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Overlake Hospital Medical Center Master Plan 

 





























































































































































APPENDIX B 

Medical Institution Comprehensive Plan 
Amendment and Land Use Code Amendment 

(Bellevue File Nos. 04-133562-AC and 04-133561-AD) 

 

























































































APPENDIX C 

Additional Traffic Analyses 

 





APPENDIX C 

Additional Traffic Analyses 

This appendix provides the results of two additional traffic analyses that were performed 
after publication of the DEIS. The first was prepared by the Bellevue Transportation 
Department to: 1) extend the geographic area of the transportation analysis for the Overlake 
Hospital Master Plan/NE 10th Street Extension DEIS to include Downtown Bellevue, and 2) 
document for future use all the transportation analyses conducted in relation to this project. 
The second analysis is the Washington State Department of Transportation’s (WSDOT) 
preliminary evaluations of the 2030 freeway connection alternatives that were included in 
the Draft Environmental Impact Statement (DEIS). This initial analysis evaluates the 
consistency of the DEIS alternatives with Federal Highway Administration (FHWA) 
standards for new freeway access, and identifies fatal flaws in two of the alternatives. At 
some time after the final feasible alternatives are identified for ramp connections from the 
hospital area to the regional highway system, WSDOT and FHWA will prepare an Access 
Point Decision Report (APDR) to further evaluate issues associated with a new interchange.  

 

































Attachment A 
 

Description of Alternatives for Supplemental Traffic Analysis 
Transportation and Land Use Assumptions 

 
 
2007 Project Level Alternatives 
 
Land Use Assumptions 
The No Action alternative assumed neither any hospital expansion or roadway expansion.  The 
two build alternatives assumed the near term hospital campus expansion, including a new 
200,000 s.f. South Tower, a new 200,000 s.f. medical office building, and a new 300,000 s.f. 
Group Health Ambulatory Care Center.   
 
 
Transportation Assumptions 
 
The traffic modeling for all 2007 alternatives included all background transportation network 
projects, including projects currently listed in the City’s 2003-09 6-year Capital Investment 
Program (CIP), as well as all currently permitted development projects, such as the Lincoln 
Square, Ashwood Commons, and Meydenbauer Center developments.  In addition, as part of the 
level of service analysis, using HCM (209), there were additional projects added to the network 
for each of the alternatives that are consistent with those assumed with the correlating alternatives 
in the Draft EIS.  The section below describes the projects added to the network associated with 
the 2007 alternatives.  
 

 Overlake campus expansion and initial NE 10th Segment  - Assumed a NE 10th segment 
off of 116th Avenue NE to serve the campus.   

 
 Overlake campus expansion and NE 10th extension between 112th Ave NE and 116th Ave 

NE - Assumed the extension of NE 10th Street across I-405 to 116th Avenue NE.  Also 
assumed that dual northbound left turn lanes would be needed at 116th Avenue NE at NE 
10th Street.   

 
 
2030 Programmatic Level Alternatives 
 
Land Use Assumptions 
The No Action alternative assumed neither any hospital expansion or roadway expansion.  The 
four build alternatives assumed the longer term hospital expansion, which includes an additional 
147,200 s.f. expansion to the South Tower, and another 200,000 s.f. medical office building, in 
addition to the near term 2007 campus improvements.   
 
 
Transportation Assumptions 
 
The traffic modeling for all 2030 alternatives included all background transportation network 
projects, including projects currently listed in the City’s 6-year CIP, all projects currently listed in 
the City’s 2004-15 Transportation Facilities Plan, all projects identified in the Downtown 
Implementation Plan (DIP), all currently permitted development projects, all regional projects 



that are currently planned, such as the I-405 widening, an extension of NE 2nd Street with ramps 
to and from I-405, and the completion of an interchange at 124th Avenue NE at SR 520.  In 
addition, as part of the level of service analysis, using HCM (209), there were additional projects 
added to the network for each of the alternatives that are consistent with those assumed with the 
correlating alternatives in the Draft EIS.  The section below describes the projects added to the 
network associated with the 2030 alternatives. 
 

 Overlake campus expansion and initial 10th segment - This alternative assumed that a NE 
10th Street segment would be constructed off of 116th Avenue NE to serve the Overlake 
campus.    

 
 Overlake campus expansion and 10th Extension between 112th and 116th - Assumed the 

extension of NE 10th Street across I-405 to 116th Avenue NE.  Also assumed that dual 
northbound left turn lanes would be needed at 116th Avenue NE at NE 10th Street.  

     
 Overlake campus expansion and 10th Extension with ramps at 10th -  Assumes that NE 

10th Street would be extended from 112th Avenue NE to 116th Avenue NE, and that ramps 
to and from SR 520 (using the I-405 right-of-way) would be built at NE 10th. This 
alternative also assumed other roadway improvements including dual northbound left 
turn lanes at 116th / NE 10th St., dual southbound left turn lanes at 116th / NE 8th St., and 
an extension of the southbound right turn lane at 116th / NE 8th St.  It also assumed a 
separate northbound left turn lane and a right turn lane at 112th Ave NE / NE 10th St. 

 
 Overlake campus expansion and 10th Extension with ramps at 12th -  Assumes that NE 

10th Street would be extended from 112th Avenue NE to 116th Avenue NE, and that ramps 
to and from SR 520 (using the I-405 right-of-way) would be built at NE 12th. This 
alternative also assumed other roadway improvements including dual northbound left 
turn lanes at 116th / NE 10th St., dual southbound left turn lanes at 116th / NE 8th St., and 
an extension of the southbound right turn lane at 116th / NE 8th St.  It also assumed a 
separate northbound left turn lane and a right turn lane at 112th Ave NE / NE 10th St. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Land Use Assumptions for Overlake Hospital Expansion 
 

Alternative/Land Use Area (GSF)

2007 No Action
Overlake Hospital 371,000
MOB 340,300
Restaurant 3800

2007 Master Plan Added GSF
Hospital Towera 150,000
Group Health ACC 300,000
MOBa 200,000
Restaurant (3800)

2030 Development Added GSF
Hospitalb 147,200
MOBa 200,000

2030 Net Added Net GSF
Hospital 297,200
Group Health ACC 300,000
MOB 400,000
Restaurant (3800)

 
 

Note:  Net square footages reflect the demolition of existing structures on the Overlake 
campus. 
 





Plot 1: 2003 Existing PM PK Hour Auto Traffic Forecast

Key Observations:
• Heaviest volumes are on NE 

8th Street over I-405, 
reflecting critical intersections 
at 112th and 116th Aves NE

• Volumes on both 112th and 
116th are near 2000 veh per 
hour during afternoon peak
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Key Observations:
• Substantial volume growth 

even w/o hospital expansion
• Example increases over 2003:

90% = NE 10th W of 110th
37% = NE 12th/1-405
41% = NE 12th E of 116th

67% = NE 8th W of 110th

38% = 112th N of 8th St
70% = 116th S of 8th St

Plot 2: 2030 No Action PM PK Hour Auto Traffic Forecast

4600

3000

2630

5910
19

00

3320

37
20

4380

2720

1980

2700

3020

17
20

3590

æ2230

27
50

2 4
7 0

Main St

NE 4th St

NE 8th St

NE 10th St

NE 12th St

10
8t

h  
A

v e
 N

E

11
0t

h 
A

ve
 N

E

10
8t

h 
Av

e 
N

E

10
6t

h 
A

ve
 N

E

NE 2nd St

11
2t

h 
A

ve
 N

E

NE 8th St

NE 12th St

NE Bell 
- R

ed Rd

12
0t

h 
Av

e 
N

E
NE 5th St

I-405

11
6t

h  
Av

e  
N

E

12
0 t

h 
A

v e
 N

E

SE 1st Street

Wilburton Hill Park

Lake
Bellevue

Ashwood
Park

Main Street

19
70

23
30



Plot 3:  2030 w/ OHMC Expansion / NE 10th Segment     
PM PK Hr. Auto Traffic Forecast

Key Observations:
• OHMC expansion raises 

volumes nearly 30% on 116th

Ave NE over No Action Alt
• Smaller increases on other 

streets (single digit 
percentages)
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Plot 4: 2030 w/ OHMC Expansion/NE 10th Extension 
PM PK Hr. Auto Traffic Forecast 

Key Observations:
• 10th Extension would 

attract more volume than 
12th Street

• Volumes drop on all E-W 
streets over I-405 
compared to No Action

• Relief for NE 8th /112th and 
8th / 116th intersections

• Volumes up 10% on 10th

St West of 110th compared 
to No Action
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Plot 5: 2030 w/ OHMC Expansion/NE 10th Extension/Ramps at 
NE 10th to SR-520 PM PK Hr. Auto Traffic Forecast

Key Observations:
• Volume drops 22% on 116th N 

of 10th compared to the 
Extension w/o ramps

• Volume drops on 8th & 12th

Streets E of 116th and on 
112th N of 12th Street

• Volume up 19% on 10th Street 
over I-405 and 4% west of 
110th compared to Extension  
w/o ramps
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Key Observations:
• Volume up 30% on 12th St 

over 1-405 compared to 10th 
Extension w/o ramps

• Volume up 26% on 116th N of 
10th St compared to Ext w/o 
ramps (+60% over No Action)

• Volume up slightly on 10th in 
Ashwood (+3%)

• Volume down on 12th St E of 
116th Ave (-13%)

Plot 6: 2030 w/ OHMC Expansion/NE 10thExtension/Ramps 
at NE 12th to SR-520 PM PK Hr. Auto Traffic Forecast
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December 27, 2004 

DESIGN DECISION 
By: Eric O'Brien, PE 

Subject: NE 10th Extension:  Alternative 1 – Partial NE 10th Ramps 

__________________________________________________________________________ 

Background 
The Master Plan of the I-405 Congestion Relief & Bus Rapid Transit Projects calls for a 
crossing over I-405 at NE 10th St.  The City of Bellevue commissioned an advanced study of 
four ramp alternatives that developed connections to I-405 and SR-520 from either NE 10th St 
or NE 12th St.  One of these alternatives involved having ramps only to/from the west side of 
I-405. (Referred to as Alternative 1 in the City of Bellevue’s “Overlake Hospital Master Plan / 
NE 10th St. Extension Draft EIS (DEIS)”.)  This Alternative would have no connection to the 
area east of I-405 (i.e. the Overlake Hospital campus). 

Study 

Traffic Analysis 
The City of Bellevue contracted with a HDR, Inc. to develop formal traffic models for the NE 
10th DEIS project for the years 2007 and 2030.  Their interim findings were summarized in 
the memo, “Review of 2030 Forecast Model Volumes and Conclusions” in March of 2004.  
One of the findings of the study was that this Alternative (Partial NE 10th ramps) yielded 
worse traffic results for the area than the “No Action” Alternative.  (For example: Level of 
Service (LOS) E for the ‘No-Action’ Alternative vs. LOS F for this Alternative at NE 12th St. 
and 112th Ave. NE.)  The main reason for this finding is that under the “No Action” 
Alternative, the Overlake Hospital campus did not expand and did not add traffic volumes to 
the local area.  Under Alternative 1, both the South Tower and the Group Health Ambulatory 
Care Center were assumed built and the traffic they generated had to use either NE 12th St. or 
NE 8th St. before they could get to the ramp at NE 10th St. 

Roadway Design 
The “Partial NE 10th Ramps” Alternative consists of ramps that begin at the current terminus 
of NE 10th St. on the west side of I-405 and only connects to/from SR-520.  This ramp would 
not connect to any streets east of I-405.  The existing crossing over I-405 at NE 12th St. would 
also be lengthened in the east-west direction, to accommodate the ramps from NE 10th St. and 
the planned future widening of I-405. 

 

Interoffice 
Correspondence
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The initial approach to designing this Alternative was to create a crossing over the majority of 
I-405 and then incorporate a sharp turn to the north that would become a ramp coming down 
from the crossing.  Because the sharp turn would not allow drivers to maintain the project’s 
design speed, later versions of the design incorporated a larger radius that would meet the 
minimum ramp design speed of 25mph.  However, the larger radius curve increased the 
structure span over I-405 and required skews at the pier lines that exceed the 30-degree 
maximum desired by WSDOT.  The General Purpose (GP) lane on this ramp would also be 
metered and in order to develop the anticipated storage length, the ramp meter signal would be 
installed approximately 200 ft. north of the end of the 25mph curve.   

 

The best version of this concept was reviewed by WSDOT’s Assistant State Design Engineer 
for Urban Corridors (John Milton), and in his opinion it was not acceptable for the following 
reasons: 

• While the larger radius meets the minimum design speed for WSDOT, it would not 
accommodate the higher speeds anticipated from vehicles traveling from the city 
streets to SR-520.  It is expected that, because drivers would perceive this Alternative 
as more of a ramp to the freeway instead of a freeway crossing with a ramp, east-bound 
through traffic on 10th could be traveling at speeds greater than 25 mph in the curve, 
creating an unsafe condition. 

• Placing a sharp horizontal curve directly after a crest vertical curve presents an illusion 
to the driver that creates an unsafe condition, particularly at night (see graphic below).  
While focusing on navigating the curve, drivers may become distracted and cause 
accidents with vehicles queued at the ramp meter approximately 200 ft. north of the 
end of the curve. 

(WSDOT Design Manual:  Figure 630-2b) 
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• The on- and off-ramps at the ramp terminal on 112th NE would be required by FHWA 
to have a physical separation of 6 ft. or more to deter wrong-way entry onto the off-
ramp.  This would require widening of NE 10th to the west of 112th NE to 
accommodate the separation at the terminal (and purchasing right-of-way from either 
the Puget Sound Blood Center, or the newly-built apartments at the SW corner of NE 
10th St. & 112th_Ave NE). 

• Based on the poor traffic performance of local intersections and the low design speed 
of the south-bound curve near the ramp terminal, traffic is expected to backup onto the 
south-bound off-ramp. 

Conclusion 
Alternative 1 will no longer be considered because: 

- Traffic modeling showed the Alternative worsened local and freeway 
conditions,  

- Geometric design requirements would not be met, 

- The Alternative would likely be rejected by FHWA. 
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February 14, 2005 

DESIGN DECISION 
By: Eric O'Brien, PE 

Subject: NE 10th Extension: Alternative 2 – Ramps from NE 10th St. only 

 

Background 
The Master Plan of the I-405 Congestion Relief & Bus Rapid Transit Projects calls for a 
crossing over I-405 at NE 10th St.  The City of Bellevue commissioned an advance study of 
four ramp alternatives that developed connections to I-405 and SR-520 from either NE 10th St 
or NE 12th St.  One of the alternatives involved ramps at NE 10th St. (for traffic going to/from 
SR-520).  This was referred to as Alternative 2 in the City of Bellevue’s “Overlake Hospital 
Master Plan / NE 10th St. Extension” Draft EIS (DEIS). 

Study 
Alternative 2 in the DEIS consisted of new ramps only at NE 10th St.  The ramps at NE 10th 
St. would only connect with SR-520.  As with all the Alternatives, the existing bridge crossing 
at NE 12th St. would be extended (in the east-west direction), to accommodate the under-
crossing ramps from NE 10th St. 

For the ramp in the north-bound direction, in order to minimize right-of-way impacts to 
adjacent properties, this Alternative was designed to stack the NE 10th ramps over the C-D 
lane.  (The roadway cross-section in Figure 1 illustrates some of the stacking that occured in 
Alternative 2.)  As the ramps descended from NE 10th St., the C-D lanes also descended 
below ground at the same angle.  After passing under the NE 12th St. crossing, the ramp from 
NE 10th St. diverged to the east and continued on to SR-520 while the C-D lane continued to 
I-405.  While still underground, the C-D lane then passed under a ‘braided’ ramp taking traffic 
from north-bound I-405 to SR-520.  (A braided ramp physically separates ramps by crossing 
them at different elevations and improves traffic flow because vehicles no longer have to 
‘weave’ with other vehicles to get to their respective destinations.)  The C-D lanes began to 
climb up to the I-405 mainline after passing under the braided ramp.   

Interoffice 
Correspondence
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As in the north-bound direction, the ramps in the south-bound direction would only carry 
vehicles coming from SR-520.  There would also be a braided ramp from the SR-520 off-ramp 
to the I-405 mainline.  Prior to the beginning of the braided ramps, an off-ramp from I-405 to 
the C-D lanes would start descending below ground in order to cross under the braided ramp. 
The C-D lanes would stay stacked under the ramps to NE 10th St. and then would begin to 
climb out of the ground at the same angle (and location) as the ramps from SR-520 climb up to 
NE 10th St.   

Concerns were voiced by Overlake Hospital with regards to the height of the north-bound 
ramp from NE 10th St. and how many patient rooms would have their views impacted.  Figure 
2 illustrates the height of the ramps in this Alternative with respect to Overlake Hospital’s 
buildings (east side of I-405).  Steeper ramp designs were investigated, but because the I-405 
mainline rises in elevation as it proceeds to the north, these steeper designs resulted in a deeper 
sag at the bottom of the vertical curve and minimal ramp elevation reduction in front of the 
Overlake Hospital buildings.  Figure 3 illustrates the height of the ramps in this Alternative 
with respect to the buildings in the One-Twelfth at Twelfth office complex (west side of I-
405). 

Figure 1 – Roadway cross-section at NE 12th St. (looking north) 
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Figure 2 - North-bound I-405 Mainline and NE 10th Ramp Profiles 
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Figure 3 - South-bound I-405 Mainline and NE 10th Ramp Profiles 
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Design Deviations (common to all Alternatives): 
The following design deviations have been identified for all Alternatives: 

Taper deviation for the ramps to north-bound I-405 from NE 8th Street.   
Because any changes to the north-bound ramps in the existing clover-leaf at NE 8th 
Street (which is retained through the Implementation Plan1) would need to match the 
I-405 Master Plan2 SPUI (single-point, urban interchange) ramps under NE 10th Street, 
the lane reduction tapers were reduced to develop two lanes of storage behind the ramp 
meter.  The standard tapers for a two-lane ramp with HOV bypass is 300 ft. to drop the 
second General Purpose (GP) lane and 300 ft. to drop from two lanes (HOV+1GP) to a 
single lane.  Note also that to meet full standard, these two tapers are separated by a 
300 ft. long two lane segment.  To match the Master Plan on-ramp lane configuration 
and location, both tapers were reduced, and the intermediate two lane segment was 
eliminated.  The first taper, from three lanes (HOV+2GP) to two lanes (HOV+1GP) 
was reduced to 252 ft.  The second taper, from two lanes (HOV+GP) to one lane was 
reduced to 248 ft.   This deviation would be removed in the Master Plan. 

Off-ramp connection to SR-520, non-standard configuration.   
In order to match the north-bound C-D/Off-ramp Master Plan braid, the off-ramp from 
I-405 has an additional curve departing from mainline I-405 that is not part of standard 
layout.  The curve was added to compensate for an angle change between the 
Implementation and Master Plan layout of mainline I-405.  The braid would be 
constructed as part of the Implementation Plan but would need to be compatible with 
the Master Plan.  This non-standard element would be removed in the Master Plan. 

Shoulder Deviation (south-bound).   
In order for south-bound I-405 to accommodate additional mainline width, the inside 
mainline shoulder is reduced to less than 10 ft. width for 401 ft. (74 ft. taper + 23 ft. of 
5 ft. wide shoulder + 304 ft. taper) in the vicinity of the SR-520 interchange.  
(Specifically, underneath the flyover from east-bound SR-520 to north-bound I-405.) 
This deviation maintains 6.5 ft. from edge of mainline shoulder to existing bridge 

                                                 

1 Implementation Plan – a medium-term (10+ years) program of improvements, totaling $4.7 billion.  Since 2002, work has 
focused on developing and adopting an “Implementation Plan” to define and guide the first phase of the I-405 project’s 
development for a decade or more, as well as to indicate future strategies to accomplish the Master Plan.  The Implementation 
Plan will improve I-405 continuously from I-5 in Tukwila to SR 522 in Bothell. The Implementation Plan’s improvements 
will closely match the Master Plan from SR 167 in Tukwila to I-90, which is the narrowest portion of the corridor with the 
highest congestion. The section from I-90 to SR 522 will have one additional lane added each way. The portion of this section 
from NE 70th Street to NE 116th Street will be constructed to near Master Plan level. Multi-modal aspects include 
transit access ramps, park and ride expansion, Bus Rapid Transit improvements to allow BRT line implementation, and transit 
expansion.  
 
2 Master Plan – the long-term “vision” for improving the entire I-405 corridor, consisting of $10.9 billion in projects.  The 
Master Plan for fixing I-405 traffic includes all transportation modes, adding up to two new lanes each direction to I-405, a 
corridor-wide bus rapid transit (BRT) line and increased local transit service. It will fix bottlenecks such as the SR 167/I-405 
interchange, improve key arterials, expand transit centers, and add about 1,700 new vanpools and over 5,000 park and ride 
spaces. 
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column, and minimal vertical clearance to the pier header.  This deviation would be 
removed in the Master Plan. 

Shoulder Deviation (north-bound).  
In order for north-bound I-405 to accommodate additional mainline width, the outside 
mainline shoulder is reduced to less than 10 ft. width for 888 ft. (381 ft. taper + 469 ft. 
of 4 ft. wide shoulder + 38 ft. taper) in the vicinity of the SR-520 interchange.  
(Specifically, underneath the flyover from east-bound SR-520 to north-bound I-405.)  
This deviation maintains 12.75 ft. from edge of mainline to existing bridge column, 
and minimal vertical clearance to the pier header.  This deviation would be removed 
in the Master Plan. 

Design Deviations (specific to this Alternative): 
The following design deviations have been identified for this Alternative: 

Shoulder Deviation  
This deviation is necessary for I-405 and the north-bound C-D to accommodate a 
north-bound auxiliary lane from NE 4th Street that drops at SR-520.  The mainline 
shoulder in the vicinity of the NE 10th crossing is reduced to less than 10 ft. width for 
690 ft. (206 ft. taper + 244 ft. of 6 ft. shoulder + 240 ft. taper), and the C-D shoulder is 
reduced to less than 4 ft. for 519 ft. (242 ft. taper +175 ft. of 2 ft. shoulder + 102 ft. 
taper).  This deviation maintains 6 ft. from the edge of the C-D to the edge of the 
mainline for concrete barriers and columns.  This deviation would be removed in the 
Master Plan. 

Lane and Shoulder width deviation for On-ramp.   
While the current standard is 12 ft. lanes with 4 ft. inside shoulder and 8 ft. outside 
shoulder, these have been reduced to 11 ft. lanes, 2 ft. inside shoulder and 2 ft. outside 
shoulder.  The deviated section was added to accommodate two General Purpose left-
turn lanes from NE 10th Street while limiting the impact to the hospital.  This 
deviation could be mitigated by acquiring additional right of way from hospital or 
removing one lane (HOV bypass or GP) lane from ramp.  There are presently no 
plans for removing this deviation. 
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Traffic Analysis 
Several potential off- and on-ramp connections between Bellevue surface streets and I-405 
were analyzed.  These include: 

• Ramps to and from SR 520 at NE 10th St. 
• Ramps to and from SR 520 at NE 12th St. 
• Ramps to and from SR 520 at NE 10th St. and ramps to and from southbound I-405 at 

NE 2nd St. 
These scenarios were evaluated for year 2030 conditions and assuming the I-405 
Implementation Plan would already be built. 

Based on the analysis conducted, the NE 10th St. and the NE 10th and NE 2nd St. alternatives 
both perform better than the NE 12th St. alternative.  The NE 12th St. alternative has a short 
northbound weaving distance which would result in an unacceptable level of performance.   

Structural Considerations 
Ramps 
Generally, the ramps providing access to and from NE 8th Street will be depressed 
below the ramps providing access to and from the NE 10th St. bridge structure. Where 
the lower level ramps are in a depressed section they will be between retaining walls.  
The ramps providing access to the bridges will be elevated above the lower level 
ramps. The upper level elevated structures will probably be either cast-in-place 
concrete or precast concrete.  The footings for the elevated ramps will likely be 
incorporated into the wall footings below.  The elevated ramps will have expansion 
joints where they tie into the bridge structures.   

For Alternative 2, the two-level stacked ramps will need to be depressed to pass under 
the NE 12th St. Bridge.  The lowest level ramp (from the C-D) will be entirely 
enclosed by walls and the elevated ramp above.  The length of the enclosed section will 
be limited to 400 feet, to eliminate the need for active ventilation and fire suppression 
equipment.  The existing NE 12th crossing would need to be rebuilt to accommodate 
these new retaining walls. 

NE 12th Street Bridge 
The new NE 12th St. Bridge will support four lanes of through traffic, a center turn 
lane, and two sidewalks.  The bridge will span I-405 and the new NE 8th St. off-ramps.  
For Alternatives 2 and 4 the new NE 12th St. Bridge will also span the NE 10th St. and 
NE 8th St. off- and on-ramps.  The bridge will have span lengths of up to 210 feet long 
over I-405.   

NE 10th Street Bridge  
For this Alternative, the NE 10th Street Bridge will support four lanes of through 
traffic, two turn lanes and two sidewalks.  The bridge will span I-405 and the new NE 
8th Street ramps, and an existing hospital service road.  The bridge will have span 
lengths of up to 240 feet long over I-405.   
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Superstructure Selection  
Three cost-effective types of superstructures were evaluated for the NE 12th St. Bridge.  
They were two-span steel plate girder superstructures, two-span prestressed concrete 
girder superstructures and two-span cast-in-place concrete post-tensioned box girder 
superstructures.  The two-span steel plate girder superstructures will be the likely 
choice since the 210 ft. and 240 ft. span lengths exceed the conventional prestressed 
girder capacity and a cast-in-place concrete superstructure would require false work 
over I-405 and would be disruptive to traffic. 

NE 10th St. Over-Crossing Bridge.   
A 40-foot long, over-crossing bridge will be provided where NE 10th Street crosses 
above the proposed pedestrian access between the Overlake Hospital Medical Center 
(OHMC) South Tower and the Group Health Cooperative (GHC) Building.  It is likely 
that the NE 10th St Bridge will be constructed of a precast, prestressed concrete slab 
supported on cast-in-place abutment walls and spread footings.  The bridge length and 
vertical clearance were set to avoid potential conflicts with the independent pedestrian 
walkway. The pedestrian walkway will be constructed by the hospital and may be 
enclosed prior to constructing the bridge. 

Right-of-Way (ROW) 
In addition to the right-of-way required to construct elements common to all Alternatives (e.g. 
the braided ramps), the ramps in this Alternative would require some land from both the One 
Twelfth at Twelfth office complex and Overlake Hospital, but there were no impacts to any of 
the buildings themselves.  The actual NE 10th St. extension does require the purchase of the 
Ramada Inn at 818 112th Ave. NE. and the 1011 Building on the Overlake Hospital campus. 

Conclusion 
This Alternative provides the best geometric design of the Alternatives studied and will best 
reduce congestion on I-405. This concept also complements the Preferred Alternative called 
for in the City of Bellevue’s “Downtown Implementation Plan” (Dec. 2003).    
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Figure 4 - Close-up of the Alternative 2 ramp connections 

Figure 5 - Alternative 2 between NE 8th St. and SR-520 
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February 14, 2005 

DESIGN DECISION 
By: Eric O'Brien, PE 

Subject: NE 10th Extension: Alternative 3 – Ramps from NE 12th St. only 

 

Background 
The Master Plan of the I-405 Congestion Relief & Bus Rapid Transit Projects calls for a 
crossing over I-405 at NE 10th St.  The City of Bellevue commissioned an advance study of 
four ramp alternatives that developed connections to I-405 and SR-520 from either NE 10th St 
or NE 12th St.  One of the alternatives involved ramps at NE 12th St. (for traffic going to/from 
SR-520).  This was referred to as Alternative 3 in the City of Bellevue’s “Overlake Hospital 
Master Plan / NE 10th St. Extension” Draft EIS (DEIS). 

Study 
Alternative 3 in the DEIS consisted of extending NE 10th St. over I-405, through the Overlake 
Hospital campus and connecting to 116th Ave. NE, but without any ramps to I-405.  There 
would only be new ramps at NE 12th St. and these ramps would only connect with vehicles 
to/from SR-520.   

Northbound, as the ramps descended from NE 12th St., the nearby collector-distributor (C-D) 
lanes would be required to descend underground in order to pass under a ‘braided’ ramp taking 
traffic from north-bound I-405 to SR-520.  (A braided ramp physically separates ramps by 
crossing them at different elevations and improves traffic flow because vehicles no longer 
have to ‘weave’ with other vehicles to arrive at their respective destinations.)  The C-D lanes 
began to rise up to the I-405 mainline after passing under the braided ramp.   

As in the north-bound direction, the ramps in the south-bound direction would only serve 
vehicles coming from SR-520.  There would also be a braided ramp from the SR-520 off-ramp 
to the I-405 mainline.  Prior to the beginning of the braided ramps, an off-ramp from I-405 to 
the C-D lanes would start descending below ground in order to cross under the braided ramp. 
The C-D lanes would remain stacked under the ramps to NE 12th St. and then would begin to 
rise out of the ground at the same angle (and location) as the ramps from SR-520 rise up to NE 
12th St. (See Figure 1 of the Alternative 2 Design Decision for an example of stacked 
roadways.) 

Because the NE 12th St. on/off ramps are so far to the north, their close proximity to the 
SR-520 interchange causes an extremely short ‘weaving’ distance (1,692 ft.) for traffic from I-
405 (going to east-bound SR-520) and NE 12th St. (going to west-bound SR-520) to interact.  

Interoffice 
Correspondence
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While this distance does meet the minimum standards (1,600 ft.) listed in the WSDOT Design 
Manual, the traffic analysis shows that a longer weaving section is required for the larger 
volumes of traffic to operate at an acceptable level.  Without a longer distance, queuing of 
vehicles would occur. 

Design Deviations (common to all Alternatives): 
The following design deviations have been identified for all Alternatives: 

Taper deviation for the ramps to north-bound I-405 from NE 8th Street.   
Because any changes to the north-bound ramps in the existing clover-leaf at NE 8th 
Street (which is retained through the Implementation Plan1) would need to match the 
I-405 Master Plan2 SPUI (single-point, urban interchange) ramps under NE 10th Street, 
the lane reduction tapers were reduced to develop two lanes of storage behind the ramp 
meter.  The standard tapers for a two-lane ramp with HOV bypass is 300 ft. to drop the 
second General Purpose (GP) lane and 300 ft. to drop from two lanes (HOV+1GP) to a 
single lane.  Note also that to meet full standard, these two tapers are separated by a 
300 ft. long two lane segment.  To match the Master Plan on-ramp lane configuration 
and location, both tapers were reduced, and the intermediate two lane segment was 
eliminated.  The first taper, from three lanes (HOV+2GP) to two lanes (HOV+1GP) 
was reduced to 252 ft.  The second taper, from two lanes (HOV+GP) to one lane was 
reduced to 248 ft.   This deviation would be removed in the Master Plan. 

Off-ramp connection to SR-520, non-standard configuration.   
In order to match the north-bound C-D/Off-ramp Master Plan braid, the off-ramp from 
I-405 has an additional curve departing from mainline I-405 that is not part of standard 
layout.  The curve was added to compensate for an angle change between the 
Implementation and Master Plan layout of mainline I-405.  The braid would be 
constructed as part of the Implementation Plan but would need to be compatible with 
the Master Plan.  This non-standard element would be removed in the Master Plan. 

Shoulder Deviation (south-bound).   
In order for south-bound I-405 to accommodate additional mainline width, the inside 
mainline shoulder is reduced to less than 10 ft. width for 401 ft. (74 ft. taper + 23 ft. of 

                                                 

1 Implementation Plan – a medium-term (10+ years) program of improvements, totaling $4.7 billion.  Since 2002, work has 
focused on developing and adopting an “Implementation Plan” to define and guide the first phase of the I-405 project’s 
development for a decade or more, as well as to indicate future strategies to accomplish the Master Plan.  The Implementation 
Plan will improve I-405 continuously from I-5 in Tukwila to SR 522 in Bothell. The Implementation Plan’s improvements 
will closely match the Master Plan from SR 167 in Tukwila to I-90, which is the narrowest portion of the corridor with the 
highest congestion. The section from I-90 to SR 522 will have one additional lane added each way. The portion of this section 
from NE 70th Street to NE 116th Street will be constructed to near Master Plan level. Multi-modal aspects include 
transit access ramps, park and ride expansion, Bus Rapid Transit improvements to allow BRT line implementation, and 
transit expansion.  
2 Master Plan – the long-term “vision” for improving the entire I-405 corridor, consisting of $10.9 billion in projects.  The 
Master Plan for fixing I-405 traffic includes all transportation modes, adding up to two new lanes each direction to I-405, a 
corridor-wide bus rapid transit (BRT) line and increased local transit service. It will fix bottlenecks such as the SR 167/I-405 
interchange, improve key arterials, expand transit centers, and add about 1,700 new vanpools and over 5,000 park and ride 
spaces. 
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5 ft. wide shoulder + 304 ft. taper) in the vicinity of the SR-520 interchange.  
(Specifically underneath the flyover from east-bound SR-520 to north-bound I-405.) 
This deviation maintains 6.5 ft. from edge of mainline shoulder to existing bridge 
column, and minimal vertical clearance to the pier header.  This deviation would be 
removed in the Master Plan. 

Shoulder Deviation (north-bound).  
In order for north-bound I-405 to accommodate additional mainline width, the outside 
mainline shoulder is reduced to less than 10 ft. width for 888 ft. (381 ft. taper + 469 ft. 
of 4 ft. wide shoulder + 38 ft. taper) in the vicinity of the SR-520 interchange.  
(Specifically underneath the flyover from east-bound SR-520 to north-bound I-405.)  
This deviation maintains 12.75 ft. from edge of mainline to existing bridge column, 
and minimal vertical clearance to the pier header.  This deviation would be removed 
in the Master Plan. 

Design Deviations (specific to this Alternative): 
The following design deviation has been identified for this Alternative: 

Intersection Angle   
The standard intersection angle can range from 75 to 105 degrees.  Both the north-
bound on-ramp and south-bound off-ramp alignments intersect NE 12th at 
approximately 55 degrees, which is outside this range.  This deviation could be 
mitigated by moving the ramp terminal intersections away from the bridge.  However, 
moving the terminals away from the bridge would add reverse curves to the ramps’ 
horizontal alignment and would push the limited access requirements onto the local 
roads, adding restrictions to the road approaches in the vicinity of the intersection.  
This deviation could be further evaluated along with the related implications to 
determine if it could be removed. 

Traffic Analysis 
Several potential off- and on-ramp connections between Bellevue surface streets and I-405 
were analyzed.  These include: 

• Ramps to and from SR 520 at NE 10th St. 
• Ramps to and from SR 520 at NE 12th St. 
• Ramps to and from SR 520 at NE 10th St. and ramps to and from southbound I-405 at 

NE 2nd St. 
 

These scenarios were evaluated for year 2030 conditions and assuming the I-405 
Implementation Plan would already be built. 

Based on the analysis conducted, the NE 10th St. and the NE 10th and NE 2nd St. alternatives 
both perform better than the NE 12th St. alternative.  The NE 12th St. alternative has a short 
northbound weaving distance which would result in an unacceptable level of performance.   
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Structural Considerations 
Ramps 
The ramps providing access to and from the NE 12th St. bridge structure would be 
typical freeway ramps built on existing soil or fill material.  The ramps would have 
expansion joints where they tie into the NE 12th St. bridge structure.   

Prior to reaching the braided ramps from I-405, the C-D lanes would be depressed 
below ground. Where these lanes are in a depressed section they would be between 
retaining walls.  The existing NE 12th crossing would need to be rebuilt to 
accommodate these new retaining walls. 

NE 12th Street Bridge 
The new NE 12th St. Bridge will support four lanes of through traffic, a center turn 
lane, and two sidewalks.  The bridge will span I-405 and the new NE 8th St. off-ramps.  
For Alternatives 2 and 4 the new NE 12th St. Bridge will also span the NE 10th St. and 
NE 8th St. off- and on-ramps.  The bridge will have span lengths of up to 210 feet long 
over I-405.   

NE 10th Street Bridge  
For this Alternative, the bridge will support four lanes of through traffic, one turn lane 
and two sidewalks.  The bridge will span I-405 and the new NE 8th Street Ramps, and 
an existing hospital service road.  The bridge will have span lengths of up to 240 feet 
long over I-405.   

Superstructure Selection  
Three cost-effective types of superstructures were evaluated for the NE 12th St. Bridge.  
They were two-span steel plate girder superstructures, two-span prestressed concrete 
girder superstructures and two-span cast-in-place concrete post-tensioned box girder 
superstructures.  The two-span steel plate girder superstructures will be the likely 
choice since the 210 ft. and 240 ft. span lengths exceed the conventional prestressed 
girder capacity and a cast-in-place concrete superstructure would require false work 
over I-405 and would be disruptive to traffic. 

NE 10th St. Over-Crossing Bridge.   
A 40-foot long, over-crossing bridge will be provided where NE 10th Street crosses 
above the proposed pedestrian access between the Overlake Hospital Medical Center 
(OHMC) South Tower and the Group Health Cooperative (GHC) Building.  It is likely 
that the NE 10th St Bridge will be constructed of a precast, prestressed concrete slab 
supported on cast-in-place abutment walls and spread footings.  The bridge length and 
vertical clearance were set to avoid potential conflicts with the independent pedestrian 
walkway. The pedestrian walkway will be constructed by the hospital and may be 
enclosed prior to constructing the bridge.   
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Right-of-Way (ROW) 
In addition to the properties that would need to be purchased to construct the I-405 Master 
Plan, the ramps in this Alternative would require additional purchase of land and buildings 
from the following properties: 

• 1200 112th Avenue NE 
• 1417 116th Avenue NE 
• 1427 116th Avenue NE 
 

Some land would also need to be purchased from 1515 116th Avenue NE, but this preliminary 
design does not show any impacts to the building itself.  The actual NE 10th St. extension does 
require the purchase of the Ramada Inn at 818 112th Ave. NE. and the 1011 Building on the 
Overlake Hospital campus. 

Conclusion 
While this Alternative appears to meet the general geometric design standards in the WSDOT 
Design Manual, it should be noted that high traffic volumes are projected at this location.  
Traffic analysis shows that these high volumes will not functionally operate at an acceptable 
level through the minimum north-bound weave section.    
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Figure 2 - Alternative 3 between NE 8th St. and SR-520

Figure 1 - Close-up of the Alternative 3 ramp connections
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February 14th, 2005 

DESIGN DECISION 
By: Eric O'Brien, PE 

Subject: NE 10th Extension: Alternative 4 – Ramps from NE 10th St. and NE 12th St. 

__________________________________________________________________________ 

Background 
The Master Plan of the I-405 Congestion Relief & Bus Rapid Transit Projects calls for a 
crossing over I-405 at NE 10th St.  The City of Bellevue commissioned an advanced study of 
four ramp alternatives that developed connections to I-405 and SR-520 from either NE 10th St 
or NE 12th St.  One of the alternatives involved ramps from both NE 10th St. (for traffic going 
to I-405) and NE 12th St. (for traffic going to SR-520).  This was referred to as Alternative 4 
in the City of Bellevue’s “Overlake Hospital Master Plan / NE 10th St. Extension” Draft EIS 
(DEIS). 

Study 
Alternative 4 in the DEIS, consisted of new ramps at both NE 10th and NE 12th St.  The ramp 
at NE 10th St. would only allow traffic to travel to/from I-405.  NE 12th St. would have ramps 
that would only connect to/from SR-520.  As with all the alternatives, the existing bridge 
crossing at NE 12th St. would be extended (in the east-west direction), to accommodate the 
under-crossing ramps from NE 10th St. and the planned widening of I-405 called for in the 
I-405 Master Plan. 

It was recognized early on that the most difficult aspect to this concept would be in the north-
bound direction.  The initial approach to designing this Alternative was to stack the NE 10th 
ramps over the collector-distributor (C-D) lanes from NE 8th St., as had been done in the 
earlier Alternatives.  With the additional ramps from NE 12th St., it was determined that there 
wasn’t enough room (horizontally and vertically) to make all of the ramp connections work 
properly when stacking was used.  These ramp connections included the collector-distributor, 
the NE 10th ramps to I-405, the NE 12th ramp to SR-520, the north-bound I-405 off-ramp, the 
ramp to east-bound SR-520, and the ramp to west-bound SR-520. 

After trying the unsuccessful stacked approach, a modified-stacked concept was developed. 
(See Figure 1)  With this concept, the north-bound ramp from NE 10th would join with the NE 
8th C-D.  Because of the short distance between NE 10th and NE 12th Streets, the merge could 
not occur until after 10th and the NE 8th C-D had both gone under NE 12th St.  The merged 
10th/C-D then passed underneath the ramp from NE 12th (which was descending from the 
12th crossing) and then passed underneath the braided traffic that was traveling from I-405 to 
SR-520.  The merged 10th/C-D then climbed up to connect to the I-405 mainline.  As the ramp 

Interoffice 
Correspondence
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from NE 12th St. descended from the crossing, it met with the I-405 off-ramp to form a drop-
lane that continued to east-bound SR-520.  Traffic from NE 12th that wanted to travel to west-
bound SR-520 had a short distance available to merge with traffic from I-405.  Likewise, 
traffic from I-405 that wanted to travel to east-bound SR-520 would have had a short distance 
to merge with traffic from NE 12th St.  Since traffic from NE 8th St. would no longer be able 
to travel to SR-520, the ramp from NE 12th St. would also attract a large number of vehicles 
from downtown Bellevue that wanted to travel to SR-520.   

Figure 1 – Modified stacked roadway cross-section at NE 12th St. (looking north) 

The main issue that would make this Alternative difficult to implement is the type and amount 
of right-of-way (R/W) that would be required for the NE 10th ramps.  Because the NE 10th 
ramp and the NE 8th C-D need to merge together very quickly, there isn’t enough room to 
stack them one on top of the other.  This means they would have to be built side-by-side.  For 
this to work, it would require that WSDOT purchase and demolish the Overlake Hospital 
buildings adjacent to I-405.  Since these are the main buildings of the hospital, WSDOT would 
essentially have to buy the majority of the medical center campus. 

Other design concepts were studied for this Alternative, but none of them were geometrically 
acceptable.  
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Traffic Analysis 
Several potential off- and on-ramp connections between Bellevue surface streets and I-405 
were analyzed.  These include: 

• Ramps to and from SR 520 at NE 10th St. 
• Ramps to and from SR 520 at NE 12th St. 
• Ramps to and from SR 520 at NE 10th St. and ramps to and from southbound I-405 at 

NE 2nd St. 
 
These scenarios were evaluated for year 2030 conditions and assuming the I-405 
Implementation Plan would already be built. 

Based on the analysis conducted, the NE 10th St. and the NE 10th and NE 2nd St. alternatives 
both perform better than the NE 12th St. alternative.  The ramps from NE 12th St. lead to a 
short northbound weaving distance which would result in an unacceptable level of 
performance. 

Conclusion 
Considering the right-of-way needed for this Alternative (the main hospital buildings on the 
OHMC campus) and the limited weave distance available for traffic to proceed to east- and 
west-bound SR-520 (and the resulting back-ups to the I-405 mainline), this Alternative has 
been removed from further consideration. 
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Figure 2 - Close-up of the Alternative 4 ramp connections 

Figure 3 - Alternative 4 between NE 8th St. and SR-520 
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Supplemental Noise Analysis 

 





The Leq is the level that if held constant over the same period of time would have the same sound energy as the actual,(1)

fluctuating sound. As such, the Leq can be considered an energy-average sound level. But this metric should not be
confused with an arithmetic average which tends to de-emphasize high and low values, because the Leq gives most
weight to the highest sound levels because they contain the most sound energy. The Leq noise metric has been found to
be highly correlated to community response to noise, and is often the metric calculated by noise models used to assess
potential impacts and the need for mitigation. 

Geomatrix Consultants, Inc.
Engineers, Geologists, and Environmental Scientists

MEMORANDUM

Project No: 10250.000.0

TO: Kris Liljeblad and Steve Sindiong, City of Bellevue
CC: Jenifer Young, CH2M-Hill
FROM: Richard Steffel
DATE: December 7, 2004
SUBJECT: NE10th Street Extension Project

Supplemental Noise Modeling for NE10th Extension and Ramps

At your request, Geomatrix Consultants, Inc. (Geomatrix) has completed a computer modeling analysis
to consider the noise implications of traffic using both the proposed NE 10th Street extension and the
possible future freeway ramps from NE 10th to I-405/SR-520. The modeling examined noise from traffic
along the existing alignment of I-405 and along these potential new roadway structures based on traffic
volumes projected to occur in 2030. The modeling considered theoretical "receptors" at exterior locations
near the roadway facing sides of buildings at the expanded Overlake Hospital Medical Center campus
and the Group Health Cooperative facility. The modeling indicated noise from I-405 will continue to be
the dominant noise source in the future with or without the roadway extension or ramps, and that freeway
noise would overwhelm the comparatively minor noise contributions of noise from these other roadways.
This memo provides a summary of the noise modeling methods and analytical results that led to these
conclusions.

Noise Modeling Tool

Geomatrix calculated traffic noise levels in 2030 using the FHWA Traffic Noise Model, version 2.5
(FHWA 2004). TNM is the most current traffic noise modeling tool available, and FHWA requires its
use for their projects. TNM considers the horizontal and vertical locations of roadways and roadway
structures, traffic volumes and their composition, travel speed, intervening terrain and ground types, and
the presence or absence of obstructions like buildings or noise barriers. The modeling for this analysis
considered peak-period traffic data provided by the City of Bellevue and HDR, Inc. The model calculates
hourly equivalent sound levels (Leqs) from traffic sources.  Sound levels calculated using this model (1)  

can be compared with sound levels measured using sound meters that calculate the measurement interval
Leq. In this way, it is possible to determine and compare sound levels using a consistent noise metric (the
Leq) that corresponds well with the way communities often perceive noise. The sound level measurement
data collected during the analysis conducted for the Draft EIS noise study are therefore useful for this
purpose. These measurements are summarized in the next section.
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NE10th Street Extension Project Supplemental Noise Modeling
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Note that in some cases it is possible to "calibrate" a noise modeling setup by comparing measured levels and modeling(2)

results based on observed conditions during the measurements. Such an exercise was only partially possible in this
analysis because completely considering existing conditions was beyond the scope of this review. But in the single
instance where model-calculated levels could be compared with measured levels, the comparison indicated the modeling
was adequately representing the situation (e.g., agreement was at 0.7 dBA).

Geomatrix Consultants, Inc.
Engineers, Geologists, and Environmental Scientists

Measured Existing Sound Levels

As reported in the Draft EIS for the project, Geomatrix staff (then working as MFG, Inc.) measured
existing sound levels at two locations on the Overlake Hospital campus. The measured levels were
reported in the DEIS and are summarized in Table 1. As indicated in the description of the noise sources
in the lower portion of the table, existing sound levels in the vicinity are dominated by noise from I-405,
and these levels are relatively high at outdoor locations in the area. These measurement data also reveal
that the structure of the existing hospital building provides at least a 28-dBA reduction in exterior sound
levels. The actual noise reduction provided by the building structure is probably greater than indicated by
these measurements because interior sound sources in the hospital surgical suite corridor elevated the
measured interior levels above what they would likely have been had there been no such sound sources.
These measurements provide an indication of existing levels in the area and are therefore useful for
making comparisons with model-calculated levels.   (2)  

Table 1. Measured Existing Sound Levels on OHMC Campus

Sound Level

Measurement Location SLM  Number Duration

Measurement

Leq (dBA)

Overlake Hospital Indoors SLM 3
15 minutes

Starting at 11:25 AM
50

Overlake Hospital Outdoors SLM 4
15 minutes

Starting at 11:25 AM
78

Overlake Hospital roof-top SLM 5
24 hours

Starting at 11:00 AM
69-76

SLM  3 was taken inside the operating room suite area at Overlake Hospital simultaneously with SLM 4. The

meter was in the hallway of the second floor operating room corridor, overlooking I-405 to the west. There

were no major sources of noise noted during the measurement. At times, traffic along I-405 was audible, but

barely. The ventilation system in the building was a continuous minor source of background noise. Other minor

sources included doors opening and closing and staff noises.

SLM  4 was taken atop the roof of a building at Overlake Hospital, adjacent to the operating room suite and

overlooking I-405. The measurement was taken simultaneously with SLM 3. The measurement location had a

direct line of sight to I-405, which was the major source of noise during the measurement. No minor sources of

noise were noted.

SLM  5 was taken on a roof at Overlake Hospital, slightly south of SLM 4. The measurement lasted 24 hours and

documented the variation in sound levels over a day. The major source of noise noted during meter setup and

retrieval and during the SLM3 and SLM4 measurements at the hospital was traffic along I-405.

Source: Sound level measurements by MFG, Inc. (the previous name of the Geomatrix air/noise group)
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Measured outdoor sound levels at building setbacks on the OHMC campus ranged from the high 60s to
the high 70s dBA. The quietest hours were during the early morning (1-3 AM), and sound levels during
the daytime were all in the 70s dBA. Daytime sound levels were lowest during the peak period commutes
due to traffic congestion.

Noise Modeling Results

The road network and the receptor locations considered in the noise modeling are depicted in Figure 1

(page 5). The model receptors included both ground-level and elevated locations at parking lot and
building setbacks on the OHMC campus and the Group Health site. With the exception of the parking lot
receptor locations, all other receptors were at the same elevation as the nearest portion of the freeway
ramp, or 20 feet higher (for the two "b" receptors). The noise modeling results are presented in Table 2.

Table 2. Traffic Noise Model Calculated 2030 Sound Levels (dBA)

Model Receptor #

(hgt above ground)

Freeway

Noise

NE 10th

Ramp Noise

Total Noise

Level

Estimated

Interior Level (a)

1 (30') 78 68 79 51

2 (26') 77 65 77 49

2b (46') 77 66 77 49

3 (ground level) 77 63 77 49

4 (32') 77 66 77 49

4b (52') 77 66 77 49

5 (ground level) 77 63 77 49

6 (36') 74 61 74 46

GHC 1 (5') 76 60 76 48

GHC 2 (40') 71 53 71 43

Interior levels are estimated based on an expected reduction of at least 28 dBA, determined from(a)

measurements taken at the OHMC facility. Actual noise reduction is likely to be greater.

Source: Noise modeling by Geomatrix Consultants, Inc.

Conclusions

The noise modeling results indicate noise from NE 10th and from the freeway ramps near the medical
campus would be relatively minor noise sources in this area compared with noise from traffic on the
freeway itself. With sound level differences of 10 dBA or more, the lower sound level contains so much
less energy that it has little if any effect on the overall sound level that is dominated by the higher level.
For example 77 dBA + 65 dBA = 77.3 dBA, an insignificant change. Therefore as shown in Table 2,
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traffic noise from the NE 10th ramp would be a minor factor in the overall exterior sound levels on the
OHMC campus. And with even the minimum estimated sound reduction provided by the structure of the
building (based on simultaneous indoor/outdoor measurements), sound levels inside the new hospital
buildings are unlikely to be significantly affected by noise from the new traffic sources in the area. In
addition, expected increases in I-405 traffic volumes in future years also would not cause more than
minor increases over existing sound levels in the area because large changes in traffic volumes, speeds,
and/or composition are necessary to make marked differences in related noise. For these reasons, if
existing traffic noise levels are not presently causing problems inside the existing facility, future traffic
noise related to the NE 10th Street Extension and the NE 10th Street ramps to the freeway also would not
cause problems inside the new OHMC or Group Health facilities.
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INTRODUCTION/SUMMARY 

This report concerns the potential for vibration impact on operating theatres of the proposed 
Overlake Hospital Medical Center and Group Health Cooperative (GHC) facilities that would be 
located adjacent to the proposed extension of N.E. 10th Avenue in Bellevue, Washington.  Two 
types of potential impact were considered.  The first, and foremost, was vibration impact caused 
by traffic over the overpass.  The second was the temporary vibration impact caused by 
construction activities. 

The results of this investigation indicate that the vibration generated by highway traffic, 
including trucks, would be within generic criteria published by the American National Standards 
Institute (ANSI) and the International Standards Organization (ISO) for operating theatres.  
There would be no traffic generated vibration impact on patient rooms, exam rooms, public 
areas, offices, or other areas involving normal hospital activity.  There would be no impact on 
bench microscopes, microbalances, computer equipment, and the like.  Normal automotive traffic 
running on a well maintained pavement surface should not impact the operating theaters or MRI 
proposed for the GHC and OHMC.  Surgical microscopes that are supported on adequate 
structures for controlling footfall-induced vibration should also not be affected significantly by 
highway traffic.  No mitigation measures other than construction of the road surface to highway 
standards for smoothness and maintenance of the road surface should necessary to maintain an 
adequately low vibration environment for operating theaters and the MRI systems.  In the GHC, 
operating theater floor vibration and MRI vibration from NE 10th  Avenue traffic would be less 
than that caused by garage traffic.   

Maximum levels of rms vibration, measured with one-second averaging times, generated by pile 
driving or vibratory rollers would likely exceed ANSI and ISO criteria and IES VC-C criterion 
curve at the operating theatres and MRI in the GHC, and would likely exceed the typical site 
specification for the MRI that would be located in the GHC.  Mitigation should be provided to 
control construction related vibration.  This might include use of static rollers rather than 
vibratory rollers, use of a hydraulic static pile driver, and coordination of activities between pile 
driving and operating theatre or MRI activity.  Pile driving and vibratory roller operation might 
impact MRI’s located in the OHMC, depending on distance.   

Monitoring of vibration during pile driving or vibratory roller operation should be conducted to 
ensure that vibration magnitudes do not exceed building damage criteria, when pile driving or 
vibratory rollers are used with 100 feet of the building. 

SITE DESCRIPTION 

The Overlake Medical Center campus is bordered by NE 12th Street on the north, NE 8th Street 
on the south, 116th Ave. NE on the east, and the Interstate 405 freeway on the west.  The NE 10th 
St. extension is due to take place through the southern part of the campus, over or near the 
existing Senior Health Center.   

The northernmost right-of-way lines would be a few feet from the stair tower of the OHMC 
Southern Tower and about 22 feet from the building proper.  Operating theaters would be located 
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in the OHMC building at about 200 feet from the northern right-of-way.  Radiology ER with 
surgery would be located in the proposed OHMC South Tower at about 145 feet north of the NE 
10th Avenue alignment.  An MRI may be located in the ER.1 

The southern right-of-way line would be a few feet from the proposed Group Health Cooperative 
(GHC) building.  The existing Senior Health Center is assumed to be demolished to make room 
for the Group Health Center.  The GHC would contain operating rooms and an MRI in the 
second bay removed from the northern extremity of the building.  Thus, they would be located at 
least 30 feet from the southern right-of-way boundary.  A four-level parking garage would be 
located below the operating theaters and MRI.2 

CRITERIA 

The ANSI Standard S3.29 “Guide to the Evaluation of Human Exposure to Vibration in 
Buildings” provides a floor vibration velocity limit for hospital operating theaters.  The standard 
includes 1/3 octave band vibration velocity limits for tri-axial combined-response of a person, 
derived from the base vibration velocity of nominally 4,000 micro-in/second with a downward 
multiplier of 0.7 to arrive at a criterion of 2,800 micro-in/second root mean square velocity limit 
in any 1/3 octave band at frequencies of 8 Hz and higher.  This criterion is suitable for operating 
room theaters that are in use.3  The International Standards Organization has also recommended a 
limit of 4,000 micro-in/sec for operating theaters.4 

While the ANSI standard should be suitable for most conditions, additional criteria are discussed 
here for equipment that may be less tolerant to vibration.  The IES5 has published criteria for 
vibration sensitive equipment, designated vibration criteria curves VC-A (2,000 micro-in/sec), 
VC-B (1,000 micro-in/sec), VC-C (500 micro-in/sec), etc.  The IES VC-A criterion is applicable 
to optical bench microscopes up to 400X and optical or microbalances.  The VC-B criterion is 
appropriate for optical microscopes of 1000X.  The VC-C standard is the most stringent, and is 
more than adequate for ceiling- and/or floor-mounted operating room microscopes that would be 
suspended from cantilevered arms. 

Site specifications for MRI’s are usually given in terms of vibration acceleration spectra.  These 
can be very restrictive, possibly excessively so.  Correlations with the IES velocity criteria have 

                                                 

1 Conversation with OHMC representative, 15 February 2005 

2 Conversation with Trammel Crowe, 16 February 2005 

3 American National Standard S3.29, “Guide to the Evaluation of Human Exposure to Vibration in Buildings”, 

4 ISO 2631-2, “Evaluation of Human Exposure to Whole-Body Vibration – Part 2: Continuous and Shock-Induced 
Vibration in Buildings (1 to 80 Hz)”, International Standards Organization, 1989 

5 Institute of Environmental Sciences, Recommended Practice IES-RP-CC012.1, “Considerations in Cleanroom 
Design,” Appendix C, 1995. 
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not been done for this report, but vibration in excess of the IES VC-B would be expected to 
impact MRI operation, while vibration below the IES VC-C would likely be comparable with 
some of the less tolerant specifications, and would not likely interfere with normal MRI 
operation. 

Building damage criteria for vibration vary with respect to the type of building involved.  For 
pile driving, the U. S. Bureau of Mines RI 8507, Appendix B, and Office of Surface Mining 
Chart Option are often used.6  Vibration from vibratory sources such as vibratory rollers and 
vibratory hammers should be limited to 0.2 in/sec peak particle velocity.  This limit may also be 
applied to impact pile driving for an added measure of protection. 

TRAFFIC GENERATED VIBRATION 

The vibration that would be generated by traffic traveling on the proposed embankment and 
overpass was assumed to be no worse than that generated by existing traffic on existing roads, 
provided that reasonable care would be taken in road surface construction and maintenance.  If 
anything, the embankment would be expected to provide some vibration reduction at high 
frequencies that might be of some benefit.  To determine existing vibration from highway traffic, 
including trucks, Wilson, Ihrig, & Associates, Inc. (WIA) measured ground vibration levels on 
26-27th January, 2005 around the proposed site of the building.  The measurement locations were 
chosen such that the distances between the measurement locations and passing traffic would be 
comparable with the distances between traffic on the proposed extension and hospital structures.  
The measurements included primarily highway traffic on Interstate 405 and on related ramps.  
Traffic counts were not obtained, but are assumed here to be comparable with the NE 10th 
Avenue extension.  I-405 traffic volume and speed were presumed to be higher than those that 
would occur at the NE 10th Avenue structure. 

Measurement Locations 

Measurements around the Overlake Medical Center took place at four representative locations, 
shown in Figure 1.  Figure 1 is an aerial photograph that clearly shows the measurement 
locations relative to the traffic lanes of I-405 and related on ramp and collector-distributor of NE 
8th Avenue. 

Location 1 was approximately 19 feet from the Interstate right-of-way (ROW), near the 
merge between the NE 8th Street to Northbound Interstate-405 on-ramp.  A second 
channel was recorded simultaneously at 44 feet from the ROW.  Numerous trucks 
traveling on the right-hand lane pass this location at speed.  Two or three trucks travel on 
the on-ramp. 

Location 2 was located further south along the on-ramp, opposite the Northbound I-405 
Collector-Distributor to Westbound NE 8th off-ramp, with accelerometers at 10 and 50 

                                                 

6 Siskind, David, “Vibrations from Blasting”, 1st Edition, International Society of Explosives Engineers, 2000, Pg. 98 
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feet from the on-ramp ROW.  Two or three trucks passed the location during the 
measurement. 

Location 3 was about 75 feet north of Location 1, near the merge between the NE 8th 
Street to Northbound Interstate-405 on-ramp.  Traffic was at near full speed.  
Accelerometers were placed at 17 and 57 feet from the ROW.  Numerous trucks traveling 
on the right-hand lane pass this location at speed.  Two or three trucks traveled on the on-
ramp. 

Location 4 was near 116th Ave. NE, 25 feet from the ROW.  Vibration at this position 
was produced by NE 16th Avenue traffic and to a lesser extent by traffic entering or 
leaving the parking lot.  Infrequent traffic entering the parking lot necessarily passed 
within a few feet of the transducer mounting point. 

Measurements for Locations 1, 2, and 3 during the afternoon rush between 2PM and 5PM on 26 
January, 2005, and measurement at Location 4 was performed between 9:30AM and 10AM on 
27 January, 2005.  These measurement periods overlap the rush periods. 

Instrumentation 

Vibration was measured with high sensitivity, low noise accelerometers mounted on concrete 
curbs with “scientific” wax.  This type of mounting provides a non-destructive secure base with 
excellent frequency response characteristics.  The accelerometer signals were conditioned with 
WIA Type 112L charge amplifiers and a WIA Type 222 decade amplifiers.  The analog data 
were integrated to yield a velocity signal for recording.  The analog velocity data were recorded 
with a Sony M1 DAT Tape recorder with a bandwidth of approximately 3 Hz to 10 KHz.  All 
instrumentation calibrations were traceable to the United States National Institute of Standards. 

Each recording was approximately 15 minutes long.  The recorded data were analyzed with a 
Larson-Davis 2900 1/3 octave band real time analyzer with center frequencies extending from 
3.15 Hz to 2,500 Hz. 

Results 

The results of our tested are shown in Figure 2 through Figure 8.  Each of these figures compare 
the observed 1/3 octave band vibration velocity levels with criterion curves discussed above. The 
1/3 octave levels are in decibels relative to 1 micro-in/second.  The level in decibels is equal to 
twenty times the logarithm of the ratio of the RMS amplitude to the reference amplitude of 1 
micro-in/second.  Thus, a vibration magnitude of 1000 micro-in/sec corresponds to a level of 60 
dB re 1 micro-in/sec. 

The Ln curves, with n equal to 1, 10, 50, and 100%, represent the levels exceeded n% of the time 
during the test period.  The Leq is the energy-mean level measured during the entire period, and 
Lmax is the highest level found within any 1/3-octave band during any single 1-second sample 
duration.  The Lmax is thus an extreme measure of vibration which is not necessarily 
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representative of vibration impact, but is of interest in terms of the severity of individual transient 
events.   

Levels of random, stationary vibration, as with vibration produced by distant automotive traffic, 
vary over a range that would be well represented by the energy-mean vibration level, or Leq.  In 
this case, the energy-mean curve would be compared with the vibration criteria discussed above 
and included in each of the figures.  Where vibration is produced by relatively dense traffic 
located nearby, the energy mean would still be appropriate.   

Non-stationary vibration is characterized by vibration produced by occasional vehicle passby’s, 
such as heavy trucks, trains, and footfalls.  In this case, the level exceeded 1% of the time or even 
the maximum level might be most appropriate, depending on the nature of the activity.  Even in 
this case, the energy–mean may be suitable for comparison with criteria, because the energy 
mean is very sensitive to maximum levels, is a robust descriptor, and may be most representative 
in any case.  One should not over-estimate the significance of levels of vibration exceeded 1% of 
the time or the Lmax unless such vibration might irrevocably damage something, or render a 
process useless.  

The observed vibration spectra at Location 1 were all below the criteria discussed above.  The 
highest 1/3 octave bands were of the order of 50 dB velocity level re 1 micro-in/second, or about 
300 micro-inch per second.  Vibration from automotive and truck traffic at these levels would 
have no effect on hospital operating theaters, bench microscopes, and operating room 
microscopes.  The maximum vibration levels at both 19 feet and 44 feet from the ROW were 
comparable with site specifications for MRI’s, and the energy-mean vibration levels, Leq, were 
less than typical site vibration limits for MRI’s. 

At Location 2, the vibration levels were below the criterion curve with the possible exception of 
the maximum vibration velocity level observed at 10 feet from the right-of-way line.  At this 
position, the maximum vibration velocity level in the 20 Hz 1/3 octave band exceeded the IES 
VC-C curve  (54 dB re 1 micro-in/second, or 500 micro-in/second) by perhaps 2 decibels.  At 50 
feet from the right of way line (Figure 5) the maximum levels just met the IES VC-C criterion 
curve.  All data were well below the ANSI Standard S3.29 and ISO recommended limits for 
operating theaters by an order of magnitude.  These data would be entirely compatible with 
hospital operating theaters.  However, the vibration measured at 10 feet might exceed the site 
specifications for some MRI’s. 

At Location 3, the 20 Hz 1/3 octave band maximum level exceeded the IES VC-C criterion curve 
(500 micro-in/second) at 17 feet from the right-of-way line.  Data at this location were all well 
below the ANSI S3.29 and ISO recommended limits for hospital operating theaters.  Vibration at 
this location would be compatible with operating theaters.  However, the maximum levels 
observed at 17 feet form the right-of-way may be in excess of site specifications for some MRI’s.  
At 57 feet from the right-of-way, all of the vibration statistics were well below the IES VC-C 
criterion curve, and would be compatible with MRI operation, OR scopes, and so forth. 

At Location 4, at 25 feet from the curb, the maximum level reached the IES-VC-B criterion 
curve, while typical vibration levels, especially the energy-mean level, Leq, were well below all 
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of the vibration criteria.  The maximum level was likely cause by a vehicle entering the parking 
lot along the drive adjacent to the measurement location, and is not considered representativie of 
NE 10th Avenue traffic.  The levels exceeded 1 and greater percentage of the time and the energy-
mean level, Leq, were well below the IES VC-C criterion, and would likely be compatible with an 
MRI.  

Discussion 

The soils in the area are evidently very stiff and resistant to ground vibration forces.  Thus, 
vibration at this site tends to be less than that which might occur at locations near an estuary, 
where soft clays and alluvial materials would be of greater concern.  Vibration does tend to travel 
farther and faster in stiff soils, so that the attenuation rate with distance may be lower than that 
which would occur with softer soils. 

The embankment of the road surface would add mass to the ground surface, and thus provide 
some vibration reduction relative to that of flat terrain conditions. The degree of attenuation is 
not easily defined, and would be dependent on frequency. 

A rough road surface would produce higher levels of vibration than those produced by a smooth 
road surface.  Potholes, or speed bumps, may produce significantly higher levels than those 
shown here.The foundations of the proposed buildings would tend to attenuate ground vibration 
transmitted into the structure by roughly 6 to 8 dB at higher frequencies and less at lower 
frequencies.  Spread footing foundations of large masonry buildings would likely provide greater 
vibration reduction at frequencies above 10 Hz. 

Floor resonance amplification would tend to amplify vibration at the floor resonance frequency 
and higher frequencies.  Below resonance, little or no amplification would occur.  The amount of 
amplification at resonance would depend on the damping properties of the floor, largely 
controlled by the partitions between rooms.  As much as 6 to 10 dB of amplification might occur, 
much of which would be compensated by the foundation response.   

The floor of the operating room would likely be designed to control footfall induced vibration to 
limits comparable with those recommended by the ANSI S3.29 criterion for operating theaters, 
and some structural engineers would design operating theater floors to a higher vibration limit.  If 
floor or ceiling mounted microscopes were to be used in operating theaters of the GHC, the floor 
or ceiling structures would likely be designed to control energy-mean footfall induced vibration 
to magnitudes comparable with the IES VC-B or VC-C curves, or 1000 and 500 micro-in/second, 
respectively, though the latter would be difficult to achieve without an independent suspension 
system.  While an occasional traffic generated vibration event might exceed the 500 micro-
in/second criterion curve for perhaps a few seconds in a 10 or 20 minute period, vibration 
generated by footfalls would likely be more numerous and significant. 

Automobiles in the parking garage that would be located beneath the operating theaters and MRI 
would likely generate vibration at higher levels than that cause by NE 10th Avenue traffic.  
Automobiles traveling on the garage surface would induce moments and vertical forces into the 
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columns supporting the main floors above the garage, with the result that garage level floor 
vibration would be transmitted to these upper floors. 

In view of the above, vibration from road traffic should be well below typical standards for 
operating theaters and below generic design guidelines for sensitive laboratory equipment.  
Maximum transient vibration might on occasion exceed the most restrictive IES generic criteria 
at the northern extremity of the GHC building, but such events should be comparable with or less 
than those produced by footfalls.  An MRI located in the GHC building within the 2nd bay 
removed from the northern extremity would not likely be impacted by ground vibration from the 
NE 10th Avenue extension.   

No mitigation measures would appear to be needed to control ground vibration produced by NE 
10th Avenue traffic, other than maintaining the road in good condition. 

CONSTRUCTION VIBRATION 

Construction vibration is considerably more difficult to characterize than highway traffic.  The 
most significant sources of vibration would be pile drivers and vibratory compactors.  Both of 
these sources have the potential to produce ground vibration in excess of the IES criterion curves, 
and in excess of the ANSI S3.29 and ISO limits for operating theaters.  Of these two sources, the 
vibratory compactor would likely be the most significant. 

Pile Driving Vibration 

The vibration produced by pile driving depends critically on the distance between the source and 
receiver, the type of pile driver, and the type of soils.  Pile driving vibration is usually discussed 
in terms of peak particle velocity.  Dowding7 provides estimates of the peak particle velocity 
versus distance for a Link Belt 440 Diesel hammer.  These are summarized Table 1.  Conversion 
of these data to rms 1/3 octave band vibration velocities is difficult at best.  However, one may 
assume that the maximum 1/3 octave band rms vibration velocity over a single second resulting 
from a single hammer blow may be of the order of 1/4 the peak particle velocity, or about 12 dB 
less.  Pile driving impacts may occur at a frequency of one per second.  In this case, the inferred 
vibration velocity would not fall below the operating theater criterion provided in ANSI S3.29 
unless the pile driver would be located at 160 feet from the theater, notwithstanding the effects of 
building structure response.  The various IES criteria would be exceeded, and operating room 
microscopes would likely be impacted.  However, the soils may respond considerably less to pile 
driving vibration than implied by the data provided in Table 1. 

                                                 

7 Dowding, Charles H., “Construction Vibrations”, Prentice Hall, Upper Saddle River, New Jersey, 1996, Figure 4-3, 
Pg. 46. 
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Table 1 Vibration Due to Link Belt 440 Diesel Hammer 

Source Distance – ft Peak Particle Velocity – 
in/sec 

Inferred Maximum 1/3 
Octave Band Velocity – 
in/sec 

10 0.7 0.17 
20 0.2 .05 
40 0.1 .025 
80 0.03 .0075 
160 0.01 .0025 

Vibratory hammers would produce lower vibration magnitudes, but would still involve 
undesirable startup and shutdown transients that might impact the operating theater unless they 
were located beyond, perhaps, 100 feet from the building.  The transients are caused as the 
vibrator sweeps up to or down from its operating frequency.  Vibratory hammers that operate at a 
constant frequency may avoid this startup and shutdown transient problem.  Static pile drivers 
that rely on a constant static force to drive the pile would produce little or no vibration.  Augered 
or drilled piles would also avoid generating significant vibration.  The practicality of using 
vibratory and static pile drivers has not been determined.    Our experience suggests that pile 
driving may not impact MRI operation beyond 200 or 300 feet from the pile driving.8 

The estimates given in Table 1 indicate that peak particle velocities during pile driving might 
exceed building damage criteria when occurring within a distance of 20 feet from the building 
foundation.  Vibration should be monitored during pile driving, and less pile driving energy or 
alternative installation methods should be employed if vibration exceeds threshold damage 
criteria. 

Vibratory Rollers 

Vibratory compactors may produce higher levels of vibration than that produced by pile drivers.  
Dowding9 also provides peak particle velocity data for a “2410” vibratory roller, as summarized 
in Table 2.  The RMS magnitudes are calculated by dividing the peak particle velocity by the 
square root of two, or 1.4.  For all conceivable distances, operation of a vibratory roller near the 
hospital could produce vibration with peak particle velocities in excess of any of the criteria 
discussed here, and thus could impact surgical procedures.   

                                                 

8 WIA monitored pile driving vibration near the UCSF building on 4th Street in San Francisco, where multiple MRI’s 
were recently installed.  Pile driving occurred at ranges of 200 to 300 feet from the MRI’s, and WIA was not made 
aware of vibration interference with the MRI’s during pile driving.  The base material in this area was described as 
very stiff and rock-like. 

9 Dowding, Charles H., “Construction Vibrations”, Prentice-Hall, Inc., Upper Saddle River, New Jersey, 1996, 
Figure 16-1, Pg. 249. 
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A static roller might be used in lieu of a vibratory roller to mitigate the potential vibration impact.  
A static roller would be less efficient than a vibratory roller for compacting soil, but should be 
acceptable as a compaction tool. 

Table 2 Ground Vibration Amplitude at Various Distances from a 2410 Vibratory Roller 

Source Distance – ft Peak Particle Velocity – in/sec RMS Vibration – in/sec 
10 1.6 1.1 
20 0.8 0.6 
40 0.4 0.3 
80 0.2 0.15 
160 0.1 0.07 
320 0.05 0.03 

The estimates given in Table 2 indicate that peak particle velocities during vibratory rolling 
might exceed building damage criteria when occurring within a distance of 80 feet from the 
building foundation.  Vibration should be monitored during vibratory rolling, and static roller 
compaction should be done to avoid exceeding 0.2 in/sec peak particle velocity. 

Other Equipment 

Vibration produced by haul trucks, dozers, graders and the like would produce vibration 
comparable with that produced by the heaviest trucks, represented by the maximum levels 
discussed above, and would probably not present a significant vibration impact.  The exception 
might be a tracked dozer running in excess of 2nd gear. 

MITIGATION 

Vibration from NE 10th Avenue Traffic 

No vibration impact mitigation provisions would be needed.  However, the road surface should 
be constructed to appropriate highway standards for smoothness and  should be maintained in 
good conditions to prevent potholes, washboard, or other significant imperfections in the road 
surface from developing. 

Construction 

The following mitigation measures may be considered to control construction related vibration: 

 Use static rollers instead of vibratory rollers 

 Consider using hydraulic static pile drivers instead of impact or vibratory pile drivers 

 Coordinate pile driving with operating room and MRI use 
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 Monitor foundation vibration at the nearest structures during pile driving or vibratory 
roller operation within 100 feet of the structure to avoid building damage. 
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Figure 1  Testing locations around south Overlake Medical Center Campus.  Each location 
marker shows the location of Channel 1, with Channel 2 located within 50 feet 



WILSON, IHRIG & ASSOCIATES 12 N.E. 10th Avenue Extension EIS 

Location 1 Channel 1

10

20

30

40

50

60

70

80

4 8 16 31.5 63 125 250 500 1000
Octave Band Center Frequency - Hz

1/
3 

O
ct

av
e 

B
an

d 
R

M
S 

Ve
lo

ci
ty

 L
ev

el
 - 

dB
 re

 1
0-6

 in
/s

ec

Lmax L1
L10 Leq
L50 ANSI Hospital
VC-A VC-B
VC-C ISO Operating Theatre

 

Figure 2 Vibration Velocity Levels Measured at Location 1 at 19 Feet from Interstate 
405 Right-of-Way 
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Figure 3 Vibration Velocity Levels Measured at Location 1 at 44 Feet from Interstate 
405 Right-of-Way 
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Figure 4 Vibration Velocity Levels Measured at Location 2 at 10 Feet from Interstate 
405 Right-of-Way at the On-Ramp 
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Figure 5 Vibration Velocity Levels Measured at Location 2 at 50 Feet from Interstate 
405 Right-of-Way at the On-Ramp 
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Figure 6 Vibration Velocity Levels Measured at Location 3 at 17 Feet from Interstate 
405 Right-of-Way  
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Figure 7 Vibration Velocity Levels Measured at Location 3 at 57 Feet from Interstate 
405 Right-of-Way 
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Figure 8 Vibration Velocity Levels at 25 Feet from NE 116th Avenue Right-of-Way on 
the Curb of the Driveway to the Parking Lot 
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NE 10th Street Extension 
Frequently Asked Questions 

 
 
Why are we considering extending NE10th Street? 
In 2003, an intensive three year planning effort concluded with an update of the Downtown 
Implementation Plan (DIP). That Citizens Advisory Committee’s (CAC) report to the Bellevue City 
Council includes a recommendation to extend NE 10th Street from 112th Avenue NE across I-405, 
through the Overlake Hospital campus to 116th Avenue NE and to add freeway access ramps to 
and from the north at NE 10th Street.   
 
The CAC also recommended an extension of NE 2nd Street across I-405 with freeway ramps to and 
from the south.  New freeway access at NE 2nd and NE 10th Streets are considered vital to support 
the planned growth of downtown Bellevue which anticipates approximately 10,000 new residents 
and 28,000 new employees within downtown Bellevue by 2020. 
 
How will the extension of NE10th Street affect traffic circulation in downtown?  
Today, NE 10th Street is a 5-lane street that is under-utilized. It currently carries approximately one 
third of the daily traffic volume carried by NE 8th St. and about half as much as NE 4th St.  The 
recommended extension of 10th Street and ramp connections would take advantage of the 
street's unused capacity to serve increased traffic associated with the projected growth of 
downtown Bellevue.  In the future, NE 2nd and 10th Streets are planned as additional east-west 
arterials to meet projected traffic volumes in 2020, similar to the traffic volumes on NE 4th and NE 
8th Streets today. 
 
What are the traffic impacts of the NE 10th Street extension to the Ashwood neighborhood, 
and access to Pacific Regent Condominiums?  
The most significant finding is that by 2007, without any improvement to either NE 10th Street or the 
hospital, approximately 2,200 vehicles will use NE 10th Street (between 108th Avenue NE and 110th 
Avenue NE) during the PM Peak hour, as compared to 1,580 in 2003.  This is a 39% increase, 
which is primarily due to the growth in development that is expected to occur within downtown over 
the next several years.  Under the 2007 Alternative B (NE 10th Extension to 116th Ave NE), there is 
a more modest 12% increase (or 270 additional vehicles over the 2,200 No Action) at that same 
location.   
 
By the year 2030, without any roadway extension or hospital expansion, there are an estimated 
3,000 vehicles that would use NE 10th Street between 108th Ave. NE and 110th Ave. NE during the 
PM peak hour.  This constitutes a 90% increase compared with the 1,580 vehicles using that same 
roadway during the PM peak hour in 2003.  With the full extension of NE 10th Street across I-405, 
there are an estimated 3,240 vehicles at that same location, or a 8% increase over the 2030 No 
Action.  This indicates that most of the projected increase in traffic volume on NE 10th in the 
Ashwood District will happen regardless of whether NE 10th is extended across I-405. The addition 
of ramps connecting to the freeway at NE 10th Street (Alternative 2) would add another 140 
vehicles, or a 13% increase over the No Action Alternative.  The most significant change in traffic 
volume on NE 10th Street will result from the land use change within Downtown Bellevue between 
today and 2030, even without the NE 10th extension.   The relative change in volume attributed to 
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the full roadway extension and or ramps is minor compared with the background growth. Although 
unsignalized driveways like the Pacific Regent's were not specifically analyzed, the existing traffic 
signals at the intersections of NE 10th Street/110th Avenue and NE 10th Street/108th Avenue 
should create adequate gaps in the traffic stream to allow vehicles to pull in and out. The existing 
two-way center turn lane also provides a refuge for left turns in or out of the site. 
 
What benefits would be provided by the extension of NE 10th Street? 
The extension of NE 10th Street across I-405 will provide additional vehicular and pedestrian 
access between downtown and the hospital area east of I-405. The intersections of NE 8th Street at 
112th and 116th Avenues are currently among the most congested in the city.  The NE 10th St. 
extension would help to reduce congestion, particularly on NE 8th and NE 12th Streets.  In addition, 
the extension is expected to provide additional access to regional freeways and improve the 
community access to the Overlake Hospital Medical Center campus. 
 
If NE 10th Street is extended, what will the City do to address impacts on the Ashwood 
residential neighborhood, including noise and traffic safety issues? 
The extension of NE 10th Street would add to projected traffic volumes on NE 10th Street in the 
future. However, this street was widened to five lanes in the early 1990s to provide additional east-
west capacity through downtown.  Currently, that capacity is being under-utilized while the parallel 
streets of NE 4th, NE 8th and NE 12th Streets are becoming increasingly congested.    
 
The Downtown Implementation Plan (DIP) recommendations, completed in 2003, indicate that the 
extension of NE 10th St. would help the City to serve the increased traffic related to growth of 
downtown, consistent with the City’s adopted Comprehensive Plan. The previous EIS for the DIP 
and the recent Draft EIS for the Overlake Hospital Master Plan/NE 10th Street Extension have both 
indicated that, although noise levels would increase along NE10th Street, no noise mitigation would 
be required. Providing a safe transportation system is a very important ongoing priority for the City.  
NE 10th Street will be monitored on a regular basis to determine if any measures are needed to 
respond to changing conditions. 
 
How much will the NE 10th Street Extension project cost, and who is paying for it? 
The initial segment of the project, located between 116th Avenue NE and the hospital’s driveway 
(Swisstak Lane) would cost approximately $4-6 million.  The full extension across I-405 from 116th 
to 112th Avenue NE would cost approximately $55 million (including right of way).  The City has 
already secured approximately $4 million to pay for the initial segment, and is continuing to seek 
additional federal and state funding to help pay for the full extension. 
 
Will NE 10th Street be a one-way street? 
No.  The original Downtown Plan completed in 1989 did recommend that NE 10th Street act as a 
one-way street in combination with NE 8th Street.  However, the Downtown Plan has since been 
updated (in 2003).  NE 10th Street will continue to operate as a two-way street.  The latest plan 
recommends that 106th Ave. NE and 108th Ave. NE act together as a north-south one-way couplet. 
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What are the noise and light (headlight glare) impacts of the NE 10th Extension and ramps to 
the hospital? 
The Draft EIS acknowledges that vehicle headlights from NE 10th Street could cause glare impacts 
to the lower patient rooms of the new campus buildings. The DEIS identifies mitigation measures to 
reduce glare, including using interior window coverings to block exterior light and glare from the 
patient care environment. 
 
The existing exterior sound level from I-405 is in the mid to upper 70s dBA. This is quite a high 
level; however, simultaneous interior and exterior noise measurements indicated a 28-dBA or 
greater reduction due to the building structure, such that “interior sound levels were due more to 
the HVAC system and activities in the building (I-405 traffic was barely audible)”. The noise 
contribution from the new NE 10th roadway will be slight by comparison to existing sound levels, so 
the overall sound level will not impact the hospital’s interior environments. The projected future 
noise levels due to the action alternatives (for both 2007 and 2030) would not trigger Bellevue’s 
requirement to assess noise mitigation for the hospital, and no significant noise impacts would be 
expected.    
 
When and how would the construction of the NE 10th St. extension begin? 
Construction is expected to begin in late 2006 or early 2007 with an initial segment from 116th Ave 
NE into the Overlake Hospital campus.  This segment would provide basic access in and out of the 
Overlake Hospital campus and new Group Health building.  Completion would coincide with the 
first phase of the Overlake Hospital campus redevelopment planned for 2007.  
 
When would construction of the NE 10th St. be completed? 
Completion of the full NE 10th St. extension is dependent upon the appropriation of funding. If the 
City receives all of the necessary funding needed to complete the entire roadway extension across 
I-405, the extension could be completed by 2008.  If full funding is delayed, construction would be 
completed in two phases. The first phase of the extension (described above) would coincide with 
the completion of the first phase of the hospital campus, planned for 2007.  The remaining portion 
across I-405 would be built as funding becomes available. 
 
How will the location of new freeway ramps be decided?  
The Washington State Department of Transportation (WSDOT) is the final authority on locating 
freeway ramps.  An evaluation of freeway ramp alternatives is provided in the Overlake Hospital 
Master Plan/NE 10th Street Extension Environmental Impact Statement (EIS) in order to inform the 
City Council, should they choose to offer a recommendation to WSDOT.  It should be noted that 
WSDOT plans to conduct additional environmental reviews before making a final decision on ramp 
locations. 
 
When might additional freeway ramps be constructed?  
WSDOT has initiated design work; however, substantially more work is needed, including further 
design, environmental review, and right-of-way acquisition before construction can proceed. 
WSDOT will be responsible for that schedule and, at this time, we do not know when funding will 
become available for the addition of ramps. 
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Why is it necessary to extend NE 10th St. if NE 8th and NE 12th Streets already provide 
access over I-405 to Overlake Hospital? 
Currently, both NE 8th and NE 12th Streets are heavily congested during the peak periods.  By 
2007, the expanded use of the hospital campus is projected to add more than 1,000 additional 
vehicle trips during the afternoon peak period. The extension of NE 10th Street will alleviate 
congestion on both NE 8th and NE 12th Streets and provide direct emergency access to the 
hospital campus.   
 
Are there any plans to extend NE 10th Street eastward from NE 116th Ave.?  
Not at this time. The City will be conducting a separate study to evaluate the transportation needs 
of the area east of 116th Avenue NE to 124th Avenue NE and north to SR 520.  This study will be 
completed by Spring 2005. 
 
What is the City’s process to approve and fund the NE 10th St. Extension? 
The project began as a recommendation from the updated Downtown Implementation Plan. It was 
adopted into the Transportation Improvement Program by Council in early 2004. The NE 10th St. 
extension has also been included in the Downtown Subarea Plan. That plan was adopted into the 
City’s Comprehensive Plan in December 2004.   
 
Currently, the City’s 6-year Capital Investment Program includes funding to cover design of the first 
phase of the roadway into the hospital campus.  In addition, the City will likely receive federal 
funding to pay for the construction of the initial segment.  The City will continue to seek federal and 
state funding to support the entire roadway project.  
 
Why wasn’t the Draft EIS delayed until the NE 10th ramp alternatives were fully defined?  
The Draft EIS includes two levels of analysis: it analyzes environmental impacts associated with a 
project-level evaluation of the near term (2007) hospital expansion and NE 10th Street extension 
and a programmatic-level evaluation of the longer term (2030) projects, including evaluation of 
potential freeway ramp locations to and from Interstate 405 (I-405) and/or SR 520. Analyzing and 
disclosing the impacts of the potential future freeway ramp locations in conjunction with the hospital 
expansion and NE 10th extension is consistent with State Environmental Protection Act (SEPA) 
Rules.  
  
Because the location of future freeway ramps at NE 10th Street was identified as a 
recommendation in the prior Downtown Implementation Plan Update (2003), their location was 
generally known and a subject of significant uncertainty with regard to the hospital campus 
expansion and the extension of NE 10th Street. Incorporating the early programmatic analysis of 
the ramp locations was consistent with SEPA policy. This analysis benefited all the affected parties 
(Overlake Hospital, Group Health Cooperative, the Washington State Department of 
Transportation, and the City of Bellevue) by coordinating all decision-making, reducing uncertainty 
and delay and integrating SEPA review with project design and permitting decisions, and it 
provided a consolidated and combined public involvement process. 
 
Future project-level analysis will be required before the freeway ramp connections can be 
advanced into final design and construction. The Federal Highway Administration and Washington 
State Department of Transportation are responsible for evaluating and approving new connections 
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to I-405 and SR 520 consistent with state and federal requirements. Therefore, they will conduct 
the project-level work when the freeway ramp project is ready to proceed. 
 
What will be the impacts of construction to local businesses? 
As noted in the DEIS, a construction traffic management plan would be prepared prior to any 
construction under the proposal. This plan would outline steps for minimizing traffic impacts during 
construction activities.  Because most of the construction activity would be located on the hospital 
campus, effects on businesses outside the campus are not expected to be significant. 
 
Does the EIS evaluate cumulative impacts associated with other downtown developments 
or other planned roadway projects?  
The DEIS does consider cumulative impacts where the potential for such impacts exists. For 
example, traffic modeling for the 2007 and 2030 build alternatives assumed future growth that 
included all projects within the City’s current 6-year Capital Investment Program, and all current 
approved private development projects.  The 2030 model, in addition, includes all transportation 
projects that are included in the City’s 12-year Transportation Facilities Program as well as 
proposed State highway projects.  A number of approved or recently completed development 
projects are included in the model, including the Whole Foods Market, Lincoln Square, Marriott 
Courtyard, development of the Schnitzer property at NE 8th/ 112th Avenue NE, and the Wasatch 
development (NE 10th between 106th Ave NE and 108th Ave NE). Although identifying cumulative 
impacts of the proposed changes to the Institutional district is by nature somewhat speculative 
(since the only property with this designation is the Overlake Hospital campus itself), potential 
resulting pressures on development in surrounding areas are described in the Draft EIS. The fact 
that the EIS programmatically reviewed 2030 buildout of the hospital campus and the proposed 
connections from NE 10th or NE 12th to the freeway system, in addition to the project-level 2007 
analysis, allows decisionmakers to see the cumulative effects of both projects, rather than only the 
immediate actions for which approvals are being sought.  
 
How can I stay informed about developments on the extension of NE 10th Street? 
The most current information can be found at the City’s website, www.cityofbellevue.org.  From the 
home page, select Featured Pages and click on NE 10th Street project to access pertinent project 
information and documents.  
 
Updates to the project will also be published in our It’s Your City newsletter and other City 
communications. 
 
 
Questions?  
Contact: Lucy Garrick 
Project Community Relations 
City of Bellevue 
Department of Transportation 
425-452-7680 
LGarrick@ci.bellevue.wa.us. 
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Beaux Arts Village 
Bellevue Chamber of Commerce 
Bellevue Downtown Association 
Bellevue Public Library 
Bellevue School District #405 
City of Issaquah 
City of Kirkland, Planning Department 
City of Medina 
City of Mercer Island, Development 

Services 
City of Newcastle, Planning Department 
City of Redmond, Planning Department 
City of Renton, Environmental Review 

Committee 
Darby, Arlene 
Daily Journal of Commerce 
East Bellevue Community Council 
Eastside Journal 
Federal Highway Administration 
Greater Seattle Chamber of Commerce 
HUD 
Issaquah School District 
King County DDES 
King County Metro Transit, Environmental 

Planning 
Lake Hills Library 
Muckleshoot Indian Tribe/Fisheries 

Department 
Newport Way Library 
Office of the King County Executive 
Pacific Regent Condominium Association 
Puget Sound Air Pollution Control 
Puget Sound Blood Center 
Puget Sound Energy 

Puget Sound Regional Council 
Puget Sound Water Quality Action Team 
Seattle Post Intelligencer 
Seattle Public Library 
Seattle Times 
Sound Transit 
Town of Clyde Hill 
Town of Hunts Point 
Tulalip Tribes 
U.S. Environmental Protection Agency, 

Region X 
University of Washington, College of 

Architecture and Urban Planning Library 
Washington State Department of Ecology 
Washington State Department of Fish and 

Wildlife 
Washington State Department of Trade and 

Economic Development 
Washington State Department of 

Transportation 
Washington State Office of Archaeology 

and Historic Preservation 
Washington State Office of Community 

Development 
Washington State Social and Health 

Services 
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APPENDIX H 

Glossary of Terms 

Accessibility 
The ease by which an individual can reach desired activities in any location by use of 
the transportation system. 

Arterial 
A major street that primarily serves through traffic, but also provides access to 
abutting properties. Arterials are often divided into principal and minor 
classifications depending on connections made, nature of traffic, and other 
considerations. 

Best Management Practices (BMPs) 
Methods that have been determined to be the most effective, practical means of 
preventing or reducing pollution from non-point sources.  

Capacity 
The maximum sustained traffic flow of a transportation facility, expressed in 
vehicles per hour per lane, under prevailing traffic and roadway conditions. 

Circulation 
The movement of people or goods along the public infrastructure (roads and 
sidewalks). 

Comprehensive Plan 
A broad statement of community goals and policies that direct the orderly and 
coordinated physical development of the city into the future.  

Congestion 
A condition characterized by unstable traffic flows that prohibit movement on a 
transportation facility at optimal legal speeds. Recurring congestion is caused by 
constant excess volume compared with capacity. Nonrecurring congestion is caused 
by unusual or unpredictable events such as traffic accidents. 

Cumulative Effect 
The effects on the environment that result from the incremental consequences of an 
action when added to other past, present, and reasonably foreseeable future actions.  

Direct Impact 
The impact on the environment that is caused by an action and occurs at the same 
time and place. 

General Purpose (GP) Lane 
A freeway or arterial lane available for use by all traffic.  

Grade Separation 
The separation of two roadways with one roadway going either over (a bridge) or 
under (a tunnel) the other. 
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Growth Management Act (GMA) 
Washington State legislation passed in 1990 and subsequently amended that requires 
long-range comprehensive plans prepared by cities and counties to be balanced with 
supporting transportation infrastructure, including transportation. 

High-Capacity Transit 
Transit systems operating, in whole or part, on a fixed-guideway, dedicated right-of-
way or freeway/express facility, designed to carry a large number of riders at higher 
speeds than conventional transit. Examples include express bus on HOV lanes, 
passenger ferry service, and light and heavy rail systems. 

High-Occupancy Vehicle 
A vehicle carrying two or more people. The minimum number of vehicle occupants 
required to qualify for HOV lane use may vary depending on the congestion levels 
and capacity of the HOV lane and the surrounding road system. 

Impervious Surface 
A surface that does not allow surface water to penetrate through.  

Ldn 
The day/night sound level. This is a daily average noise level that ranks noise that 
occurs during the night more heavily, adding 10 dBA to noise levels between 10 p.m. 
and 7 a.m. 

Leq 
Equivalent sound level. The level of a constant sound which in a given time period 
has the same energy as does a time-varying sound. 

Level of Service 
A gauge for evaluating system performance for roadways, transit, non-motorized, 
and other transportation modes. 

Mitigation 
Actions taken to reduce adverse effects on the environment.  

Mobility 
The ease of continuous movement along the transportation system.  

Mode Split 
Person trips are divided in their mode of transportation (i.e., Drive alone, Transit, 
Rideshare, Walk/Bike). 

National Ambient Air Quality Standards 
Standards established by the EPA that apply to outside air quality throughout the 
country. 

No Action Alternative 
The alternative under which no land use changes would take place on the Overlake 
Hospital campus, no Comprehensive Plan Amendment/Land Use Code 
Samendment would be adopted, NE 10th Street would not be extended, and no new 
connections to the regional highway system would be provided at NE 10th or NE 12th 
Streets. 



GLOSSARY OF TERMS  

APPH_GLOSSARY.DOC H-3 

Ozone 
A form of oxygen found in two layers of the atmosphere, the stratosphere and the 
troposphere. In the stratosphere, ozone is a natural form of oxygen that provides a 
protective layer shielding the earth from ultraviolet radiation. In the troposphere, 
ozone is a chemical oxidant and major component of photochemical smog. 

Palustrine Wetland 
Freshwater wetlands dominated by trees, shrubs, and emergent vegetation.  

Particulate Matter 
A very small solid suspended in air or water which can vary widely in size, shape, 
density, and electrical charge. 

Peak-Period 
The 1-hour period in the late afternoon where traffic congestion is expected to be the 
most severe. 

Preferred Alternative 
The alternative recommended by City staff for implementation (2007 Alternative B). 
The City Council will make the ultimate decision on the Preferred Alternative for 
extension of NE 10th Street. 

Principal Arterial 
A street that serves primarily long trips, connecting to freeways and important 
activity centers. 

Riparian Area 
An area of land adjacent to and including a stream. The riparian corridor 
encompasses the stream channel, floodplain areas, wetlands, forests, and grasslands 
associated with stream ecosystems. 

Secondary Impact 
The impact on the environment that is caused by an action and occurs later in time 
or is farther removed in distance, but is still reasonably foreseeable. Generally, the 
impacts are induced by the initial action. 

Significant Unavoidable Adverse Impacts 
Impacts caused by the action that, after mitigation, have more than a moderate 
adverse impact on the environment. 

State Implementation Plan 
EPA-approved state plan for the establishment, regulation, and enforcement of air 
pollution standards. 

Traffic Concurrency 
The Bellevue Traffic Standards Code and the State Growth Management Act require 
the City to approve land development concurrently with the available capacity of its 
streets to support development. 

Transportation Demand Management (TDM) 
Institutional and operational methods to reduce travel demand on the transportation 
system. TDM strategies are usually implemented to support the use of HOVs, and 
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typically include carpool, vanpool, and public transit programs. 

Wetland 
Those areas that are inundated or saturated by surface or ground water at a 
frequency and duration sufficient to support, and that under normal circumstances 
do support, a prevalence of vegetation typically adapted for life in saturated soil 
conditions. Area of land covered with water during all or parts of the year. 
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APPENDIX I 

Open House on Draft EIS 

CITY OF BELLEVUE 
OVERLAKE HOSPITAL MEDICAL CENTER MASTER PLAN 

AND NE 10TH STREET EXTENSION 
ENVIRONMENTAL IMPACT STATEMENT EIS) 

PUBLIC SCOPING MEETING 
 

Thursday, November 18, 2004    Council Conference Room 
6:00 PM to 7:00 PM      Bellevue City Hall 
        11511 Main Street 

       Bellevue, Washington 
 
 
BELLEVUE STAFF: Carol Helland, Land Use Division Director, PCD 

Steve Sindiong, Senior Planner, Transportation 
 
OTHERS PRESENT: Roger Anderson, GLY 

Bill Biggs, Group Health Cooperative 
Arlene Darby, Bellevue resident 
Janet Donelson, Overlake Hospital Medical Center 
Phillip Wood, Trammell Crow 
Jennifer Young, CH2M Hill 

 
MINUTES TAKER:  Christy Hulin 
 
 
OPEN HOUSE – OVERLAKE HOSPITAL MASTER PLAN/NE 10TH STREET 
EXTENSION ENVIRONMENTAL IMPACT STATEMENT (EIS) 
 
Carol Helland opened the hearing at 6:05 p.m.  She explained the purpose of the hearing, for 
the public to learn about the projects and provide feedback on issues and concerns that 
should be considered as decisions are made on the project components. 
 
Ms. Helland noted that here tonight are representatives from Group Health, Overlake 
Hospital Medical Center, Bellevue Transportation Department, and consultants.  She 
encouraged people to either make comments to the court reporter or fill out one of the blue 
comment forms.  The comments must be received December 6 and a summary will be 
presented to the Council on December 13.  Verbatim comments and responses to the 
comments will be in the Final Environmental Impact Statement (EIS). 
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Ms. Helland said the Planning Commission will be evaluating amendments to the Land Use 
Code that will result from the master plan on the Overlake Hospital Medical Center campus.  
In order to accomplish that and remove the land underneath the road, Comprehensive Plan 
Amendments are necessary.  They will be introduced beginning December 1, and there will 
be additional public hearings as identified on the schedule that is available tonight. 
 
Ms. Helland encouraged people to submit questions to Transportation staff or to the 
consultants. 
 
No one offered oral comments to the Court Reporter. 
 
ADJOURNMENT 
 
The open house ended at 7:00 p.m. 
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