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1. INTRODUCTION
This report contains the detailed analysis and documentation that is the basis for the Chapter 3,
Section 3.7 on Geology, Soils, and Seismic Hazards in the Lake Oswego to Portland Transit Project
(LOPT) Draft Environmental Impact Statement (DEIS) published by the Federal Transit
Administration in December 2010. This chapter of the report includes a summary of the project
background, the Purpose and Need, the alternatives/options considered and the description of the
alternatives analyzed.
1.1 Project Background
Transit improvements in the Lake Oswego to Portland corridor have been studied several times in
recent history. In the 1970s and 80s, a light rail alignment through Johns Landing was studied as part
of the Westside Corridor Alternatives Analysis, and in the 1990s potential light rail alignments
through Johns Landing were studied as part of the South/North Corridor Study.
The Willamette Shore Line right of way was first established in 1885-1887 as the Portland and
Willamette Valley Railroad, which began operation in July 1887. The Southern Pacific Railroad
(SPRR) later purchased the railway in 1914. The railroad had a major impact on the development of
southwest Portland. Initially, 14 trains operated between Portland and Oswego (as it then was
known), and it became the main transportation link for developing residential communities along the
route. The line was electrified in 1914 and passenger traffic hit its peak in 1920 with SPRR running
64 daily trains between Portland and Oswego. Passenger service ended on October 5, 1929, while
freight service continued until 1983.
In August of 1984, the Interstate Commerce Commission granted SPRR permission to abandon the
line. In 1988, the Willamette Shore Line Consortium (the Consortium) purchased the 6.3-mile-long
line from SPRR for approximately $2 million. The Consortium, comprised of the City of Lake
Oswego, City of Portland, Oregon Department of Transportation (ODOT), Clackamas County,
Multnomah County, Metro, and TriMet, purchased the line to preserve it for future passenger rail
transit use. TriMet holds title for the Consortium and the City of Lake Oswego provides maintenance
services funded by the Consortium.
In 2005, with the endorsement of the Joint Policy Advisory Committee on Transportation, the Metro
Council directed staff to initiate the Lake Oswego to Portland Transit and Trail Alternatives Analysis.
The alternatives analysis focused on improving the ability to serve travel demand in the corridor
through improved transit service and development of a multi-use pathway.
1.2 Purpose and Need
The Purpose of the project is to optimize the regional transit system by improving transit within the
Lake Oswego to Portland transit corridor, while being fiscally responsive and supporting regional and
local land use goals. The project should maximize, to the extent possible, regional resources and
economic development opportunities, and garner broad public support. The project should build on
previous corridor transit studies, analyses, and conclusions and should be environmentally sensitive.
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The Need for the project results from:









Historic and projected increases in traffic congestion in the Lake Oswego to Portland corridor due
to increases in regional and corridor population and employment;
Lengthy and increasing transit travel times and deteriorating public transportation reliability in
the corridor due to growing traffic congestion;
Increasing operating expenses, combined with increasingly scarce operating resources and the
demand for more efficient public transportation operations;
Local and regional land use and development plans, goals, and objectives that target the corridor
for residential, commercial, retail, and mixed-use development to help accommodate forecast
regional population and employment growth, and previous corridor transit studies, analyses, and
conclusions;
The region’s growing reliance on public transportation to meet future growth in travel demand in
the corridor;
The topographic, geographic, and built-environment constraints within the corridor that limit the
ability of the region to expand the highway and arterial infrastructure in the corridor; and
Limited options for transportation improvements in the corridor caused by the identification and
protection of important natural, built, and socioeconomic environmental resources in the corridor.

1.3 Alternatives/Options Considered
Metro’s 2004 Regional Transportation Plan (RTP) identified the need for a refinement plan for a high
capacity transit option for the corridor, which included an analysis of several modal alternatives.
Metro initiated the corridor refinement plan in July 2005 and issued the Lake Oswego to Portland
Transit and Trail Alternatives Analysis Evaluation Summary Public Review Draft in June 2007.
On December 13, 2007, after reviewing and considering the alternatives analysis report, public
comment, and recommendations from the Lake Oswego to Portland Transit and Trail Project Citizen
Advisory Committee (CAC), the Lake Oswego to Portland Transit and Trail Project Management
Group (PMG), Steering Committee, and partner jurisdictions and agencies, the Metro Council
approved Resolution No. 07-3887A. The resolution adopted the Lake Oswego to Portland Transit
and Trail Alternatives Analysis: Alternatives to be Advanced into a Draft Environmental Impact
Statement and Work Program Considerations (December 13, 2007). (See Section 2.1 for additional
detail on the process used to identify and narrow alternatives.) It also selected the No-Build,
Enhanced Bus, and Streetcar alternatives to advance into the project’s DEIS for further study, and
directed staff to conduct a refinement study to identify design options in the Johns Landing Area and
terminus options to advance into the project’s DEIS. The resolution called for further refinement of
the trail component to move forward as a separate process.
1.3.1 Alternatives Analysis
The project’s alternatives analysis process developed a wide range of alternatives for evaluation and
early screening, which included: a no-build alternative, widening of Highway 43, reversible lanes on
Highway 43, river transit (three options), bus rapid transit (BRT) (three options), commuter rail, light
rail, and streetcar (a wide range of alignment alternatives and terminus alternatives and options).
Through a screening process that assessed the ability of the alternatives to meet the project’s Purpose
and Need, the initial range of possible alternatives was narrowed. Appendix C of the DEIS provides a
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summary of the technical evaluation of the alternatives and options considered during the alternatives
analysis phase.
The following alternatives were selected for further study through the alternatives analysis phase:
1) No-Build Alternative, 2) Bus Rapid Transit Alternative, and 3) Streetcar Alternative. Following is
a description of those alternatives as they were studied in the alternatives analysis (see the Lake
Oswego to Portland Transit and Trail Study Evaluation Summary Public Review Draft for more
information).
 No-Build Alternative. Similar to the project’s current No-Build Alternative, described in Section
1.4.1.
 Bus Rapid Transit Alternative. The Bus Rapid Transit Alternative would operate frequent bus
service with Line 35 on Highway 43 between downtown Portland and downtown Lake Oswego,
generally in mixed traffic, with bus station spacing that would be longer than TriMet typically
provides for fixed-route bus service. Transit queue bypass lanes would be constructed at congested
intersections, where feasible.
 Streetcar Alternative. The Streetcar Alternative would extend the existing Portland Streetcar line,
which currently operates between NW 23rd Avenue and SW Lowell Street, to downtown Lake
Oswego. Study of this alternative includes an evaluation of whether the Willamette Shore Line
right of way would be used exclusively of whether it would be used in combination with SW
Macadam Avenue or other adjacent roadways.
1.3.2 Scoping/Project Refinement Study
This section describes the alignment and terminus options developed, evaluated, and screened in
2009 as a part of the project’s scoping and refinement study phase. In November 2010, Metro
published the Lake Oswego to Portland Transit Project Refinement Report, which detailed the
study’s results and summarized public comment. This phase focused on refinements in two areas: 1)
alignment options for the Johns Landing area; and 2) terminus options in the Lake Oswego area. In
summary, the project’s Purpose Statement during the refinement phase was to:






Optimize the regional transit system;
Be fiscally responsive and maximize regional resources;
Maximize the economic development potential of the project;
Be sensitive to the built and social environments; and
Be sensitive to the natural environment.

The options, evaluation measures, and results of the Johns Landing streetcar alignment refinement
process and the Lake Oswego terminus refinement processes are summarized below.
A. Johns Landing Streetcar Alignment Refinement. For the refinement of streetcar design options
within the Johns Landing area, the project used the following criteria: streetcar operations, streetcar
performance, financial feasibility, traffic operations, accessibility and development potential,
neighborhood sustainability, and adverse impacts to the natural environment. Measures for each of
the criteria were developed and applied to each of the alignment options studied, which included:
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Hybrid 1: Macadam Avenue In-Street
Hybrid 2: East Side Exclusive
Hybrid 3: Macadam Avenue with New Northbound Lane
Willamette Shore Line
Full Macadam In-Street

B. Lake Oswego Terminus Option Refinement. For the refinement of terminus options in the Lake
Oswego area, the project used the following criteria: expansion potential and regional context,
streetcar operations, streetcar performance, financial feasibility, traffic operations, accessibility and
development potential, and neighborhood sustainability. Measures for each of the criteria were
developed and applied to each of the alignment options studied, which included: a) Safeway
Terminus Option; b) Albertsons Terminus Option; and c) Trolley Terminus Option.
On June 1, 2009, in consultation with FTA and based on the findings of the analysis, public and
agency comment and recommendations from the Lake Oswego to Portland Transit Project
Management Group, the Lake Oswego to Portland Transit Project Steering Committee selected the
following options in the Johns Landing area to advance into the DEIS: Willamette Shore Line;
Hybrid 1 – Macadam Avenue In Street (Boundary Street to Carolina Street); and Hybrid 3: Macadam
Avenue with New Northbound Lane (Boundary Street to Carolina Street).
1.4 Description of Alternatives Analyzed in this Technical Report and the DEIS
This section summarizes the roadway and transit capital improvements and transit operating
characteristics for the No-Build, Enhanced Bus, and Streetcar alternatives. Table 1-1 provides a
summary of the transit capital improvements associated with the three alternatives, and Table 1-2
summarizes the operating characteristics of the alternatives. A more detailed description of the
alternatives may be found in the Lake Oswego to Portland Transit Project Detailed Definition of
Alternatives Report (Metro/TriMet: January 2010). Detailed drawings of the Streetcar Alternative,
including the various design options, can be found in the Streetcar Plan Set, November 2009.
1.4.1 No-Build Alternative
This section describes the No-Build Alternative, which serves as a reference point to gauge the
benefits, costs, and effects of the Enhanced Bus and Streetcar alternatives. In describing the No-Build
Alternative, this section focuses on: 1) the alternative’s roadway, bicycle and pedestrian, and transit
capital improvements; and 2) the alternative’s transit operating characteristics. This description of the
No-Build Alternative is based on conditions in 2035, the project’s environmental forecast year.
1.4.1.1 Capital Improvements
Following is a brief description of the roadway, bicycle and pedestrian, and transit capital
improvements that would occur under the No-Build Alternative (see Table 1-1). Figure 1-1 illustrates
the location of those improvements.
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1

Roadway Capital Improvements. The No-Build Alternative includes the existing roadway
network in the corridor, with the addition of roadway capital improvements that are listed in the
financially constrained road network of Metro’s 2035 RTP.1Following is a list of the roadway
projects that would occur within the corridor by 2035.
o Moody/Bond Avenue Couplet (create couplet with two lanes northbound on SW Bond Avenue
and two lanes southbound on SW Moody Avenue);
o South Portal (Phases I and II to extend the SW Moody Avenue/SW Bond Avenue couplet to
SW Hamilton Street and realign SW Hood Avenue to connect with SW Macadam Avenue at
SW Hamilton Street);
o I-5 North Macadam (construct improvements in the South Waterfront District to improve
safety and access); and
o Macadam Intelligent Transportation Systems (install system and devices in the SW Macadam
Avenue corridor to improve traffic flow).

Metro, 2035 Regional Transportation Plan, approved Dec. 13, 2007.
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Table 1-1 Transit Capital Improvements for the
No-Build, Enhanced Bus, and Streetcar Alternatives (2035)
Capital Improvements
New Streetcar Alignment Length2
One-Way Streetcar Track Miles
Portland Streetcar System
Proposed Lake Oswego to Portland Project
Streetcar Stations
Portland Streetcar System
Proposed Lake Oswego to Portland Project
Streetcars (in service/spares/total)
Portland Streetcar System
Proposed Lake Oswego to Portland Project
Streetcar Operations and Maintenance (O&M)
Facilities
4
Number of Facilities
Maintenance Capacity (number of Streetcars)
Storage Capacity (number of Streetcars)
Line 35 Bus Stops
Line 35 Bus Stops (Lake Oswego to SW Bancroft
St.)
Buses (in service/spares)
TriMet Systemwide
Difference from No-Build Alternative
5
Transit Centers
Park-and-Ride Facilities
Joint Use Surface – Lots/Spaces
Surface – Lots/Spaces
Structured – Lots/Spaces

No-Build
N/A

Enhanced Bus
N/A

Streetcar1
5.9 to 6.0

15.7
0

15.7
0

26.2 to 27.0
10.5 to 11.3

69
0

69
0

79
3
10

17/5/22
N/A

17/5/22
N/A

27/6/33
10/1/11

1
36
25

1
36
25

2
36
33

26

13

0

607/712
N/A
1

619/725
13
1

601/704
-8
1

3/76
0/0
0/0

3/76
0/0
1/300

3/76
1/100
1/300

Note: LO = Lake Oswego; O&M = operating and maintenance.
1
The transit capital improvements of the Streetcar Alternative summarized in this table would not vary by design
option, except when shown as a range and as noted for new streetcar alignment length and one-way track miles. The
first number listed is under the Willamette Shore Line design option and the second number listed is under the
Macadam design options (in the Johns Landing Segment).
2
Under the No-Build and Enhanced Bus alternatives, the Portland Streetcar System would include two streetcar lines: a) the
rd
existing Portland Streetcar Line, between NW 23 Avenue and SW Bancroft Street, and b) the Portland Streetcar Loop, which is
currently under construction and will be completed when the Milwaukie Light Rail and Streetcar Close the Loop project are
constructed. The Streetcar Alternative would extend the existing Portland Streetcar line south, from SW Bancroft Street to Lake
Oswego. One-way track miles are calculated by multiplying the mileage of double-tracked sections and adding that to the mileage
of single-track sections. Alignment length and one-way track miles are presented as a range, because they would vary by design
option. The number of streetcar stations, streetcars in service or as spares and the number and size of streetcar O&M facilities
would not change by streetcar design option.
3
Two optional stations are also being considered for inclusion in the Streetcar Alternative (see Figure 1-5 and Figure 1-6): 1) the
Pendleton Station under the Macadam In-Street and Macadam Additional Lane design options in the Johns Landing Segment;
and the E Avenue Station in the Lake Oswego Segment.
4
th
There is an existing streetcar operations and maintenance (O&M) facility at NW 16 Avenue, between NW Marshall and NW
Northrup streets; under the Streetcar Alternative, additional storage for eight vehicles would be provided along the streetcar
alignment under the Marquam Bridge. There would be no change in the number or size of bus O&M facilities under any of the
alternatives or design options. Bus stops are those that would be served exclusively by Line 35 between Lake Oswego and SW
Bancroft Street
5
Under the No-Build and Enhanced Bus alternative, the Lake Oswego Transit Center would remain at its current location (on 4th
Street, between A and B avenues); under the Streetcar Alternative, the transit center would be moved to be adjacent to the Lake
Oswego Terminus Station.
Source: TriMet, January 2010.
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Table 1-2 Streetcar and Bus Network Operating Characteristics of
No-Build, Enhanced Bus, and Streetcar1 Alternatives (2035)
Operating Characteristics by Vehicle Mode
Streetcar Network Operating Characteristics1
Weekday Streetcar Vehicle Miles Traveled
Systemwide
Difference from No-Build Alternative
Weekday Streetcar Revenue Hours
Systemwide
Difference from No-Build Alternative
Corridor Weekday Streetcar Place Miles2
3
Corridor Streetcar Round-Trip Time
Corridor Streetcar Headways4
Lake Oswego to PSU
Bus Network Operating Characteristics
Weekday Bus Miles Traveled
Systemwide
Difference from No-Build Alternative
Weekday Bus Revenue Hours
Systemwide
Difference from No-Build Alternative
Line 35 (bus) Weekday Place Miles2
4
Line 35 (bus) Headways
Lake Oswego to Downtown Portland
Oregon City to Lake Oswego

No-Build

Enhanced Bus

Streetcar

2,180
N/A

2,180
0

3,200 or 3,230
1,020 or 1,050

267
N/A

267
0

N/A
N/A

N/A
N/A

326 or 332
59 or 65
89,000 or 91,320
37 or 44 minutes

N/A

N/A

7.5 / 7.5 minutes

76,560
N/A

77,560

75,520
-1,040

5,300
N/A
37,000

5,400
100
57,840

5,210
-90
0

15 / 15 min.
15/15 min.

6 / 15 min.
15/15 min.

N/A
15/15 min.

1,000

Note: N/A = not applicable; LO = Lake Oswego; O&M = operating and maintenance; PSU = Portland State University.
1
The operating characteristics of the Streetcar Alternative summarized in this table would not vary by design option, except
when shown as a range and as noted for streetcar vehicle miles traveled, place miles, and round-trip time. The first number
listed is under the Willamette Shore Line Design Option and the second number listed is under the Macadam design options
(in the Johns Landing Segment).
2
Place miles are a measure of the passenger carrying capacities of the alternatives, similar to airline seat miles. Place miles =
transit vehicle capacity (seated and standing) of a vehicle type, multiplied by the number vehicle miles traveled for that
vehicle type, summed across all vehicle types. The No-Build Alternative bus place miles are based on lines 35 and 36.
3
Round-trip run time for the proposed streetcar line would include in-vehicle running time from SW Bancroft Street to the Lake
Oswego Terminus Station and back to SW Bancroft Street; it does not include layover time at the terminus.
4
Headways are the average time between transit vehicles per hour within the given time period that would pass by a given
point in the same direction, which is inversely related to frequency (the average number of vehicles per hour in the given time
period that would pass by a given point in the same direction). Weekday peak is generally defined as 7:00 to 9:00 a.m. and
4:00 to 6:00 p.m.; weekday off-peak is generally defined as 5:00 to 7:00 a.m., 9:00 a.m. to 4:00 p.m. and 6:00 p.m. to 1:00
a.m. There would be streetcar service every 12 minutes between SW Bancroft Street and the Pearl District (via PSU) under
the No-Build and Enhanced Bus alternatives. The peak headways shown for the No-Build Alternative are the composite
headways for Lines 35 and 36.
Source: TriMet – January 2010.
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FIGURE 1-1 NO-BUILD ALTERNATIVE TRANSPORTATION NETWORK AND FACILITIES
Page 8

Portland to Lake Oswego Transit Project
Geology, Soils and Seismic Hazards Technical Report

November 2010



Bicycle and Pedestrian Improvements. The No-Build Alternative includes the existing bicycle
and pedestrian network in the corridor, with the addition of bicycle and pedestrian capital
improvements that are listed in the financially constrained road network of Metro’s 2035 RTP.
Following is a list of the bicycle and pedestrian projects that are proposed to occur within the
corridor by 2035.
o Lake Oswego to Portland Trail (extension of a multiuse path between Lake Oswego and
Portland);
o I-5 at Gibbs Pedestrian/Bicycle Overcrossing (construct a bicycle and pedestrian bridge over
I-5 in the vicinity of SW Gibbs Street); and
o Tryon Creek Bridge (construct a new pedestrian/bicycle bridge near the mouth of Tryon
Creek).



Bus Capital Improvements. There are currently two primary bus capital facilities in the
corridor: Lake Oswego Transit Center (on 4th Street, between A and B avenues); and Portland
Mall (bus and light rail lanes and shelters on NW/SW 5th and 6th avenues between NW Glisan
Street and SW Jackson Street). These bus facilities would remain as-is under the No-Build
Alternative. (The financially constrained transit project list of the RTP includes relocation of the
Lake Oswego Transit Center to be adjacent to the Lake Oswego to Portland Streetcar alignment,
which is also in the financially constrained project list. Neither would occur under the No-Build
Alternative.) No additional bus capital improvements are planned for the corridor under the NoBuild Alternative by 2035.



Light Rail Capital Improvements. Under the No-Build Alternative, TriMet’s existing Yellow
Line light rail service would continue to operate on the Portland Mall (with a station at PSU
added), across the Steel Bridge and into North Portland. Yellow Line facilities and service would
be extended north from the existing Expo Center Station, across the Columbia River into
Vancouver, Washington, and south from the Portland Mall, generally via SW Lincoln Street,
across the Willamette River to Milwaukie, Oregon. In addition, downtown Portland would be
served by the following TriMet light rail lines: Blue Line (Gresham to Hillsboro); Red Line
(Beaverton to Portland International Airport); and Green Line (downtown Portland to Clackamas
Town Center).
Excursion Trolley Capital Facilities. Under the No-Build Alternative there would be no
changes to the existing excursion trolley capital facilities that are located or operate within the
corridor. Those excursion trolley capital facilities include approximately six miles of singletracked Willamette Shore Line tracks and related facilities; stations at SW Bancroft and Moody
streets and at N State Street at A Avenue; a trolley barn at approximately N State Street at A
Avenue; and typically one vintage and/or other trolley vehicle propelled by externally attached
diesel units.





Streetcar Improvements and Vehicles. Under the No-Build Alternative, the existing Portland
Streetcar Line would continue to operate between NW 23rd Avenue and SW Lowell Street. In
addition, the No-Build Alternative includes the Eastside Streetcar Project (currently under
construction), which would extend streetcar tracks and stations across the Broadway Bridge,
serving NE and SE Portland on N and NE Broadway and NE and SE Martin Luther King
Boulevard and Grand Avenue to OMSI. With the Close the Loop Project, the Eastside Streetcar
will be extended across the Willamette River, to complete the planned Streetcar Loop, via a new
transit, bicycle, and pedestrian bridge to be constructed under the Milwaukie Light Rail Project,
connecting to the Streetcar line in the South Waterfront District. Under the No-Build Alternative
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in 2035, there would be 22 streetcars in the transit system (including spares), an increase of 11
compared to existing conditions.


Park-and-Ride Facilities. Under the No-Build Alternative, the park-and-ride facilities in the
corridor would be those that currently exist: a shared-use 30-space park-and-ride lot at Christ
Church (1060 SW Chandler Road); a shared-use 34-space park-and-ride lot at Lake Oswego
United Methodist Church (1855 South Shore Boulevard); and a shared use 12-space park-andride lot at Hope Church (14790 SW Boones Ferry Road).



Operations and Maintenance Facilities. Under the No-Build Alternative, there would be one
operations and maintenance facility within the corridor, which would be the existing streetcar
maintenance building and storage yard on NW 16th Avenue under I-405. With the Streetcar Loop
and Close the Loop Projects, the storage yard could accommodate 25 streetcars and the
maintenance facility would have the capacity to service 36 streetcars (an increase in capacity of
13 and 18 vehicles, compared to existing conditions, respectively).

1.4.1.2 Transit Operations
This section summarizes the transit operating characteristics that would occur under the No-Build
Alternative, focusing on bus and streetcar operations (see Table 1-2). Figure 1-1 illustrates the transit
network for the No-Build Alternative in the vicinity of the corridor.


Bus Operations. Bus operations under the No-Build Alternative would be similar to TriMet’s
existing fixed-route bus network with the addition of improvements included in the 2035 RTP’s
20-year financially constrained transportation system (see Figure 1-1). Transit service
improvements within the No-Build Alternative would be limited to those that could be funded
using existing and readily-foreseeable revenue sources. Systemwide, those bus operations
improvements would include: 1) increases in TriMet bus route frequency to avoid peak overloads
and/or maintain schedule reliability; 2) increases in run times to maintain schedule reliability; and
3) incremental increases in TriMet systemwide bus service hours consistent with available
revenue sources and consistent with the 2035 RTP’s 20-year financially-constrained transit
network, resulting in annual increases in service hours of approximately 0.5 percent per year.
Specifically, the No-Build Alternative would include the operation of the TriMet bus route Line
35 between downtown Portland and Lake Oswego (continuing south to Oregon City).



Streetcar Operating Characteristics. Under the No-Build Alternative, the City of Portland,
through an operating agreement with the Portland Streetcar, Inc. (PSI), would continue to operate
the existing Portland Streetcar line between Northwest Portland and the South Waterfront
District, via downtown Portland (see Figure 1-1). On average weekdays in 2035, the Streetcar line
would operate every 12 minutes during the peak and off-peak periods. Further, the City of
Portland would operate the Streetcar Loop Project, serving downtown Portland, the Pearl District,
northeast and southeast Portland, OMSI and the South Waterfront District. Frequency on the line
for an average weekday in 2035 would be every 12 minutes during the peak and off-peak periods.

1.4.2 Enhanced Bus Alternative
This section describes the roadway, bicycle and pedestrian, and transit capital improvements and
transit operating characteristics under the Enhanced Bus Alternative, generally compared to the No-
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Build Alternative. The intent of the Enhanced Bus Alternative is to address the project’s Purpose and
Need without a major transit capital investment.
1.4.2.1 Capital Improvements
This section summarizes the transit, bicycle and pedestrian, and transit capital improvements that
would occur under the Enhanced Bus Alternative, compared to the No-Build Alternative (see Table
1-1 and Figure 1-2).


Roadway Capital Improvements. Except for the addition of a two-way roadway connection
between the proposed 300-space park-and-ride lot and Foothills Road, there would be no change
in roadway improvements under the Enhanced Bus Alternative, compared to the No-Build
Alternative.



Bicycle and Pedestrian Improvements. There would be no change in bicycle and pedestrian
improvements under the Enhanced Bus Alternative, compared to the No-Build Alternative.



Bus Capital Improvements. Under the Enhanced Bus Alternative, the 26 bus stops that would
be served by Line 35 between downtown Lake Oswego and SW Bancroft under the No-Build
Alternative would be consolidated into 13 bus stops, which would continue to be served by the
Line 35 (the other 13 bus stops would be removed). The bus stops served by Line 35 between
Lake Oswego and Oregon City would be unchanged under the Enhanced Bus Alternative,
compared to the No-Build Alternative.



Light Rail Capital Improvements. There would be no change in light rail capital improvements
under the Enhanced Bus Alternative, compared to the No-Build Alternative.



Excursion Trolley Capital Improvements. There would be no change in excursion trolley
capital improvements under the Enhanced Bus Alternative, from the No-Build Alternative.



Streetcar Improvements and Vehicles. There would be no change in streetcar improvements
and vehicles under the Enhanced Bus Alternative, compared to the No-Build Alternative.



Park-and-Ride Facilities. In addition to the park-and-ride facilities included under the No-Build
Alternative, the Enhanced Bus Alternative would include a 300-space structured park-and-ride lot
that would be located at Oswego Village Shopping Center on Highway 43 in downtown Lake
Oswego. The park-and-ride lot would be served by Lines 35 and 36.



Operations and Maintenance Facilities. There would be no changes to the region’s operations
and maintenance facilities under the Enhanced Bus Alternative, compared to the No-Build
Alternative, except that the capacity of TriMet’s bus operating and maintenance facilities at either
the Center or Powell facility would be expanded to accommodate the additional 13 buses under
the Enhanced Bus Alternative (see the Detailed Definition of Alternatives Report for additional
information).
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1.4.2.2 Transit Operations
This section summarizes the corridor’s transit operations under the Enhanced Bus Alternative,
focusing on bus and streetcar operations. Figure 1-2 illustrates the transit network for the Enhanced
Bus Alternative in the vicinity of the corridor.


Bus Operations. Except for changes to the routing, frequency, and number of stops of Line 35
and the elimination of Line 36 service between downtown Portland and downtown Lake Oswego,
bus operations under the Enhanced Bus Alternative would be identical to the bus operations under
the No-Build Alternative. Under the Enhanced Bus Alternative, Line 35’s routing between
Oregon City and Lake Oswego would remain unchanged relative to the No-Build Alternative.
Further, between Lake Oswego and downtown Portland there would be two routing changes to
Line 35, compared to the No-Build Alternative: 1) the bus would be rerouted to serve the new
park-and-ride lot at the Oswego Village Shopping Center; and, 2) in downtown Portland, Line 35
would be rerouted to serve SW and NW 10th and 11th avenues, generally between SW Market
and Clay streets and NW Lovejoy Street/Union Station to address the travel markets.



Streetcar Operating Characteristics. Under the Enhanced Bus Alternative, there would be no
change in streetcar operating characteristics, compared to the No-Build Alternative.

1.4.3 Streetcar Alternative
This section describes the roadway, bicycle and pedestrian, and transit capital improvements and
transit operating characteristics under the Streetcar Alternative, generally compared to the No-Build
Alternative.
1.4.3.1 Capital Improvements
This section summarizes the transit, bicycle and pedestrian, and transit capital improvements that
would occur under the Streetcar Alternative, generally compared to the No-Build Alternative (see
Table 1-1 and Figure 1-3). This section provides a general description of the capital improvements
that would occur under the Streetcar Alternative, independent of design option, and it highlights the
differences between design options within three of the corridor’s segments.
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FIGURE 1-2 ENHANCED BUS ALTERNATIVE TRANSPORTATION NETWORK
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FIGURE 1-3 STREETCAR ALTERNATIVE TRANSPORTATION NETWORK
Page 14

Portland to Lake Oswego Transit Project
Geology, Soils and Seismic Hazards Technical Report

November 2010

A. Summary Description
Following is a general description of the roadway, bicycle and pedestrian, and transit improvements
that would occur under the Streetcar Alternative. The next section provides a description of
differences in capital improvements for design options that are under consideration in three of the
project’s six segments. See Figure 1-4 for an illustration of the project segments and the design
options under consideration.


Roadway Capital Improvements. There would be no roadway improvements under the
Streetcar Alternative in the following corridor segments: 1) Downtown Portland; and 2) South
Waterfront. The roadway capital improvements that would occur under the other corridor
segments are described below for those segments. Changes to traffic controls at signalized and
non-signalized intersections would occur throughout the corridor to accommodate the safe and
efficient operation of the streetcar and local traffic. The Detailed Definition of Alternatives Report
and the Streetcar Plan Set provide additional details on changes to traffic operations at
intersections under the Streetcar Alternative.



Bicycle and Pedestrian Improvements. There would be no change in bicycle and pedestrian
improvements under the Streetcar Alternative, compared to the No-Build Alternative, except as
noted in the following segment-by-segment description.
Bus Capital Improvements. Under the Streetcar Alternative, all 26 bus stops that would be
served by Line 35 on Highway 43 between downtown Lake Oswego and the Sellwood Bridge and
on SW Macadam Boulevard north of SW Corbett Street under the No-Build Alternative would be
removed, because Line 35 service would be replaced in the corridor by streetcar service. The bus
stops served by Line 35 between Lake Oswego and Oregon City would be unchanged under the
Streetcar Alternative, compared to the No-Build Alternative. In addition, under the Streetcar
Alternative, the Lake Oswego Transit Center would be relocated to be adjacent to the Lake
Oswego Terminus Station, from its existing location on 4th Street, between A and B avenues. The
changes to the bus capital improvements under the Streetcar Alternative would not vary by any of
the design options under consideration.



Light Rail Capital Improvements. There would be no change in light rail capital improvements
under the Streetcar Alternative, compared to the No-Build Alternative.



Interim Excursion Trolley Capital Improvements. Under the Streetcar Alternative, there
would no longer be an operating and maintenance agreement between the City of Lake Oswego
and the Willamette Shore Line Consortium that would allow for the operations of the excursion
trolley between SW Bancroft Street and Lake Oswego. Further, the Oregon Electric Railway
Historical Society would no longer operate the vintage excursion trolley on the Willamette Shore
Line alignment under agreement with the City of Lake Oswego, as they currently do and as they
would under the No-Build and Enhanced Bus Alternatives.



Streetcar Improvements and Vehicles. The Streetcar Alternative would extend streetcar tracks
and stations south from the existing Portland Streetcar line that operates between NW 23rd
Avenue and SW Bancroft Street. Compared to existing conditions and the No-Build Alternative,
the Streetcar Alternative would add approximately 5.9 to 6.0 one-way miles of new streetcar
tracks and catenary (overhead electrical wiring and support) and ten new streetcar stations
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between SW Bancroft Street and Lake Oswego. Except when crossing over waterways, roadways,
or freight rail lines or through an existing tunnel, the new streetcar line would generally be at the
same grade as existing surface streets. Of the approximately six miles of new streetcar tracks, 5.3
miles would be double-tracked (i.e., two one-way tracks) and 0.7 miles would be single-tracked
(i.e., inbound and outbound streetcars would operate on the same tracks; see Figure 1-4 for an
illustration of the location of single and double-track segments). The new streetcar stations would
be of a design similar to the existing streetcar stations in downtown Portland and the Pearl
District.


Park-and-Ride Facilities. In addition to the park-and-ride facilities included under the No-Build
Alternative, the Streetcar Alternative would include: a) a 100-space surface park-and-ride lot
served by the proposed streetcar line at the B Avenue Station; and b) a 300-space structured parkand-ride lot that would be served by the proposed streetcar line at the Lake Oswego Terminus
Station. The size and location of these park-and-ride lots would not vary by any of the design
options under consideration.



Operations and Maintenance Facilities. With the Streetcar Alternative, a new storage facility
that would accommodate eight streetcars would be located adjacent to the streetcar alignment
under the Marquam Bridge. The size and location of the streetcar operating and maintenance
facilities would not vary by any of the design options under consideration.

B. Segment by Segment Description and Design Option Differences
For the purposes of description and analysis, the Lake Oswego to Portland Corridor has been divided
into six segments for the Streetcar Alternative – those segments and design options within four of the
segments are illustrated schematically in Figure 1-4. Figure 1-3 illustrates the proposed roadway
improvements, streetcar alignment, stations, and park-and-ride lots that would occur in the corridor
under the Streetcar Alternative. Figures 1-5 and 1-6 provide more detailed illustrations of the
streetcar design options currently under study.
1. Downtown Portland Segment. There would be no roadway or bicycle and pedestrian
improvements within the Downtown Portland Segment under the Streetcar Alternative, compared to
the No-Build Alternative. Under the Streetcar Alternative, a connection would be added between
westbound streetcar tracks on SW Market Street to southbound tracks on W 10th Avenue, which
would allow inbound streetcars from Lake Oswego to turn back toward Lake Oswego, providing
increased operational flexibility. There are no streetcar alignment design options within this segment
and there would be no new streetcar stations within this segment.
2. South Waterfront Segment. The South Waterfront Segment extends between SW Lowell Street
to SW Hamilton Court. Streetcar tracks would be extended south of their existing southern terminus
at SW Lowell Street, within the right of way of the planned Moody/Bond Couplet extension, to SW
Hamilton Street. There would be two new streetcar stations within this segment (Bancroft and
Hamilton stations).
3. Johns Landing Segment. The Johns Landing Segment extends between SW Hamilton Court to
SW Miles Street. This segment includes three design options: Willamette Shore Line; Macadam InStreet; and Macadam Additional Lane. Under all options, the streetcar alignment would extend south
from SW Hamilton to near SW Julia Street, generally within the existing Willamette Shore Line right
of way. The three design options would include two new streetcar stations at varying locations,
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described below. To the south, all three options would share a common alignment between SW
Carolina and SW Miles Street, generally via the existing Willamette Shore Line right of way, and
they would share one common station at SW Nevada. Following is a description of how the design
options would differ:
a. The Willamette Shore Line Design Option would continue the extension of streetcar tracks
south within the existing Willamette Shore Line right of way from SW Julia Street to SW
Carolina Street (extending to SW Miles Street). There would be three new streetcar stations
(Boundary, Nebraska, and Nevada stations).
b. The Macadam In-Street Design Option would locate the new streetcar tracks generally
within the existing outside lanes of SW Macadam Avenue, approximately between SW
Boundary and Carolina streets. Between approximately SW Julia and Boundary streets, the
streetcar alignment would be within the right of way of SW Landing Drive, which would be
converted from a private to a public street. There would be three new streetcar stations
(Boundary, Carolina, and Nevada stations). An optional station at Pendleton Street is also
under consideration.
c. The Macadam Additional Lane Design Option would be similar to the Macadam In-Street
Design Option, except that the new northbound streetcar tracks would be located within a new
traffic lane just east of the existing general purpose lanes – streetcars would share the new
lane with right-turning vehicles. Between approximately SW Julia and Boundary streets, the
streetcar alignment would be within the right of way of SW Landing Drive, which would be
converted from a private to a public street. There would be three new streetcar stations
(Boundary, Carolina, and Nevada stations). An optional station at Pendleton Street is also
under consideration.
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FIGURE 1-4 STREETCAR ALTERNATIVE DESIGN OPTION LOCATIONS
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FIGURE 1-5 STREETCAR AND ENHANCED BUS ALTERNATIVES AND DESIGN OPTIONS
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FIGURE 1-6 STREETCAR ALTERNATIVE DESIGN OPTION DETAILS
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4. Sellwood Bridge Segment. The Sellwood Bridge Segment extends from Miles Street to the
southern end of Powers Marine Park. Generally, the streetcar alignment would be located in the
Willamette Shore Line right of way, except for the area between Stephens Creek and approximately
1,200 feet south of the Sellwood Bridge. In this area, the streetcar alignment would be constructed in
conjunction with the planned west interchange improvements with the Sellwood Bridge (the streetcar
would be located slightly east of the existing Willamette Shore Line right of way). The design and
construction of the streetcar alignment under this design option would be coordinated with the design
and construction of the new interchange for the Sellwood Bridge. There would be one new streetcar
station within this segment (Sellwood Bridge Station).
5. Dunthorpe/Riverdale Segment. The Dunthorpe/Riverdale Segment extends between the southern
end of Powers Marine Park and SW Briarwood Road. There are two design options in this segment:
Willamette Shore Line Design Option and Riverwood In-Street Design Option. Both options would
share a common alignment within the Willamette Shore Line right of way, generally north of where
SW Riverwood Road intersects with Highway 43 and generally south of the intersection of SW
Military Road and SW Riverwood Road. One new streetcar station is proposed within this segment,
generally common to both design options (Riverwood Station). Following is a description of how the
design options would differ:
a. The Willamette Shore Line Design Option would generally locate the new streetcar
alignment in the existing Willamette Shore Line right of way between the intersections of SW
Riverwood Road and Highway 43 and SW Riverwood Road and SW Military Road.
b. The Riverwood Design Option would locate the new streetcar alignment generally adjacent to
Highway 43, north of SW Riverwood Road, and within the right of way of SW Riverwood
Road, generally between where it intersects with Highway 43 (that intersection would be
closed) and where it intersects SW Military Road. Except for the closure of the Highway 43
and SW Riverwood Road intersection, SW Riverwood Road would remain open to traffic
(with joint operation with streetcars).
6. Lake Oswego Segment. The Lake Oswego Segment extends between SW Briarwood Road and
the Lake Oswego Terminus Station. There are two design options within this segment: the UPRR
ROW design option and the Foothills design option. Both options would generally be the same in two
sections: 1) the new streetcar line alignment would extend south from SW Briarwood Road to where
the alignment would cross under the existing UPRR tracks; and 2) the new streetcar alignment would
be located within a new roadway that would extend south from SW A Avenue to the alignment’s
terminus near the intersection of N State Street and Northshore Road. Both options would provide for
a new bicycle and pedestrian connection under the existing UPRR tracks. There would be two
stations within this segment, one that would be common to the two design options (Lake Oswego
Terminus Station). An optional station at E Avenue is also under consideration.
This segment would include two park-and-ride lots, both of which would be generally common to the
two design options. Following is a description of how the design options would differ:
a. The UPRR ROW Design Option would extend the streetcar alignment south, generally in the
UPRR right of way, from its under crossing of the existing UPRR tracks to SW A Avenue.
The B Avenue Station would be located on the west side of the 100-space surface park-andride lot.
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b. The Foothills Design Option would extend the streetcar alignment south from its under
crossing of the UPRR tracks to SW A Avenue generally within the right of way of a new
general purpose roadway (Foothills Road), which would be built as part of the Streetcar
Alternative.
1.4.3.2 Transit Operations
This section describes transit operations under the Streetcar Alternative, generally compared to the
No-Build Alternative (see Table 1-2). Figure 1-3 provides an illustration of the transit lines in the
vicinity of the corridor under the Streetcar Alternative. There would be no difference in transit
operations under any of the design options under consideration.
The Streetcar Alternative would extend the existing Portland Streetcar line from its current southern
terminus at Lowell Street to the Lake Oswego Terminus Station in downtown Lake Oswego,
expanding the streetcar length from 4 miles to 9.9 to 10 miles (depending on design option). The total
round trip running time of the streetcar line between 23rd Avenue and downtown Lake Oswego (10
miles) in 2035 would be 105 or 112 minutes, excluding layover (based on the Willamette Shore Line
and Macadam design options in the Johns Landing Segment, respectively). In comparison, under the
No-Build Alternative the round trip running time for the streetcar line between 23rd Avenue and
Lowell Street (4 miles) would be 68 minutes.
With the extension of streetcar service to Lake Oswego, Line 35 service between Lake Oswego and
downtown Portland would be eliminated. The remainder of Line 35 between Oregon City and Lake
Oswego would be combined with Line 78, in effect to create a new route between Oregon City and
Beaverton. The new bus route and other TriMet transit routes serving downtown Lake Oswego would
be rerouted to serve the relocated Lake Oswego Transit Center, which would be adjacent to Lake
Oswego Terminus Station.
1.4.3.3 Construction Phasing Options
This section summarizes Streetcar Alternative construction phasing options currently under
consideration – neither the No-Build Alternative nor the Enhanced Bus Alternative include
construction phasing options. Currently, there are two types of construction phasing options or
scenarios under consideration: 1) finance-related and 2) external project related. The Streetcar
Alternative evaluated in this Technical Report and the DEIS is as Full-Project Construction. Should
the Streetcar Alternative with phasing be selected as the Locally Preferred Alternative, during
preliminary engineering (PE) additional analysis of environmental impacts resulting from the interim
project alignment (as opposed to Full-Project Construction) will be conducted and additional
opportunity for public review and comment may be required.
A. Finance-Related Phasing Options
Following is a description of the two finance-related phasing options currently under consideration.
 Full-Project Construction. Under the first construction phasing option, the project would be
constructed and opened in its entirety as described within Section 2.2.2.


Sellwood Bridge Minimum Operable Segment (MOS). Under the Sellwood Bridge MOS
phasing option, the Streetcar Alternative would be initially constructed between SW Lowell
Street and the Sellwood Bridge, with a second construction phase between the Sellwood Bridge

November 2010

Lake Oswego to Portland Transit Project
Geology, Soils and Seismic Hazards Technical Report

Page 23

and the Lake Oswego Terminus Station occurring prior to 2035. Under this construction phasing
option, there would be no additional park-and-ride facilities in the corridor, compared to existing
conditions. Under this phasing option, Line 35 would operate between Oregon City and the
Nevada Street Station; frequencies would be adjusted to meet demand. Service and bus stops
served exclusively by Line 35 would be deleted between the Nevada Station and downtown
Portland.
B. External Project Coordination Related Phasing Options
Following is a description of phasing options related to the coordination of the Streetcar Alternative,
if it is selected as the LPA, and other external projects. These external project coordination related
phasing options represent interim steps in the construction process that would be taken to implement
the Streetcar Alternative.
 South Waterfront Segment Phasing Options. If the planned and programmed South Portal
roadway improvements are not in place or would not be constructed concurrently with the
Streetcar Alternative, there would be two options for proceeding with construction of the streetcar
alignment in the segment: 1) a different streetcar alignment using the Willamette Shore Line right
of way would be initially constructed within the South Waterfront Segment; or 2) the streetcar
alignment and its required infrastructure improvements would be constructed consistent with the
alignment under the Full-Project Construction phasing option, but other non-project roadway
improvements would be constructed at a later date by others. If the Willamette Shore Line right of
way were to be used, then, when the South Portal roadway improvements were made, the
streetcar alignment would be reconstructed consistent. The transit operating characteristics of the
Streetcar Alternative would not be affected by this phasing option.


Sellwood Bridge Segment Phasing Options. The Sellwood Bridge Segment includes two
phasing options for the Streetcar Alternative that reflect two potential phasing options or
scenarios for construction of the project in relationship to construction of a proposed new
interchange that is planned to occur with the Sellwood Bridge replacement project. If the new
interchange is constructed prior to or concurrently with the Streetcar Alternative, the initial and
long-term streetcar alignment would be based on the new interchange design. The new
interchange design is the basis for the analysis in this technical report and the DEIS. If the
proposed interchange is constructed after the Streetcar Alternative, then the initial streetcar
alignment to be constructed would be in the Willamette Shore Line right of way. Subsequently,
when the proposed interchange is constructed, the Sellwood Bridge replacement project would
relocate the streetcar alignment with the new interchange design. Therefore, the long-term
streetcar alignment would be the new interchange and the Willamette Shore Line phasing option
would only be implemented as an interim alignment. Therefore, the two design options in this
segment do not constitute a choice of alignments – instead they represent two construction
phasing scenarios, dependent upon how external conditions transpire.
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The Foothills Design Option. The Foothills design option of the Streetcar Alternative is based
on roadway improvements that would occur under the City of Lake Oswego’s Foothills
redevelopment project. If those roadway improvements are not constructed prior to or
concurrently with construction of the streetcar alignment, then the Lake Oswego to Portland
Transit Project would construct the streetcar alignment and required infrastructure
improvements using the same alignment and the roadway improvements would be added at a
later date by others.
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2. EVALUATION METHODS
2.1 Introduction
The purpose of this section is to describe the methodology and data sources that have been used to
investigate the existing geologic, hydrogeologic, soil and seismic conditions for the Lake Oswego to
Portland Transit Project (Project). Information obtained in this investigation has been used to identify
geologic conditions that may affect project design, schedule and costs for the proposed alternatives.
The study has also investigated the affect of the Project on local geologic conditions.
2.2 Related Laws and Regulations
Laws or regulations pertaining specifically to geology that are applicable to the Project area are
addressed through industry practices established by the Oregon Department of Transportation
(ODOT) Environmental Procedures Manual (2002).
2.3 Contacts, Coordination and Consultation
State and Local agencies and municipalities were contacted to obtain existing soil and geologic
reports and maps along the project corridor. The following agencies were contacted:






Oregon Department of Geology and Mineral Industries (DOGAMI)
Oregon Department of Transportation (ODOT)
Multnomah County
The City of Portland
The City of Lake Oswego

2.4 Data Collection
The primary data used for the analyses were collected from existing maps, publications and reports.
Data sources included the following:











U.S. Army Corps of Engineers (USACE)
U.S. Geological Survey (USGS)
U.S. Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS)
Oregon Department of Transportation (ODOT)
Oregon Department of Geology and Mineral Industries (DOGAMI)
Oregon Water Resources Department (OWRD)
Portland State University
Metro
City of Portland
Previous data developed by URS within the Project area.

In addition to reviewing this data, personnel performed field reconnaissance across the project area to
identify potential impacts and adverse geologic conditions. Field reconnaissance was limited to visual
observation of the surface conditions along the project alignment. Site-specific subsurface
investigation and analyses were not performed for this analysis. Detailed subsurface investigation is
typically performed during preliminary and final design phases of the project.
2.5 Affected Environment Profile
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The data collected ranged from regional geologic maps to site specific geotechnical investigations
and water well data providing detailed soil and groundwater information in localized areas. Over 200
Geotechnical and water well records from the Oregon Water Resourced Department were reviewed
for geologic and hydrogeologic data with in the study area. Selected geotechnical and water well
reports are presented in Appendix A. This data was reviewed and integrated with field observations
to develop an understanding of the existing geologic conditions for the project area. The data
provided information such as predominant soil types, depths to rock, regional groundwater conditions
and geologic hazards.
2.6 Impact Assessment Analysis Methods
The soil and geologic conditions of the project area have been evaluated with regard to their affect on
the project alternatives. Soil and geologic conditions may affect the cost and feasibility of
alternatives. Aspects of the project may also adversely affect the existing geologic conditions. Certain
geologic conditions may require mitigation to maintain the safety and integrity of the project.
Existing groundwater conditions were assessed through hydrogeologic resource studies and review of
Willamette River data. The impacts of groundwater on the alternatives (for example, special
construction methods may be required where groundwater is near-surface) as well as the affect of the
project on groundwater resources (for example, cutting and filling may alter regional groundwater
flow patterns) were investigated.
Seismic hazards were assessed by review of USGS and DOGAMI publications for the project area.
Site ground motions based on USGS probabilistic methods were determined. Using ground motion
data and the geologic model developed for the site, potential seismic hazards such as liquefaction and
slope instability have been identified. The impacts of these hazards with respect to the project have
been assessed. Peak ground acceleration (PGA) calculations and Probabilistic Seismic Hazard (PSH)
analyses are presented in Appendix B.
The direct, indirect, and cumulative effects of the project were evaluated with regard to the site
geologic and hydrogeologic conditions, as well as the seismic and geologic hazards.
2.7 Mitigation Measures
A range of potential project impacts have been identified during the completion of this assessment.
General mitigation measures have been developed to address these impacts. These measures range
from avoidance of the impact to engineered modifications to the existing conditions. Mitigation
measures will be coordinated with state and local government requirements and with other technical
disciplines.
2.8 Documentation
The geology, soils and seismic analyses have documented the existing conditions within the project
area, impacts of the study alternatives, potential mitigation measures and information sources used in
the assessment. A summary of the analyses is included in Chapter 3 of the Draft Environmental
Impact Statement.
3. CONTACTS, COORDINATION AND CONSULTATION
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Data used in support of this Technical Report were primarily obtained through published information
and record searches on Federal, State, and Local web-based data depositories. State and Local
agencies were contacted to obtain detailed information relating to geotechnical investigations for
specific projects within the Lake Oswego to Portland Transit study area.
3.1 State Agency Coordination
Various Oregon State agencies and divisions were contacted via telephone and email during
development of this Report. Geologic, geotechnical, seismic hazard and hydrogeologic information
was obtained through ODOT Rail Division, ODOT Region 1, OWRD, and DOGAMI.
3.3 Local Agency Coordination
The City of Portland, Bureau of Environmental Services was contacted to request information related
the West Side Combined Sewer Overflow project. Multnomah County was contacted to obtain
information related to the Sellwood Bridge replacement project.
4. AFFECTED ENVIRONMENT
This section provides a description of the primary geologic and groundwater conditions and geologic
hazards within the project’s study area.
4.1 Geologic, Soil and Groundwater Conditions
The Lake Oswego to Portland Transit project is located in the northern Willamette Valley
physiographic province, an elongated north-south trending alluvial valley that lies between the
Oregon Coastal Mountain Range and the Cascade Mountain Range to the west and east, respectively
(Orr and Orr, 2000). Specifically, the site is positioned along the western side of the Portland Basin, a
northwest trending structural basin bounded by the Portland Hills to the west and the foothills of the
Cascade Mountains to the east.
Much of the Portland basin is mantled with late Pleistocene-aged silt, sand, gravel, cobbles, and
boulders deposited during repeated catastrophic glacial outburst flood events that originated from
Pleistocene Lake Missoula, which was located in eastern Idaho and western Montana. Locally,
particularly near the Willamette River and its tributary drainages, alluvial deposits consisting
primarily of silt and sand, are present. Historically placed fill deposits are present in areas of human
development; primarily within the lowland areas near the Willamette River and its tributaries. The
fill is commonly composed of sand, silt and clay with varying amounts of gravel, debris and wood
waste (Beeson et al., 1989, 1991).
Throughout the study area, the near surface flood deposits, alluvium and artificial fill are generally
underlain by completely weathered to fresh, basaltic volcanic rocks of the Eocene Waverly Heights
Volcanics and the Miocene Columbia River Basalt Group. The basaltic rocks are generally deeply
weathered to depths of 30 feet or greater, except where streams, rivers, Pleistocene glacial outburst
flooding, and human activity have removed the weathered rock.
The Northern Willamette Valley has undergone substantial structural deformation, resulting in the
Portland fold belt as defined by Unruh et al. (1994). The tectonic underpinnings of the Portland Fold
Belt are not well understood and are further complicated by the fact that this area lies in a transition
zone between the rotating Coast Range forearc block and the continental interior (Wells et al, 1998).
The most prominent structural feature associated with the western edge of the Portland Basin is the
Portland Hills Fault (PHF), which includes a series of northwest-trending subsurface faults that
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extend for a distance of about 40-km along the eastern margin of the Portland Hills (Geomatrix,
1995; Madin, 1990). The trace of the PHF is inferred to cross the Willamette River from northwest
to southeast between the west end of the Ross Island Bridge and the Oaks Bottom area (Beeson et al.,
1989).
The Oatfield Fault has been mapped through the western Tualatin Mountains and the northern
Willamette Valley. The Oatfield Fault has been located based on northeast-facing escarpments in
volcanic rocks of the Miocene Columbia River Basalt Group, gravity studies, aeromagnetic data
(Blakely et al., 1995), and mapped traces within light rail tunnels west of downtown Portland
(Blakely et al., 2000). The mapped trace of the Oatfield Fault crosses the Lake Oswego to Portland
Transit corridor near SW Briarwood Road (Wong et al., 200). The geology of the study area, as
excerpted from Beeson et al., (1989) is shown on Figure 4-1.
The United States Department of Agriculture Natural Resources Conservation Service (NRCS) has
mapped and described 10 soil map units within the project study area. A large percentage of the
corridor is mapped by the NRCS as Urban Land, indicating considerable human modification of the
near-surface soils. The soils identified on the NRCS maps consist predominantly of loams with
varying sand, silt, clay and gravel contents. Predominant soils in the project area are within
hydrologic class C or D and, therefore, have low rates of infiltration.
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FIGURE 4-1 GEOLOGIC MAP
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Groundwater levels within the LAKE OSWEGO TO PORTLAND study area are influenced by the
Willamette River stage as well as groundwater flow from upland sources to the west of the proposed
alignment. Groundwater data from existing wells in the project vicinity indicate depths to
groundwater vary seasonally and spatially from within a few inches of the surface (near the
Willamette River – especially north of the Sellwood Bridge) to tens of feet below the surface. A
search of Oregon Water Resources Department (OWRD) water well records did not return any active
potable water wells within the immediate vicinity of any of the Lake Oswego to Portland Transit
alignment options.
Locally, the highly to completely weathered bedrock underlying the surficial sediments can create
perched conditions due to the relatively low permeability of the clayey residual soils associated with
the weathered basalt. Groundwater flow within the basalt bedrock underlying the Lake Oswego to
Portland Transit corridor is controlled mainly by fractures and volcanic flow boundaries within the
rock mass. Perched groundwater conditions are also possible within the basalt units where lowpermeability, soil-like volcanic flow boundaries are present.
Excavations associated with construction of the Lake Oswego to Portland Transit project in areas of
shallow groundwater may require temporary groundwater control (dewatering), especially during
wetter fall through spring periods.
4.2 Geologic Hazards
A. Seismic Hazards
Seismic hazards can include the primary effects of an earthquake such as surface rupture or ground
shaking, as well as secondary responses such as liquefaction or seismically induced landslides. In
preparation of this Technical Report, URS has conducted limited peak ground acceleration and
probabilistic seismic hazard analyses for the South Waterfront and Lake Oswego segments of the
Lake Oswego to Portland Transit. These analyses are presented in Appendix B of this report.
Liquefaction is the drastic loss of soil strength that can accompany ground shaking during a moderate
to strong seismic event. During ground shaking, cyclic earthquake loading on the soil increases pore
water pressure to a point where the effective stress on the soil is zero or even negative, resulting in
suspension of soil particles in the water. Loose, granular soils located below the water table are
generally susceptible to liquefaction. Liquefaction itself does not pose a risk to soil deposits. But,
phenomena accompanying liquefaction, such as settlement and lateral spreading can severely damage
structures situated in or on the soil.
The Pacific Northwest has four principle types of seismic sources. These sources include (1) the
Cascadia Subduction Zone megathrust, which represents the boundary (interface) between the
downgoing Juan de Fuca plate and the overriding North American plate; (2) faults located within the
Juan de Fuca plate (referred to as the intraplate or intraslab region); (3) crustal faults located
principally within the North American plate; and (4) volcanic sources associated with Cascade Range
volcanic centers (Wong and Silva, 1998). Of these four sources, intraplate and crustal faults have
produced damaging earthquakes in the Pacific Northwest during the relatively short history following
European settlement of the area. The 1993 Scotts Mills MW 5.6 earthquake is an example of a crustal
source earthquake event, while the 2001 MW 6.8 Nisqually earthquake is an example of an intraplate
event. Megathrust earthquakes, while capable of producing earthquakes of moment magnitude (MW)
8.0 to 9.0, occur at greater distance and with less frequency than intraplate and crustal source quakes.
Based on geologic evidence along the Pacific Northwest coast, and historic tsunami records from
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Japan, the most recent megathrust earthquake along the Cascadia Subduction Zone occurred in 1700
(Atwater et al, 1995; Satake et al, 1996).
Because of their proximity, crustal faults are typically the most significant seismic sources to inland
sites. Studies by Pezzopane (1993) and Geomatrix Consultants (1995) show that at least 70 crustal
faults with earthquake potential exist in Oregon. Many of these faults were unknown or not
recognized as being seismogenic until recently. Although the largest known crustal earthquake in
western Oregon is only about MW 6.0 (Wong and Bott, 1995), potential exists for events of MW 6½ or
greater along several recognized faults including the Portland Hills and the East Bank faults in
Portland and the Gales Creek - Mt. Angel fault zone (Wong et al., 2000). The Mt. Angel fault is
considered a possible source of the 1993 Scotts Mills MW 5.6 earthquake.
Crustal faults occur in the vicinity of the Lake Oswego to Portland Transit corridor that are either
active or potentially active. These faults are possible sources of strong motion that may affect the
performance of the Lake Oswego to Portland Transit project. Due to the proximity to the project, the
length, and the newly discovered evidence of a potential higher degree of activity along the Portland
Hills Fault system, this fault is the most critical source for seismic hazard analyses for the Lake
Oswego to Portland Transit project. The Portland Hills Fault zone includes a series of northwesttrending subsurface faults that extend for a distance of about 25 miles along the eastern margin of the
Portland Hills (Geomatrix Consultants, 1995; Madin, 1990). Extension of the fault toward the
southeast, beyond the Portland Hills, based on aeromagnetic gravity (Blakely et al., 1995) and highresolution seismic reflection imaging (Pratt et al., 2001), provides a total estimated fault length of
about 38 miles. The closest approach of the Portland Hills fault to the site is approximately 0.5 miles.
Based on a maximum estimated length of 38 miles (Wong et al., 2000), which includes projection of
the fault to the south of the Portland Hills through and beyond the Rowe Middle School area, an
estimated Maximum Credible Earthquake (MCE) with MW 6.8 is calculated for the Portland Hills
fault.
The Oatfield Fault, which crosses the Lake Oswego to Portland Transit corridor approximately 1 mile
north of the Lake Oswego Terminus, has been incorporated into the probabilistic ground motion data.
Other crustal faults such as the East Bank Fault do exist within a few miles of the project site. These
faults have also been incorporated into the probabilistic ground motion data available from the USGS
(Appendix B).
The Oregon Department of Geology and Mineral Industries (DOGAMI) Relative Earthquake Hazard
Maps (Mabey et al, 1995, 1997) for the Portland Metropolitan area show the relative hazards
throughout the area based on a combination of liquefaction potential, earthquake-induced slope
instability, and amplification of ground motion during an earthquake. The rating system is divided
into four categories or zones ranging from the greatest relative hazard (Zone A) to the least relative
hazard (Zone D). The Lake Oswego to Portland Transit project alignment options are located
primarily within Zone A to the north of the Sellwood Bridge and Zone B to the south of the bridge.
The primary contributing factors to the relatively high seismic hazards are elevated liquefaction and
amplification potential to the north of the bridge and a combination of steep slopes and amplification
to the south. The relative earthquake hazards of the study area as excerpted from Mabey, et al,
(1995) are shown on Figure 4-2.
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FIGURE 4-2 RELATIVE EARTHQUAKE HAZARD
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B. Volcanic Hazards
The primary volcanic hazards posed to the project by active Cascade volcanoes are ash fall and
flooding of the Willamette River. Ash fall exceeding 1 to 5 centimeters (0.4 to 2 inches) can disrupt
transportation, including operation of bus and street car facilities. Flooding due to rapid melting of
snow and generation of large debris flows as a result of eruptions in Willamette tributary headwaters
could cause shoreline inundation of the Willamette River and its tributary streams within the Lake
Oswego to Portland Transit project area.
According to the United States Geological Survey (USGS, 1999) the annual probability of ash fall
exceeding 1 centimeter (0.4 inches) within the Lake Oswego to Portland Transit project corridor is
between 0.02 and 0.1 percent (1 in 5,000 to 1 in 1,000). The annual probability of ash fall exceeding
10 centimeters (4 inches) is between 0.01 and 0.02 percent (1 in 10,000 to 1 in 5,000). The low
annual probabilities are due to the relative rarity of moderate to large volcanic eruptions coupled with
the project location up-gradient of the Cascade Range axis relative to prevailing winds.
C. Landslides
The most common types of landslides in the Pacific Northwest include rock falls, topples, rotationaltranslational slides, earthflows, debris slides, and debris flows. Most slope failures are complex
combinations of these distinct types, but the generalized groupings enable the investigator to
communicate the types of hazards anticipated and observed.
Landslides can be initiated in marginally stable slopes by a number of natural and human
disturbances. Processes and conditions that can trigger slope failure include earthquake shaking,
volcanic eruption, deforestation, intense rainfall, and rapid snowmelt. Two of the most common
triggering events in northwest Oregon are intense rainfall and human alterations to the topography.
The Pacific Northwest is subject to severe rainfall storm events, particularly in the wet winter and
spring months of November through April. These relatively high-precipitation storm events can
trigger slope failures through a number of mechanisms. Water infiltration into zones of weakness can
trigger failures by reducing the frictional resistance to sliding, increasing pore pressures within slope
masses and adding weight acting downslope. Typically, all three mechanisms combine during longer
duration, heavy precipitation or rain on snow events to trigger slope stability problems.
Landslide hazards were assessed as part of the public document review, aerial photograph
investigation, field reconnaissance, and Light Distance and Ranging (LiDAR) image analysis. All of
these studies indicate that the primary areas of concern with regards to slope instability are located
adjacent to, and south of the Sellwood Bridge. The elevated slope stability hazard at the bridge is due
to an existing ancient landslide, referred to as the Sellwood Landslide (CH2MHill, 2009). South of
the Sellwood Landslide, the Lake Oswego to Portland Transit corridor traverses relatively steep
terrain, which is more susceptible to slope instability.
As part of the ongoing Sellwood Bridge Project, Multnomah County has conducted a geotechnical
investigation of the Sellwood Landslide (CH2MHill, 2009). Movement of the Sellwood Landslide
has historically damaged the western abutment of the bridge as a portion of the landslide reactivated
following construction of the bridge. Construction of the new Sellwood Bridge will require
mitigation of the Sellwood Landslide to prevent future movement of the landslide and resultant
damage to the new bridge structure. Mitigation performed for the Sellwood Bridge project will
stabilize the western approaches to the bridge, including the area to be occupied by the proposed
Lake Oswego to Portland Transit project.
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LiDAR imagery reveals a large, arcuate-shaped topographic low located west (upslope) of the
alignment between SW Riverwood Rd and SW Radcliffe Rd (approximate Lake Oswego to Portland
Transit project stations 2047+00 and 2075+00). The northern boundary of this topographic feature is
very well defined as a steep, linear escarpment oriented approximately perpendicular to the
Willamette River. The western boundary is also sharply defined and is oriented roughly parallel to
the river. The southern boundary of the feature is poorly-defined. This feature may represent a large,
dormant, ancient landslide or may be an erosional feature related to differential erosion of weaker
rock. There is no evidence of recent damage to structures that cross the feature (existing rail, roads,
utilities, buildings) so, if the feature is an ancient landslide, it is assumed to be historically stable.
This feature has been identified as a landslide on DOGAMI’s Statewide Landslide Information
Database for Oregon (SLIDO).
Steep slopes are defined as having an inclination greater than 20 degrees (37 percent). The proposed
alignment of the Streetcar Alternative would traverse several steep slopes, some in excess of 30
degrees (60 percent). Hazards associated with steep slopes include higher susceptibility to landslides,
rock fall and erosion.
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5. ENVIRONMENTAL CONSEQUENCES
This section summarizes the long-term direct, indirect and cumulative affects on geology and soils
that would occur due to the No-Build, Enhanced Bus and Streetcar alternatives, focusing on estimates
of required cut and fill material and length of new retaining wall and on the potential of the
alternatives to increase the risk of geologic and soils hazards. In geologic and soil science terms, the
design options are not substantially different and are not individually assessed. Rather, the geologic
and soil characteristics of the alternatives – No-Build, Enhanced Bus and Streetcar are analyzed in
this document.
There would be no additional cumulative impacts due to the project alternatives beyond the described
direct and indirect impacts, because the project’s analysis is based on adopted state, regional and
local land use plans and transportation project lists, which are the reasonably-foreseeable activities
within the project vicinity that could also affect geology and soils. There are no prime or unique
farmlands and soils within the project corridor as defined under the Farmlands Protection Policy Act.
A. No-Build Alternative
There would be no direct effects related to geology, hydrogeology and seismic hazards associated
with the No-Build Alternative. Indirectly, without any planned construction activities within the
existing Willamette Shore Line right of way, the No-Build Alternative would generally allow the
continuing degradation of soils and stability within existing right of way. On-going regional
development would use existing groundwater and rock resources.
B. Enhanced Bus Alternative
Long term direct and indirect effects of the Enhanced Bus Alternative would be similar to those
resulting from the No-Build Alternative. Design of the 300-space structured park-and-ride lot at the
Lake Oswego Village Shopping Center under the Enhanced Bus Alternative would comply with
applicable earthquake design standards for the site. There would be no cut and fill of soil under the
Enhanced Bus Alternative.
C. Streetcar Alternative
The proposed Streetcar Alternative would require the construction of cut slopes and placement of
engineered fill to accommodate the track and associated structures. Table 5-1 shows total estimated
cut and fill volumes and estimated volume of export (excess cut material) for the various Streetcar
Alternative options. In summary, the Streetcar Alternative would result in the excavation of
approximately 76,350 to 95,100 cubic yards of material (depending on the design options).
Approximately 11,820 to 45,850 cubic yards of the excavated material would be used as fill within
the project’s alignment, while approximately 37,580 to 76,200 cubic yards of excavated material
would be removed from the project site, which would require locating and filling an off-site disposal
area and/or identifying and contracting with other projects that could use the excess excavated
material.
The majority of the engineered cuts and fills under the Streetcar Alternative would be supported by
retaining walls. The Streetcar Alternative would result in approximately 22,050 to 27,450 linear feet
of new retaining wall, generally along the proposed streetcar alignment, depending on the design
options. Through the use of appropriate design standards, the Streetcar Alternative would avoid
increasing geologic hazards, which would include the following: areas of undocumented fill and/or
shrink-swell soils may be encountered, which could require additional excavation and replacement
with suitable fill material; and potential rehabilitation of the Elk Rock Tunnel and associated portal
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structures, which would provide improved stability of the rock within the tunnel and the rock slopes
in the vicinity of the portals.
Engineered bridges and structures included in the Streetcar Alternative would be designed to
withstand a major seismic event by using current applicable design standards based on site specific
geologic and seismic criteria. The Streetcar Alternative would not increase the likelihood or severity
of geologic or soils hazards in the project vicinity. However, through the addition of improvements
along the existing Willamette Shore Line right of way, the Streetcar Alternative would lead to
increased soil stability and reduced soil erosion due to the introduction of new improvements, such as
new retaining walls, the mitigation of unstable soils and improved drainage.
Compared to the No-Build Alternative, the Streetcar Alternative could use additional rock resources
for fill if the project’s cut material does not provide acceptable fill for the project. In contrast, the
excess excavated material could be used for fill for other projects, which could reduce the demand for
rock generally equivalent to the amount of excess cut from the project that could be used.
Table 5-1 Estimated Cubic Feet of Cut and Fill and Linear Feet of Retaining Wall for the Streetcar
Alternative By Segment and Design Option
Segment/Design Option

Cubic Yards of
Cut

1 – Downtown Portland
2 – South Waterfront
3 – Johns Landing
Willamette Shore Line
Macadam In-Street
Macadam Additional Lane
4 – Sellwood Bridge
5 – Dunthorpe/Riverdale
Willamette Shore Line
Riverwood
6 – Lake Oswego
UPRR
Foothills Realignment
Total (range)

Cubic Yards of
Fill

Cubic Yards of
1
Excess Cut
0
(4,000)

Linear Feet of
Retaining Wall

0
4,000

0
8,000

16,350
6,400
4,600
24,000

90
30
10
110

16,260
6,370
4,590
23,890

5,150
3,250
2,000
6,450

24,400
27,750

250
3,950

24,150
23,800

8,100
8,850

19,350
23,000
76,350 – 95,100

3,450
33,700
11,820 – 45,850

15,900
(10,700)
37,580– 76,200

0
1,200

4,300
5,800
22,050 – 27,450

1

Excess cut material would be exported from the project site.
Source: Lake Oswego to Portland Transit Project Streetcar Plan Set, November 9, 2009.

Following is a summary of how the approximate volume of cut and fill material and approximate
length of new retaining wall would differ by Streetcar design option, by segment.
 Segment 3, Johns Landing. In Segment 3, Johns Landing, the Willamette Shore Line Design
Option would result in the greatest volume of cut and excess cut material (16,350 and 16,260
cubic yards, respectively) and the greatest length of new retaining wall (5,150 linear feet). There
would be 6,370 and 4,590 yards of excess cut material under the Macadam In-Street and
Macadam Additional Lane design options, respectively. The Macadam In-Street and Macadam
Additional Lane design options would also result in 3,250 and 2,000 feet of new retaining wall,
respectively.
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 Segment 5, Dunthorpe/Riverdale. In Segment 5, Dunthorpe/Riverdale, the Riverwood Design
Option would result in the greater volume of cut material (27,750 cubic yards), but the lower
volume of excess cut material (23,800 cubic yards), because it would require the greater volume
of fill (3,950 cubic yards), which could be supplied from the cut material. In comparison, the
Willamette Shore Line Design Option would result in 24,400 and 24,150 cubic yards of cut and
excess cut material, respectively. The Riverwood Design Option would result in the greater length
of new retaining wall (8,850 linear feet).
 Segment 6, Lake Oswego. In Segment 6, Lake Oswego, the Foothills Realignment Design
Option would result in the greater volume of cut material (23,000 cubic yards), but the lower
volume of excess cut material (a deficit of 10,700 cubic yards), because it would require the
greater volume of fill (33,700 cubic yards), which could be supplied from the cut material in this
and one or more segments. In comparison, the UPRR Design Option would result in 19,350 and
15,900 cubic yards of cut and excess cut material, respectively. The Foothills Design Option
would result in the greater length of new retaining wall (5,800 linear feet).

November 2010

Lake Oswego to Portland Transit Project
Geology, Soils and Seismic Hazards Technical Report

Page 37

6. POTENTIAL MITIGATION MEASURES
A. Seismic Hazards
The primary seismic hazards that could affect the Lake Oswego to Portland Transit project include:
liquefaction-related phenomena such as lateral spread and settlement; seismically-induced slope
instability; strong ground motion; and surface fault rupture. Mitigation of these potential hazards
could be achieved with one or more of the following techniques, depending upon the situation:






Avoidance of the susceptible area(s);
Densification of the subsurface soils through in-situ treatment including compaction or
cement/chemical grout treatment;
Removal of the liquefiable material and replacement with select backfill;
Placement of retaining walls and/or rock-fall catchment zones or structures; and
Improvement of rock slopes using mechanical reinforcement.

B. Landslides
Should landslides be identified through site-specific geotechnical investigations during subsequent
phases of the project, stability analyses would be performed. Mitigation of landslide hazards could be
accomplished using one or more of the following techniques:





Mechanical retaining structures such as cantilevered walls, tied back walls, soil nail walls;
Construction of shear keys and / or placement of earth buttresses at the landslide toe;
Removal of driving forces in the upper portion of the landslide; and
Installation of enhanced drainage facilities to redirect surface water and / or remove groundwater

C. Steep Slopes
Mitigation options for steep slope areas could include:




Construction of retaining walls in areas of cuts (below ascending slopes) or fills (above
descending slopes);
Improvement of rock slopes using mechanical reinforcement such as rock bolts, steel mesh,
shotcrete and drainage;
If blasting is necessary to excavate rock slopes, controlled, pre-split blasting techniques should be
employed to minimize damage to the finished rock cut face

D. Shrink/Swell and Hydric Soils
Hydric soils in areas of shallow groundwater may be encountered. Mitigation techniques for these
soil types generally involve removal and replacement with engineered fill having properties that will
provide a stable foundation for the Lake Oswego to Portland Transit facilities. Additional mitigation
related to wetlands impacts may be necessary in areas where soft soils are encountered and treated
(see Section 3.9 for additional information on wetlands and hydrology). If zones are encountered that
involve very large volumes of unsuitable soils, it may not be economical to remove and replace all of
the unsuitable base material. Other mitigation options include:




Partial removal and replacement with a combination of geogrid or geofabric and specified rock to
bridge soft and/or wet zones;
soil treatment using amendments to improve the soil structure; and
Permanent drainage facilities to lower the groundwater.
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APPENDIX A: SELECT OREGON WATER RESOURCES DEPARTMENT
GEOTECHNICAL HOLE REPORTS WITH LOCATIONS

APPENDIX B: PEAK GROUND ACCELERATION AND PROBABILISTIC SEISMIC
HAZARD ANALYSES FOR SOUTH WATERFRONT AND LAKE OSWEGO
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Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on rock with average vs= 760. m/s top 30 m. USGS CGHT PSHA2008 UPDATE

Bins with lt 0.05% contrib. omitted

Peak Horiz. Ground Accel.>=0.1990 g
Ann. Exceedance Rate .210E-02. Mean Return Time 475 years
Mean (R,M,ε0) 59.3 km, 7.24, 0.34
Modal (R,M,ε0) = 90.2 km, 9.00, 0.08 (from peak R,M bin)
Modal (R,M,ε*) = 90.2 km, 9.00, 0 to 1 sigma (from peak R,M,ε bin)
Binning: DeltaR 10. km, deltaM=0.2, Deltaε=1.0
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PSH Deaggregation on NEHRP BC rock
SW_Waterfront_P 122.672o W, 45.494 N.

GMT

2009 Jun 23 00:00:43

Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on rock with average vs= 760. m/s top 30 m. USGS CGHT PSHA2008 UPDATE

Bins with lt 0.05% contrib. omitted

PSH Deaggregation on NEHRP BC rock
SW_Waterfront_P 122.672o W, 45.494 N.
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Peak Horiz. Ground Accel.>=0.2883 g
Ann. Exceedance Rate .102E-02. Mean Return Time 975 years
Mean (R,M,ε0) 54.6 km, 7.28, 0.61
Modal (R,M,ε0) = 90.2 km, 9.00, 0.55 (from peak R,M bin)
Modal (R,M,ε*) = 90.2 km, 9.00, 0 to 1 sigma (from peak R,M,ε bin)
Binning: DeltaR 10. km, deltaM=0.2, Deltaε=1.0

Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on rock with average vs= 760. m/s top 30 m. USGS CGHT PSHA2008 UPDATE

Bins with lt 0.05% contrib. omitted

