

Impacts due to flyover bus acceleration 
at 6% grade.

Mitigate with sound walls on structure
 - 8 to 12 feet.

          BRT with Full Bridge Replacement
Impacts and Mitigation with Broadway 2-way:

10 severe noise impacts
29 moderate noise impacts

  BRT with Full Bridge Supplemental
Impacts and Mitigation with Broadway 2-way:

30 severe noise impacts
9 moderate noise impacts

Mitigate using sound insulation program
 to within HUD Standards.

          BRT with Full Bridge Replacement
Impacts and Mitigation with McLoughlin Blvd.:

22 moderate noise impacts

  BRT with Full Bridge Supplemental
Impacts and Mitigation with McLoughlin Blvd.:

19 severe noise impacts
15 moderate noise impacts

Sound insulation to within HUD Standards.
          BRT with Full Bridge Replacement

Impacts and Mitigation with 16th St. Alignment:
5 severe noise impacts

11 moderate noise impacts

  BRT with Full Bridge Supplemental
Impacts and Mitigation with  16th St. Alignment:

10 severe noise impacts
7 moderate noise impacts

Mitigate using sound insulation program to 
within HUD Standards

          BRT with Full Bridge Replacement
Impacts and Mitigation with Broadway Couplet:

39 moderate noise impacts

  BRT with Full Bridge Supplemental
Impacts and Mitigation with Broadway Couplet:

8 severe noise impacts
31 moderate noise impacts

Mitigate using sound insulation program
 to within HUD Standards.
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Exhibit 5-19: BRT Noise Impact Summary - 
North Vancouver

Areas Affected by Noise
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5.7.3.1 Bus Rapid Transit with Replacement Crossing (Alternative 2) 

Under BRT with the replacement crossing alternative there are 42 projected floating 
home noise impacts for the Hayden Island adjacent alignment, and 35 floating home 
noise impacts for the Off-set Alternative. The Hayden Island offset alignment would have 
14 impacts considered severe under the FTA criteria, which is also considered a 
significant impact under NEPA guidelines. The adjacent alternative would have seven 
severe noise impacts. 

Noise impacts are also projected at the lowest residential floors of 700 Washington 
Street, however the interior noise levels are predicted to be within the HUD guidelines. 

The McLoughlin Boulevard route would result in 22 noise impacts. An additional 12 
severe noise impacts and three moderate noise impacts are predicted along the I-5 fly-
over due to the BRT alignment being aerial with a 6 percent grade. The 16th Street 
alignment is projected to have 11 moderate noise impacts and 5 severe noise impacts. 
Again, the severe noise impacts are considered significant under NEPA guidelines. 

The two-way Broadway alignment would result in 29 moderate and 10 severe impacts. 
The couplet would have the same number of impacts; however there are no severe 
impacts under the couplet. North of 29th Street, only one single family residence was 
identified with noise impact. There would be no noise impact at the Fire Station at 27th 
Street or the Vancouver School of Arts Academics. 

Exhibit 5-20 summarizes the BRT impacts for each alignment alternative. 

Exhibit 5-20. BRT Noise Levels and Impacts by Transit alignment with 
Replacement Crossing Alternative 

Existing Ldn
 

Range1 
Train Ldn

 

Range2 
Combined 
Ldn

 Range3 Impacts 
Alignment Area 

Min Max Min Max Min Max Mod4 Sev5 
I-5 Offset Floating Homes 61 69 60 68 64 70 28 14 

I-5 Adjacent Floating Homes 60 68 60 68 63 71 28 7 

Washington 2-Way Downtown 71 71 64 64 71 71 0 0 

McLoughlin D St to I-5 62 65 61 65 66 68 22 0 

I-5 Over Fly-Over I-5 North of 33rd 70 70 68 72 72 74 3 12 

16th Street C St to I-5 61 70 63 66 65 71 11 5 

Broadway 2-way 19th to 29th 64 66 61 68 66 69 29 10 

Main Street 2-way Main North of 29th 70 70 64 64 71 71 1 0 

Broadway-Main 
Couplet 19th to 29th 64 66 62 65 66 68 39 0 

1. Existing range of day-night noise levels expected within the noted Area. 
2. Predicted range of day-night noise levels expected within the noted Area due to proposed LRT operations 
3. Existing Ldn range plus Train Ldn range and compared to the FTA Impact criteria as given in Exhibit 2 5. FTA Transit Noise 

Impact Criteria. 
4. Moderate Impacts – Per FTA impact criteria as given in Exhibit 2 5. FTA Transit Noise Impact Criteria. FTA requires that 

mitigation be evaluated for all areas where moderate impacts are projected, although consideration of factors such as cost 
effectiveness can be incorporated into the decision about whether to specify mitigation for a particular area. 

5. Severe Impacts - Per FTA impact criteria as given in Exhibit 2 5. FTA Transit Noise Impact Criteria. FTA considers severe impact 
to be a “significant adverse effect” in the context of the National Environmental Protection Act (NEPA). Noise impacts in the 
severe range represent the most compelling need for mitigation. 
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5.7.3.2 Bus Rapid Transit with Supplemental Crossing (Alternative 4) 

Under BRT with the supplemental crossing, the number of buses per hour would 
increase, resulting in a slight increase in noise levels throughout the corridor. The number 
of noise impacts at floating homes would remain the same as under the Replacement 
Crossing alternative. In downtown Vancouver, noise impacts would occur at 700 
Washington Street and the lower residential floors of the Smith Tower. 

Projected noise impacts along McLoughlin Boulevard would be highest under the BRT 
alternative, with 15 moderate noise impacts and 19 severe noise impacts. Noise impacts 
are projected at all residences along McLoughlin Boulevard with the BRT alternative. 
The 19 projected severe impacts would be considered significant impacts under NEPA 
guidelines, and the FTA recommends avoiding severe impacts whenever possible. Under 
the 16th Street alignment, there are 10 severe and 7 moderate noise impacts. 

There are 9 moderate and 30 severe noise impacts predicted along Broadway between 
East 18th and 29th Streets. An additional 8 moderate noise impacts would also be 
expected along Main Street, north of 29th Street, including the Fire Department on East 
27th Street. Under the couplet alignment, the noise impacts would be reduced to 31 
moderate and 8 severe noise impacts. Again, severe impacts are considered significant 
impacts under NEPA guidelines, and the FTA recommended avoiding sever impacts 
whenever possible. Exhibit 5-21 is a summary of the BRT impacts for each alignment 
alternative. 

Exhibit 5-21. BRT Noise Levels and Impacts by Transit Alignment with 
Supplemental Crossing Alternative 

Existing Ldn
 

Range1 
Train Ldn

 

Range2 
Combined 
Ldn

 Range3 Impacts 
Alignment Area 

Min Max Min Max Min Max Mod Sev 
I-5 Offset Floating Homes 61 69 62 69 64 70 21 21 

I-5 Adjacent Floating Homes 60 68 61 70 64 72 28 7 

Washington 2-
Way Downtown 71 71 65 66 71 71 3 0 

McLoughlin D St to I-5 62 65 62 67 67 69 15 19 

I-5 Over Fly-Over I-5 North of 33rd 70 70 0 0 70 70 3 12 

16th Street C St to I-5 61 70 64 68 67 71 10 7 

Broadway 2-way 19th to 29th 64 66 63 69 66 70 9 30 

Main Street 2-
way 

Main North of 
29th 70 70 65 66 71 71 8 0 

Broadway-Main 
Couplet 19th to 29th 64 66 64 66 67 68 31 8 

1. Existing range of day-night noise levels expected within the noted Area. 
2. Predicted range of day-night noise levels expected within the noted Area due to proposed LRT operations  
3. Existing Ldn range plus Train Ldn range and compared to the FTA Impact criteria as given in Exhibit 2 5. FTA Transit Noise 

Impact Criteria.  
4. Moderate Impacts – Per FTA impact criteria as given in Exhibit 2 5. FTA Transit Noise Impact Criteria. FTA requires that 

mitigation be evaluated for all areas where moderate impacts are projected, although consideration of factors such as cost 
effectiveness can be incorporated into the decision about whether to specify mitigation for a particular area.  

5. Severe Impacts - Per FTA impact criteria as given in Exhibit 2 5. FTA Transit Noise Impact Criteria. FTA considers severe impact 
to be a “significant adverse effect” in the context of the National Environmental Protection Act (NEPA). Noise impacts in the 
severe range represent the most compelling need for mitigation. 
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5.7.4 HCT Vibration Impacts  

Vibration impacts are only considered for the LRT vehicles, as buses rarely produce 
vibration levels high enough to meet the criteria. Although all vehicular traffic causes 
ground-borne vibration, the vibration is not usually perceptible because of the vibration 
isolation characteristics of the pneumatic tires and the suspension systems. Complaints 
about building vibration caused by traffic are usually associated with a discontinuity in 
the road such as a bump, pothole, or wide expansion joint. Therefore, vibration from Bus 
Rapid Transit is not considered in this study. 

Vibration impacts resonate from the LRT wheel/rail interface and are influenced by 
wheel/rail roughness, transit vehicle suspension, train speed, track construction, location 
of switches and crossovers, and the geologic strata underlying the track. Vibration 
generated by a passing light rail train propagates through the ground and into building 
foundations, causing the building to vibrate. Ground-borne vibrations from light rail 
trains are of such a low level that, for this project, there is essentially no possibility of 
structural damage to buildings near the route. Thus, the main concern is that building 
occupants will find the vibration intrusive, particularly late at night or early in the 
morning when they are trying to sleep.  

The procedures used to evaluate potential impacts from ground-borne vibration and 
ground-borne noise follows those outlined in the FTA manual, Transit Noise and 
Vibration Impact Assessment, May 2006. Vibration impacts are estimated based on 
extensive field vibration tests performed by Wilson, Ihrig, & Associates, Inc for Tri-Met 
light rail operations. In addition to the field data collected, the magnitude of the vibration 
forces are estimated based on analyzing the combined effects of the proposed LRT train’s 
suspension, the wheel and rail condition, and the track support system. Once the 
magnitude of the vibration forces that the passing train would transmit to the track is 
calculated, the last step is to project how that vibration would propagate through the soil 
and eventually into the nearby buildings. 

To what degree the train induced vibration would propagate through the soil was based 
on the vibration propagation measurements at four locations in Vancouver near the 
proposed HCT alignment alternatives as described above in Section 2.6.5.1 Vibration 
Measurement Locations. The combination of the magnitude of vibration forces and the 
soil’s propagation characteristic provides an estimate of vibration at the ground surface as 
a function of the horizontal distance from the surface tracks. Adjustments are then used to 
account for train speed, mitigation measures, and building foundation. In addition, a 5-
decibel safety factor has been incorporated into all of the ground-borne vibration and 
ground-borne noise projections. The purpose of the safety factor is to account for the 
normal fluctuations in ground-borne vibration and to ensure that the projections tend to 
be on the conservative side. 

There would be no vibration impacts predicted in Portland because the alignment is on a 
structure and all vibration sensitive receivers are located along the Columbia River. There 
are 12 residential locations along the McLoughlin Boulevard that would have predicted 
vibration levels within the safety factors for vibration impacts. Under the 16th Street 
alignment, there would be 5 predicted vibration impacts. There would be an additional 35 
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vibration impacts predicted along the I-5 alignment in the retain cut section, from 26th to 
33rd Streets along the east side of I-5. Up to 24 vibration impacts are predicted along the 
Broadway alignment, and eight vibration impacts are predicted along Main Street. There 
is no vibration impact expected at the Medical Center, but vibration levels would exceed 
the residential criteria at the Fire Department on 37th Street.  

Exhibit 5-22 is a summary of the potential vibration impacts by location. 

Exhibit 5-22. Light Rail Vibration Impact Summary 

Alignment Alternative Area Impact Criteria 
(VdB)1

 

Predicted 
Level (VdB)2 

Vibration 
Impact3 

All 
Portland (residential) 
Portland (Commercial) 

72 
75 

<62 
<65 

0 
0 

Washington 
Downtown Vancouver (residential) 
Downtown Vancouver (Commercial) 

72 
75 

69 to 71 
71 to 74 

0 
0 

I-5 via McLoughlin 
McLoughlin (residential) 
McLoughlin (Commercial) 

72 
75 

72 to 73 
61 to 73 

12 
0 

I-5 via McLoughlin Full I-5, 26th to 33rd (residential) 72 74 to 76 35 

I-5 via 16th Street 16th Street (residential) 72 78 5 

Broadway 2-way or Couplet 
Broadway (residential) 
Broadway (commercial) 

72 
75 

72 to 73 
72 to 73 

24 
0 

Vancouver 
Main north of 29th Street (residential) 
Main north of 29th 
Street(commercial) 

72 
75 

72 to 73 
72 to 73 

8 
0 

Notes: 
1. As established by the FTA manual, Transit Noise and Vibration Impact Assessment, May 2006. 
2. Based on expected magnitude of LRT ground-borne vibration and vibration propagation characteristics of soils along the HCT proposed 

alignments. 
3. Number of impacted structures that require the consideration of LRT vibration mitigation.  
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6. Temporary Effects 

6.1 Construction Noise and Vibration Analysis 

This analysis considers the temporary noise effects that construction would cause in the 
project area. These effects would end when project construction is completed.  

6.1.1 Construction Equipment 

Equipment required to complete the project includes normal construction equipment that 
is used for many roadway and structural activities. Exhibit 6-1 provides a typical list of 
the types of equipment used for this type of project, the activities they would be used for, 
and the corresponding maximum noise level as measured at 50 feet, under normal use. 

Exhibit 6-1. Construction Equipment List, Use, and Reference Maximum Noise 
Levels 

Equipment Typical Expected Project Use Lmax1 Source2 
Air Compressors Used for pneumatic tools and general maintenance - all 

h
70 - 76 a, b, c 

Backhoe General construction and yard work 78 - 82 b, c 

Concrete Pump Pumping concrete 78 - 82 b, c 

Concrete Saws Concrete removal, utilities access 75 - 80 b, c 

Crane Materials handling, removal, and replacement 78 - 84 b, c 

Excavator General construction and materials handling 82 - 88 b, c 

Forklifts Staging area work and hauling materials 72 a, b, c 

Haul Trucks Materials handling, general hauling 86 b, c 

Jackhammers Pavement removal 74 - 82 b, c 

Loader General construction and materials handling 86 b, c 

Pavers Roadway paving 88 b 

Pile Drivers Support for structure and hillside 99 - 105 b, c 

Power Plants General construction use, nighttime work 72 b, c 

Pumps General construction use, water removal 62 b, c 

Pneumatic Tools Miscellaneous construction work 78 - 86 c 

Service Trucks Repair and maintenance of equipment 72 b, c 

Tractor Trailers Material removal and delivery 86 c 

Utility Trucks General project work 72 b 

Vibratory equipment Shore up hillside to prevent slides and soil compacting 82 - 88 b, c 

Welders General project work 76 b, c 

Notes: 
1. Maximum noise level as measured at a distance of 50 feet under normal operation. 
2. Sources of noise levels presented:  

a) Portland, Oregon Area Projects: Light rail, I-5 Preservation and Hawthorn Bridge construction projects  
b) Other measured date from Portland area projects 

 c) USDOT construction noise documentation and other construction noise sources 
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6.1.2 Project Construction Phases and Noise Levels 

Several different construction phases would be required to complete the replacement or 
supplemental crossing and HCT project. To provide the reader with a general 
understanding of how loud the construction might be, we have performed an analysis that 
assumes worst-case noise levels based on four expected construction activities. The 
actual noise levels experienced during construction would generally be lower than those 
given in this report. The noise levels we have presented here are for periods of maximum 
construction activity. 

Typical construction phases for the CRC project would include:  

• Preparation for construction of new structures 

• Construction of new structures and roadway paving 

• Miscellaneous activities, including striping, lighting, and signs  

• Demolition of existing structures 

6.1.2.1 Preparation 

Major noise-producing equipment used during the preparation stage could include 
concrete pumps, cranes, excavator, haul trucks, loader, tractor trailers, and vibratory 
equipment. Maximum noise levels could reach 82 to 86 dBA at the nearest residences  
(50 to 100 feet) for normal construction activities during this phase.  

Other major noise sources that may be required during this phase would include the use 
of vibratory and impact equipment, such as pile driving and vibratory sheet installations. 
The purpose of these activities would be to supply support for the new structure and to 
shore up hillsides to stop slides before retaining walls are installed. Pile driving noise 
levels are discussed in a separate section below. 

Other less notable noise-producing equipment expected during this phase include 
backhoe, air compressors, forklifts, pumps, power plants, service trucks, and utility 
trucks. 

6.1.2.2 Construction 

The loudest noise sources in use during construction of the new bridge would include 
cement mixers, concrete pumps, pavers, haul trucks, and tractor trailers. The cement 
mixers and concrete pumps would be required for construction of the superstructure. The 
pavers and haul trucks would be used to provide the final surface on the roadway and to 
construct the transitions from the at-grade roadway to the new structures. Maximum 
noise levels would range from 82 to 94 dBA at the closest receiver locations. 

6.1.2.3 Miscellaneous Activities 

Following the heavy construction, general construction such as installation of bridge 
railing, signage, roadway striping, and other general activities would still need to occur. 
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These less intensive activities are not expected to produce noise levels above 80 dBA at 
50 feet except during rare occasions, and even then only for short periods. 

6.1.2.4 Demolition 

Demolition of the existing structures would require heavy equipment such as concrete 
saws, cranes, excavators, hoe-rams, haul trucks, jackhammers, loaders, and tractor 
trailers. Maximum noise levels could reach 82 to 92 dBA at the nearest residences. 

Exhibit 6-2 provides the noise levels for each of the four typical construction phases as 
measured at 50 feet from the construction activity. The noise levels in Exhibit 6-2 are the 
typical maximums and would only occur periodically during the heaviest periods of 
construction. Actual hourly noise levels could be substantially lower than those stated 
depending on the level of activity at that time and the distance from the work site to the 
noise sensitive properties.  

Exhibit 6-2. Noise Levels for Typical Construction Phases 
Scenarioa Equipmentb Lmaxc Leqd 

Construction preparation  Air compressors, backhoe, concrete pumps, crane, excavator, 
forklifts, haul trucks, loader, pumps, power plants, service trucks, 
tractor trailers, utility trucks, vibratory equipment 

94 87 

Construction of new structures 
and roadway paving 

Air compressors, backhoe, cement mixers, concrete pumps, crane, 
forklifts, haul trucks, loader, pavers, pumps, power plants, service 
trucks, tractor trailers, utility trucks, vibratory equipment, welders 

94 88 

Miscellaneous activities, 
including striping, lighting and 
signs 

Air compressors, backhoe, crane, forklifts, haul trucks, loader, 
pumps, service trucks, tractor trailers, utility trucks, welders 

91 83 

Demolition of existing 
structures 

Air compressors, backhoe, concrete saws, crane, excavator, 
forklifts, haul trucks, jackhammers, loader, power plants, pneumatic 
tools, pumps, service trucks, utility trucks 

93 88 

Note: Combined worst-case noise levels for all equipment at a distance of 50 feet from work site. 
a Operational conditions under which the noise levels are projected. 
b Normal equipment in operation under the given scenario. 
c Lm (dBA) is an average maximum noise emission for the construction equipment under the given scenario. For this type of equipment and 

activities, the Lm is approximately equal to the L01. 
d Leq (dBA) is an energy average noise emission for construction equipment operating under the given scenario. For this type of equipment, the 

Leq is approximately equal to the L50. 

 

Using the information given in Exhibit 6-2, typical construction noise levels were 
projected for several distances from the project work area. Exhibit 6-3 graphs a general 
noise level versus distance for the Columbia River Crossing project phases of 
construction. 
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Exhibit 6-3. Noise Level versus Distance for Typical Construction Phases 
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6.1.3 Pile Driving 

Pile driving will be required for either bridge alternative and 
will be used to support the permanent structures. Pile driving 
can produce maximum short-term noise levels of 99 to 105 
dBA at 50 feet. Actual levels can vary and would depend on 
the distance and topographical conditions between the pile-
driving location and the receiver location. Exhibit 6-4 is a 
graph of maximum pile driving noise levels versus distance 
from 50 to 1,000 feet.  

Noise from pile driving also has the potential to affect fish and 
wildlife. Pile driving has the potential to produce noise levels 
of 190 dB at 150 feet from the source in deep water. However, 
noise attenuates more quickly in shallow water where most 
piles would be driven. Studies have shown that waterborne 
noise levels of 180 dB or more can injure fish and potentially 
cause mortality. 

MARINE PILE DRIVER 
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Exhibit 6-4. Noise Level versus Distance for Typical Construction Phases 
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6.1.4 Construction Vibration Effects 

Vibration associated with general construction can result in vibration effects to 
surrounding receivers. Major vibration-producing activities would occur primarily during 
demolition and preparation for the new bridges. Activities that have the potential to 
produce a high level of vibration include pile driving, vibratory shoring, soil compacting, 
and some hauling and demolition activities. Vibration effects from pile driving or 
vibratory sheet installations could occur within 50 to 100 feet of from this construction 
activity. It is unlikely that vibration levels would exceed 0.5 inch per second at distances 
greater than 100 feet from the construction sites. 
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7. Mitigation for Long-Term Effects 
7.1 Introduction 

When project-related noise impacts are identified, traffic noise mitigation measures must 
be considered. Mitigation measures that meet applicable feasibility and reasonableness 
criteria may be recommended for inclusion into the project. Feasibility deals primarily 
with engineering considerations such as whether substantial noise level reductions can be 
achieved or whether there will be a negative effect on property access. Reasonableness 
assesses the practicality of the abatement measure given a number of factors. Such factors 
include cost, amount of noise reduction, and future absolute traffic noise levels. 

Several different traffic noise abatement measures are evaluated whenever noise impacts 
are expected. Under WSDOT policy, the six abatement measures listed in FHWA 
Procedures for Abatement of Highway Traffic Noise and Construction Noise, 23 CFR 
772, US Code of Federal Regulations, 1996 must be considered: 

1. Traffic management measures (e.g., traffic control devices and signing for 
prohibition of certain vehicle types, time-use restrictions for certain vehicle types, 
modified speed limits, and exclusive land designations).  

2. Alteration of horizontal and vertical alignments.  

3. Acquisition of property rights (either in fee or lesser interest) for construction of 
noise barriers.  

4. Construction of noise barriers (including landscaping for aesthetic purposes) 
whether within or outside the highway right-of-way. Interstate construction funds 
may not participate in landscaping.  

5. Acquisition of real property or interests therein (predominantly unimproved 
property) to serve as a buffer zone to preempt development which would be 
adversely impacted by traffic noise. This measure may be included in Type I 
projects only.  

6. Noise insulation of public use or nonprofit institutional structures.  

7.1.1 Traffic Management Measures 

Each of the traffic management measures listed above were considered to be either 
impracticable or in direct conflict with the objectives of this project as published in the 
CRC I-5/Columbia River Crossing Statement of Purpose and Need Statement, January 
2007. Lowering the speed limits would have the affect of lowering traffic noise levels, 
however, lower travel speeds would conflict with the project objective to improve travel 
times throughout the Bridge Influence Area (BIA). Similarly, restricting or prohibiting 
truck traffic use on the project roadways would reduce noise levels at nearby receivers 
since trucks are louder than cars. However, I-5 is part of the National Truck Network and 
impairing freight movement on this important freight freeway would render the project 
itself an unnecessary endeavor.  
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7.1.2 Highway Design Measures 

Highway design measures include altering the roadway alignment and depressing 
roadway cut sections. Alteration of roadway alignment could decrease noise levels by 
moving the noise source farther away from the affected receivers. However, noise 
impacts occur along both sides of the project roadway. Subsequently, altering the 
particular alignments would lower noise levels for residences on one side of the freeway, 
but would increase noise levels for residences on the other side of the freeway. 

Lowering the I-5 vertical alignment in the downtown Vancouver area and farther north 
might be possible starting at a point where the elevated I-5 bridge structure would return 
to ground elevation near East Mill Plain Boulevard. Depressing the I-5 vertical alignment 
would lower the source of the vehicle noise from the sensitive receivers and the resulting 
cut and retaining walls would effectively block the line of sight between the vehicles and 
the residences along the freeway. Altering the vertical alignment would effectively lower 
noise levels; however, the costs and impacts associated with this highway design measure 
are not likely to meet the WSDOT criteria for reasonableness. 

7.1.3 Noise Barriers 

Construction of noise barriers between the roadways and the affected receivers would 
reduce noise levels by physically blocking the transmission of traffic-generated noise. 
Barriers can be constructed as walls or earthen berms. Earthen berms require more right-
of-way than walls, and are usually constructed with a 3-to-1 slope. Noise barriers should 
be high enough to break the line-of-sight between the noise source and the receiver. They 
must also be long enough to prevent significant flanking of noise around the ends of the 
walls. 

Two areas near the I-5 and SR 500 interchange were evaluated for a possible berm or a 
berm-noise wall combination. Along the east side of the I-5 corridor between East 33rd 
Street and East 37th Street, there is currently an available land buffer that ranges in width 
from 150 feet near 33rd Street down to 100 feet near 37th Street. Another possible 
location for an earthen berm or berm-wall combination is on the west side of I-5 north of 
East 39th along the Discovery Middle School outdoor field. Because the final alignment 
of the project is unknown at this time, berms and berm-wall combinations will be 
considered again in the FEIS and again in the final design phase.  

7.1.4 Acquisition of Property Rights for Construction of Noise Barriers 

Depending on the final placement of any recommended noise barrier mitigation (berms or 
walls) additional property rights may be needed for the construction of the noise barriers. 
Under WSDOT policy, noise barriers are normally evaluated and constructed within 
WSDOT’s rights of way. There may be cases in which department right of way is not the 
most prudent location for abatement, but abatement may be reasonable if constructed on 
adjacent property. WSDOT notes that in these cases: 

• The department's mitigation cost reasonableness allowance is limited to normal 
cost for abatement on department right of way; 
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• The adjacent property owners allow access and easements as necessary to 
construct and maintain the abatement; and 

• Any additional cost to acquire access, acquire property, provide alternative 
access, or provide additional infrastructure to accommodate access must be added 
to the barrier cost calculation and compared to the normal reasonableness cost 
allowance of the abatement to determine whether the proposed abatement is 
reasonable. 

During final design, noise abatement recommendations may change due to design 
changes and actual right-of-way acquisitions.  

7.1.5 Noise Insulation (public use or nonprofit institutional structures) 

Architectural treatment for noise mitigation may be used for public or non-profit 
institutional buildings such as schools, churches or libraries. Building-retrofits are 
considered on a case-by-case basis and determined during the final design stage. Some 
possible mitigation measures to reduce interior noise levels below the impact criteria are 
described below.  

7.1.5.1  Ventilation Systems 

In public buildings where windows are used for ventilation, noise impacts may occur. 
Closing the windows is often sufficient to reduce interior noise levels below the impact 
level. To re-establish the ventilation provided by the windows, ventilation systems are 
needed. A forced air ventilation system can re-establish proper air circulation while 
providing effective noise mitigation. The air intakes should be on the north side of the 
building or in the same proximity as the windows. Air intakes on the roof or on the south 
side of the building may take in abnormally hot air and should be avoided. 

7.1.5.2 Storm Windows 

The installation of storm windows is often coupled with a ventilation system to provide 
increased noise reduction. Storm windows also reduce winter heat losses. The money 
saved in heating should offset any operation or maintenance costs associated with the 
ventilation system. 

7.1.5.3 Air Conditioning 

Air conditioning systems may be used in place of ventilation systems when they can be 
installed at the same or lower cost. 

Some air conditioners, however, generate their own noise levels and may negate the 
traffic noise reductions. Ventilation systems can also be designed so the school or non-
profit institution can add air conditioning at a later date.  
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7.2 ODOT Noise Mitigation Reasonability and Feasibility 
Criteria 

In accordance with the ODOT Traffic Noise Manual, when traffic noise impacts are 
identified, noise abatement measures must be considered for those developments that 
existed prior to the date of public knowledge of the project. This includes identifying: 

• Noise abatement measures which are reasonable and feasible and which are likely 
to be incorporated in the project. 

• Noise impacts for which no apparent solution is available and an explanation of 
why noise abatement was not recommended.  

In evaluating whether a particular noise abatement measure is feasible, ODOT requires 
the following: 

• Noise abatement measures must obtain substantial noise reductions to be 
considered feasible. A substantial noise reduction is a reduction of at least 5 dBA. 

In addition, ODOT policy states that: 

• Abatement measures achieving high noise reductions have more benefit than 
those getting low noise reductions. 

• Noise barriers that provide noise mitigation to a large number of residences have 
more benefit and may warrant a higher cost than those that mitigate a few 
residences. 

For residential areas, all benefited residences must be considered in determining a noise 
barrier cost per residence. A benefited residence is any impacted or non-impacted 
residence that gets a reduction of 5 dBA or more. A reasonable cost will be a typical 
maximum of $25,000 per benefited residence. The typical maximum of $25,000 can be 
exceeded, but shall not be higher than $35,000 per residence. To exceed the $25,000 
limit, one or more of the following conditions must occur: 

• Equity and fairness, if other noise abatement measures are present or proposed in 
the area 

• Logical termini for walls, close a gap between walls 

• Strong public support for mitigation 

• A noise increase of 10 dBA or more 

• High noise levels, Leq 70 dBA or higher 

• The residence was constructed prior to 1976 

7.3 WSDOT Noise Mitigation Cost Effectiveness Criteria 

WSDOT has established a criterion for noise barrier mitigation cost effectiveness. The 
decision to recommend or not recommend that a noise barrier be implemented will 
normally be determined based on the factors given below: 
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• Noise levels in the design year approach or exceed the noise abatement criteria in 
Exhibit 2-12. 

• A majority of the front-line receivers must obtain a minimum 5 dBA insertion 
loss, and at least one receiver has at least a 7 dBA reduction. 

• The noise mitigation cost per residence (or residential equivalent) is at or less than 
indicated in Exhibit 7-1. This is determined by counting all residences (including 
owner occupied, rental units, mobile homes) benefited by the noise barrier in any 
subdivision and/or given development, and dividing that number into the total 
cost of the noise abatement measure. A benefited receiver is one that receives at 
least a 3 dBA reduction from the proposed noise barrier. Each unit in a multi 
family building will be counted as a separate residence. The table below shows 
that as the predicted future noise level increases, it is reasonable to implement 
more costly measures, if necessary, to mitigate traffic noise. 

Exhibit 7-1. Allowance for Impacts Caused by Total Traffic Noise Levels (WSDOT) 
Design Year Traffic Noise 

Decibel Level 
Allowed Cost Per 

Household w/3dBA Reduction1 
Equivalent Wall Surface Area 

Per Household 
66 dBA $37,380 65.0 Sq. Meters (700 Sq. Ft) 

67 dBA $41,110 71.5 Sq. Meters (770 Sq. Ft.) 

68 dBA $44,640 77.7 Sq. Meters (836 Sq. Ft.) 

69 dBA $48,270 84.0 Sq. Meters (904 Sq. Ft.) 

70 dBA $51,900 90.3 Sq. Meters (972 Sq. Ft) 

71 dBA $55,530 96.6 Sq. Meters (1040 Sq. Ft.) 

72 dBA $59,160 103.0 Sq. Meters (1108 Sq. Ft.) 

73 dBA $62,790 109.2 Sq. Meters (1176 Sq. Ft.) 

74 dBA $66,420 115.6 Sq. Meters (1244 Sq. Ft) 
1 Based on $53.40 per square foot construction cost. Applies to Washington area only. 

 
 

The use of the property should be included when considering the reasonableness of 
abatement. For example, churches and parks may be in use only during specific hours or 
days of the week. Noise barriers will be considered where land use is changing rapidly if 
there is local zoning or ordinances to control the new development of noise-sensitive land 
uses adjacent to transportation corridors. The relationship of the location of a noise 
barrier to the receptors to be protected will be considered in making a reasonableness 
determination. 

7.4 Mitigation Common to All Build Alternatives 

Noise mitigation was considered for all receivers where noise levels exceed the ODOT or 
WSDOT traffic noise criteria. After reviewing the locations of the predicted noise 
impacts, it was determined that noise barriers were likely the only feasible form of noise 
mitigation. Because the same noise wall configurations are recommended for all of the 



Interstate 5 Columbia River Crossing 
Noise and Vibration Technical Report 

  Mitigation for Long-Term Effects 
7-6  May 2008 

full build alternatives, this traffic noise mitigation discussion is organized by project 
corridor subareas (e.g., Portland subarea). 

7.4.1 Special Considerations for Noise Mitigation 

Prior to discussing the noise mitigation for the Portland Segment, it is important for the 
readers to understand that the actual mitigation will depend greatly on the alternatives 
selected. For example, if the I-5 adjacent BRT alternative was selected, the BRT 
alignment would be place next to I-5, and would have a large noise wall along the west 
side to eliminate the noise impacts from BRT operations. Because the BRT alignment 
would be directly adjacent to I-5, it is likely that the noise walls on the west side of I-5 
would not be needed, as the noise walls for the BRT alignment would also be sufficient 
to mitigate the noise from I-5. This wall would also be built by the FTA portion of the 
project, and therefore would not be required to meet ODOT noise mitigation standards. 
Also, because the BRT is adjacent to I-5, there would be no need for noise walls on the 
east side of the BRT alignment, as the eastern I-5 walls would be sufficient to mitigate 
the BRT noise traveling east. 

Conversely, if the BRT was off-set, then noise walls would still be required on the west 
side of I-5, and the BRT would need walls on both sides of the alignment. If the light rail 
option adjacent to I-5 was selected, the typical 4-foot wall for light rail mitigation may 
not be sufficient to mitigate noise from I-5. If so, rather than place walls on I-5, the walls 
on the LRT structure would be increased in height to provide the necessary noise 
reductions. In this case, only the added height of the wall due to the traffic noise on I-5 
would be subject to the ODOT criteria. 

Until a final alternative is selected, it is difficult to directly commit to a specific 
mitigation methodology. However, this analysis makes it clear that some combination 
noise mitigation would be effective at providing reasonable and feasible noise mitigation 
for virtually all locations with noise impacts. Once a final alignment is selected, the noise 
mitigation will be adapted to fit within the project requirements and also meet any 
requirements set forth by ODOT or WSDOT.  

There are currently several residential noise impacts identified near the opening in the 
sound walls in North Vancouver, at the East 29th and 33rd Street overpasses. During 
final design additional methods of extending or wrapping the noise barriers will be 
examined. It may be possible, once all the details on retaining walls is available, to design 
walls that could reduce or eliminate the impacts in these areas. 

Finally, the FTA provides residential sound insulation as a form of mitigation from noise 
impacts. Therefore, institutional and residential noise impacts related to BRT or LRT 
operations can be mitigated with sound insulation programs. Under the FHWA 
regulations, only institutional uses, such as a school, library or hospital, can be offered 
sound insulation for noise impacts. 
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7.4.2 Portland Subarea Traffic Noise Mitigation 

To mitigate traffic noise impacts that would occur to the 36 floating homes (represented 
by PD-1 through PD-3) a noise wall was evaluated along the west side of the proposed 
bridge crossing. A second noise wall was considered for impacts to the 14 residences 
represented by PD-8 on the east side of the proposed bridge crossing. Two modeling 
locations were added near PD-8 (PD-8a and PD-8b) to help determine the required length 
of the wall. Exhibit 7-4 provides an aerial view of the two bridge noise wall locations. 

This west side bridge noise wall would provide a 13 dBA average noise reduction at 
front-line receivers represented by PD-1 and P-2. The weighted average reduction for all 
receivers exceeding the criteria would be 11 dBA. All of the traffic noise impacts 
predicted at the 36 floating homes would be mitigated and the noise wall would provide a 
noise reduction benefit of 5 dBA for 7 more homes in the area. 

The east side bridge noise wall would provide a 9 to 10 dBA reduction for the 14 
residences and would mitigate all of the projected traffic noise impacts in this area. 

Exhibit 7-2 provides a summary of the two proposed noise walls in the Portland subarea. 
The noise level reduction performance and the overall cost are provided for each wall. 
The west side bridge noise wall meets the ODOT criteria for noise wall reasonability and 
feasibility and is recommended as part of this project for all full build alternatives. The 
east side noise wall meets ODOT’s feasibility requirement but exceeds the typical 
maximum $25,000 per benefited receiver. Because the future area noise levels are 
expected to be as high as 73 dBA Leq, ODOT policy allows the $25,000 limit to be 
exceeded by up to $35,000 per benefited receiver. Therefore, the east side bridge noise 
wall is also recommended to be included as part of the project design. 

Exhibit 7-2. Portland Subarea Noise Wall Reduction and Cost Summary (ODOT) 

Receiver # 
Build Noise 

Levels1 

Build Noise 
Levels 

w/Mitigation2 
Noise 

Reduction3 
Benefited 
Homes4 

Cost per 
benefited 
Receiver5 

West side Bridge Noise Wall 

PD-1 73 60 13 3 

PD-2 74 61 13 17 

PD-3 69 60 9 16 

PD-5 64 59 5 7 

$15,491 
(Recommended) 

East side Bridge Noise Wall 

PD-8 73 63 10 5 

PD-8a 73 64 9 4 

PD-8b 73 64 9 5 

$29,166 
(Recommended) 

Notes: 
1. Future noise levels with no mitigation 
2. Future noise levels wit h mitigation 
3. Noise reduction provided by wall 
4. Number of homes with 5 dBA or more noise reduction benefit (ODOT Policy) 
5. Cost per benefited receiver based on $25 per square foot construction costs and the number of benefited homes listed (Oregon 

only) 
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Exhibit 7-3 provides details on wall heights, lengths, and overall costs for the two 
proposed noise walls. Exhibit 7-4 shows an aerial view of the two proposed noise walls. 

Exhibit 7-3. Portland Subarea Noise Wall Details and Overall Cost (ODOT)  

Heights along noise wall (ft)1 

Wall Description Min Avg Max 

Length 
(ft)2 

Wall 
Area 

(sq. ft)3 
Total Cost4 

West side of I-5 Bridge 12 12 12 2220 26644 $666,100 

East side of I-5 Bridge 6 9.43 12 1732 16333 $408,325 

Notes: 
1. Minimum, average and maximum noise wall heights in feet 
2. Length of proposed noise wall in feet 
3. Total noise wall surface area in square feet 
4. Cost of noise wall based on $25 per square foot construction cost (ODOT)  

 

 

Additional noise impacts are likely at some of the nearby commercial structures under all 
build alternatives. Because retail outlets, such as service stations and shopping areas want 
unrestricted visual exposure to I-5 traffic, no noise mitigation was evaluated for these 
locations. 
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7.4.3 Downtown Vancouver Subarea Traffic Noise Mitigation 

Mitigation was evaluated for the 38 traffic noise impacts predicted for the downtown 
Vancouver subarea. A majority of the projected impact sites are located on upper floors 
of buildings (e.g., hotels) where noise walls are not effective in reducing traffic noise 
levels and cannot meet WSDOT minimum 5 dBA insertion loss requirement. While the 
small number of first floor impacts could be mitigated with several noise walls placed 
along I-5, the I-5 on/off ramps and the SR 14 on/off ramps, the WSDOT cost-
effectiveness criteria could not be met given the relatively high cost compared to the 
relatively low number of benefited residential equivalents. No noise wall mitigation is 
recommended in the downtown Vancouver subarea. 

7.4.4 West of I-5 / Mill Plain to North Vancouver Subarea Traffic Noise Mitigation 

To mitigate the 117 residential traffic noise impacts that would occur west of I-5 from E. 
Mill Plain to the northern project terminus, a noise wall was evaluated along the west side 
of I-5. Several openings would be required to allow for I-5 overpasses at E. Fourth Plain 
Boulevard, E. 29th Street, E. 33rd Street and E. 39th Street. A substantial wall opening 
would be required at Fourth Plain due to topography changes and roadway alignments in 
and around this I-5 overpass. Noise modeling results show that the opening in the wall at 
Fourth Plain would be wide enough to render the north and south wall segments 
acoustically independent from each other. That is, the height of the wall south of Fourth 
Plain would not influence the noise levels at residences to the north of Fourth Plain. 
Therefore, for the purposes of this mitigation analysis one wall was evaluated to mitigate 
the traffic impacts between Mill Plain and Fourth Plain and another wall to mitigate the 
remaining traffic noise impacts north of Fourth Plain. 

Exhibit 7-7 provides an aerial view of the two evaluated noise walls. 

The noise wall between Mill Plain and Fourth Plain would provide a 9 dBA average 
noise reduction at front-line receivers. All of the traffic noise impacts predicted at the 35 
residences would be mitigated and the noise wall would provide a noise reduction benefit 
of 3 dBA or more for 20 additional homes in the area. 

The noise wall from Fourth Plain to just north of the SR 500 interchange would provide 
an 8 dBA average noise reduction at front-line receivers. All traffic noise impacts 
predicted at the 82 residences would be mitigated except for the six residences 
represented by VW-20 that would be near the required opening in the noise wall. In 
addition, the noise wall would provide a noise reduction benefit of 3 dBA or more for 22 
additional homes in the area. 

Exhibit 7-5 provides a summary of the two proposed noise walls along the west side of 
I-5 north of E. Mill Plain. The noise level reduction performance and the available capital 
for mitigation are provided for each wall. Both noise walls meet the WSDOT cost-
effectiveness criteria and are recommended as part of this project for all full build 
alternatives. 
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Exhibit 7-5. West of I-5/Mill Plain to SR 500 Noise Wall Reduction Summary 

Receiver # 
Build Noise 

Levels1 

Build Noise 
Levels 

w/Mitigation2 
Noise 

Reduction3 
Benefited 
Homes4 

Capital 
Available for 
Mitigation5 

E. Mill Plain to E. Fourth Plain Noise Wall 
 VW-1 69 62 7 2 $96,540  
 VW-2 62 59 3 4 $149,520  
 VW-3 71 61 10 2 $111,060  
 VW-4 65 61 4 4 $149,520  
 VW-5 62 59 3 3 $112,140  
 VW-6 67 62 5 4 $164,440  
 VW-7 65 62 3 3 $112,140  
 VW-8 74 64 10 8 $531,360  
 VW-9 66 60 6 7 $261,660  

 VW-10 66 60 6 3 $112,140  
 VW-11 76 65 11 4 $265,680  
 VW-12 65 60 5 4 $149,520  
 VW-13 73 64 9 5 $313,950  
 VW-14 63 59 4 2 $74,760  

Total Available for Noise Mitigation $2,604,430  
E. Fourth Plain to north of SR 500 Noise Wall 

 VW-15 72 62 10 3 $177,480  
 VW-16 63 60 3 3 $112,140  
 VW-17 69 64 5 4 $193,080  
 VW-18 66 63 4 6 $224,280  
 VW-19 61 59 2 0 $0  
 VW-20 76 72 4 6 $398,520  
 VW-21 68 62 5 4 $178,560  
 VW-22 78 65 13 5 $332,100  
 VW-23 58 57 2 0 $0  
 VW-24 59 57 2 0 $0  
 VW-25 65 60 5 4 $149,520  
 VW-26 69 62 7 4 $193,080  
 VW-27 63 60 4 4 $149,520  
 VW-28 68 62 7 8 $357,120  
 VW-29 61 58 3 4 $149,520  
 VW-30 63 60 3 4 $149,520  
 VW-31 59 56 3 4 $149,520  
 VW-32 66 61 5 3 $112,140  
 VW-33 60 58 3 2 $74,760  
 VW-34 66 62 3 4 $149,520  
 VW-35 73 65 8 8 $502,320  
 VW-36 78 70 8 2 $132,840  

 VW-36F 69 63 5 22 $1,061,940  

Total Available for Noise Mitigation $4,947,480  
Notes: 

1. Future noise levels with no mitigation 
2. Future noise levels with mitigation 
3. Noise reduction provided by wall. In Washington a 3 dBA reduction qualifies a home as benefiting from a wall. 
4. Number of homes with 3 dBA or more noise reduction benefit (Washington) 
5. Allowable cost per benefited receiver based on $53.40 per square foot and a sliding scale adjusted according to the design year 

traffic noise level (WSDOT)  
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Exhibit 7-6 provides a noise wall cost analysis based on WSDOT cost-effectiveness 
criteria for the two noise barriers recommended for the west side of I-5 between Mill 
Plain Boulevard and Fourth Plain Boulevard. 

Exhibit 7-6. I-5 West / Mill Plain to SR 500 Subarea Noise Wall Details and Cost 
Analysis 

Heights along wall (ft)1 

Wall Description Min Avg Max 

Length 
(ft)2 

Wall Area
(sq. ft)3 Cost4 Available 

Capital5 
Residual 
Capital6 

Along west side of I-5 
Mill Plain to E. Fourth 
Plain 10 14.42 18 3,148 45,392 $2,423,909 $2,604,430 +$180,521  
Along west side of I-5 
4th Plain to SR 500 8 13.32 16 6692 89,866 $4,798,888 $4,947,480 +$148,592 

Notes: 
1. Minimum, average and maximum noise wall heights in feet 
2. Length of proposed noise wall in feet 
3. Total noise wall surface area in square feet 
4. Cost of noise wall based on $53.40 per square foot from WSDOT criteria for cost evaluation 
5. Available mitigation capital from WSDOT criteria for cost evaluation 
6. Residual mitigation capital: positive value is within the allowable capital based on WSDOT criteria; negative value exceeds the criteria  
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7.4.5 Fort Vancouver Subarea Traffic Noise Mitigation 

Two commercial/office traffic noise impacts are projected to occur in the Fort Vancouver 
subarea just east of I-5. A noise wall was evaluated along the east side of I-5 to mitigate 
the two impacts. 

The noise wall would provide 11 to 12 dBA noise reduction at the two commercial/office 
receivers, thereby meeting the WSDOT minimum insertion loss criteria. However, the 
cost of the wall would be $722,058, which exceeds the total capital available for 
mitigation of $132,840 by $589,218. Therefore, the noise wall to mitigate the traffic 
noise impacts near FV-5 and FV-6 is not recommended. 

A noise wall was also evaluated for the 24 residential traffic noise impacts within the Fort 
Vancouver sub area represented by receivers FV-7 through FV-13, FV-15 and FV-16. 
FV-14 represents an undeveloped area and therefore is not included. A noise wall along 
the east side of I-5 would provide a 9 dBA average noise reduction at front-line receivers. 
All traffic noise impacts predicted at the 24 residential uses would be mitigated. In 
addition, the noise wall would provide a noise reduction benefit of 3 dBA or more for 21 
additional residential uses in the Fort Vancouver area. 

If the commercial/office land uses represented by FV-5 and FV-6 are included in Fort 
Vancouver barrier just to the north, then the entire wall would not be cost-effective. 
Without these two receivers the barrier meets WSDOT cost-effectiveness criteria. 
Furthermore, FV-5 is a motor pool and is not considered a noise sensitive property that 
would benefit from mitigation. 

Exhibit 7-8 provides a summary of the proposed Fort Vancouver noise walls along the 
east side of I-5. The noise level reduction performance and the available capital for 
mitigation are also provided. The Fort Vancouver noise wall meets the WSDOT cost-
effectiveness criteria and is recommended as part of this project for all full build 
alternatives. 
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Exhibit 7-8. Fort Vancouver Subarea Noise Wall Reduction Summary 

Receiver # 
Build Noise 

Levels1 

Build Noise 
Levels 

w/Mitigation2 
Noise 

Reduction3 
Benefited 
Homes4 

Capital 
Available 

for 
Mitigation5 

 FV-7 69 60 9 6 $289,620  

 FV-8 68 59 9 6 $267,840  

 FV-9 73 63 10 8 $502,320  

 FV-10 69 60 9 10 $482,700  

 FV-11 65 58 7 10 $373,800  

 FV-12 72 63 9 2 $118,320  

 FV-13 65 60 5 1 $37,380  

 FV-15 62 60 2 0 $0  

 FV-16 67 64 3 2 $82,220  

Total Available for Noise Mitigation $2,154,200 
Notes: 

1. Future noise levels with no mitigation 
2. Future noise levels with mitigation 
3. Noise reduction provided by wall. In Washington a 3 dBA reduction qualifies a home as benefiting from a wall. 
4. Number of homes with 3 dBA or more noise reduction benefit (Washington) 
5. Allowable cost per benefited receiver based on $53.40 per square foot and a sliding scale adjusted according to the design 

year traffic noise level (WSDOT) 
 

 

Exhibit 7-9 provides a noise wall cost analysis based on WSDOT cost-effectiveness 
criteria for the two noise barriers recommended for the west side of I-5 between Mill 
Plain and Fourth Plain Boulevards. 

Exhibit 7-9. Fort Vancouver Subarea Noise Wall Details and Cost Analysis 
Heights Along Wall 

(ft)1 

Wall Description Min Avg Max 
Length

(ft)2 

Wall 
Area 

(sq. ft)3 Cost4 
Available 
Capital5 

Residual
Capital6 

Along east side of I-5 
SR 14 to E. Mill Plain 12 15.15 16 2151 32,586 $2,423,909 $1,740,072  +$414,128  
Notes: 

1. Minimum, average and maximum noise wall heights in feet 
2. Length of proposed noise wall in feet 
3. Total noise wall surface area in square feet 
4. Cost of noise wall based on $53.40 per square foot from WSDOT criteria for cost evaluation 
5. Available mitigation capital from WSDOT criteria for cost evaluation 
6. Residual mitigation capital: positive value is within the allowable capital based on WSDOT criteria; negative value exceeds the 

criteria  
 

Exhibit 7-10 provides an aerial of the recommended noise wall for the Fort Vancouver 
area. 
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7.4.6 East of I-5 / Mill Plain to North Vancouver Subarea Traffic Noise Mitigation 

A noise wall was evaluated along the east side of I-5, to mitigate the 37 residential traffic 
noise impacts that would occur between E. Fourth Plain and SR 500. Two openings 
would be required to allow for I-5 overpasses at E. 29th Street and E. 33rd Street. Noise 
modeling results show that the resulting two wall segments are acoustically dependent 
and should be treated as a single wall system when evaluating cost-effectiveness. 

Exhibit 7-13 provides an aerial view of the two evaluated noise walls. 

The noise wall east of I-5 would begin at the southern edge of the Vancouver Barracks 
Post Cemetery adjoining Fourth Plain and run north to about 500 feet past E. 37th Street. 
It would provide an 8 dBA average noise reduction at front-line receivers. All but four of 
the 35 traffic noise residential impacts would be mitigated and the noise wall would 
provide a noise reduction benefit of 3 dBA or more for 21 additional homes in the area. 

Exhibit 7-11 provides a summary of the proposed noise wall along the east side of I-5 
north of Fourth Plain. The noise level reduction performance and the available capital for 
mitigation are provided for the proposed wall.  

Exhibit 7-12 provides the noise wall details and WSDOT cost analysis. The noise wall 
meets the WSDOT cost-effectiveness criteria and is recommended as part of this project 
for all full build alternatives. 

Exhibit 7-11. East of I-5 / Mill Plain to North Vancouver Subarea Wall Reduction 
Summary 

Receiver # 
Build Noise 

Levels1 

Build Noise 
Levels 

w/Mitigation2 
Noise 

Reduction3 
Benefited 
Homes4 

Capital 
Available for 
Mitigation5 

 VE-3 72 65 7 2 $118,320  

 VE-4 76 64 12 10 $664,200  

 VE-5 65 62 3 8 $299,040  

 VE-6 62 60 2 0 $0  

 VE-7 71 68 3 2 $111,060  

 VE-8 77 66 11 2 $132,840  

 VE-9 59 57 2 0 $0  

 VE-10 73 65 8 8 $502,320  

 VE-11 60 58 2 0 $0  

 VE-12 73 65 8 5 $313,950  

 VE-13 65 64 1 0 $0  

 VE-14 60 56 4 4 $149,520  

 VE-15 62 60 2 0 $0  

 VE-16 66 61 5 5 $186,900  

 VE-17 63 60 3 5 $186,900  

 VE-18 59 56 3 4 $149,520  
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Receiver # 
Build Noise 

Levels1 

Build Noise 
Levels 

w/Mitigation2 
Noise 

Reduction3 
Benefited 
Homes4 

Capital 
Available for 
Mitigation5 

 VE-19 58 57 1 0 $0  

Total Available for Noise Mitigation $2,814,570  
Notes: 

1. Future noise levels with no mitigation 
2. Future noise levels wit h mitigation 
3. Noise reduction provided by wall 
4. Number of homes with 5 dBA or more noise reduction benefit 
5. Cost per benefited receiver based on $25 per square foot construction costs and the number of benefited homes listed 

 

 

Exhibit 7-12. East of I-5 / Mill Plain to North Vancouver Subarea Noise Wall Details 
and Cost Analysis 

Heights along wall (ft)1 

Wall Description Min Avg Max 
Length

(ft)2 
Wall Area
(sq. ft)3 Cost4 

Available 
Capital5 

Residual 
Capital6 

Along east side of I-5  
4th Plain to SR 500 12 12.34 14 3,518 43,476 $2,679,094 $2,814,570  +$135,476  
Notes: 

1. Minimum, average and maximum noise wall heights in feet 
2. Length of proposed noise wall in feet 
3. Total noise wall surface area in square feet 
4. Cost of noise wall based on $53.40 per square foot from WSDOT criteria for cost evaluation 
5. Available mitigation capital from WSDOT criteria for cost evaluation 
6. Residual mitigation capital: positive value is within the allowable capital based on WSDOT criteria; negative value exceeds the criteria  
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7.5 Mitigation for HCT Noise and Vibration Impacts 

7.5.1 Possible LRT and BRT Noise Mitigation Measures 

The noise analysis will be refined during project design to determine the details of the 
final mitigation measures. Possible mitigation measures for reducing noise impacts from 
the HCT operation are described below:  

• Transit Noise Barriers – This is a common approach to reducing noise impacts 
from surface transportation sources. The primary requirements for effective noise 
barriers are that (1) barriers must be high enough and long enough to break the 
line-of-sight between the sound source and the receiver, (2) barriers must be of an 
impervious material with a minimum surface density of 4 lb/sq. ft. and (3) barriers 
must not have gaps or holes between the panels or at the bottom. Because many 
materials meet these requirements, the selection of materials for noise barriers is 
usually dictated by aesthetics, durability, cost, and maintenance considerations. 
For LRT transit system noise barriers typically range in height from 4 to 8 feet. 
For BRT, noise barriers constructed to a height to mitigate traffic noise are 
generally adequate provided BRT travel lanes adjoin the general traffic lanes. 

• Track Lubrication at Curves (LRT) – Trackside lubrication can be effective in 
avoiding wheel squeal, which often occurs as light rail vehicles traverse tight-
radius curves. This installation automatically deposits a small amount of “friction 
modifier” on the top of the rail, and has shown to effectively eliminate wheel 
squeal and associated complaints from nearby residents. 

• Building Sound Insulation (LRT and BRT) – Sound insulation of residences and 
institutional buildings to improve the outdoor-to-indoor noise reduction has been 
widely applied around airports and has seen some application on transit projects. 
Although this approach has no effect on noise in exterior areas, it may be the best 
choice for sites where noise barriers are not feasible or desirable, and for 
buildings where indoor sensitivity is of most concern. Substantial improvements 
in building sound insulation (on the order of 5 to 10 dBA) can often be achieved 
by adding an extra layer of glazing to the windows, by sealing any holes in 
exterior surfaces that act as sound leaks, and by providing forced ventilation and 
air-conditioning so that windows do not need to be opened. 

• Special Track work at Crossovers and Turnouts (LRT) – LRT noise levels can 
increase up to 6 dBA when wheels pass over gaps in the rails. Rail gaps would be 
required along the track alignment where turnouts are planned. It is recommended 
that turnouts be located as far away as possible from noise sensitive areas. If 
turnouts cannot be relocated away from sensitive areas, another approach is to use 
devices that would lessen the noise impacts caused by the rail gaps. Devices such 
as spring-rail, flange-bearing, or moveable-point frogs, close the gaps near the 
turnouts for those trains operating along the main track alignment. The increased 
noise associated with the rail gaps is limited to those relatively few trains actually 
using the turnouts. 
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7.5.2 Light Rail Transit Mitigation Measures 

Exhibit 7-14 presents recommended residential noise mitigation treatments for 
Alternative 3 along with the number of residual impacts projected after mitigation. 

Exhibit 7-14. Recommended Mitigation Measures for LRT with Replacement 
Crossing Alternative 

Number and Type of Impacts 

Without Mitigation 

Alignment Area 

Recommended 
Mitigation 
Measure Moderate Severe 

Residual 
Impacts w/ 
Mitigation 

I-5 Adjacent Floating Homes Noise wall1 21 0 0 

I-5 Offset Floating Homes Noise wall1 7 0 0 

Washington 2-Way Downtown Mitigation not required 0 0 0 

McLoughlin D St to I-5 Sound insulation 16 0 0 

I-5 Over Fly-Over I-5 North of 33rd Mitigation not required 0 0 0 

16th Street C St to I-5 Sound insulation 10 0 0 

Broadway 2-way 19th to 29th Sound insulation 24 0 0 

Main Street 2-way Main North of 
29th 

Mitigation not required 0 0 0 

Broadway Couplet 19th to 29th Mitigation not required 0 0 0 
1 Noise wall recommended for traffic noise impact mitigation would also mitigate LRT noise impact 
 

 

Recommended residential noise mitigation treatments for Alternative 5 are presented in 
Exhibit 7-15, along with the number of residual impacts projected after mitigation. 

Exhibit 7-15. Recommended Mitigation Measures for LRT with Supplemental 
Crossing Alternative 

Number and Type of Impacts 

Without Mitigation 

Alignment Area 

Recommended 
Mitigation 
Measure Moderate Severe 

Residual 
Impacts w/ 
Mitigation 

I-5 Adjacent Floating Homes Noise wall1 21 0 0 

I-5 Offset Floating Homes Noise wall1 7 0 0 

Washington 2-Way Downtown Mitigation not required 0 0 0 

McLoughlin D St to I-5 Sound insulation 19 0 0 

I-5 Over Fly-Over I-5 North of 33rd Mitigation not required 0 0 0 

16th Street C St to I-5 Sound insulation 10 0 0 

Broadway 2-way 19th to 29th Sound insulation 30 0 0 

Main Street 2-way Main North of 
29th 

Mitigation not required 0 0 0 

Broadway Couplet 19th to 29th Mitigation not required 0 0 0 
1 Noise wall recommended for traffic noise impact mitigation would also mitigate LRT noise impact 
 



Interstate 5 Columbia River Crossing 
Noise and Vibration Technical Report 

  Mitigation for Long-Term Effects 
7-22  May 2008 

 

Because LRT wheel squeal is likely to occur at the proposed 90-degree curves at Main 
Street and McLoughlin or Main Street and 16th, it is recommended that provision for 
trackside lubricators be made during project design so that they can be installed if needed 
after project completion. 

7.5.3 Bus Rapid Transit Mitigation Measures  

Recommended residential noise mitigation treatments for Alternative 2 are presented in 
Exhibit 7-16, along with the number of residual impacts projected after mitigation. 

Exhibit 7-16. Recommended Mitigation Measures for BRT with Replacement 
Crossing Alternative 

Number and Type of Impacts 

Without Mitigation 

Alignment Area 
Recommended 

Mitigation Measure Moderate Severe 

Residual 
Impacts w/ 
Mitigation 

I-5 Adjacent Floating Homes Noise wall1 28 14 0 

I-5 Offset Floating Homes Noise wall1 28 7 0 

Washington 2-Way Downtown Sound insulation 0 0 0 

McLoughlin D St to I-5 Sound insulation 22 0 0 

I-5 Over Fly-Over I-5 North of 33rd Noise wall on structure2 3 12 0 

16th Street C St to I-5 Sound insulation 11 5 0 

Broadway 2-way 19th to 29th Sound insulation 29 10 0 

Main Street 2-way Main North of 29th Sound insulation 1 0 0 

Broadway Couplet 19th to 29th Sound insulation 39 0 0 
1 Noise wall recommended for traffic noise impact mitigation would also mitigate BRT noise impact 
2 This noise wall on structure would be in addition to any noise walls recommended for traffic noise 
 

 

Recommended residential noise mitigation treatments for Alternative 4 are presented in 
Exhibit 7-17, along with the number of residual impacts projected after mitigation. 

Exhibit 7-17. Recommended Mitigation Measures for BRT with Supplemental 
Crossing Alternative 

Number and Type of Impacts 

Without Mitigation 

Alignment Area 
Recommended 

Mitigation Measure Moderate Severe 

Residual 
Impacts with 

Mitigation 
I-5 Adjacent Floating Homes Noise wall1 21 21 0 

I-5 Offset Floating Homes Noise wall1 28 7 0 

Washington 2-Way Downtown Sound insulation 3 0 0 

McLoughlin D St to I-5 Sound insulation 15 19 0 

I-5 Over Fly-Over I-5 North of 33rd Noise wall on structure2 3 12 0 

16th Street C St to I-5 Sound insulation 10 7 0 
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Number and Type of Impacts 

Without Mitigation 

Alignment Area 
Recommended 

Mitigation Measure Moderate Severe 

Residual 
Impacts with 

Mitigation 
Broadway 2-way 19th to 29th Sound insulation 9 30 0 

Main Street 2-way Main North of 29th Sound insulation 8 0 0 

Broadway Couplet 19th to 29th Sound insulation 31 8 0 
1 Noise wall recommended for traffic noise impact mitigation would also mitigate BRT noise impact 
2 This noise wall on structure would be in addition to any noise walls recommended for traffic noise 
 

 

7.5.4 LRT Vibration Mitigation Measures 

Vibration impacts that exceed FTA criteria are considered significant and warrant 
mitigation, if reasonable and feasible. The assessment assumes that the LRT vehicle 
wheels and track are maintained in good condition with regular wheel truing and rail 
grinding. Beyond this, several approaches could reduce ground-borne vibration from 
LRT operation, as described below: 

• Ballast Mats - Ballast mats are made of rubber or rubber-like material placed on 
an asphalt or concrete base with the normal ballast, ties and rail on top. The 
reduction in ground-borne vibration provided by a ballast mat strongly depends 
on the frequency of the vibration and design and support of the mat. 

• Tire Derived Aggregate (TDA) - Also known as shredded tires, a typical TDA 
installation consists of an underlayment of 12 inches of nominally 3-inch size tire 
shreds or chips wrapped with filter fabric, covered with 12 inches of sub-ballast 
and 12 inches of ballast above that to the base of the ties. Tests suggest that the 
vibration attenuation properties of this treatment are midway between that of 
ballast mats and floating slab track. While this is a low-cost option, it has only 
recently been installed on two U.S. light rail transit systems (San Jose and 
Denver) and its long-term performance is unknown. 

• Special Track work at Crossovers and Turnouts - Because the impacts of LRT 
wheels over rail gaps at track turnout locations increases LRT vibration by about 
10 VdB, turnouts are a major source of vibration impact when they are located in 
sensitive areas. If turnouts cannot be relocated away from sensitive areas, another 
approach is to use spring rail or moveable point frogs in place of standard rigid 
frogs at turnouts. These devices allow the flangeway gap to remain closed in the 
main traffic direction for revenue service trains. 

All vibration impacts identified in this analysis could be mitigated with ballast mats, 
resilient fasteners, or tire degraded aggregate (TDA). The selected vibration mitigation 
method would depend on the track type and level of vibration impact. The vibration 
projections of up to 76 VdB are all within the 5 VdB safety factor used for the analysis. 

Exhibit 7-18 provides a summary of the location and length of potential vibration 
mitigation. More detailed analysis will be carried out during final design to refine the 
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vibration estimates and to determine the vibration mitigation measures that will be 
incorporated into the project. 

Exhibit 7-18. Potential Vibration Mitigation Measures for LRT Alternatives 

Location 
Exceeds 

Level 
Potential 
Mitigation Length and Location 

Residual 
Impacts 

McLoughlin Blvd 0.8 to 1.3 VdB Resilient fasteners 1300 feet No 

Along I-5, 26th to 
34th Streets 

2.4 to 4.0 VdB Resilient fasteners or 
TDA 

1900 feet between E. 26th and 
33rd Streets 

No 

Broadway 2-Way Up to 9 VdB  Ballast mats 1500 feet between E. 19th and 
25th Street 

Possibly 

Broadway couplet 0.5 to 1.0 VdB Resilient fasteners 2500 feet between E. 19th and 
28th Street 

No 

16th Street 5.7 VdB Ballast Mats 275 feet from E to G Street on E 
16th Street 

No 

Main Street, north of 
29th Street 

0.5 to 1.3 VdB Resilient fasteners 450 feet on Main Street between E 
29th and 30th Streets 

No 
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8. Mitigation for Temporary Effects 

8.1 Construction Noise Mitigation 

Several construction noise abatement methods, including operational methods, equipment 
choice, or acoustical treatments, could be implemented to limit the effects of construction 
noise. The methods used may vary depending on the project’s construction criteria. 
Operation of construction equipment could be prohibited within 500 feet of any occupied 
dwelling unit in evening or nighttime hours (7 p.m. to 7 a.m.) or on Sundays or holidays, 
when noise and vibration would have the most severe effect. All engine-powered 
equipment would be required to have mufflers installed according to the manufacturer's 
specifications, and would be required to comply with EPA equipment noise standards.  

The project management team could limit activities that produce the highest noise levels 
(such as hauling, loading spoils, jackhammering, and using other demolition equipment) 
to 7:00 a.m. to 7:00 p.m. Maximum noise levels associated with pile driving could reach 
105 dBA at distances of 50 feet. Mitigation of the noise associated with pile driving could 
include auguring rather than driving piles (however, using an augur is not likely to be 
feasible for this project), or limiting the time the activity can take place. Other less 
effective methods of reducing noise from pile driving could include coating the piles, 
using pile pads, or using piston mufflers. 

The pile-driving effects on fish could be mitigated using wood piles instead of metal 
whenever possible and, if required, bubble curtains. A bubble curtain is a method used to 
reduce the level of waterborne noise from pile driving by placing a wall of bubbles 
between the pile and fish. This method has been used in Washington State and in 
California with substantial success and could be used for this project. 

A construction log should be kept for each construction staging area. The log would 
contain general construction information such as the time an activity took place, type of 
equipment used, and any other information that may help with potential noise effects.  

A complaint hot-line could be established to investigate noise complaints and compare 
them to the construction logs. A construction monitoring and complaint program could 
help to ensure that all equipment meets state, local, and any manufacturer’s specifications 
for noise emissions. Equipment not meeting standards could be removed from service 
until proper repairs can be made, and the equipment re-tested for compliance. This 
procedure is recommended for haul trucks, loaders, excavators, and other equipment that 
would have extensive use at the construction sites and are major contributors to potential 
noise effects. 

The following is a list of recommended noise mitigation measures that should be 
contained in the contract specifications:  
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• Require all engine-powered equipment to have mufflers installed according to the 
manufacturer's specifications. 

• Require all equipment to comply with pertinent EPA equipment noise standards.  

• Limit jackhammers, concrete breakers, saws, and other forms of demolition to 
daytime hours of 8:00 a.m. to 5:00 p.m. on weekdays with more stringent 
restrictions on weekends. 

• Minimize noise by regular inspection and replacement of defective mufflers and 
parts that do not meet the manufacturer’s specifications. 

• Install temporary or portable acoustic barriers around stationary construction 
noise sources and along the sides of the temporary bridge structures where 
feasible. 

• Locate stationary construction equipment as far from nearby noise-sensitive 
properties as possible. 

• Shut off idling equipment. 

• Reschedule construction operations to avoid periods of noise annoyance identified 
in complaints. 

• Notify nearby residents whenever extremely noisy work would be occurring. 

• Substitute smart alarms for back-up beepers to reduce the potential for impacts 
during evening hours, and use spotters during nighttime and early morning hours. 

Additional noise mitigation measures may be implemented as more detail on the actual 
construction processes is identified. 

8.2 Construction Vibration Mitigation 

The construction contract specifications could contain a section specific to vibration that 
could require vibration monitoring of all activities that may produce vibration levels at or 
above 0.5 inch per second whenever there are structures located near the construction 
activity. This would include pile driving, vibratory sheet installation, soil compacting, 
and other construction activities that have the potential to cause high levels of vibration. 
There is virtually no effective method to reduce vibration effects from construction; 
however, by restricting and monitoring vibration-producing activities, vibration effects 
from construction could be kept to a minimum.  
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9. Permits and Approvals 

9.1 Federal, State and Local 

The CRC project will require nighttime construction activities. In order to perform 
nighttime construction, a noise variance would be required. The City of Portland Noise 
Control Office and the City of Portland Noise Review Board and is the permitting agency 
for a construction noise variance. The City of Vancouver would also be a permitting 
agency for nighttime construction. No other permits directly related to noise and 
vibration, except construction activities related to the water crossing, are anticipated. The 
permits related to the river crossing are discussed in the Ecosystems Technical Report.  
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