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Responses to Public Comments 
Sound Transit has catalogued the public comments received, and identified individual 
topics raised by each party.  Following each letter or comment document, Sound Transit 
has provided responses.  The responses are either a direct response to the comment, or, 
when the comment is one that was commonly made, Sound Transit refers to a common 
comment and response.  The common comments and their responses are included in 
Chapter 7 of the Final SEIS; Chapter 7 is also reprinted here for ease of reference.  



March 2006 7-5 North Link Final SEIS 
  7. Comment Summary 

connections to the existing Montlake bus flyer stop at SR 520, including a potential light rail station at that 
location. Except from the University of Washington, there were few comments about the original Montlake 
Station/Rainier Vista and route in the University District. Some comments encouraged the consideration of a 
NE 45th Station with a new Modified Montlake route. The University District Community Council, while 
listing a number of issues and concerns about the overall project, preferred the Modified Montlake route with 
a NE 45th Station. The community council and the Chamber also stated that funding for the Northgate 
extension should be secured before making a decision to extend light rail to the University District. 

The University of Washington, the City of Seattle, WSDOT and King County Metro provided comments 
about the potential for increased traffic and pedestrian activity on the roadways surrounding the University of 
Washington Station, and requested that Sound Transit include grade-separated pedestrian passages across 
Montlake Boulevard and Pacific Place. These parties also provided comments about the need for effective 
transit circulation in the area, and safe and efficient access and connections for station patrons.  

7.4 OTHER COMMENTS 

Comments were also provided on topics related to Sound Transit’s proposal to implement North Link, 
raising issues that have previously been voiced in the Central Link EIS related to the overall Central Link 
Project and the Initial Segment. These issues include concerns related to the costs of the project, the 
technology choice, extensions beyond the Northgate Segment, Sound Transit’s Regional Transit Long-Range 
Plan, and voter approvals.  

7.5 COMMENTS BY PUBLIC AGENCIES 

7.5.1 University of Washington 
The University of Washington provided several written comments on the 2003 Draft SEIS, including the 

initial letter from the University of Washington Board of Regents advising Sound Transit of the initial 
conclusions of the Regents regarding the alternatives under consideration. The correspondence emphasized the 
importance of protecting the University’s research mission. The Regents’ letter stated that the West Tunnel 
route with two stations could be supported by the University, and that the Montlake (Rainier Vista) route 
could not be supported. The Regents’ letter encouraged review of a Modified Montlake Route farther east of 
the Montlake alternative examined in the 2003 Draft SEIS. As a result, Sound Transit issued the Modified 
Montlake Addendum, examining an alternative east of the earlier routes, and later issued the 2005 Draft SEIS 
with further updates to the alternative.  

The University letters provided detailed comments on the 2003 Draft SEIS, the Modified Montlake Route 
Addendum, and the 2005 Draft SEIS. These letters reiterated the importance of the research mission to 
education and the economy, discussing concerns related to light rail construction and operation in relation to 
University facilities and activities (including the University of Washington Medical Center). An interim 
terminus station or systemwide tunnel spoils removal at a station on University property were stated as 
unacceptable to the University. They noted the expectation that their concerns would need to be addressed in 
an amended memorandum of agreement between Sound Transit and the University. Attachments to their 2003 
Draft SEIS letter express detailed concerns regarding potential construction impacts (noise, dust, economic 
hardship, and vibration), electromagnetic field and vibration impacts during operation, and the need for Sound 
Transit to mitigate these impacts.  

Their letter in 2005 again expressed concerns about impacts to research facilities, but also discussed 
construction impacts, circulation issues in the University of Washington staging area, and their preferences for 
an underground walkway under NE Pacific Place and the Burke-Gilman Trail. 

7.5.2 Seattle Department of Transportation (SDOT) 
In its letters, SDOT expressed appreciation for the strong partnership that Sound Transit and SDOT have 

developed, and generally found the North Link 2003 Draft SEIS a thorough and well-researched document. To 
strengthen the Final SEIS analysis, SDOT suggested more detail on bicycle and pedestrian accessibility, truck 

John S Niles
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March 2006  North Link Final SEIS 
Responses to Comments 

NL 208 University of Washington/Theresa Doherty

NL 208-1 (PMX-King)
Per the University’s request, a Modified Montlake Route was proposed and evaluated in the Modified 

Montlake Route Addendum (February 2004). This route was identified as part of the Preferred 

Alternative. The Sound Transit Board will select the project to be built after the Final SEIS is published.

NL 208-2 (PMX-King)
Comment noted.  

NL 208-3 (PMX-King)
Sound Transit notes the University’s opinion regarding an interim terminus station on University 

property. However, Sound Transit also believes that the issues and concerns raised by the University can 

be addressed, and has provided additional information in the Final SEIS in response to the University’s 

comments.  

NL 208-4 (PMX-King)
Sound Transit notes the University’s opinion regarding system-wide spoils removal from University 

property and the potential impacts. Sound Transit believes that impacts associated with spoils removal 

can be adequately addressed and has provided additional information in the Final SEIS in response to the 

University’s comments. 

NL 208-5 (PMX-King)
Sound Transit appreciates the efforts of University of Washington faculty and staff in providing 

comments. 

NL 208-6 (ST)
Comment noted. Sound Transit anticipates working collaboratively with the University of Washington to 

implement or supplement the MOA as appropriate.  

NL 208A-1 (CH2M-Pitzler, PMX-Wendle) 
Comments noted. The 2003 Draft SEIS (Section 4.2.2, page 4-25) identifies research and related grant 

funding concerns raised by the University of Washington (UW) and identifies the potential for lost 

employment should grant funding be reduced. Updated discussion has been provided in the Final SEIS 

Land Use Section. The project would include measures to mitigate vibration, electromagnetic, and 

construction impacts to the University and minimize the potential for adverse economic impacts.  

NL 208A-2 (ST)  
Sound Transit acknowledges the University’s concerns. The 2003 Draft SEIS provided a detailed analysis 

of the potential vibration, EMF, and construction impacts to the University and measures to mitigate those 

impacts. Additionally, Sound Transit prepared a separate document, the Modified Montlake Route 

Addendum (February 2004), to develop an alternative that could satisfy the needs of the University and 

Sound Transit. Sound Transit has continued coordination with the University to address specific concerns 
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in developing the Preferred Alternative and in analyzing the impacts and potential mitigation measures 

that are discussed in the Final SEIS.

NL 208A-3 (ST) 
Pages 4-75 and 4-106 of the 2003 Draft SEIS list mitigation measures for vibration and EMF impacts to 

the University of Washington campus. The preliminary mitigation commitments for the project are 

provided in Appendix M of the Final SEIS. These will be finalized in the FTA Record of Decision. In 

addition, Sound Transit anticipates implementing and/or supplementing the MOA with the University as 

appropriate to provide additional detail for specific mitigation measures. 

NL 208A-4 (ST, Herrera-Johnson) 
As noted in the 2003 Draft SEIS Section 4.17.3, Sound Transit has acknowledged that the construction of 

a tunnel and station or interim terminus on the University of Washington campus would have construction 

impacts that could adversely affect research, educational, or medical facilities. Pages 4-157, 4-160, 4-163, 

4-169, 4-173, and 4-188 of the 2003 Draft SEIS list mitigation measures that address construction impacts 

applicable to the entire alignment. Further analysis and information on proposed mitigation is in the Final 

SEIS addressing impacts from dust, noise, and other potential construction impacts. Traffic congestion 

during operation of the University of Washington Station would only be slightly greater if it is an interim 

terminus than if the light rail extended to Northgate. See response to NL 208A-4 above.  

NL 208A-5 (ST)
In 2000, Sound Transit and the University of Washington signed a Memorandum of Agreement  

(2000 MOA) that is based on the original [Central Link] light rail project selected by Sound Transit in 

1999. Sound Transit and the University recognize that the ultimate project plans and designs for North 

Link may be different than contemplated in the 2000 MOA. They also recognize that the project will gain 

more precision with time and additional design and that one or more subsequent agreements will be 

necessary to implement the 2000 MOA. The first of these will be an agreement that is specific to the 

project to be built, as selected by the Sound Transit Board, after issuance of the North Link Final SEIS. 

The 2000 MOA includes a Design and Mitigation Plan approval process that provides for review and 

approval of the light rail design and detailed mitigation plans by the University of Washington. Most of 

the Siting and Design Principles in MOA Appendix B are specific to the original project (Alternative 

B1.A – First Hill to 15th Avenue NE) and are either not relevant to other alternatives in the Final SEIS or 

will need modification if the selected project is different than Alternative B1.A. Many of the mitigation 

measures described in MOA Appendix C are also specific to Alternative B1.A while others are related to 

the final design and construction coordination between Sound Transit and the University.  

NL 208A-6 (ST)
Sound Transit has worked collaboratively with the University and anticipates implementing and/or 

supplementing the MOA as appropriate to address these issues. 

NL 208A-7 (PMX-Wendle)
Please see responses to comments NL 208A-3 and NL 208A-4. [***

NL 208A-8 (ST)
Please see response to comment NL 208A-3. 
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NL 208A-9 (ST) 
Comment noted. A detailed Maintenance Plan has not been developed for North Link although it is 

expected to be similar to the plan currently under development for the Initial Segment. Sound Transit 

would maintain the light rail system to minimize EMF levels and long-term degradation of EMF levels 

over time on the University campus. 

NL 208A-10 (PMX-King)
Comment noted, the comments put forth by University faculty, staff, and the comments contained within 

the memos from the University’s vibration consultants are addressed below. 

NL 208A-11 (PMX-King)
Comment noted. 

NL 208A-12 (PMX-King)
It is acknowledged that compensation and relocation assistance to the University of Washington (or 

tenants on University of Washington displaced property) would be guided by the MOA and supplemental 

implementation agreements, consistent with applicable Federal and state law.  

NL 208A-13 (Wolf)
The text from page ES-18 of the 2003 Draft SEIS has been updated in the Final SEIS to note that the 

threshold requested by the University of Washington is the level of ambient vibration currently available 

for vibration-sensitive research on campus. 

NL 208A-14 (PMX-King)
Footnote 1 of Table S-7 is an indication of ridership for those stations with an interim terminus in south 

University District. Sound Transit is aware that stations on the University campus will require University 

of Washington Board of Regents approval. 

NL 208A-15 (ST)
As stated in 2003 Draft and Final SEIS Chapter 5 Financial Analysis, comparative capital costs do 

account for anticipated mitigation costs for each alternative. Costs for the alternatives within the 

University District include allowances based on the range of mitigation options such as floating slab, 

vibration resilient track fasteners, and receiver mitigation. Updated information on costs and mitigation 

for the Preferred Alternative has been included in the Final SEIS. 

NL 208A-16 (PMX-King)
The statement is a comparison of the NE 45th Street Station and Brooklyn Stations, which do not require 

University property. Use of University property for the southern University district stations is described. 

NL 208A-17 (PMX-King)
Comment noted. 
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NL 208A-18 (PMX-King)
2003 Draft SEIS Table A-1 and Appendix C, Distribution List, have been revised in the Final SEIS to 

include the University of Washington as a state agency. ***

NL 208A-19 (ST)
Comment noted. Please see response to comment NL 208-3.  

NL 208A-20 (ST)
The text has been revised in the Final SEIS to reflect the comment. Please note that funding for extension 

to Northgate was not included in Sound Move.

NL 208A-21 (PMX-Fann)
Impacts to the Burke-Gilman Trail are discussed in Sections 3.3.2 (page 3-42), 4.16.2, and 4.17.16 of the 

2003 Draft SEIS. The effects of the station activity on the trail are further discussed for the Preferred 

Alternative in the Final SEIS.  

NL 208A-22 (PMX-Fann) 
Hide-and-ride parking impacts are discussed in Section 3.3.2 (page 3-43) of the 2003 Draft SEIS and have 

been updated in the Final SEIS. The transportation analysis considered the fact that the University’s 

parking is by permit or for fee, and concluded that the restrictions and rates, in combination with added 

travel time, would not be likely to draw in transit patrons. On street parking in the District is also time-

limited, further discouraging hide-and-ride activity. ***

NL 208A-23 (PMX-Fann)
Tables 3.2-11a and 3.2-11b of the 2003 Draft SEIS show that the Southwest Campus Station would have 

lower ridership. Given the lower ridership, greater distance from the University campus, and longer travel 

time, the SEIS concluded that the Southwest Campus Station would not serve the University as well as 

the Pacific or Montlake/University of Washington Station sites.  

NL 208A-24 (PMX-Fann)
The 2003 Draft SEIS provided a discussion of the adverse effects (Section 3.3.2, pages 3-30 and 3-35, 

and throughout the 2003 Draft SEIS in their respective sections), and the Final SEIS provides updated 

information on interim termini, including the interim termini options for the Preferred Alternative. 

NL 208A-25 (ST) 
The 2003 Draft SEIS does not conclude that there will be an increase in crime in and around the stations. 

Rather, the document states on page 4-115 that studies show that crime in transit facilities is directly 

related to crime in the surrounding areas. The document does state that light rail operation would likely 

require additional police and security staff and that security measures would include personnel who rove 

between stations whether contracted with law enforcement or private agencies or provided directly by 

Sound Transit. In addition, page 4-116 of the 2003 Draft SEIS states that if there is an increase in crime or 

security calls on the University of Washington campus resulting from light rail stations and an increased 

demand on University of Washington Police resources, Sound Transit will work with the University of 

Washington and Seattle Police Department to determine responsibilities for providing security services to 

stations on the University.  
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NL 208A-26 (PMX-King)
Comment noted. 

NL 208A-27 (CH2M-Pitzler)
The Final SEIS text is revised to clarify that UWMC is part of the University and not a separate employer. 

NL 208A-28 (CH2M-Pitzler)
Comment noted. The statement has been removed from that section. 

NL 208A-29 (PMX-King)
Comment noted. 

NL 208A-30 (PMX-King)
Comment noted. 

NL 208A-31 (PMX-Hafs)
The discussion of visual impacts in the Final SEIS has been revised to reflect that the nature of University 

trees as a teaching feature, which will dictate replacement location and species. ***

NL 208A-32 (Herrera-Campbell)
Comment noted. The Modified Montlake Route has been selected as part of the Preferred Alternative. ***

NL 208A-33 (PMX-King)
Sound Transit anticipates developing details of potential Burke-Gilman detours, if detours are required, in 

coordination with the University during final design.

NL 208A-34 (PMX-King)
It is acknowledged that compensation and relocation assistance to the University of Washington (or 

tenants on University of Washington displaced property) would be guided by the MOA and supplemental 

implementation agreements, consistent with applicable Federal and state law.  

NL 208A-35 (PMX-King)
Comment noted as above.  

NL 208A-36 (PMX-King)
Please see responses to comments NL 208A-155 through NL 208A-160. [***

NL 208A-37 (PMX-King)
Since the Campus Master Plan was approved in December 2002. References to “future master plan” are 

revised to say “approved Master Plan.” ***
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NL 208A-38 (Herrera-Johnson)
Impacts to the University during construction are described in Chapter 4.17 Construction. Responses to 

specific points Mr. Brown’s memorandum are provided with those comments below. 

NL 208A-39 (PMX-King)
Sound Transit agrees that the ability of the University to conduct current and future, more sensitive 

research, is important to the University and the region. This issue is discussed in several sections of the 

2003 Draft and Final SEIS, including 4.2, Land Use and Economics, in 4.6, Noise and Vibration, and 

4.11, Electromagnetic Fields. Please see responses to comments NL 208A-47 through 136. 

NL 208A-40 (PMX-King)
The proposed mitigation commitments for the project are described in Appendix M of the Final SEIS. 

Sound Transit has worked collaboratively with the University and anticipates dressing vibration 

mitigation commitments in accordance with the MOA and supplemental implementation agreement.  

NL 208A-41 (ST)
Comment noted. Please see response to comment NL 208A-40. 

NL 208A-42 (Herrera-Meerscheidt)
It is acknowledged that simply “working with the University of Washington in and of itself is not 

‘mitigation.’” The 2003 Draft and Final SEIS Section 4.14.3 lists the potential mitigation measures. 

NL 208A-43 (ST)
Page 4-173 of the 2003 Draft SEIS lists potential mitigation measures for vibration impacts during 

construction. The Final SEIS Appendix M describes proposed mitigation commitments, and the Record of 

Decision to be issued by the Federal Transit Administration (FTA) will specify mitigation commitments. 

NL 208A-44 (PMX-Wendle)
The Final SEIS has been revised to refer to the adopted Campus Master Plan.  

NL 208A-45 (PMX-Wendle)
This appendix is a description of the University’s master plan and not a discussion of economic benefits. 

The fact that the University is the state’s leading research institution has been added to the Land Use 

discussion in Section 4.2. 

NL 208A-46 (PSTC)
Comment noted. Final SEIS characterization of Physics/Astronomy reflects a current threshold below 

VC-E.

NL 208A-47 (PSTC)
The Federal Transit Administration published methodology for vibration impact assessment in Transit
Noise and Vibration Impact Assessment states that the appropriate methods of characterizing ambient 

vibration are dependent on the type of information required for the analysis. It defines ambient vibration 
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as usually characterized with a continuous 10 to 30 minute measurement of vibration. The Leq of the 

vibration velocity level over the measurement period gives an indication of the average vibration energy. 

Leq is equivalent to a long averaging time rms level. Specific events can be characterized by the 

maximum rms level (Lmax) of the event or by performing a statistical analysis of rms levels over the 

measurement period. For “special needs” situations such as scientific experimentation, the ambient 

measurement may need to be tailored to suit the particular experiment. All vibration environments have 

some variability. Relative to the vibration sensitivity of experiments, the germane “ambient” vibration 

level is not necessarily the lowest vibration occurring during an experiment, and could be the highest. If, 

for example, an extremely vibration sensitive experiment is conducted over several days, measuring the 

ambient vibration over at least one full day would be prudent to quantify the vibration environment. The 

ambient vibration velocities reported by VACC in their 4 October 2002 report were measured over 20 

seconds (0.33 minutes). Actually, the report of 4 October suggests that the measurement period was 16 

seconds for each location tested. Furthermore, the measurements selectively excluded “extraordinary 

events, such as a door being slammed” in the vicinity of the measurement. Vibration from construction 

activities occurring at a nearby site was also excluded from the data. In effect, these measurements 

quantify the background floor vibration velocities in the labs. In terms of statistical vibration levels, these 

measurements probably correspond to the level exceeded 90% of the time, referred to as the L90.

NL 208A-48 (PSTC)
During these ambient measurements there were no normal activities or equipment operating within any of 

the laboratories where measurements were being conducted. Nonetheless, Sound Transit has recognized 

the University of Washington ambient measurements as representative of the background vibration levels. 

NL 208A-49 (PSTC)
The FTA standard practice is to compare the maximum vibration levels with the FTA vibration criteria. 

The criteria are based on the maximum level at which there would be no impact and/or disruption to the 

activity being assessed and is not based on ambient levels.  

NL 208A-50 (PSTC)
Comment noted. 

NL 208A-51 (PSTC)
The VC criteria are based on the University of Washington’s consultant’s characterization of research 

activities on campus in 2003. The VC criteria are a reasonable means to define the vibration levels that 

are needed to support the research as revealed by the consultant’s inventory. The ambient threshold 

requested by the University of Washington is required to support current University of Washington 

research needs in some buildings and the future needs in other buildings.

NL 208A-52 (PSTC)
Sound Transit has updated the vibration predictions as described in Chapter 4.6.6 which includes a 

discussion of uncertainty in the predictions. For the Final SEIS, Sound Transit prepared a more detailed 

vibration analysis based on the following: (1) additional bore hold LSR tests along the Preferred 

Alternative; (2) FDL tests of a similar vehicle that will be procured by Sound Transit for this project, the 

Kinkisharyo vehicle, at Santa Clara Valley Transportation Authority (VTA) in San Jose, California. 

Vehicles were tested at different operating speeds in revenue service at three unique locations on the VTA 

system. The results were supported with vehicle maintenance records; and (3) the in-situ insertion loss of 

an existing floating slab design tuned to a similar frequency as proposed for this project was used to 
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estimate mitigation effectiveness. The test data collected helped determine the relationships that were 

used in the EIS analysis such as reduction of low frequency vibration at lower operating speeds; floating 

slab insertion losses higher than the normally assumed limit of 20 dB; and more confidence in the LSR 

data defining the reduction in vibration over distance. Both the raw and post processed test data were 

made available to the University of Washington for their independent analysis. The updated Sound 

Transit vibration predictions have been reviewed by the University and its representatives, who have 

expressed their general concurrence that the methods and data are reasonable (University of Washington 

and Sound Transit meeting October 10/27/06). 

NL 208A-53 (PSTC)
Please see response to comment NL 208A-52. 

NL 208A-54 (PSTC)
Please see response to comment NL 208A-52. The statement ‘A difficult criterion to achieve in most 

instances’ is a direct quote from the Institute of Environmental Sciences (IES) Recommended Practice 

CC012.1, Considerations in Cleanroom Design, describing the VC-E criterion. The IES is an industry-

based group that is concerned with recommending desirable vibration environments for microprocessor 

fabrication plants. These generic criteria have also been applied to research institutes and other facilities 

where highly sensitive manufacturing or research occurs. 

NL 208A-55 (PSTC)
Please see response to comment NL 208A-52.

NL 208A-56 (PSTC)
Please see response to comment NL 208A-52. 

NL 208A-57 (PSTC)
No safety factor is included in the assumptions concerning the 1998 Force Density Level used for the 

2003 Draft SEIS analysis. While safety factors are desirable for design of a system, the use of such in an 

environmental assessment would be overstating the most probable impact. The previous use of a 5 dB 

safety factor was applied to the uncertainty of the March 20, 1999 FDL measurements conducted of the 

Tri-Met vehicle operating in the tunnel near the Washington Park Station in Portland. The FDL has been 

updated using tests of a similar vehicle that will be procured by Sound Transit for this project, the 

Kinkisharyo vehicle. The Final SEIS discusses the uncertainties associated with the vibration predictions.  

NL 208A-58 (PSTC) 
Based on the comments made by University of Washington’s consultant, Colin Gordon & Associates, the 

March 20,1999 FDL measurements conducted of the Tri-Met vehicle operating in the tunnel near the 

Washington Park Station in Portland was not used for the most recent vibration predictions. In his written 

comments of September 22, 1999, Colin Gordon suggested that the force density level of the Tri-Met 

trains be measured at a surface track since the FDL is independent of the geological conditions. The 

measured FDL obtained in 1999 in Portland was discarded and at-grade FDL test data for the Tri-Met 

vehicle conducted by Wilson Ihrig & Associates, and contained in the report Tri-Met Track Vibration 
Isolation Tests, October 30, 1998, was used for the 2003 Draft SEIS analyses. The San Jose tests used for 

the Final SEIS analysis represent a range of vehicle wear conditions. 
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NL 208A-59 (PSTC)
Please see response to comment NL 208A-58. 

NL 208A-60 (PSTC)
Please see response to comment NL 208A-52. 

NL 208A-61 (PSTC)
Please see response to comment NL 208a-52. The adjustment was based on the assumed difference 

between track stiffness, or rail support moduli, of the direct fixation track and ballasted track, and on 

guidelines provided in the US DOT, Handbook of Urban Rail Noise and Vibration Control. In general, 

the FDL for direct fixation track is expected to be higher than the FDL for ballasted track at frequencies 

above 25 Hz. The following are the adjustment factors added to the ballasted track FDL measurements. 

These adjustments are based on the differences in track support modulus of ballasted track and direct 

fixation track, 2,500 psi and 4,600 psi respectively.  

Frequency 
(Hz)

6.3 8 10 12.5 16 20 25 31.5 40 50 63 80 100 125 

Adjustment
Factor

0 0 -1 -2 -2 -1 0 +2 +5 +6 +6 +6 +6 +6 

NL 208A-62 (PSTC)
Please see response to comment NL 208A-52. 

NL 208A-63 (PSTC)
The indication of train weight for a prototype vehicle is for informational purposes only, and is not used 

in prediction. The FDL is to a first order approximation independent of train weight, because the 

secondary suspension effectively decouples the vehicle body from the truck at frequencies above a few 

Hertz. A second order effect of train weight is the non-linearity of the primary suspension stiffness, which 

can increase slightly as the vehicle weight is increased due to passenger loading. This increase would 

have a second-order effect on primary suspension resonance frequency and unsprung mass. A slight 

increase of secondary suspension stiffness would be expected with an increase in train weight, which 

would also have a second-order effect on truck characteristics. However, it is not standard practice to 

consider the weight of the vehicle when conducting a ground vibration analysis. This approach is based 

on FTA’s detailed vibration analysis, which does not consider the weight of the vehicle. Train speed, 

wheel and rail condition, vehicle suspension, track design, are more important than overall train weight. 

NL 208A-64 (PSTC)
The LSR used for the updated Final SEIS analysis uses information from additional borehole tests. The 

LSR coherence is reduced by the presence of background vibration and instrumentation noise. The 

measurement of the LSR involves averaging of cross-spectral components for a large number of samples, 

typically thirty. If the coherence were of the order of 90 percent or higher, no more than two or three 

samples would be required to develop an LSR. Our experience is that a reasonable estimate of the LSR 

can be obtained – even if the coherence were of the order of 10 percent to 20 percent, provided that a 

sufficient number of samples were included. The LSR is obtained by integration of regression curves 

representing the point source response over the train length. The 1/3 octave response to a point source is 
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obtained in part by energy averaging the transfer function magnitude over the 1/3 octave bandwidth. The 

individual transfer function components are weighted by the coherence function to de-emphasize 

frequency components with poor coherence, thus further improving the LSR estimate. Predictions for 

offsets beyond 300 feet from the tunnel were based on numerical analysis of layered soils models based 

on shear wave velocity data measured on the University of Washington campus at three boreholes along 

the alignment. These numerical estimates of LSRs were then adjusted to match empirically determined 

LSRs at shorter distances. These numerical predictions extend the prediction to very low frequencies in 

addition to larger distances. Thus, three procedures are employed to improve the LSR estimate in the 

presence of poor coherence: 1) average of 30 or more samples when measuring the response; 2) 

coherence weighting, and 3) numerical extrapolation of measured LSRs. A detailed description of the 

empirical LSR measurement data analysis can be found in the University of Washington Vibration Study, 
Final Report, September 10, 2002, prepared by Wilson Ihrig & Associates, and the Preliminary 
Engineering Vibration Control for the University of Washington North Link Segment Preferred 
Alternative, (2006).

NL 208A-65 (PSTC)
The measured LSR is based on field data, which characterizes the ground attenuation of the geology and 

soils. The decrease of the vertical response of the ground surface to a vertical source at depth as one 

approaches the epicenter is a consequence of the radiation pattern associated with shear waves generated 

by the source at depth. While both pressure and shear waves are generated, the shear wave carries by far 

more energy than the pressure wave at low frequencies. The pressure wave may have greater influence at 

high frequencies, and high-frequency scattering by in-homogeneities in the soil will confound this effect. 

Hence, there may be less of the effect at frequencies above 30 Hz than below. Further, for soils with 

Poisson ratio of 0.25, a Rayleigh surface wave may develop at the ground surface at a distance of five 

times the source depth, thus augmenting the response at this distance. Thus, rather than being considered 

“non-physical”, the behavior of the LSR would be expected to decline as one approaches the epicenter 

within a certain distance. The LSR used for the updated Final SEIS analysis uses information from 

additional borehole tests. 

NL 208A-66 (PSTC)
Additional borehole tests were performed to determine the soil response along the Modified Montlake 

Route (Preferred Alternative). Uncertainty of the predictions is discussed in the Final SEIS Section 4.6.6. 

NL 208A-67 (PSTC)
The primary mitigation measures proposed have been used successfully on other transit systems with the 

exception of the 8 Hz floating slab which has been constructed in a box tunnel and has not been used in 

bore tunnel. The effectiveness of straight rail has yet to be determined. 

NL 208A-68 (PSTC)
The effects of train speed have been updated based on the measurements of the Kinkisharyo vehicle in 

San Jose.

NL 208A-69 (PSTC)
Based on test data collected during Preliminary Engineering, the Force Density Levels for the 

Kinkisharyo vehicle exhibit low frequency peaks in the range of 6.3 to 10Hz 1/3 octave bands and high 

frequency peak at the track resonance frequency of about 80Hz. An 8Hz floating slab would simply 

amplify the low frequency vibration component and exacerbate the vibration impact of Sound Transit on 
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distant buildings. For this reason, an 8Hz floating slab is not recommended. A floating slab with design 

resonance frequency of 12.5 to 16 is recommended because this frequency would fall between the low 

and high frequency peaks of the FDL at nominally 8Hz and 80Hz.  

In the 2003 Draft SEIS analysis, the insertion loss of the 8Hz floating slab was estimated based on 

empirical data measurements of vibration reductions for floating slabs of resonance frequency 12 to 

16Hz. One such measurement was of the continuous floating slab installation on Noe Street in San 

Francisco, and the other was of the discontinuous double tie at the Los Angeles Metro Redline. The 

performance is based on the concept of a single degree-of-freedom oscillator, with modifications based on 

experience. The floating slab design resonance includes the slab mass and the vehicle truck mass 

distributed over the length of the vehicle. The carbody mass is assumed to be decoupled from the truck 

and track above the secondary resonance frequency, which is typically about 1 to 2Hz. Thus, the floating 

slab design resonance frequency is given by f = (1/2 )(K/M)1/2, where K and M are the stiffness and mass 

per unit track length, respectively. The stiffness includes that of the main support pads and that of the side 

and separation pads. Air entertainment may also be considered. A ratio of dynamic to static stiffness of 

1.4 is typically included in estimates of resonance frequency. The performance of a floating slab is 

reasonably well represented by the vibration isolation curve of a single-degree-freedom oscillator up to 

the track resonance frequency of about 80Hz. Below the design resonance, little or no vibration isolation 

is expected. At the design resonance, some modest amplification by about 3 dB, or a factor of 1.4, can be 

expected, consistent with a damped oscillator. Above the design resonance frequency, a vibration 

reduction is expected.

While extension of floating slab performance to 8Hz has been done for residential or commercial building 

vibration impact control by scaling the performance of higher resonance frequency slabs, substantial care 

must be exercised to guard against interaction between the slab and suspension of the vehicle. This is all 

the more important at lower frequencies, such as at 4Hz, where the vehicle’s secondary suspension 

system with resonance frequency of perhaps 2Hz may interact with the slab. If so, results may be 

considerably counter-productive. The critical nature of the University of Washington research 

environment dictates that extreme care be exercised during design of the floating slab track vibration 

isolation, regardless of resonance frequency, to avoid adverse affects that could be avoided. 

NL 208A-70 (PSTC)
See response to NL 208A-69. 

NL 208A-71 (PSTC)
The design of an 8 Hz slab would require increasing the mass of the concrete and reducing the stiffness of 

the rubber isolators. The low frequency slab design proposed by GERB with spring isolators also needs to 

be investigated for low frequency vibration attenuation. The design of the slab will be determined during 

final design. 

NL 208A-72 (PSTC)
The proposed floating slab isolators are natural rubber, which have a life expectancy of 50 years. In case 

of future maintenance of natural rubber isolators, the floating slab system will be designed so the isolators 

can be easily accessed and replaced during non-revenue hours without cutting the rail.

NL 208A-73 (PSTC)
For the Final SEIS, the trackwork mitigation measures recommended for the Preferred Alternative were 

refined. The slab frequency is now recommended to be 12-16Hz to avoid resonance frequencies at 8Hz, 

although a low frequency slab proposed by GERB will be investigated during final design. 
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NL 208A-74 (PSTC)
Comment noted. The updated analysis in the Final SEIS has provided information that appears acceptable 

to the University. See response to comment NL 208A-52. 

NL 208A-75 (PSTC)
Sound Transit will monitor vibration levels from the light rail system in order to track changes in 

vibration levels as the light rail system ages and allow the appropriate level of maintenance to be 

performed to prevent exceedances of the vibration levels agreed to with the University.  

NL 208A-76 (PSTC)
The moveable point frog bridges the gap in the rail and thereby eliminates the impact caused by the train 

traversing over the frog.

NL 208A-77 (PSTC)
In general, vibration from two four-car trains passing simultaneously in opposite directions will result in 

vibration velocity levels as much as 3 dB greater than the values of a single train. The Final SEIS analysis 

has been revised to include a 3 dB impact from passing trains for all sensitive receivers. The predicted 

impacts in are based on two four-car trains passing-by on the nearest track (northbound or southbound)

for each building site studied. The location of where two trains from opposite directions would pass under 

the University of Washington campus would be fairly random and the frequency of a two train impact is 

dependent on the location of the sensitive building and the two train pass-by. 

NL 208A-78 (PSTC)
Regenerative braking will be used and has not been precluded by the EMI analysis or mitigation 

requirements. We are not aware of any measured data that demonstrates an increase in vibration levels 

during braking. If there is such measurement data from other transit systems as the comment states, we 

would like the University of Washington to make this information available to Sound Transit for review.  

NL 208A-79 (PSTC)
Sound Transit understands the University position concerning current and future research needs on 

campus and the desire for mitigation at the source. Receiver mitigation includes active or pneumatic 

(passive) vibration isolation systems for individual equipment or relocating sensitive research. Sound 

Transit is proposing that the University of Washington consider receiver mitigation at those buildings 

and/or research labs where the maximum practical source mitigation does not reduce vibration levels to 

meet the ambient threshold requested by the University of Washington. Receiver mitigation is an option 

in the current MOA between Sound Transit and the University.  

NL 208A-80 (PSTC)
Comment noted. See response to comment NL 208A-79. 

NL 208A-81 (PSTC)
Comment noted. See response to comment NL 208A-79. 

574



March 2006  North Link Final SEIS 
Responses to Comments 

NL 208A-82 (PSTC)
Comment noted. See response to comment NL 208A-79. 

NL 208A-83 (PSTC)
Comment noted. See response to comment NL 208A-79. 

NL 208A-84 (PSTC)
Comment noted. See response to comment NL 208A-79. 

NL 208A-85 (PSTC)
Comment noted. See response to comment NL 208A-79. 

NL 208A-86 (PSTC)
Comment noted. See response to comment NL 208A-79. 

NL 208A-87 (LTK-Holmstrom)
These comments relate directly to the proximity of Bagley Hall and the Chemistry Building to the 

original Montlake Route. The Modified Montlake Route (Preferred Alternative) avoids impacts to these 

two buildings and the concerns raised in these comments. The Modified Montlake Route lies at far greater 

distance from Bagley Hall and the Chemistry Building than did the original Montlake Route. 

NL 208A-88 (LTK-Holmstrom)
Please see response to comment NL 208A-87. 

NL 208A-89 (LTK-Holmstrom)
Comment noted. Sound Transit recognizes the 0.1 mG requested by the University of Washington for 

Bagley and New Chemistry. 

NL 208A-90 (LTK-Holmstrom)
Comment noted. Rate of change for electromagnetic fields at Bagley Hall is described in the Final SEIS 

Section 4.12.2. 

NL 208A-91 (LTK-Holmstrom)
Please see response to comment NL 208A-87. 

NL 208A-92 (LTK-Holmstrom)
The quadrupole mitigation concept for reducing stray B-fields from DC propulsion currents has been 

employed in at least one operating light rail line, and is being installed in another. 

The same basic concept of a large cross section buried cable used jointly with a standard overhead contact 

wire with periodically spaced riser cables linking them electrically has been employed for a number of 

years on a light rail line running past the University of Bielefeld in northern Germany. A report on this 

installation, written by faculty members from the University of Bielefeld, has been provided to the 
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University of Washington and is available in English translation from Sound Transit. Additional 

information on the performance of the mitigation at Bielefeld is forthcoming. In addition, the same 

quadrupole mitigation approach is being installed in a new light rail line to run past Washington 

University in St. Louis. The Bielefeld and St. Louis projects are discussed at greater length below in the 

response to comment NL 208A-130, as are their implications for providing knowledge useful for the 

Seattle North Link project. 

NL 208A-93 (LTK-Holmstrom)
This comment relates in part to the overall level of understanding that does or does not exist concerning 

all possible sources of stray B-fields caused by North Link. 

To date, the following sources of stray B-fields have been identified and investigated: 

Stray B-fields from propulsion currents flowing in the DC propulsion system conductors, 

including cables, contact wire, and rails, 

Geomagnetic field perturbations arising from cars, 

Stray B-field components resulting from leakage of propulsion currents from running rails into 

the ground, thereby upsetting the magnetic flux cancellation that would otherwise occur, and 

Stray B-fields arising from propulsion currents following momentary "sneak paths" created when 

car wheel sets bridge insulated rail joints separating different sections of track or when car 

pantographs bridge different contact wire sections in a corresponding manner. 

Sound Transit believes that this is an exhaustive list of the sources of stray B-field that must be 

considered, and that an acceptable overall system design can be achieved by dealing properly with each of 

these four B-field sources. We are aware that B-fields arising from currents in the conductor’s track 

sections north and south of the University of Washington campus must be considered along with the track 

sections passing through the campus. But, as discussed in a later response, we believe that if we can solve 

the hardest problems arising from worst-case combinations of lab-to-track distance and equipment 

sensitivity, we should be able to solve the easier problems as well. 

NL 208A-94 (LTK-Holmstrom)
The prime method of providing an overall margin for error in the design has been to identify an alignment 

that lies far enough away from most sensitive locations that the design-level B-fields at those locations are 

well below specified maximum levels. When the most critical combinations of laboratory B-field 

sensitivity and distance to track are known, more detailed statistical analysis of the most critical case or 

cases can be performed. Statistical variations in conductor placement, conductor cross-sections, and 

contact resistances can be considered. Data on parameter variations will have to be gathered. 

To deal with uncertainties in cable contact resistances, brazed or welded joints will be used wherever 

desirable and possible. This practice will eliminate to as great a degree as possible the effects of variation 

in resistance from contact to contact, and also variation in resistance over time. 

In the face of some uncertainty, a basic "reasonableness check" has been used to judge the expected 

tolerances required in the quadrupole mitigation system. As described below in response NL 208A-135, 

for critical B field-distance combinations, the width of an additional effective 2.8 kA dipole loop that 

would push total B-field over the limit has been calculated. This effective dipole loop would represent, for 

instance, the distance between the centroids of positive and negative propulsion currents down the track. 

For the case of Fluke Hall, lying 103 meters from the Modified Montlake route, the width of such an 

effective loop could be as large as 30 cm. Sound Transit believes that the tolerances required to achieve 

this target are attainable. 
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NL 208A-95 (LTK-Holmstrom)
These comments relate to the effects of propulsion currents leaking from the rails into the ground. Sound 

Transit realizes that this is an important issue that must be effectively dealt with in order to meet the 

North Link EMF goals. A design employing insulating rubber pads between running rails and underlying 

supports is planned. 

The performance history of such pads in environments similar to North Link will be factored into the 

design of the system, and into the plan for maintaining the system. Such data as exist will be gathered, 

and tests to gather more data will be performed as required. 

Based on computations (see response to comment NL 208A-132 below), it is predicted that if the 

insulating rail pads maintain resistance at even a small fraction of their specified level, leakage currents 

will be small enough not to be a problem. 

The maintenance of high resistance levels between running rails and the underlying ground is only of 

moderate priority in most light rail systems. In many rail transit systems the ties rest on crushed stone 

ballast, and the rails come directly in contact with the ballast, yielding rail-to-ground conductances on the 

order of 0.1 to 1 mS per meter of track length (1 to 10 kohm-meters rail-to-ground resistance). The 

insulating rail pads to be used for North Link will be counted upon to provide far greater rail-to-ground 

resistance levels. 

One technical note regarding comment 95: Doubling the North Link design operating voltage has halved 

the peak propulsion current level, and consequently halved the maximum end-to-end voltage drop 

expected when a train is at the opposite end of a track segment from the DC substation. Since it is the 

voltage drop down the running rail that drives leakage current into the ground at one end of a running rail 

and back up out of the ground at the other, doubling the voltage decreased, not increased, any potential 

leakage current problems.  

Maintaining a proper level of cleanliness of insulating rail pads will be a part of an overall North Link 

maintenance program, as will periodic measurement of overall rail-to-ground resistance. Once the 

resistance degradation rate for insulating rail pads is determined, it will be possible to monitor this 

parameter and replace pads before leakage currents become too large. 

NL 208A-96 (LTK-Holmstrom)
Please see response to comment NL 208A-95. 

NL 208A-97 (LTK-Holmstrom)
Please see response to comment NL 208A-95. 

NL 208A-98 (LTK-Holmstrom)
Please see response to comment NL 208A-95. 

NL 208A-99 (LTK -Holmstrom) 
Please see response to comment NL 208A-95. Sound Transit is aware that B-fields arising from currents 

in the conductors of track sections north and south of the University of Washington campus must be 

considered along with the track sections passing through the campus. And while these will have to be 

addressed with sufficient thoroughness, the problems presented should be easier to overcome than those 

due to tracks immediately adjacent to sensitive labs. 
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NL 208A-100 (LTK -Holmstrom) 
Please see response to comment NL 208A-95. 

NL 208A-101 (LTK -Holmstrom) 
These comments relate to levels of stray B-field from geomagnetic field perturbations due to campus bus 

and truck traffic. They were made before the commenter had the opportunity to read the Sound Transit-

LTK report, "Stray Magnetic Fields from Transit Buses on the University of Washington Seattle 

Campus", prepared for Sound Transit and LTK, F. Ross Holmstrom, Ph.D., December 2003. 

The report noted presents the results of the November 2003 measurements. The data and results presented 

in that report supercedes the information in the 2003 Draft SEIS.  

In November 2003, B-field data were obtained for a range of distances shorter than those from Stevens 

Way to Bagley Hall or the Chemistry Building. Extrapolating out to the 48 meter Chemistry-to-Stevens 

distance, a peak level of 0.05 mG is predicted at Chemistry, and 0.012 mG at Bagley Hall, 74 meters from 

Stevens Way. Observations indicate that these values can be doubled when two buses simultaneously 

pass.

Observations made that November day showed no stray propulsion B-fields that could be detected above 

the 0.05-0.1 mG background at a measurement point 120 meters from NE Pacific Street, a shorter 

distance than that from Pacific to Bagley Hall or the Chemistry Building. 

However, at other critical campus locations much closer to Stevens Way, higher levels of stray B-fields 

from vehicular geomagnetic field perturbations were observed and these are described in Chapter 4.12 of 

the Final SEIS. 

NL 208A-102 (LTK -Holmstrom) 
Please see response to comment NL 208A-101. 

NL 208A-103 (LTK -Holmstrom) 
Please see response to comment NL 208A-101. 

NL 208A-104 (LTK -Holmstrom) 
Please see response to comment NL 208A-101. 

NL 208A-105 (LTK -Holmstrom) 
A detailed Maintenance Plan has not been developed for North Link although it is expected to be similar 

to the plan currently under development for the Initial Segment. Sound Transit would maintain the light 

rail system to minimize EMF levels and long-term degradation of EMF levels over time on the University 

campus. Sound Transit will monitor EMF levels from the light rail system in order to track changes in 

EMF levels as the light rail system ages and allow the appropriate level of maintenance to be performed 

to prevent exceedances of the EMF levels agreed to with the University.  

NL 208A-106 (ST)
Comment noted. Sound Transit has modified the Montlake alternative presented in the 2003 Draft SEIS 

to move it further from the Physics/Astronomy Build and chemistry department. Sound Transit does not 
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intend to relocate the Chemistry department, however based on conversations with the University, 

relocation of some research adjacent to the light rail alignment may be required.  

NL 208A-107 (ST)
Please see responses to comments NL 208A-95. 

NL 208A-108 to NL 208A-136 (PMX-King)
Comments noted. These comments pertain to a reference report not part of the SEIS. A more current 

report has been prepared updating the EMF analysis: “North Link Hi-Lo Mitigation EMI Report,” March 

2006. Comments NL 208A-130 to NL 208A-136 are substantive and responses are provided as a courtesy 

to the University but are not part of the SEIS. 

NL 208A-130 (LTK -Holmstrom) 
These comments pertain to a reference report not part of the SEIS. A more current report has been 

prepared updating the EMF analysis: “North Link Hi-Lo Mitigation EMI Report, March 2006. The 

assumptions and design features that went into the B-field modeling efforts are reiterated below as 

succinctly as possible. A variation of parameters were incorporated into updated B-field calculations for 

the Final SEIS and preliminary engineering to determine tolerance limits that must be achieved to meet B-

field specifications.  

The physical circuit layout assumed for propulsion current caused B-fields consists of two straight, level 

tracks fed by a traction power substation at their southern end. All conductors, including running rails, 

buried and overhead feed cables, riser cables, and current paths through pantograph contact points 

through cars back to running rails, are modeled as straight finite-length conductors carrying specified DC 

currents. In the case of riser cables, each one is modeled as four segments respectively going laterally 

from buried cable to tunnel wall, straight up, laterally back to a point above the contact wire, and then 

down to the contact wire. The x, y, and z coordinates of each end of each conductor segment are noted. 

The Biot-Savart Law is used to calculate individual contributions from each conductor segment to x, y, 

and z components of B-field at desired points in space. These are then added up. Currents have been 

assumed to have maximum operational values. This is realistic, given the grade existing from the NE to 

SW corner of the University of Washington campus. 

Built into the Excel spreadsheets used for these computations are provisions for easily varying the 

positions of overhead contact wire and buried cable. Calculations have been performed to assess the 

consequences of such variation. 

Following is a description of the measures included in the MetroLink design to reduce magnetic fields 

associated with the MetroLink traction electrification system that could affect the stability of the ambient 

static magnetic field, and therefore the measurement baseline of specific scientific instruments located on 

the Washington University Hilltop Campus. 

1. The typical MetroLink traction electrification system consists of: 

• An Overhead Contact System (OCS) over each track. The OCS consists of a messenger (or 

catenary) wire and a contact wire suspended from the messenger wire by hangers. The OCS 

carries positive supply current from the traction power substation to a Light Rail Vehicle 

(LRV).

• Two steel running rails for each track. The running rails carry negative return current from 

the LRV back to the traction power substation.
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The contact and messenger wires are electrically connected and both supply positive current to 

the train. The running rails under the train complete the Direct Current (DC) electrical circuit by 

returning negative return current to the substation. The flow of current in the OCS and in the 

running rails generates a magnetic field that perturbs the earth’s geomagnetic field. These 

magnetic field perturbations, while weak, will create a disturbance to the earth’s magnetic field 

that may affect scientific experiments being performed on the Washington University Hilltop 

Campus using NMR spectrometers. 

2. The traction electrification system adjacent to the Hilltop Campus includes features designed to 

reduce the static magnetic field from the MetroLink system at selected campus locations. The 

design area extends from project stationing 3408+60 (approximately 100 ft east of the east end of 

the Skinker station platform) to project stationing 3440+80 (adjacent to the Washington 

University Millbrook parking facility). The traction electrification system in the design zone 

consists of: 

• An Overhead Contact System (OCS) over each track. The contact wires in the design zone 

are located 15 ft above the top of the corresponding running rails. The messenger wires in the 

design zone are electrically isolated from the contact wires above each track and from the 

messenger wires outside of the design zone by electrical insulators at project stationing 

3408+70 and 3440+70 (approximately 10 ft inside the design zone at the east and west ends 

of the zone). 

• Two steel running rails for each track. 

• A parallel electrical feeder cable in a 4” fiberglass reinforced epoxy (FRE) conduit under 

each track. Each feeder cable consists of 1-250 and 2-750 kcmil copper cables. The feeder 

cable conduits are centered between and 32 inches below the top of the corresponding 

MetroLink running rails. 

• 26 riser cables per track. The riser cables connect the under-track parallel feeder cable to the 

OCS. The riser cables at each end of the design zone connect the OCS messenger wire to the 

parallel feeder cable. The end risers consist of 2-750 kcmil copper cables. The 24 

intermediate riser cables (between the end riser cables) connect the OCS contact wire to the 

parallel feeder cable. The intermediate risers consist of 1-350 kcmil copper cable. 

• The two parallel electrical feeder cables (one cable under each track) are cross-connected 

through normally-closed tie-breaker switches at each end of the design zone. The four 

running rails (two rails for each track) are cross-connected at each end of the design zone. 

The cross-connects allow the supply and return currents to be balanced across the two OCS 

and four running rails, respectively. The tie-breaker switches allow isolation of the parallel 

electrical feeders during contingency outages. 

3. With the typical traction electrification system, the OCS and running rails form a magnetic dipole 

source. The traction electrification system in the design zone adjacent to the Hilltop Campus 

creates two opposite dipole sources, the first formed by the running rails and the OCS and the 

second formed by the running rails and the parallel feeder cable installed (buried) below the 

running rails. The two dipole sources combine with opposite polarity, and tend to cancel each 

other out, thus reducing the magnetic field from the traction system. The height of the design 

zone contact wire above top of rail, the insulators in the design zone messenger wire (which 

reduce the electrical current that flows into the OCS within the design zone from the OCS outside 

of the design zone), the size and depth below top of rail of the design zone supply cable, and the 

size and number of feeder cables have been selected through engineering analysis summarized in 

the Enertech report dated May 29, 2002 and Zaffanella email of August 24, 2002 to substantially 

reduce magnetic fields from the traction system. 
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In addition to the St. Louis information, Sound Transit has received information on the tram line in 

Bielefeld, Germany passing near the University of Bielefeld, built by the Siemens Corporation, which 

served as the basis for the new St. Louis design. 

In comparing the Seattle design to the St. Louis design one sees that the St. Louis design's buried cable is 

three times as deep as Seattle's. The St. Louis ratio of contact wire height to buried cable depth is 

approximately 6:1, as opposed to Seattle's 15:1. Therefore, the quadrupole moment of magnetic field in 

the St. Louis design would be larger than in the Seattle design. 

The risers in the St. Louis design are 36.4 meters apart at least on average, as opposed to Seattle's 20 

meters. The Seattle and St. Louis values of , the riser-to-riser current ratio are essentially equal, at 0.077 

for Seattle and 0.078 for St. Louis based on as much dimensional information as is provided in the St. 

Louis document above. The greater size of St. Louis's riser loops will once again adversely affect 

predicted B-field performance relative to the Seattle design.  

The running rails in the St. Louis design rest directly on ties on stone ballast as they do in fact in 

Bielefeld. This design feature will have a decided impact on leakage current performance, compared to 

the Seattle design using insulated pads between running rails over a concrete roadbed with no ballast to 

contact the rails. 

Based on a description of the Bielefeld installation's performance and the St. Louis design it appears that 

neither the Bielefeld installation nor the St. Louis design are intended to meet B-field criteria as stringent 

as those requested by University of Washington. However, both the St. Louis and Bielefeld designs meet 

the objectives of the corresponding locations. Sound Transit will use all available data from the St. Louis 

and Bielefeld installations to inform the North Link design work. However, the Seattle design will differ 

from these other two cases, because it is intended to meet different requirements. 

NL 208A-131 (LTK -Holmstrom) 
See response to comment NL 208A-130. 

NL 208A-132 (LTK -Holmstrom) 

These comments pertain to a reference report not part of the SEIS. A more current report has been 

prepared updating the EMF analysis: “North Link Hi-Lo Mitigation EMI Report,” March 2006. 

Stray Leakage Currents - Ideal Theory

Updated information on this topic is provided in the Final SEIS and the North Link Hi-Lo Mitigation EMI 

Report, March 2006. The derivation of the stray leakage current relation is as follows, with track current 

equal to 2.8 kA as opposed to the earlier 2.5 kA  

Assume we have two rails in parallel yielding series track resistance Rtk ohms/m, and we have rail pads 

with net leakage conductance to ground for the two rails of GL S/m, as pictured above: 

Current Itk flows from left to right in the rails. A very small fraction of this current leaks off to the ground 

through the insulating pads, giving rise to ground leakage current Ignd(x). End-to-end circuit length is D 

meters. 

For -D/2 < x < +D/2, leakage current to ground in an incremental length dx is 

 dIgnd = V(x) GL dx 

Since Ignd is very small, track current in the rails is approx. constant at value Itk, independent of x. 

Therefore, V(x) is given by the relation 
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 V(x) = -Rtk Itk x 

Putting this relation for V(x) into the one above for dIgnd and integrating from x = -D/2 to 0, yields the 

value of peak leakage current IL, defined as the ground current at the midpoint of the circuit: 

 IL = Ignd(x=0) = Itk Rtk GL D2/8

Using values D = 1600 meters (1 mile), Itk = 2.8 kA, Rtk = 1.56x10-5 /m, and GL = 6.56x10-6 S/m the 

peak leakage current is 0.092 amperes.  

The relation for B-field in the vicinity of a single long straight conductor (with I in amperes and B in 

gauss) is 

 B=0.002l/r 

As close as r=18 meters 0.092 A of unbalanced current would only produce additional B-field of 0.01 

mG. This level is well below that deemed critical by any of the University of Washington researchers. 

Stray Leakage Currents - Assurance of Performance over Time

The above analysis indicates that if the insulating pads are performing up to specifications, the resulting 

leakage currents will be acceptable. Examination of the relations shows that there is a fair amount of 

leeway in the value of pad resistance before leakage currents will rise to the level of being a problem. It 

will be part of the continuing diagnosis and maintenance program for the Link light rail system to keep 

leakage currents to an acceptable level. 

NL 208A-133 (LTK -Holmstrom) 
See response to comment NL 208A-130. 

NL 208A-134 (ST)
These comments pertain to a reference report not part of the SEIS. A more current report has been 

prepared updating the EMF analysis: “North Link Hi-Lo Mitigation EMI Report,” March 2006. 

Other real-world factors - track curvature 

The curvature of the track in the Modified Montlake Alignment (MMA) was taken into account in 

modeling its stray B-fields.  

In making a heuristic assessment of the effect of track curvature, one must remember that for the Hi-Lo 

mitigated case, perturbation B-fields are approximately 2/3 the total. Based on testing performed by 

Sound Transit in Portland, the knowledge of those fields is very good. So what is left to discuss is what 

the curvature does to one third of the stray B-field, not all of it. 

For example, the bend in the Preferred Alternative (Modified Montlake Alignment) under campus has a 

radius of 450 meters. A 4-car train is approx. 100 meters long. On the inside of the bend, the ends of the 

train move west approximately 2.5 meters. For calculating perturbation B-fields for Mechanical 

Engineering, Electrical Engineering/Computer Science, Bagley and Chemistry, a straight train was 

positioned on a chord of the bend, i.e., horizontal distance to train for modeling was made 2.5 meters less 

than actual horizontal distance to track. For Fluke, on the outside of the bend, the horizontal distance to 

track was used directly.  

Out to a few hundred meters distance away from the track, the predominant contribution to propulsion B-

fields are the currents in the risers and contact wire closest to the train. Once again, these fields are very 

slightly affected by the amount of track curvature in a train length. 
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Bagley and Chemistry are near the center of curvature of the Preferred Alternative’s (Modified Montlake 

Alignment) bend and are a long way from the tracks. At that location, track curvature increases 

unmitigated B-fields by approximately 50% over the straight-track case. It also increases Hi-Lo mitigated 

propulsion B-fields by approximately 50%. But having moved the tracks nine times farther away from 

Bagley and Chemistry than they were in original Montlake alignment, Hi-Lo mitigated B-fields are 

predicted to be low enough to meet University of Washington standards. 

The Preferred Alternative (Modified Montlake Alignment) bend will make the outside rail roughly 1.5 

meters longer than the inside rail over an arc length of roughly 350 meters. Depending on where the rail-

to-rail DC shorts provided by the impedance bonds are eventually placed, this will cause currents in the 

outer rail to be less than in the inner rail by approximately 0.35%. To counter this shift, the buried cable 

will have to be shifted horizontally by at most a few centimeters to counter the shift in current and the 

altered geometry. 

Other real-world factors - exact track locations 

Updated predictions for the Final SEIS use track locations from the Preliminary Engineering design of the 

Preferred Alternative. During Final Design, B-fields will be modeled using the exact track locations 

determined during civil engineering design. 

Other real-world factors - end effects and nearby unmitigated sections 

See response to comment NL 208A-95. 

NL 208A-135 (LTK -Holmstrom) 
A measure called the Compliance Factor (CF) has been developed to quantify the margin of safety for the 

Hi-Lo Mitigation design. The CF is the factor by which calculated Bprop values must be multiplied in 

order to make the overall B-field from a light rail train equal to the University of Washington specified B-

field level. The CF provides a convenient means of assessing the likelihood that total B-fields will exceed 

University of Washington specific B-field levels at a particular sensitive building as well as comparing 

the margins of safety for sensitive buildings on campus. A minimum CF of 2 times the calculated Bprop

values is recommended as a design safety factor. A more detailed discussion for the CF is contained in the 

“North Link Hi-Lo Mitigation EMI Report,” March 2006. 

NL 208A-136 (LTK -Holmstrom) 
These comments pertain to a reference report not part of the SEIS. A more current report has been 

prepared updating the EMF analysis: “North Link Hi-Lo Mitigation Report,” March 2006. 

Table 1, listed as comment NL 208A-136, is really part of comment NL 208A-131 where it is referenced. 

NL 208A-137 (PMX-Wendle)
Comment noted. Section 4.17.14, page 4-180 of the 2003 Draft SEIS, Table 4.17-12 will be appropriately 

revised in the Final SEIS. 

NL 208A-138 (Herrera-Jowise) 
Comments noted. The landfill is described in the Final SEIS. Releases near the Bryant Building, the 

Bioengineering Building are included in more detailed maps and lists of release sites in Appendix P4.11 

of the 2003 Draft and Final SEIS.  
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NL 208A-139 (PSTC)
The Final SEIS has been updated to include additional information on utilities, including the tunnels 

under the University.  

NL 208A-140 (PMX-King)
In Section 4.17 the text in the Final SEIS states the consequences of disruption of research due to 

construction. ***

NL 208A-141 (Wolf)
The Final SEIS and Noise and Vibration Technical Report includes updated discussion of construction 

impacts, including noise and vibration within the University of Washington. As project construction 

schedules are developed, Sound Transit will provide more detailed information to the University of 

Washington.  

NL 208A-142 (ST)
Measured vibration data of TBM are not very extensive. The levels presented in the 2003 Draft SEIS are 

a range of the average vibration levels measured in soft ground conditions and hard rock. The lower end 

of the range is the mean of ground vibration levels estimated using data from of the East Central 

Interceptor Sewer (ECIS) Project in Los Angeles, CA. The higher end is the mean of ground vibration 

levels estimated using data from three tunnel projects in hard rock (Buffalo Light Rail Rapid Transit 

Tunnel, Metro West Water Supply Tunnel, and Chattahoochie Tunnel). Vibration levels from above 

ground construction activities would be similar to other University of Washington campus projects. The 

Final SEIS and Noise and Vibration Technical Report contain an updated analysis of the vibration 

impacts during construction. 

NL 208A-143 (PMX-Wendle)
Thank you for additional information. The 2003 Draft SEIS Section 4.17 noted the impact and the 

concern to research facilities and future competitiveness for grant fundings, but it is useful to have current 

grant funding levels. The Final SEIS Land Use discussion (Section 4.2) has been revised to address the 

amount of research grants the University receives. ***

NL 208A-144 (PMX-Wendle)
Thank you for the additional information. The 2003 Draft SEIS discussed the University’s concerns 

regarding construction impacts to research in Section 4.17 in terms of direct impacts during construction 

(Section 4.17.7, for instance, described vibration impacts at the University and their potential effects on 

research) The Final SEIS has been revised with additional information, and notes the University’s 

concerns stated in this letter. 

NL 208A-145 (PMX-Wendle)
Comment noted. Please see response to comment NL 208A-144. 

NL 208A-146 (ST)
The text is incorrectly quoted. The page referred states that “cut and cover and station construction 

activities are expected to produce similar vibration levels as other ongoing University of Washington 
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construction projects that are in close proximity to vibration sensitive research facilities.” The SEIS states 

that vibration impacts from tunneling would be greater than typical campus construction activities.

NL 208A-147 (PSTC/Wolf)
Comment noted. This revision has been made in Final SEIS.  

NL 208A-148 (ST)
The Final SEIS discussion of impacts has been revised. 

NL 208A-149 (PSTC/Wolf)
The intermittent durations of these activities cannot be determined at this level of project development 

and would require coordination with the construction contractor. 

NL 208A-150 (PMX-Wolf)
Relocation of research is a mitigation described in the Final SEIS and in the current MOA with the 

University of Washington.  

NL 208A-151 (ST-Swift)
The cost comparison is structured around the discrete alternatives in Segment A and B. For each 

alternative, the cost range captures the range of configurations that could be constructed for the purpose 

of comparing alternative alignments. Phased or incremental completion would marginally increase the 

cost of each of the alternatives but not change the comparison of route alternatives in the SEIS.

NL 208A-152 (ST)
Cost-effectiveness calculations in the draft North Link Supplemental Environmental Impact Statement 

were calculated used the comparative capital cost estimates provided in 2003 Draft SEIS Chapter 5, 

Financial Analysis. Therefore, because the comparative capital cost estimates include anticipated 

mitigation costs for each alternative, the cost-effectiveness calculations account for mitigation costs.

NL 208A-153 (ST)
As stated in 2003 Draft SEIS Chapter 5, Financial Analysis, 5.2.1 Capital Costs, comparative capital costs 

do account for anticipated mitigation costs for each alternative. Costs for the alternatives within the 

University District include allowances based on the range of mitigation options such as floating slab, 

vibration resilient tract fasteners, and receiver mitigation. Therefore, mitigation costs are accounted for in 

this conclusion.

NL 208A-154 (ST)
See response to comment NL 208A-5. This approval step has been added to the list of Anticipated 

Permits and Approvals in the Final SEIS.

NL 208A-155 (PMX-King) 
The 2003 Draft SEIS does not make any recommendations or preferences for the route alternatives. The 

Final SEIS identified the Modified Montlake route as the Preferred Alternative identified by the Sound 

Transit Board. Sound Transit notes the University’s Housing and Food Services’ concerns regarding the 
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Brooklyn route, with a Southwest Campus Station. If the Southwest Campus Station was to be built, 

Sound Transit would work with the University to determine appropriate relocation efforts as applicable. 

NL 208A-156 (PSTC/Wolf) 
Please see Section 4.17 of the 2003 Draft SEIS addresses construction noise impacts.  

NL 208A-157 (PSTC/Wolf) 
Comment noted. The Final SEIS has been revised to indicate there are several residence halls near the 

station.

NL 208A-158 (ST) 
Please see response to comment NL 208A-156. 

NL 208A-159 (PMX-Wendle) 
Comment noted. Section 4.17 of the 2003 Draft SEIS provides various mitigation measures that would 

reduce the magnitude of impacts to which residents of HFS facilities would be subjected. The Final SEIS, 

Section 4.17, has also been updated. ***

NL 208A-160 (Herrera-McCann) 
Please see Sections 4.13.2 and 4.13.3 of the 2003 Draft SEIS and response to comment NL 208A-25. ***

NL 208A-161 (PMX-Wendle)
As noted previously, the haul volumes and frequencies remain conservative estimates based on all phases 

of construction, although the project is a very large and complex construction undertaking. It should be 

noted that the periods of activity may be intermittent, based on the phase of construction. The Final SEIS 

has been updated with additional information based on construction staging and contracting alternatives 

developed through advanced engineering. ***

NL 208A-162 (PMX-Wendle) 
The 1999 Transportation Technical Report was for the Central Link Final EIS. The 2003 North Link 

Draft SEIS provided information for each alternative. The streets used for the haul routes are identified in 

the Final SEIS by name in Table 4.17.2, and shown in the Draft SEIS background Transportation 

Technical Report (2003). As stated in Section 4.17.2 of the 2003 Draft SEIS, Sound Transit will 

coordinate with the City of Seattle and the Washington State Department of Transportation during final 

engineering and permitting to ensure that streets and highways are provided with adequate signage and 

traffic control measures. The proposed haul route for the University of Washington is south along 

Montlake Boulevard to SR 520. This is shown in the Final SEIS, Appendix J. 

NL 208A-163 (PMX-Wendle)
Comment noted. This information was discussed in the 2003 Draft and Final SEIS under Air Quality, 

Section 4.17.6, which also states that buildings with unusually high air quality requirements (such as the 

University) that are located adjacent to high-generating dust activities may require additional mitigation. 
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NL 208A-164 (PMX-Wendle)
Comment noted. The 2003 Draft SEIS discussion remains accurate but has been updated in the Final 

SEIS to included additional information about construction parking impacts and mitigation. 

NL 208A-165 (PMX-Wendle)
The Final SEIS includes updated information on construction impacts and mitigation for North Link, 

including the Preferred Alternative. Sound Transit also anticipates that construction planning and 

mitigation measures developed in consultation with the University/UWMC will also be progressively 

more detailed as the project enters final design and construction stages. Commitments regarding the 

process to be used are anticipated to be elements of the Record of Decision and the MOA between Sound 

Transit and the University.  

NL 208A-166 (PMX-Wendle)
Comment noted. Sound Transit agrees, and the issues raised are consistent with the 2003 Draft SEIS 

discussions cited in the comment. 

NL 208A-167 (PMX-Wendle)
Comment noted. Utility impacts have been updated in the Final SEIS, and additional background 

information will be made available to the University. Further review and coordination with the University 

of Washington will continue during final design. 

NL 208A-168 (PMX-Wendle)
Comment noted. Discussion of noise impacts during construction has been updated in the Final SEIS, 

including for the UWMC. Please see Section 4.17 of the Final SEIS for additional information. 

NL 208A-169 (CH2M-Fall) 
Precise emergency procedures and necessary medical equipment will be determined during final design. 

As stated in Section 4.13.2 of the 2003 Draft SEIS, an emergency response plan is currently being 

prepared in close coordination with the Link Fire/Life Safety Committee, and will continue to evolve 

during final design, construction, and operation of the proposed facilities. 

NL 208A-170 (PMX-Fann)
The 2003 North Link Draft SEIS and Addendum for the Modified Montlake Route, and 2005 Draft SEIS 

provided information on parking impacts and these have been updated in the Final SEIS. The University 

of Washington Station, the Preferred Alternative, displaces between 100 and 135 campus parking spaces 

in lots E10, E11, and C12. Sound Transit will continue to work with the University of Washington 

throughout the station design process to replace any permanent parking losses. Please also see Section 

3.3.2 of the Final SEIS. 

NL 208A-171 (PMX-Fann)
As described on page 4-4 of the 2003 North Link Draft SEIS and 2004 Addendum for the Modified 

Montlake Route, “there is little potential for hide-and-ride impacts due to high parking utilization rates in 

the University District.” To mitigate for potential hide-and-ride parking impacts, Sound Transit and the 

City of Seattle signed a letter of concurrence on August 25, 2003, describing their commitment to 

aggressively pursue appropriate on-street parking measures to discourage hide-and-ride parking activity 
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in neighborhoods around Sound Transit Link light rail stations. Text has been added to the Final SEIS to 

describe the mitigation plan, which would implement parking controls prior to the start of light rail 

operations at a cost to Sound Transit.

NL 208A-172 (PMX-Fann)
The addition of a second westbound left-turn lane was suggested on page 3-44 of the 2003 North Link 

Draft SEIS as a potential improvement that would lower intersection delay at the NE Pacific 

Place/Montlake Boulevard NE intersection to better than No-Build conditions.  

NL 208A-173 (PMX-Fann)
Terminating North Link at the Montlake/Rainier Vista or University of Washington Station would not be 

expected to result in a substantial increase in traffic or parking impacts as compared to the full-length 

alternative. As described on pages 3-19 and 3-20 of the 2003 Draft SEIS, ridership at the University 

District Stations could increase if North Link terminates in this area. Pages 3-40 and 3-41 of the 2003 

Draft SEIS explain that if light rail terminates at the Montlake Station, boardings at this station would 

increase by approximately 28 percent in the year 2015 and by approximately 30 percent in the year 2030 

compared to the full-length alternative. However, the resulting increase in project trips to the area would 

only minimally affect delays in the area. Parking impacts would not be expected to increase in the area, 

since no parking would be provided to serve light rail patrons. This information is updated in the Final 

SEIS.

Based on the evaluation conducted, no mitigation measures in addition to those identified for the full-

length alternatives, would be required if North Link terminates at the Montlake/Rainier Vista or 

University of Washington Station. However, as the Final SEIS notes, a variety improvement and 

enhancement options have been developed to maximize the benefits of light rail as part of the areas 

transportation system.  

NL 208A-174 (PMX-King)
Thank you for sharing information on the Burke Museum and the potential benefits of placing a station at 

45th and 15th. Vibration impacts to the Burke Museum are described in Section 4.6.6 of the Final SEIS. 

NL 208A-175 (ST)
Sound Transit anticipates implementing and/or supplementing the MOA as appropriate to address light 

rail construction and transit operation issues, including mitigation of impacts appropriate for the selected 

project. Proposed mitigation is described in the SEIS and Appendix M.  

NL 208A-176 (ST)
Sound Transit anticipates implementing and/or supplementing the MOA as appropriate to address light 

rail construction and transit operation issues, including mitigation of impacts appropriate for the selected 

project. Proposed mitigation is described in the SEIS and Appendix M.  

NL 208A-177 (ST)
Sound Transit anticipates implementing and/or supplementing the MOA as appropriate to address light 

rail construction and transit operation issues, including mitigation of impacts appropriate for the selected 

project. Proposed mitigation is described in the SEIS and Appendix M.  
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NL 208A-178 (ST) 
Sound Transit anticipates implementing and/or supplementing the MOA as appropriate to address light 

rail construction and transit operation issues, including mitigation of impacts appropriate for the selected 

project. Proposed mitigation is described in the SEIS and Appendix M.  

NL 208A-179 (ST)
The Modified Montlake Route was studied in a subsequent Addendum, February 2004. Your preference 

for a northern University Station beside or incorporated into an expansion of the Burke Museum has been 

noted. The Brooklyn Station has been identified as the Preferred Alternative in the Final SEIS.  

NL 208B 
These comments pertain to a reference report not part of the SEIS. A more current report has been 

prepared updating the vibration analysis: “Preliminary Engineering Vibration Control for the University 

of Washington North Link Segment, 2006.” Responses are provided as a courtesy to the University but 

are not part of the Final SEIS. 

NL 208B-1 (PSTC)
The concern of the University of Washington on the low frequency region is noted. Please see response to 

comment NL 208A-52. 

NL 208B-2 (PSTC)
Sound Transit’s recognizes the University’s request for ambient vibration thresholds. Discussion of the 

existing sensitivity is provided for context of existing research currently on campus and the understanding 

that the sensitivity of research is becoming more sensitive. Representation of the University of 

Washington’s vibration sensitivity is based on the VACC reports that identify the current sensitivity of 

different buildings in terms of VC levels and the future research needs in terms of the existing ambient. 

NL 208B-3 (PSTC) 
The predicted mitigated vibration levels are worst case, because some of the analysis elements have been 

minimized such as the use of theoretical rather than measured empirical values for the floating slab 

insertion loss and not assuming any building response attenuation. 

NL 208B-4 (PSTC)
The insertion loss data for the floating slabs are included in Figure 29 of the North Link University of 
Washington Vibration Background Report, September 2003. The analysis has been updated, please see 

response to comment NL 208A-52. 

NL 208B-5 (PSTC) 
The comment is not clear, commenter needs to be more specific on these differences.  

NL 208B-6 (PSTC)
Comment noted. 
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NL 208B-7 (PSTC) 
Comment noted. 

NL 208B-8 (PSTC) 
Comment noted. 

NL 208B-9 (PSTC) 
Comment noted. 

NL 208B-10 (PSTC)
During these ambient measurements there were no normal activities or equipment operating within any of 

the laboratories where measurement were being conducted. Nonetheless, Sound Transit has recognized 

the University of Washington ambient measurements as representative of the background vibration levels. 

NL 208B-11 (PSTC)
The moveable point frog eliminates the frog flangeway by laterally moving the nose of the frog in the 

direction in which the train is traveling. Please refer to the Transportation Research Board (TRB) Track 
Design Handbook for Transit Design for more backup information on moveable point frogs. 

NL 208B-12 (PSTC)
A small exceedance is 1 to 2 dB over the requested University of Washington ambient threshold levels. 

Given that the ambient varies over time by as much as 10 dB, a 1 to 2 dB difference between the train 

maximum vibration levels and the University of Washington threshold would be difficult to detect.  

NL 208C-1 (PSTC)e 
A detailed Maintenance Plan has not been developed for North Link although it is expected to be similar 

to the plan currently under development for the Initial Segment. Sound Transit would maintain the light 

rail system to minimize vibration levels and long-term degradation of vibration levels over time on the 

University campus. 

NL 208C-2 (PSTC) 
During these ambient measurements there were no normal activities or equipment operating within any of 

the laboratories where measurements were being conducted. Nonetheless, Sound Transit has recognized 

the University of Washington ambient measurements as representative of the background vibration levels. 

NL 208C-3 (PSTC)
See response to comment NL 208C-2. These curves do apply to the equipment used in the University of 

Washington research spaces as presented by Vibro-Acoustics Consultants' in their reports dated October 

2002 and February 2003. 

NL 208C-4 (PSTC) 
See response to comment NL 208C-2.  
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NL 208C-5 (PSTC) 
Comment noted. The Sound Transit measurements were also conducted in unoccupied laboratories with 

no lab equipment operating. 

NL 208C-6 (PSTC)
While safety factors are desirable for design of a system, the use of such in an environmental assessment 

would be overstating the most probably impact. The Final SEIS analysis is based on two trains under 

campus at one time and also discusses the uncertainties associated with the vibration predictions.  

NL 208C-7 (PSTC) 
The Final SEIS analysis discusses the uncertainties associated with the vibration predictions. 

NL 208C-8 (PSTC) 
This means that there are no new University of Washington buildings that would be impacted if the tunnel 

were shallower. 

NL 208C-9 (PSTC) 
In general, vibration from two four-car trains passing simultaneously in opposite directions will result in 

vibration velocity levels as much as 3 dB greater than the values of a single train. The Final SEIS analysis 

has been revised to include a 3 dB impact from passing trains for all sensitive receivers. The predicted 

impacts in are based on two four-car trains passing-by on the nearest track (northbound or southbound)

for each building site studied. The location of where two trains from opposite directions would pass under 

the University of Washington campus would be fairly random and the frequency of a two train impact is 

dependent on the location of the sensitive building and the two train pass-by. 

NL 208C-10 (PSTC)
Comment noted. Maximum train vibration levels were predicted in the analysis. 

NL 208C-11 (PSTC)
The design of the frog is such that the gap is bridged when a train passes through the crossover trackwork. 

The impact of the wheel traversing an open gap is eliminated. Please refer to the Transportation Research 

Board (TRB) Track Design Handbook for Transit Design for more backup information on moveable 

point frogs. 

NL 208C-12 (PSTC)
Speed reductions have been included as mitigation in the Final SEIS. Please see the response to comment 

NL 208A-52.  

NL 208C-13 (PSTC)
The existing sensitivities referred to are the VC levels provided by VACC. The SEIS also evaluates the 

impacts compared to the University requested thresholds. 
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NL 208C-14 (PSTC)
Please see the response to comment NL 208A-52. 

NL 208C-15 (PSTC)
Comment noted. The text has been revised in the Final SEIS. ***

NL 208C-16 (ST)
More detailed analysis of construction vibration has been conducted and is included in the Noise and 

Vibration Technical Report.

NL 208D 

Thank you for providing information on the UWMC Surgery Pavilion. 

583



1

NL 309 (cont'd)

2

3

4

735



NL 309 (cont'd)

4 cont.

5

6

7

8

9

10

NL 309 (cont'd)

11

12

13

14

15

16

736



NL 309 (cont'd)

17

18

19

20

NL 309 (cont'd)

20 cont.

21

22

23

24

25

737



NL 309 (cont'd)

25 cont.

26

27

28

NL 309 (cont'd)

28 cont.

29

30

31

32

738



NL 309 (cont'd)

32 cont.

33

34

35

36

37

38

39

NL 309 (cont'd)

39 Cont.

40

41

42

43

739



NL 309 (cont'd)

44

45

46

47

48

49

50

51

NL 309 (cont'd)

52 Cont.

740



March 2006  North Link Final SEIS 
Responses to Comments 

NL 309 University of Washington/Theresa Doherty

NL 309-1 (PMX-King)
Sound Transit appreciates the input and continuous involvement of the University of Washington.  

NL 309-2 (PMX-King)
Comment noted. This paragraph is not repeated in the Final SEIS, but references to the Modified 

Montlake route will reflect this change as requested. 

NL 309-3 (ST) 
Sound Transit investigations have found that the Modified Montlake route (Preferred Alternative) can 

connect to the NE 45th Street Station. 

NL 309-4 (PMX-Wendle)
In response to the issues, Sound Transit has conducted additional design and analysis at the University of 

Washington Station and its connections and this option is not longer proposed as part of the Preferred 

Alternative. Sound Transit acknowledges the potential for vehicle-pedestrian conflicts associated with an 

underground passageway between the Triangle Parking Garage and the University of Washington 

Medical Center.  

NL 309-5 (PMX-Fann)
Updated information on the University of Washington Station (Preferred Alternative) was provided in the 

2005 Draft SEIS and incorporated within the North Link Final SEIS. Mitigation for other alternatives 

with parking loss, including the Rainier Vista Station, was described on page 3-45 in Section 3.3.2 of the 

North Link 2003 Draft SEIS for all other alignment alternatives being considered. Potential mitigation for 

off-street parking losses due to partial property displacements is described in Section 4.1.2 (Mitigation 

discussion under Acquisitions, Displacements, and Relocation). Sound Transit will work cooperatively 

with the University of Washington to provide just compensation and/or replacement parking for displaced 

parking stalls in the Triangle Parking Garage and other areas. Updated information is provided in the 

Final SEIS. 

NL 309-6 (PMX-Fann)
As described in paragraph 4 on page 4-3 of the Addendum, “the NE Pacific Place/Montlake Boulevard 

NE intersection would operate at LOS F with the No-Build Alternative due to high-volume eastbound 

left, southbound through, and northbound through movements, as well as the high-volume westbound 

movement exiting from Husky Stadium.” Updated information on mitigation for the University of 

Washington Station was provided in the 2005 Draft SEIS and included in the Final SEIS. The addition of 

a second westbound left-turn lane was suggested in the 2003 Draft SEIS as a potential improvement that 

would lower intersection delay to better than No-Build conditions. Further development of the mitigation 

at this location will be determined during the design process, in coordination with other projects and 

agencies, including the University of Washington, City of Seattle, and WSDOT. 

NL 309-7 (PMX-King) 
Surveys and appropriate right-of-way processes will be conducted during final design. 
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NL 309-8 (PMX-King)
The analysis of the Modified Montlake Route Addendum is now incorporated within the Final SEIS. [*

NL 309-9 (PMX-Fann) 
The impacts and mitigation for parking displaced permanently and during construction has been updated 

in the Final SEIS. Sound Transit and the University have preliminary agreement that the parking be 

replaced on campus. Other measures are described in Chapter 3 and Section 4.17. Please see response to 

comment NL 309-5 for a discussion of how to mitigate permanent off-street parking losses. With regard 

to hide-and-ride parking impacts, Sound Transit and the City of Seattle signed a letter of concurrence on 

August 25, 2003 describing their commitment to aggressively pursue appropriate on-street parking 

measures to discourage hide-and-ride parking activity in neighborhoods around Sound Transit Link light 

rail stations.

NL 309-10 (PMX-King)
Thank you for the clarifications. The names of buildings used on the official University campus map will 

be used in the SEIS. 

NL 309-11 (LTK-Holmstrom) 
The distances from sensitive buildings to the centerlines of the nearest track are shown below. The 

analysis has been updated for the Final SEIS and distances to the potentially affected buildings for the 

updated analysis are provided in the North Link Hi-Lo Mitigation EMI Report, March 2006. 

Modified Montlake Route  
meters 

Rainier Vista Route 
meters 

Bagley Hall 300 61 

Chemistry Building 309 48 

EE-CS 105 40 

Physics-Astronomy 401 202 

Johnson Hall 217 41 

CHDD* 208 202 

Health Sciences Imaging 288 181 

Fisheries Center* 361 308 

Marine Sciences Building* 660 511 

New Surgery Pavilion* 74 43 

Fluke Hall 103 368 

Wilcox Hall 51 106 

Roberts Hall 86 75 

ME-ME Annex 33 178 

NL 309-12 (LTK -Holmstrom) 
The assumptions and design features that went into the B-field modeling efforts are reiterated below as 

succinctly as possible. 
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The physical circuit layout assumed for propulsion current caused B-fields consists of two straight, level 

tracks fed by a traction power substation at their southern end. All conductors, including running rails, 

buried and overhead feed cables, rider cables, and current paths through pantograph contact points 

through cars back to running rails, are modeled as straight finite-length conductors carrying specific DC 

current. In the case of riser cables, each one is modeled as four segments respectively going laterally from 

buried cable to tunnel wall, straight up, laterally back to a point above the contact wire, and then down to 

the contact wire. The x, y, and z coordinates of each end of each conductor segment to x, y, and z 

components of B-field at desired points in space. These are then added up. Currents have been assumed to 

have maximum operational values. This is realistic, given the grade existing from the northeast to the 

southwest corner of the University of Washington campus. Built into the Excel spreadsheets used for 

these computations are provisions for easily varying the positions of overhead contact wire and buried 

cable. Calculations have been performed to assess the consequences of such variation. 

The mitigated section of track for the calculations in the Modified Montlake Addendum was assumed to 

extend from the traction power substation at the south end of the campus to the insulated joints in the 

running rails near the NE 45th Street Station at the north end of the campus. The effects of track curvature 

on B-field levels was accounted for in calculations. The analysis has been updated for the Final SEIS and 

a detailed discussion of the assumptions is provided in the North Link Hi-Lo Mitigation EMI Report, 

March 2006. 

NL 309-13 (LTK -Holmstrom) 
This comment relates to the issue. These issues of uncertainties and tolerances in the design and 

implementation of the North Link B-field mitigation efforts are addressed in the response to comments 

NL 208A-95 and NL 208A-130 of the University’s January 30, 2004 letter. 

The Mechanical Engineering Building is considered by Sound Transit to house less sensitive research 

than Bagley Hall and the Chemistry Building, because the University of Washington’s requested B-field 

threshold at Mechanical Engineering is twice that of Bagley and Chemistry. Furthermore, the University 

of Washington has consistently emphasized the importance and critical sensitivity of research housed in 

Bagley and Chemistry. 

NL 309-14 (PMX-King)
The Final SEIS reflects your comment. Section 4.18.1, page 4-21 of the Addendum states “The 

University of Washington would likely prohibit construction workers…” and has been revised to “The 

University of Washington has stated it will prohibit construction workers…” [*

NL 309-15 (ST)
Sound Transit recognizes the important function that parking lots E11 and E12 play in University of 

Washington Medical Center operations and is considering a full range of possible mitigations as 

suggested. One new alternative under consideration is expanded surface parking south of lots E11 and 

E12 and on the Campus Triangle for temporary use during construction.  

NL 309-16 (ST)
Comment noted. This suggestion is an example of the type of issues that will be addressed in detail 

through interagency implementation and operating agreements prior to construction.  
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NL 309-17 (PMX-Wendle) 
Sound Transit notes the University’s opinion regarding an interim terminus station on University 

property. However, Sound Transit also believes that the issues and concerns raised by the University can 

be addressed. The impacts of an interim terminus at the University of Washington Station are described in 

the Final SEIS.  

NL 309-18 (CH2M-Pitzler, PMX-Wendle) 
Project costs used in cost-effectiveness calculations include mitigation measures but do not include 

potential lost revenue to the University or businesses. The Final SEIS discusses impacts to University 

research, the medical center and other University activities and facilities from light rail construction and 

operation. Mitigation for these impacts is described.  

NL 309-19 (PSTC)
Comment noted. 

NL 309-20 (PSTC)
Sound Transit’s recognizes the University’s request for ambient vibration thresholds. Discussions of the 

existing sensitivity is provided for context of existing research currently on campus and the understanding 

that the sensitivity of research is becoming more sensitive. Representation of the University of 

Washington’s vibration sensitivity is based on the VACC reports that inventory and identify the current 

sensitivity of different buildings and future research needs.  

NL 309-21 (PSTC) 
Sound Transit has updated the vibration predictions as described in Chapter 4.6.6 which includes a 

discussion of uncertainty in the predictions. For the Final SEIS, Sound Transit prepared a more detailed 

vibration analysis based on the following: (1) additional borehole LSR tests along the Preferred 

Alternative; (2) FDL tests of a similar vehicle that will be procured by Sound Transit for this project, the 

Kinkisharyo vehicle, at Santa Clara Valley Transportation Authority (VTA) in San Jose, California. 

Vehicles were tested at different operating speeds in revenue service at three unique locations on the VTA 

system. The results were supported with vehicle maintenance records; and (3) the in-situ insertion loss of 

an existing floating slab design tuned to a similar frequency as proposed for this project was used to 

estimate mitigation effectiveness. The test data collected helped determine the relationships that were 

used in the EIS analysis such as reduction of low frequency vibration at lower operating speeds; floating 

slab insertion losses higher than the normally assumed limit of 20 dB; and more confidence in the LSR 

data defining the reduction in vibration over distance. Both the raw and post processed test data were 

made available to the University of Washington for their independent analysis. The updated Sound 

Transit vibration predictions have been reviewed by the University and its representatives, who have 

expressed their general concurrence that the methods and data are reasonable (University of Washington 

and Sound Transit meeting October 10/27/05). 

NL 309-22 (PSTC)
Comment noted. Responses to specific subjects are addressed below. 
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NL 309-23 (PSTC) 
Sound Transit has identified Kinkisharyo as the provider for their transit vehicle. The same transit vehicle 

is currently in operation at the Santa Clara Valley Transit Authority (VTA) in San Jose, California. FDL 

measurements will be conducted on several VTA Kinkisharyo transit vehicles at different operating 

speeds in three unique locations. The FDL test results provide the data that correlates train speed to low 

frequency vibration. 

NL 309-24 (PSTC)
Please see response to comment NL 309-21 and NL 309-23. The 1998 test data from Tri-Met’s system are 

no longer used to estimate vibration impacts from the Sound Transit project on the University campus. 

All new field data collected by Sound Transit in San Jose were made available to the University. 

NL 309-25 (PSTC)
In general, vibration from two four-car trains passing simultaneously in opposite directions will result in 

vibration velocity levels as much as 3 dB greater than the values of a single train. The Final SEIS analysis 

has been revised to include a 3 dB impact from passing trains for all sensitive receivers. The predicted 

impacts in are based on two four-car trains passing-by on the nearest track (northbound or southbound)

for each building site studied. The location of where two trains from opposite directions would pass under 

the University of Washington campus would be fairly random and the frequency of a two train impacts is 

dependent on the location of the sensitive building and the two train pass-by.  

NL 309-26 (PSTC)
Please see response to comment NL 309-21. The effect of rail and wheel aging was considered when the 

FDL measurements are conducted of the Kinkisharyo transit vehicle at the Santa Clara Valley Transit 

Authority (VTA) in San Jose, California. 

NL 309-27 (PSTC) 
Please see responses to comments NL 309-21, NL 309-23 and NL 309-25. 

NL 309-28 (PSTC) 
Sound Transit shares the University’s concern about low frequency vibration impacts and maintains that 

the final frequency of floating slab mitigation should not be determined until Final Design. The current 

proposal calls for speed reductions and a 12-16 Hz floating slab along the alignment which is 

recommended to avoid amplifying vibrations contributed from the vehicle wheel-rail interface at or near 8 

Hz as observed on the Kinkisharyo vehicle in San Jose.  

NL 309-29 (PSTC) 
The updated analysis in the Final SEIS predicts vibration levels from maximum operating speeds and 

with speed reductions as a mitigation measure. See response to comment NL 309-28. 

NL 309-30 (PSTC)
A detailed Maintenance Plan has not been developed for North Link although it is expected to be similar 

to the plan currently under development for the Initial Segment. Sound Transit would maintain the light 

rail system to minimize vibration levels and long term degradation of vibration levels over time on the 

University campus. Sound Transit will monitor vibration levels from the light rail system in order to track 
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changes in vibration levels as the light rail system ages and allow the appropriate level of maintenance to 

be performed to prevent exceedances of the vibration levels agreed to with the University.  

NL 309-31 (PSTC) 
Potential mitigation measures are described in Section 4.6.6 and proposed mitigation commitments 

described in Appendix M. 

NL 309-32 (LTK -Holmstrom) 
This comment relates to leakage currents. Please see responses to the University of Washington’s 

previous letter from January 30, 2004, comments NL 208A-95, NL 208A-99, and NL 208A-132. 

NL 309-33 (PMX-King) 
The Addendum and the 2003 Draft SEIS have been integrated into the Final SEIS and responses to those 

comments apply. 

NL 309-34 (PMX-King) 
Sound Transit’s responses to comments made by the University of Washington on mitigation strategies 

(Section 4.6) still apply. Sound Transit has also updated discussions on the impacts and mitigations in the 

Final SEIS. 

NL 309-35 (PSTC)
High resilience track fasteners have a vertical stiffness of approximately 50,000 lbs./in. A proprietary type 

of resilient fastener is the Cologne Egg, which has been used for vibration reduction on the LA Red Line, 

Boston MBTA, and Washington WMATA transit systems. 

NL 309-36 (PSTC) 
There is no measured data that supports that assumption of increased train vibration levels for trains 

operating on curved trackwork. 

NL 309-37 (PSTC) 
Sound Transit recognizes the University’s request for ambient vibration thresholds. Discussion of the 

existing sensitivity is provided for context of existing research currently on campus and the understanding 

that the sensitivity of research is becoming more sensitive. Representation of the University of 

Washington’s vibration sensitivity is based on the VACC reports that inventory and identify the current 

sensitivity of different buildings and the future research needs. 

NL 309-38 (PSTC)
Please see responses to comments NL 309-37. Sensitivity of some buildings has been updated in the Final 

SEIS where specific new information has been provided.  

NL 309-39 (PSTC)
The range of frequencies has been revised in the Final SEIS and all ambient levels have been updated per 

the most current information from the University. 
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NL 309-40 (PSTC) 
Measured vibration data of tunnel boring machines (TBM) are not very extensive. The upper range of the 

higher levels was based on tunneling in hard rock. The levels presented in the 2003 Draft SEIS are a 

range of the average vibration levels measured in soft ground conditions and hard rock. The lower end of 

the range is the mean of ground vibration levels estimated using data from of the East Central Interceptor 

Sewer (ECIS) Project in Los Angeles, CA. The higher end is the mean of ground vibration levels 

estimated using data from three tunnel projects in hard rock (Buffalo Light Rail Rapid Transit Tunnel, 

Metro West Water Supply Tunnel, and Chattahoochie Tunnel). The Final SEIS and Noise and Vibration 

Technical Report contain an updated analysis of the vibration impacts during construction. 

NL 309-41 (ST) 
In 2003 Draft SEIS Table 4-12, the distance shown for ‘Mechanical Engineering’ for the Option B tunnel 

does apply to just the Mechanical Engineering building as opposed to the Engineering Annex. [*

NL 309-42 (PSTC)
A more detailed construction analysis for each building is provided in the Noise and Vibration Technical 

Report. Vibration impact predictions from the TBM and mine train will be refined further after measuring 

vibration levels from the Beacon Hill tunnel construction for the Initial Segment. 

NL 309-43 (PSTC) 
Some of the most sensitive research on campus currently requires vibration levels at or below the ambient 

level. However, for other research facilities the ambient threshold requested by the University is 

necessary to protect the potential for future research and the sensitivity of research at the time of 

construction is more relevant than the University of Washington requested ambient threshold because 

construction on campus is planned to occur within the next ten years.  

NL 309-44 (PMX-King) 
In cooperation with the University of Washington, Sound Transit has reanalyzed vibration impact 

predictions for the Final SEIS. See response to comment NL 309-21.  

NL 309-45 (PMX-King)
Comment noted. 

NL 309-46 (PMX-King) 
Comment noted. The Final SEIS will no longer predict vibration levels in Room 135 of the Mechanical 

Engineering Building.  

NL 309-47 (PMX-King)
Comment noted. The most current ambient data from the University is used in the Final SEIS. 

NL 309-48 (PMX-King) 
Comment noted. The analysis has been updated in the Final SEIS. [*
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NL 309-49 (PSTC)
The vibration predictions presented in Figure 3 are at Room 135 of the Mechanical Engineering Building, 

and assume the average ambient vibration level measured by Vibro-Acoustics Consultants at three 

locations in the same building. 

A more detailed speed profile was prepared by Sound Transit’s design consultants (PSTC), which 

resulted in lower speeds at some locations along the alignment. 

NL 309-50 (PSTC) 
Both these buildings are further than 800 feet from the Modified Montlake Route alignment. The earlier 

calculations presented in November 2003 used the LSR at 800 feet, which is the maximum distance at 

which the borehole test was conducted. The later calculations presented in the February 2004 Draft SEIS 

Addendum extrapolated to the actual distances to each of these buildings resulting in an approximately  

2 dB lower maximum vibration level. 

NL 309-51 (PSTC)
The changes from the previous reports are: (1) the vibration reduction for the 16 Hz floating slab has been 

changed to the theoretical insertion loss of a single-degree-freedom oscillator isolation curve, consistent 

with the attenuation used for the 2003 Draft SEIS and presented in the North Link University of 
Washington Vibration Background Report, prepared by PSTC, September 2003. The previous analyses, 

submitted in a series of memos between November 26, 2003 and January 6, 2004, used the installed test 

results of a similar 16 Hz floating slab designed for the Los Angles Metro Red Line; and (2) for buildings 

further than 800 feet from the Modified Montlake Route alignment, the earlier calculations presented in 

November 2003 used the LSR at 800 feet, which is the maximum distance at which the borehole test was 

conducted. The later calculations presented in the Modified Montlake Addendum extrapolated to the 

actual distances to each of these buildings resulting in an approximately 2 dB lower maximum vibration 

level. The insertion loss data for the floating slabs are included in Figure 29 of the North Link University 
of Washington Vibration Background Report, September 2003. The analysis has been updated for the 

Final SEIS and the reference report Preliminary Engineering Vibration Control for the University of 

Washington North Line Segment, 2006, provides additional detail supporting the analysis. 

NL 309-52 (PSTC)
High resilience track fasteners have a vertical stiffness of approximately 50,000 lbs./in. A proprietary type 

of resilient fastener is the Cologne Egg, which has been used for vibration reduction on the LA Red Line, 

Boston MBTA, and Washington WMATA transit systems. 

744



1

2

2

cont.

3

4

5

NL 391 (cont'd)

922



March 2006  North Link Final SEIS 
Responses to Comments 

NL 391 University of Washington – Richard Chapman

NL 391-1  
Updated analysis of construction impacts and mitigation are included in the Final SEIS. The 2005 Draft 

SEIS was intended to describe the differences and changes in impacts between the alternatives as 

described in the 2003 Draft SEIS and Modified Montlake Addendum, and any refinements that have 

occurred since that time. 

As you are aware, review under the State Environmental Policy Act (SEPA) should be conducted at the 

earliest possible point in the planning and decision-making process when the principle features of a 

proposal and its environmental impacts can be reasonably identified (see WAC 197-11-055). SEPA 

review for the North Link light rail project has been conducted consistent with this requirement and the 

project construction impacts are reasonably covered in the Final SEIS and appropriate mitigation 

identified. We anticipate additional specificity on mitigation measures will be developed in accordance 

with the MOA with the University and any subsequent amendments or implementing agreements.  

Compliance with SEPA for Sound Transit’s North Link light rail project will be completed with Sound 

Transit’s publication of this Final SEIS. Sound Transit has concluded that the Final SEIS and supporting 

documentation provides the appropriate substantive and procedural compliance pursuant to SEPA for the 

project. We believe the University can use these documents unchanged (per WAC 197-11-600) in support 

of any actions related to the project by the University. 

NL 391-2 
The summary information provided in the 2005 Draft SEIS reflected the available information at the time 

of publication review, and was primarily based on the earlier 2003 Draft SEIS and the Montlake 

Addendum. The Final SEIS reflects updated analysis that is also informing the development of the Master 

Implementation Agreement. 

NL 391-3  
In Table S-2, the “Other Segment B Alternatives” refer to those alternatives included in the 2003 Draft 

SEIS (Alternatives B1.A, B1.D, B1.Ga, B3.D, B3.Ga, B4.D, and B4.Ga,b). 

NL 391-4 
This is correct. See response to comment NL 391-2. 

NL 391-5  
Sound Transit has proposed as mitigation an entrance or access point for the University of Washington 

Station that provides a grade-separated crossing north of NE Pacific Place and the Burke-Gilman Trail. 

The Sound Transit Board is expected to decide on this issue following the release of the Final SEIS. 

Sound Transit recognizes the University’s ongoing concern regarding this station and will continue to 

work the City and other affected parties throughout the course of the project. 
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