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INTRODUCTION

Project Overview

This report presents the results of our geotechnical research, field explorations, laboratory
testing, analyses, and design recommendations for the Multnomah County Burnside Bridge
NEPA and Type Selection Phase in Portland, Oregon. The project is part of Multnomah
County’s larger effort to address the condition of its critical transportation infrastructure.
After a review of the County’s four downtown Portland bridges, it was determined the
Burnside Bridge was a top priority due to its designation as the only Priority 1 lifeline route
across the Willamette River in downtown Portland. The location of the bridge site is shown
on the Vicinity Map, Figure 1.

As currently built, the bridge is not expected to withstand a major seismic event. Therefore,
the County has taken on the responsibility to seek ways to improve the bridge in order to
meet the region’s needs for seismic resiliency. As part of the Burnside Bridge NEPA and
Type Selection Phase, the County and their consulting team, led by HDR, will perform an
environmental review in compliance with the NEPA of the alternatives presented in the
Earthquake Ready Burnside Bridge Project (EQRB) Feasibility Study. The preferred
alternative, as identified through the NEPA process, will be further developed to result in
the bridge type selection. Shannon & Wilson, as a subconsultant to HDR, is providing
geotechnical services to support the project.

We have prepared this geotechnical report in accordance with our scope of services for the
project. We understand that the bridge will be evaluated in accordance with the following
guidance documents:

* Burnside Bridge Earthquake Readiness Seismic Design Criteria — May 2017

= AASHTO LRFD Movable Highway Bridge Design Specifications — Second Edition (with
Interim Revisions, 2015)

= AASHTO Guide Specifications for LRFD Seismic Bridge Design — Second Edition (with
Interim Revisions, 2015)

= AASHTO LRFD Bridge Design Specifications — Seventh Edition, 2014 (with Interim
Revisions, 2016)

= AASHTO LRFD Bridge Design Specifications — Eighth Edition, 2017
= ODOT Bridge Design Manual (BDM) — May 2019
= ODOT Geotechnical Design Manual (GDM) — December 2018
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=  FHWA-HRT-06-032 ~ Seismic Retrofitting Manual for Highway Structures: Part 1 —
Bridges — January 2006

Geotechnical analyses and recommendations presented in this report expand on the
preliminary geotechnical work performed during the EQRB Feasibility Study. The
recommendations herein are based on the explored subsurface conditions and substructure
components as depicted in the as-constructed plans provided by HDR, existing geotechnical
borings at the site, and as encountered in the three borings we previously drilled at the site
for this project.

Scope of Services

Shannon & Wilson’s services were conducted in accordance with the Scope of Work defined
in the Geotech Subconsultant Agreement with HDR, dated January 24, 2019, and our Master
Subconsultant Agreement with HDR, dated October 20, 2014. The completed geotechnical
design services for the project consisted of the following tasks:

= Provided a summary of existing geotechnical information to support roadway and
bridge design tasks;

= Refine the geologic profile at the west abutment as needed;

= Evaluated foundation alternatives and proposed conceptual mitigation measures for
geotechnical hazard impacts from each alternative;

= Developed conceptual mitigation alternatives for geotechnical hazards on both sides of
the Willamette River;

= Performed refined analyses to update seismic and acceleration response spectrum (ARS)
curves for the bridge seismic evaluations;

= Assessed geologic implications or impacts to each alternative; and

= Developed a revised Geotechnical Report based on our refined analyses.

PROJECT UNDERSTANDING

Site Description

The Burnside Bridge is located in the Portland central business district as shown on the
Vicinity Map, Figure 1, and the Site and Exploration Plan, Figure 2. The bridge conveys
Burnside Street across the Willamette River and connects 2nd Avenue on the west side of
the river to Martin Luther King Jr. Boulevard (Highway 99E) on the east side of the river.
The bridge consists of three major structures: the West Approach Bridge (ODOT Bridge No.
00511A), the Main Span River Bridge (ODOT Bridge No. 00511), and the East Approach
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Bridge (ODOT Bridge No. 00511B). The West Approach consists of 19 reinforced concrete
spans ranging in length from 22 to 62 feet with an overall bridge length of 604 feet and
spans 1st Avenue, the TriMet MAX Blue/Red lines, Naito Parkway, and Tom McCall
Waterfront Park. The Main Span consists of two 268-foot-long fixed steel spans flanking a
252-foot-long double leaf bascule draw span with an overall bridge length of 856 feet that
spans the Willamette River and the Eastbank Esplanade. The East Approach consists of
eight steel plate girder spans ranging in length from 75 to 106 feet and seven reinforced
concrete spans ranging in length from 22 to 40 feet, with an overall bridge length of 849 feet.
The East Approach spans Interstate 5 (I-5) and its associated ramps, the Union Pacific
Railroad (UPRR), 2nd Avenue, and 3rd Avenue. The overall bridge structure is
approximately 86 feet wide, aligned in a west-east direction, and accommodates five travel
lanes (two westbound and three eastbound).

Embankment fills for both the west and east approaches are approximately 15 feet high and
are retained by abutment walls at each approach. The Willamette River runs within a wide
channel about 60 feet below the bridge in the vicinity of the Main Span Bridge crossing. The
section of the riverbed beneath the bridge is typically at an elevation of about -40 to -60 feet
(North American Vertical Datum of 1988 [NAVDS88]). The west riverbank is retained by a
pile-supported concrete retaining wall with a level fill surface at about elevation 35 feet
behind the wall (Tom McCall Waterfront Park). The east riverbank slopes up at about 2
horizontal to 1 vertical (2H:1V) to an elevation of about 10 feet, east of which the

topography has a gentle uphill slope.

Project Description

The purpose of the Burnside Bridge NEPA and Type Selection Phase is to perform an
environmental review of the seismic retrofit and bridge replacement alternatives developed
during the EQRB Feasibility Study, in accordance with the NEPA. We understand that a
preferred alternative will be identified through the NEPA process. The preferred alternative
will be further developed to result in the bridge type selection.

We understand the following four alternatives are being considered for bridge type

selection:

1. Enhanced Seismic Retrofit (aka, Retrofit);

2. Replacement Alternative with Short-span Approach (aka, Short-span Alternative);

3. Replacement Alternative with Long-span Approach (aka, Long-span Alternative); and
4. Replacement Alternative with Couch Extension (aka, Couch Extension).
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Based on current design plans, the Short-span Alternative and Couch Extension will each
include 14 bents along the existing Burnside Street alignment. We understand that the
proposed span lengths of the two short-span approach replacement alternatives are the
same along E Burnside Street; however, the east approach of the Couch Extension splits into
one-way connections on E Burnside Street and NE Couch Street. The north branch of the
Couch Extension will include an additional six bents along the connection to NE Couch
Street. The Long-span Alternative includes 10 bents along the existing bridge alignment.
We further understand that each of the three bridge replacement alternatives will be
supported on a drilled shaft foundation system.

Conceptual seismic ground improvement design recommendations for the retrofit and
replacement options are presented in Section 10. Foundation resistance and stiffness
parameters for the preferred retrofit alternative are presented in Section 11, and design
parameters for the replacement alternatives are presented in Section 12.

The project scope of services specifies two earthquake ground motion performance levels
for evaluation and retrofit or replacement of the bridge: a “Full Operation” Performance
Level (referred to as "Operational" in the ODOT BDM and GDM) for CSZ event ground
motions and a “Limited Operation” Performance Level (ground motion level referred to as
"Life Safety" in the ODOT BDM and GMD and referred to as "Limited Operation") for
probabilistic 1,000-year return period ground motions.

EXISTING FOUNDATION SYSTEM

Based on As-Constructed Drawing No. T2, the existing bridge was originally constructed in
the mid-1920s, replacing an earlier bridge built in 1894. This drawing is included in
Appendix A, Existing Information. Preliminary ground surface and subsurface information
was taken from the As-Constructed Record of Borings, dated 1924 (drawing included in
Appendix A). Foundation configurations were taken from As-Constructed Drawing Nos. 7,
T8, T10, T16, 18, and 48, dated February 1924, As-Constructed Drawing No. L-75 dated
April 1925, and the Foundation Piling Summary (all drawings and piling summary included
in Appendix A). All as-constructed drawings were prepared by Hedrick & Kremers
Consulting Engineers.

According to the drawings provided by HDR, the Burnside Bridge has 37 spans supported
by 34 bents and four piers. The bents supporting the West Approach Bridge are designated
Bent 1 through Bent 19, the piers supporting the Main Span Bridge are designated Pier 1
through Pier 4, and the bents supporting the East Approach Bridge are designated Bent 21
through Bent 35. The west abutment of the West Approach Bridge is designated Bent 1, and
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the east abutment of the East Approach Bridge is designated Bent 35. The west abutment of
the Main Span Bridge is designated Pier 1, and the east abutment of the Main Span Bridge is
designated Pier 4. The overcrossing configuration is shown on As-Constructed Drawing
No. T2.

Bents 1 and 35 are supported on abutment walls with a continuous footing. Bents 2 through
17 and Bents 28 through 34 are supported on spread footings. Based on our review of the
provided drawings, we developed Exhibit 3-1, which provides a summary of the existing
footing dimensions, number of footings at each bent, footing embedment and elevations,
and bearing material. The design bearing pressures for the footings are not indicated on the
plans. The spread footing foundation configurations are also shown on the drawings
included in Appendix A.

Bents 18 and 19, Piers 1 through 4, and Bents 21 through 27 are supported on driven timber
piles. Based on our review of the provided drawings and foundation piling summary, we
developed Exhibit 3-2, which provides a summary of the existing pile cap dimensions,
number of piles at each bent or pier, pile type and section, pile length and tip elevations,
and bearing material. The required pile bearing capacities and pile diameters are not
indicated on the plans. A 16-inch pile diameter (butt diameter) is assumed based on typical
timber pile sections available at the time the bridge was constructed. The driven pile
foundation configurations are also shown on the drawings included in Appendix A.

The bearing materials for the spread footings and driven piles are not clearly defined in the
as-constructed drawings and are interpreted based on information in the drawings and
existing subsurface explorations at the site, as well as our subsurface explorations. In
addition, elevations obtained from the as-constructed drawings were converted from City of
Portland Datum to NAVDS88 by adding 2.1 feet to the elevations shown on the drawings.
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Exhibit 3-1: As-Constructed Foundation Summary of Spread Footings

Footing Dimensions Approximate Bottom of Approximate Footing
NF”Orgg%gf (Wx L xH) Footing Elevation Embedment ?Bearing Material
(ft) (f) (ft)
Bent 1 1 10" x 110’ 24.5 5 Fine-Grained Alluvium
Exterior: 6.5' x6.5' x 3’ . . .
Bent 2 4 . 22 7 Fine-Grained Alluvium
Interior: 7.5'x 7.5'x 3
Exterior: 6.5'x 6.5' x 3' Exterior: 22
Bent 3 4 Int. North: 8 x 8" x 8’ Interior North: 17 7 Fine-Grained Alluvium
Int. South: 7.5’ x 7.5" x 3’ Interior South: 22
Exterior: 6.5' x 6.5' x 3’ . . .
Bent 4 4 22 7 Fine-Grained Alluvium

Interior: 7.5'x 7.5'x 3'

Exterior: 6.5' x 6.5' x 3’ . . .
Bent 5 4 ) 22 7 Fine-Grained Alluvium
Interior: 7.5'x 7.5 x 3’

Exterior: 6.5' x6.5'x 3’ . . .
Bent 6 4 ) 22 7 Fine-Grained Alluvium
Interior: 7.5'x 7.5 x 3’

Exterior: 6.5' x6.5'x 3’ . . .
Bent 7 4 . 22 7 Fine-Grained Alluvium
Interior: 7.5'x 7.5'x 3

Exterior: 6.5' x6.5'x 3’ . . )
Bent 8 4 ) 22 7 Fine-Grained Alluvium
Interior: 7.5'x 7.5'x 3

Exterior: 6.5' x 6.5' x 3’
Bent 9 4 X ,I X X 22 7 Fine-Grained Alluvium
Interior: 7.5'x 7.5'x 3

Exterior: 6.5' x 6.5' x 3’
Bent 10 4 X _I X X 22 7 Fine-Grained Alluvium
Interior: 7.5'x 7.5 x 3’

Exterior: 6.5' x 6.5" x 3’ . . .
Bent 11 4 ) 22 7 Fine-Grained Alluvium
Interior: 7.5'x 7.5 x 3’

Exterior: 6.5' x6.5'x 3’ . . .
Bent 12 4 ) 22 7 Fine-Grained Alluvium
Interior: 7.5'x 7.5 x 3’

Exterior: 6.5' x6.5'x 3’ . . .
Bent 13 4 . 22 7 Fine-Grained Alluvium
Interior: 7.5'x 7.5'x 3

Exterior: 8' x 8' x 3’ . . )
Bent 14 4 . 22 9 Fine-Grained Alluvium
Interior: 11.5' x 11.5' x 4.5

Exterior: 8 x 8" x 3’
Bent 15 4 X ,I XSX 22 9 Fine-Grained Alluvium
Interior: 11.5' x 11.5' x 4.5

Exterior: 8 x 8" x 3’
Bent 16 4 XIeror: &2 O X 22 9 Fill
Interior: 11.5' x 11.5' x 4.5’

, A Exterior: 12
Exterior: 14'x 14’ x5 ) .
Bent 17 4 _ , — Interior North: 14 18 Fill
Interior: 16.5' x 16.5' x 5 .
Interior South: 12

Bent 28 3 16'x16'x 4' 22 27 Fine-Grained Alluvium

Exterior: 6.5' x6.5'x 3’ .
Bent 29 4 . 40 10 Fill
Interior: 7.5'x 7.5'x 3

Exterior: 6.5' x6.5'x 3’ .
Bent 30 4 . 40 10 Fill
Interior: 7.5'x 7.5'x 3

Exterior: 6.5' x 6.5' x 3’ .
Bent 31 4 . 40 10 Fill
Interior: 7.5'x 7.5'x 3

Exterior: 6.5' x 6.5' x 3’
Bent 32 4 XIETOT: 557X 59 X 40 10 Fil
Interior: 7.5'x 7.5 x 3’

Exterior: 8 x 8" x 3’ .
Bent 33 4 ) 37 12 Fill
Interior: 11.5' x 11.5' x 4.5’

Exterior: 8' x 8'x 3’

Bent 34 4 ) 37 12 Fill
Interior: 11.5' x 11.5' x 4.5’
Bent 35 1 9.25' x 110’ 41 9 CFD - Channel Facies
NOTES:

1 Elevations have been converted from City of Portland Datum to NAVD88 by adding 2.1 feet to the elevations shown on the plan set.
2 Bearing material is interpreted from the information in the plan set, existing borings, and current borings.
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Exhibit 3-2: As-Constructed Foundation Summary for Driven Piles
: : : cApproximate : : Approximate Pile dBearing Material
aPijle Cap Dimensions . . cApproximate Pile
) Number of P bPijle Type and Bottom Pile Cap pp - Length
Location ; (WxLxH) " ; Tip Elevation
Piles . Section Elevation - (ft)
(f ) (f
Bent18N 68 19'% 28 X 6 1-inch dia. 9 28 118 Sand/Silt Alluvium
Timber
Bent18S 71 19'x28'x 6 16-inch dia. 9 17 10.7 Sand/Silt Alluvium
Timber
Bent19N 59 19'x 28' X 6 16-inch dia. 7 355 425 Sand Alluvium
Timber
Bent19S 50 19'x28'x 6 1-inch dia. 7 226 29.6 sand Alluvium
Timber
Pier 1 276 33 x71'x 217 16-inch dia. 416 724 30.8 Sand Alluvium
Timber
Per2 382 68 X 78 X 37" 16-inch dia. 70 942 242 Sand/Silt Alluvium
Timber
Piers 302 68' X 78' X 37 16-inch dia. 68.6 926 24 sand Alluvium
Timber
Pierd 277 36 X 68' X 215 16-inch dia. 403 707 30.4 Sand Allavium
Timber
Bent2IN 63 28 X 24 X 105 16-inch dia. 2 672 69.2 Fine-Grained
Timber Alluvium
Bent21S 63 24 X 24 X 10.5 16-inch dia. 2 76.4 78.4 Fine-Grained
Timber Alluvium
Bent22N 61 28X 24 X 10.5' 16-inch dia. 2 58.8 60.8 Fine-Grained
Timber Alluvium
Bent22S 63 28 X 24 X 105 16-inch dia. 2 59.2 61.2 Fine-Grained
Timber Alluvium
Yy oL , 16-inch dia. _ ‘
Bent23N 62 24'x 24'x 10.5 ) 2 -54.5 56.5 Sand/Silt Alluvium
Timber
Bent23S 64 24 X 24 X 105 16-inch dia. 2 58.7 60.7 Sand/Silt Alluvium
Timber
Bent24N 72 24X 27'x 105 16-inch dia. 7 53.2 60.2 Sand/Silt Alluvium
Timber
Bent24S 72 28 27 X 10.5° 16-inch dia. 7 517 58.7 Sand/Silt Alluvium
Timber
97 , 16-inch dia. ' _
Bent25N 77 27'x 27 x10.5 ) 10 -57.7 67.7 Sand/Silt Alluvium
Timber
Bent25S 79 27X 27'x 105 16-inch dia. 10 54.7 64.7 Sand/Silt Alluvium
Timber
Bent26N 70 28 27 X 10.5° 16-inch dia. 10 59 69 Sand/Silt Alluvium
Timber
97 , 16-inch dia. ' _
Bent26S 68 24'x 27 x 10.5 . 10 -54.3 64.3 Sand/Silt Alluvium
Timber
Bent27N 63 20 X 24'x 105 16-inch dia. 10 495 50.5 Sand/Silt Alluvium
Timber
Bent27C 25 15 X 15'x 8 1-inch dia. 126 474 60 Sand/Silt Alluvium
Timber
Yy oL , 16-inch dia. ' _
Bent27S 64 24' x 24' x 10.5 . 10 -50.9 60.9 Sand/Silt Alluvium
Timber
Notes:
a. W =Pile cap dimension in longitudinal direction (perpendicular to bent/pier centerline), L = Pile cap dimension in transverse direction (parallel to bent/pier centerline)
b.  Pile type and section are not shown in the plans, therefore pile type and section is assumed.
c.  Elevations have been converted from City of Portland Datum to NAVD88 by adding 2.1 feet to the elevations shown on the plan set.
d Bearing material is interpreted from the information in the plan set, existing borings, and current borings.
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REGIONAL GEOLOGY AND SEISMIC SETTING

Regional Geology

The greater Portland metropolitan area lies within the Portland Basin, a structural
depression created by complex folding and faulting of the basement rocks. This Portland
Basin is approximately 40 miles long and 20 miles wide, with the long axis trending to the
northwest. The most prevalent basement rock of the Portland Basin is a sequence of lava
tlows of the Columbia River Basalt Group (CRBG), which flowed into the area between
about 17 million and 6 million years ago (Beeson and others, 1991).

The Columbia and Willamette Rivers converge within the Portland Basin and, with their
tributaries, have contributed to extensive sedimentary deposits which overly the basement
rock formations. The Burnside Bridge lies within the Portland Quadrangle, where Beeson
and others (1991) have mapped the Portland Basin sediments as Sandy River Mudstone
(SRM), overlain by Troutdale Formation. According to Beeson and others (1991), the SRM
locally consists of between 200 to 300 feet of claystone, siltstone, and sandstone beds
deposited in the Miocene to Pliocene epochs (about 10 million to 3.5 million years ago), and
the Troutdale Formation locally consists of about 100 to 400 feet of well-consolidated friable
to moderately well-cemented conglomerate and sandstone, also deposited in the Miocene to
Pliocene epochs (about 12.5 million to 1.6 million years ago).

The SRM and Troutdale Formation are locally overlain in places by a sequence of
catastrophic flood deposits. During the late stages of the last great ice age, between about
18,000 and 15,000 years ago, a lobe of the continental ice sheet repeatedly blocked and
dammed the Clark Fork River in western Montana, which then formed an immense glacial
lake called Lake Missoula. The lake grew until its depth was sufficient to buoyantly lift and
rupture the ice dam, which allowed the entire massive lake to empty catastrophically. Once
the lake had emptied, the ice sheet again gradually dammed the Clark Fork Valley and the
lake refilled, leading to 40 or more repetitive outburst floods at intervals of decades (Allen
and others, 2009). These repeated floods are collectively referred to as the Missoula Floods.

During each short-lived Missoula Flood episode, floodwaters washed across the Idaho
panhandle, through eastern Washington’s scablands, and through the Columbia River
Gorge. When the floodwater emerged from the western end of the gorge, it spread out over
the Portland Basin and pooled to elevations of about 400 feet, depositing a tremendous load
of sediment. Boulders, cobbles, and gravel were deposited nearest the mouth of the gorge
and along the main channel of the Columbia River. Cobble-gravel bars reached westward
across the basin, grading to thick blankets of micaceous sand and silt (Allen and others,
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2009). Beeson and others (1991) divided the flood deposits into three facies: Fine-grained
facies, Coarse-grained facies, and Channel facies. The Fine-grained facies consists of coarse
sand to silt. The Coarse-grained facies consists of gravel, cobbles, and boulders in a sand
and silt matrix. The Channel facies consists of complexly interlayered fine and coarse-
grained material formed by channeling of flood deposits into earlier and/or
contemporaneous deposits.

Irregular post-flood surfaces were filled in locally by pond or bog deposits and overbank
alluvium. In historic times, many areas have also been altered by grading, cuts, and fills
made by humans. Generalized surficial geology along the project alignment, as compiled
from multiple sources by the Oregon Department of Geology and Mineral Industries
(DOGAMI), is shown in Published Geologic Mapping, Figure 3.

Seismic Setting

The contemporary tectonics and seismicity of the region are the result of oblique,
northeastward subduction at a rate of about 37 millimeters per year (mm/yr) (DeMets and
others, 2010) of the Juan de Fuca oceanic plate beneath the North American continental plate
(e.g., Wells and others, 1998; Wells and Simpson, 2001). This complex tectonic setting
produces east-west compressive strain along the Cascadia Subduction Zone (CSZ), as well
as northward translation and rotation of the mobile, crustal, Cascadia forearc blocks that
span the leading edge of the North America plate (Wells and others, 1998; McCaffrey and
others, 2007, 2013). Rotation of the Sierra-Nevada block and expansion of the Basin and
Range drive the northward migration and clockwise rotation of the Cascadia forearc blocks
(e.g., Pezzopane and Weldon, 1993; Wells and others, 1998; Wells and Simpson, 2001). As a
result, the southern portion of the forearc, the Oregon Coast block, is impinging on western
Washington at a rate of about 8 to 12 mm/yr causing crustal shortening in northwest Oregon
and western Washington (Wells and others, 1998; Wells and Simpson, 2001; Mazzotti and
others, 2002).

The combined effect of margin-normal subduction and margin-parallel shortening produces
complex and diverse deformation within the northern edge of the Cascadia forearc and
triggers large (greater than magnitude [M] 6), damaging earthquakes from three
seismogenic source zones:

* The locked zone of the CSZ fault interface, which produces great mega-thrust
earthquakes;

= The deep intraslab portion of the CSZ (i.e., the subducted portion of the Juan de Fuca
Plate), the source off Wadati-Benioff zone earthquakes; and

* The overriding North American Plate, where shallow crustal faults rupture.
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All three sources potentially produce earthquakes that impact the ground motion hazards at
the project site. Offshore, elastic release of strain accumulated in the locked plate interface
of the CSZ produces great megathrust earthquakes (greater than M 8.0) about every 500
years (Atwater and Hemphill-Haley, 1997; Clague, 1997; Goldfinger and others, 2003 and
2012); the most recent rupture occurred in A.D. 1700 (Satake and others, 1996; Atwater and
Hemphill-Haley, 1997; Clague, 1997; Yamaguchi and others, 1997; Goldfinger and others,
2003 and 2012). Onshore, migration and rotation of tectonic blocks produce deformation
along shallow faults within the upper part of the crust. At depth, rupture within the
subducting slab, referred to as the intraslab, has produced some of the largest recorded
earthquakes (M 6.5 to 7) to strike the Pacific Northwest in the northern California Coast
region and Western Washington. However, over the past century, intraslab earthquakes
have been markedly infrequent in Oregon. The following sections briefly describe the
location, characteristics, and seismicity of each of the sources.

Cascadia Subduction Zone: Mega-Thrust Interface Source

CSZ mega-thrust earthquakes originate along the interface between the subducting oceanic
plates and the North American plate. Because of the significant uncertainty of the landward
extent of a potential rupture surface, estimates of the closest distance between the project
and potential rupture surface range from about 65 to 140 horizontal miles. Focal depths for
mega-thrust earthquakes are commonly on the order of about 15 to 25 miles. Rupture of the
interface could result in earthquakes with moment magnitudes on the order of 8.5 to over
9.0, with strong shaking that lasts for several minutes. No large earthquakes have occurred
in this zone during historic times (the last 170 years). However, geologic evidence suggests
that coastal estuaries have experienced rapid subsidence at various times within the last
2,000 years (e.g., Atwater, 1987; Atwater and Hemphill-Haley, 1997) as a result of tectonic
movement associated with mega-thrust earthquakes on the CSZ. It appears that ruptures of
this zone have occurred at irregular intervals that span from about 100 to more than 1,200
years, with an average recurrence interval of about 300 to 500 years (Atwater and Hemphill-
Haley, 1997). Based on historical tsunami records in Japan (Satake and others, 1996) the
most recent interplate event on the CSZ was a moment magnitude (Mw) 9 event on January
26, 1700.

Cascadia Subduction Zone: Intraslab Source

CSZ intraslab earthquakes originate from within the subducting oceanic plates as a result of
down-dip tensional forces and bending caused by mineralogical and density changes in the
plates at depth. These earthquakes typically occur 28 to 37 miles beneath the surface. The
nearest seismogenic intraslab portion of the Juan de Fuca plate is approximately 30 to 60
miles below the Portland area. Ludwin and others (1991) estimate that the maximum Mw
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from this source zone would be about 7.5. Ground shaking produced by intraplate
earthquakes would be less intense and less prolonged in the Portland area than ground
motions generated by large subduction zone interface earthquake events. Historic
seismicity from this source zone includes the 1949 Mw 6.7 Olympia earthquake, the 1965
Mw 6.7 earthquake between Tacoma and Seattle, and the 2001 Mw 6.8 Nisqually
earthquake. While intraslab events have occurred frequently in the Puget Sound area, they
are historically rare in Oregon.

Shallow Crustal Source

Shallow crustal earthquakes within the North American Plate have historically occurred in a
diffuse pattern within Pacific Northwest, typically within the upper 4 to 19 miles of the
continental crust. Mabey and others (1993) concluded from their analysis of local geologic
features that a crustal earthquake of up to Mw 6.5 could occur virtually anywhere in the
Portland area. Based on their fault model, Wong and others (2000) determined that an
earthquake of up to Mw 6.8 is possible on the Portland Hills Fault, which is mapped within
about one half-mile of the project site. The largest known crustal earthquake in the Pacific
Northwest is the 1872 North Cascades earthquake at approximate Mw 6.5 to 7.0. Other
examples include the 1993 Mw 5.6 Scotts Mill earthquake and the 1993 Mw 6.0 Klamath
Falls earthquake.

Shallow crustal faults and folds throughout Oregon and Washington have been located and
characterized by the United States Geological Survey (USGS). The USGS provides
approximate fault locations and a detailed summary of available fault information in the
USGS Quaternary Fault and Fold Database. The database defines four categories of faults,
Class A through D, based on evidence of tectonic movement known or presumed to be
associated with large earthquakes during Quaternary time (within the last 2.6 million years).
For Class A faults, geologic evidence demonstrates that a tectonic fault exists and that it has
likely been active within the Quaternary period. For Class B faults, there is equivocal
geologic evidence of Quaternary tectonic deformation, or the fault may not extend deep
enough to be considered a source of significant earthquakes. Class C and D faults lack
convincing geologic evidence of Quaternary tectonic deformation or have been studied
carefully enough to determine that they are not likely to generate significant earthquakes.

According to the USGS Quaternary Fault and Fold database (USGS, 2017), there are 12 Class
A features within approximately 30 miles of the project site. Their names, general locations
relative to the site, and the time since their most recent deformation are summarized in
Exhibit 4-1. The CSZ itself is approximately 135 miles west of the project site, with an
average slip rate of approximately 40 millimeters (1.5 inches) per year and the most recent
deformation occurring about 300 years ago (Personius and Nelson, 2006).
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Exhibit 4-1: USGS Class A Faults Within an Approximate 30-Mile Radius of the Project Site

Approximate

USGS Distance Time Since
Fault Approximate  and Direction from Slip Rate Last
Fault Name Number Length Project Site! Category? Deformation3
Portland Hills Fault 877 30.4 miles 0.5 miles W < 0.2 mmlyr <15ka
East Bank Fault 876 18.0 miles 0.6 miles NE < 0.2 mmlyr <15ka
Qatfield Fault 875 18.0 miles 3.1 miles SW < 0.2 mmlyr <1.6Ma
Grant Butte Fault 878 6.2 miles 6.1 miles SE < 0.2 mmfyr <750 ka
Damascus-Tickle Creek 879 9.9 miles 6.3 miles SE < 0.2 mmfyr <750 ka
Fault
Beaverton Fault Zone 715 9.3 miles 7.0 miles SW < 0.2 mmlyr <750 ka
Canby-Molalla Fault 716 31.1 miles 8.5 miles SW < 0.2 mmlyr <15ka
Helvetia Fault 714 4.3 miles 12.0 miles NW < 0.2 mmiyr <1.6Ma
Lacamas Lake Fault 880 14.9 miles 12.9 miles NE < 0.2 mmfyr <750 ka
Newberg Fault 717 3.1 miles 21.3 miles SW < 0.2 mmfyr <1.6Ma
Gales Creek Fault Zone 718 45.4 miles 22.5 miles W-SW < 0.2 mm/yr <1.6Ma
Mount Angel Fault 873 18.6 miles 26.8 miles SW < 0.2 mmfyr <15ka
NOTES:

1 Approximate distance between project site and nearest extent of fault mapped at the ground surface.
2 mm = millimeters; yr = year.
3 Ma="Mega-annum” or million years ago; ka = “Kilo-annum” or one thousand years ago.

RECENT FIELD EXPLORATIONS

Historic Geotechnical Data

Numerous geotechnical borings were previously drilled at and around the project site by
other geotechnical firms or agencies, both for the Burnside Bridge and for various unrelated
projects including the Banfield Access Ramp, Ankeny Pump Station, West and East Side
Combined Sewer Overflow (CSO) Projects, and borings for the Portland Development
Commission. Approximate locations of the relevant historic borings are shown on the Site
and Exploration Plan, Figure 2. Logs of the relevant historic borings are provided in
Appendix A, Historic Information. While the borings performed by Shannon & Wilson for
this project were logged in accordance with the ODOT Soil and Rock Classification Manual,
the borings presented in Appendix A, which were logged by others, may use other
descriptive methodologies.
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Recent Geotechnical Explorations

Shannon & Wilson did not perform field explorations during the NEPA phase of the project.
In the previous phase of the project, Shannon & Wilson performed subsurface explored
subsurface conditions at project site with three geotechnical borings, designated B-1 through
B-3. Borings B-1 and B-3 were drilled on land and were advanced to depths of 221.5 and
230.3 feet below the existing ground surface, respectively. Boring B-2 was drilled in the
Willamette River from a floating barge and was advanced to a depth of 148.2 feet below
mudline. The borings were drilled between September 19, and October 25, 2016.

Completed borehole locations were measured in the field relative to existing site features
and with a hand-held GPS unit (Geo 7X H-Star) capable of decimeter-level accuracy.
Approximate borehole locations are shown graphically on the Site and Exploration Plan,
Figure 2. At the initial location of boring B-2, designated on Figure 2 as B-2A, we
encountered concrete and metal debris that resulted in extreme mud loss and practical
drilling refusal at a depth of approximately 8 feet below the mudline. Boring B-2 was then
moved approximately 28 feet south and 7 feet west of B-2A, where it was drilled to its
ultimate depth of 148.2 feet below mudline. Details of drilling, sampling procedures, and
our logs of the materials encountered in the explorations are presented in Appendix B,
Drilling Explorations. All borings included in situ geophysical testing (OYO Suspension
Logging), which is discussed and presented in Appendix C, In Situ Geophysical Tests.

RECENT LABORATORY TESTING

In the previous phase of the project, Shannon & Wilson performed laboratory tests for the
soil samples obtained in the recent geotechnical explorations. The testing program
included Atterberg limits tests and particle-size analyses. Atterberg limits tests and particle
size analyses were completed by Northwest Testing, Inc., of Wilsonville, Oregon, and all test
procedures were performed in accordance with applicable ASTM International standards.
Results of the laboratory tests and brief descriptions of the test procedures are presented in
Appendix D, Laboratory Test Results.

SUMMARY OF SUBSURFACE CONDITIONS

Geotechnical Soil Units

We grouped the materials encountered in our field explorations and in the historic borings
into 10 geotechnical units. Our interpretation of the subsurface conditions is based on the
explorations and regional geologic information from published sources. The geotechnical
units are as follows:
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Fill: highly variable mixtures of gravel, sand, silt, and clay that may include wood
debris, concrete debris, brick fragments, glass, and other man-made materials;

Fine-Grained Alluvium: very soft to medium stiff (less commonly stiff to very stiff) Silt
and Clay with varying amounts of sand, typically less than 30 percent (ML and CL);

Sand/Silt Alluvium: very loose grading with depth to dense/very soft grading with
depth to stiff, Silty Sand (SM) and Sandy Silt (ML); trace gravel, trace silt/clay interbeds,
and trace organics;

Sand Alluvium: loose to medium dense, occasionally dense to very dense, Sand to
Gravelly Sand with varying amounts of silt (SP, SP-SM); lesser amounts of Silty Sand
(SM); some zones contain organics and wood debris;

Gravel Alluvium: medium dense to very dense Gravel with varying amounts of sand
and fines (GP, GW, GP-GM, GW-GM, and GM); includes zones with cobbles and
possible boulders; trace lenses of sand and silt;

Catastrophic Flood Deposits - Fine-Grained Facies: stiff to very stiff Silt (ML);

Catastrophic Flood Deposits - Channel Facies: dense to very dense interbedded Sand
and Gravel deposits with varying amounts of fines (GW, GW-GM, GP-GM, SW-SM, SP,
and SP-SM); lesser layers of stiff Sandy Silt (ML); includes zones with cobbles and
possible boulders;

Upper Troutdale Formation: dense to very dense Sand and Gravel deposits with
varying fines content, interbedded with hard Silt and Clay deposits containing varying

amounts of sand (GP, GW, GP-GC, SP, SC, ML, MH, CL, and CH); some zones of
cementation;

Lower Troutdale Formation: very dense Gravel with varying amounts of sand and
tines (GP, GW, GP-GM, GW-GM, GP-GC, GM, and GC); trace sand and fine-grained
layers were also encountered (SP, SP-SM, SM, CL, CH); some zones of cementation;
cobbles are likely present in some areas;

Sandy River Mudstone: hard Clay with varying amounts of sand interbedded with
very dense Sand that contains varying amounts of fines (CL, CH, CL-ML, SM, and, to a
lesser extent, ML, SP-SM, and SP).

These geotechnical units were grouped based on their engineering properties, geologic
origins, and distribution in the subsurface. Our interpretation of the unit distributions
within the subsurface is presented on the Interpretive Subsurface Profile A-A’, Figure 4.
The location of the interpretive profile is shown on the Site and Exploration Plan, Figure 2.
Our interpretation emphasized some data points more than others, considering factors such
as relative distance to the alighment and quality of the data source. Contacts between the
units may be more gradational than shown in the profile and boring logs, and subsurface
conditions may vary between explorations differently from what is shown on Figure 4.
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Standard Penetration Test (SPT) N-values presented on the Shannon & Wilson drill logs in
Appendix B and on Figure 4 are in blows per foot (bpf) as counted in the field (i.e. no
corrections have been applied). The historic borings contain some logs where the SPT N-
values are similarly presented “as counted in the field” and some where it is not specified if
the N-values are corrected or not. Discussions of SPT N-values that follow in this report are
based on SPT N-values as reported on the logs (current and historic). The sections below
describe the geotechnical unit characteristics in greater detail.

Fill

Based on the available subsurface information, it appears that varying thicknesses of Fill are
present at the ground surface on both the west and east banks of the Willamette River in the
project area. Fill thickness is up to 25 feet or more. Fill composition is variable across the
site and includes mixtures of gravel, sand, silt, and clay that may include wood debris,
concrete debris, brick fragments, glass, and other man-made materials. Refer to the boring
logs in Appendix A and Appendix B for greater details of Fill composition in specific areas.
Concrete and metal debris were encountered approximately 8 feet below the mudline at the
initial location of Shannon & Wilson Boring B-2 (designated Boring B-2A). Two out of 96
SPTs attempted in the Fill met refusal, where more than 50 blows were required to drive the
sampler through a 6-inch interval. Non-refusal SPT N-values ranged from 1 to 67 bpf.
Natural moisture contents of tested specimens ranged from 7 to 62 percent. Sieve analyses
indicated fines contents that ranged from 2 to 95 percent by dry weight.

Fine-Grained Alluvium

Fine-Grained Alluvium was encountered in explorations on both sides of the river. The unit
is intermittently present below the Fill and as interbeds within and between other alluvial
units. The thickest accumulations exist on the east side of the river, near Burnside Bridge
Bent 21, and near Parsons Brinckerhoff Boring ES-2003A, where thicknesses are up to 110
feet and 45 feet, respectively. The Fine-Grained Alluvium consists of very soft to medium
stiff (less commonly stiff to very stiff) Silt and Clay with varying amounts of sand, typically
less than 30 percent. The unit includes USCS group designations ML and CL. Several
samples from the unit were reported to contain organic material. SPT N-values in the unit
ranged from 0 to 20 bpf. Natural moisture contents of tested specimens ranged from 22 to
63 percent. Dry unit weights of tested specimens ranged from 84 to 85 pounds per cubic
foot (pcf). Sieve analyses indicated fines contents that ranged from 72 to 99 percent by dry
weight. Atterberg limits tests indicated plasticity indices that ranged from 9 to 23 percent.
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Sand/Silt Alluvium

Sand/Silt Alluvium was encountered intermittently throughout the project area,
interbedded with the other alluvial units. The unit is most prevalent on the east side of the
Willamette River, where thicknesses in the vicinity of Shannon & Wilson Boring B-3 are on
the order of 110 feet. In the western and central portions of the site, thicknesses range from
about 5 to 20 feet. The Sand/Silt Alluvium consists of Sandy Silt (ML) and Silty Sand (SM).
Some samples contain trace interbeds of silt or clay, organics, or trace gravel. SPT N-values
in the unit range from 1 to 48 bpf, and typically increase with depth below the ground
surface. Natural moisture contents of tested specimens ranged from 30 to 47 percent. Sieve
analyses indicated fines contents that ranged from 14 to 89 percent by dry weight.
Atterberg limits tests indicated plasticity indices that ranged from 4 to 9 percent.

Sand Alluvium

Based on the available subsurface information, including older borings for the Burnside
Bridge and Shannon & Wilson’s current in-water boring B-2, we interpret an approximately
25- to 50-foot-thick layer of Sand Alluvium at the bottom of the modern-day Willamette
River. Lesser layers, about 5 to 10 feet thick, were also encountered in the subsurface below
the banks of the river in Shannon & Wilson Borings B-1 and B-3, and in Fujitani Hilts &
Associates Boring D-1. The Sand Alluvium consists of loose to medium dense, occasionally
dense to very dense, Sand to Gravelly Sand with varying amounts of silt including USCS
group designations SP, SP-SM, and, to a lesser extent, SM. Some zones within the unit
contain organics and wood debris. SPT N-values in the unit ranged from 9 to 51 bpf. The
natural moisture content of one specimen was 21 percent. Sieve analyses indicated fines
contents that ranged from 1 to 9 percent by dry weight.

Gravel Alluvium

We interpret a layer of Gravel Alluvium, ranging from about 10 to 40 feet thick, underlying
the Sand Alluvium below the Willamette River, and underlying other alluvial deposits on
the adjacent banks. As encountered in many explorations by Shannon & Wilson and others,
the Gravel Alluvium consists of medium dense to very dense Gravel with varying amounts
of sand and fines including USCS group designations GP, GW, GP-GM, GW-GM, and GM.
Portions of the unit contain cobbles and possible boulders. Trace lenses of sand and silt may
also be present. For the purposes of our interpretation, the Gravel Alluvium may include
both coarse-grained Willamette River alluvium and coarse-grained Catastrophic (Missoula)
Flood Deposits. The Gravel Alluvium is differentiated from the Catastrophic Flood
Deposits — Channel Facies because it has a more consistent composition and contains fewer
interbeds of silt and sand. During drilling in the gravel alluvium, mud loss and hole-caving
were frequently noted. Forty-nine out of 78 SPTs attempted in the Gravel Alluvium met
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refusal. Non-refusal SPT N-values ranged from 19 to 95 bpf. Natural moisture contents of
tested specimens ranged from 6 to 22 percent. Sieve analyses indicated fines contents that
ranged from 2 to 33 percent by dry weight.

Catastrophic Flood Deposits — Fine-Grained Facies

Catastrophic Flood Deposits — Fine-Grained Facies sediments were encountered on the east
side of the Burnside Bridge in borings made by GeoEngineers for the Portland Development
Commission. In Borings GEI-8 and GEI-9, the unit was encountered directly underneath the
Fill and extended to depths of 13 to 15 feet below the ground surface, respectively. In the
vicinity of the Burnside Bridge, encountered portions of the unit were reported to consist of
stiff to very stiff, brown Silt (ML). Two SPT N-values in the unit were 32 and 38 bpf.
Natural moisture contents of tested specimens ranged from 23 to 41 percent. Dry unit
weights of tested specimens ranged from 72 to 87 pcf.

Catastrophic Flood Deposits — Channel Facies

An approximately 20-foot-thick layer of Catastrophic Flood Deposits — Channel Facies
sediments were encountered below the Catastrophic Flood Deposits — Fine-Grained Facies
on the east side of the Burnside Bridge in borings made by GeoEngineers for the Portland
Development Commission. In the vicinity of the Burnside Bridge, in Borings GEI-8 and
GEI-9, encountered portions of the unit were reported to consist of dense to very dense
interbedded sand and gravel deposits with varying amounts of fines, including USCS group
designations GW, GW-GM, GP-GM, SW-SM, SP, and SP-SM. Lesser layers of stiff Sandy
Silt (ML) were also reported in the unit. Portions of the unit contain cobbles and possible
boulders. Three out of 11 SPTs attempted in the Catastrophic Flood Deposits — Channel
Facies met refusal. Non-refusal SPT N-values ranged from 32 to 85 bpf. Natural moisture
contents of tested specimens ranged from 6 to 38 percent.

Upper Troutdale Formation

Based on the available information, Troutdale Formation appears to underlie the entire
project site, beneath the overlying alluvial and fill units. In our interpretation of the existing
information, we identified both an Upper and Lower Troutdale Formation. The Upper
Troutdale formation is approximately 15 to 30 feet thick and was encountered in the
western portion of the project area. The unit includes dense to very dense Sand and Gravel
deposits with varying fines content interbedded with hard Silt and Clay deposits containing
varying amounts of sand. The unit includes USCS group designations GP, GW, GP-GC, SP,
SC, ML, MH, CL, and CH. Some cementation was reported in portions of the unit.

February

17



7.1.9

7.1.10

102636-001
2021

Burnside Bridge Environmental Impact Study
Geotechnical Report

The Upper Troutdale Formation contains more prevalent, lower-strength sand and fine-
grained layers, compared to the underlying Lower Troutdale Formation. It also has
relatively lower shear wave velocities. The upper unit may reflect Troutdale Formation that
has weathered in place or that has been reworked by the Willamette River to include
Pleistocene alluvium. Twenty-one out of 31 SPTs attempted in the Upper Troutdale
Formation met refusal. Non-refusal SPT N-values ranged from 26 to 80 bpf and were
associated with layers with greater sand and fines content. Natural moisture contents of
tested specimens ranged from 2 to 33 percent. Sieve analyses indicated fines contents that
ranged from 6 to 77 percent, with most tested samples being between 6 and 11 percent.
Atterberg limits tests from samples in fine-grained layers indicated plasticity indices that
ranged from 24 to 30 percent, with USCS designations of MH and CH.

Lower Troutdale Formation

Lower Troutdale Formation was encountered below the Upper Troutdale Formation on the
west side of the project site, and directly below the Gravel Alluvium or Catastrophic Flood
Deposits — Channel Facies on the east side of the project site. Thickness of the unit is on the
order of 80 feet on the west side of the river and about 10 to 30 feet beneath the river. On
the east side of the river, none of the borings fully penetrated the Lower Troutdale
Formation and it appears to be over 100 feet thick. The unit typically consists of very dense
Gravel with varying amounts of sand and fines, including USCS group designations GP,
GW, GP-GM, GW-GM, GP-GC, GM, and GC. Zones of cementation are noted throughout
the unit, and cobbles may be present in some areas. Some sand and fine-grained layers
were also encountered (SP, SP-SM, SM, CL, CH). All but two of the 129 SPTs attempted in
the Lower Troutdale Formation met refusal, most within the first 6 inches of penetration.
The non-refusal SPT N-values were 76 and 79 bpf and came from sand layers within the
unit. Natural moisture contents of tested specimens ranged from 7 to 43 percent. Sieve
analyses indicated fines contents that ranged from 4 to 67 percent, with most tested samples
being between 4 and 31 percent. An Atterberg limits test of one sample from a finer-grained
layer indicated a plasticity index of 25 percent and a USCS designation of CH.

Sandy River Mudstone

We interpret that Sandy River Mudstone was encountered below the Lower Troutdale
Formation in four borings along the western side of the project. These borings include the
historic Burnside Bridge Boring for Pier 1; Parsons Brinckerhoff Boring PB-306R, performed
for the West Side CSO; and recent Shannon & Wilson Borings B-1 and B-2. The Sandy River
Mudstone may have also been encountered in the historic Burnside Bridge Boring for Pier 2,
about 25 feet higher in elevation than it was encountered in the nearby Shannon & Wilson
Boring B-2. This suggests possible variability in the elevation of the unit’s surface in a
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north-south direction. Encountered portions of the unit include hard Clay with varying
amounts of sand interbedded with very dense Sand that contains varying amounts of fines.
The unit includes USCS group designations CL, CH, CL-ML, SM, and, to a lesser extent,
ML, SP-SM, and SP. Trace gravel was observed in some samples and, in some areas, the
sand constituent could be remolded to clay under finger pressure. Two out of 10 SPTs
attempted in the Sandy River Mudstone met refusal. Non-refusal SPT N-values ranged
from 35 to 93 bpf. The natural moisture contents of two tested specimens were both 25
percent. Sieve analyses of two specimens indicated fines contents of 70 and 93 percent. An
Atterberg limits test of one fine-grained sample indicated a plasticity index of 46 percent
and a USCS designation of CH.

Groundwater

The geotechnical borings performed by Shannon & Wilson for this study were drilled using
mud rotary techniques, which make it difficult to discern the depth to groundwater, if it is
encountered, due to the use of artificial drilling fluids in the boreholes. Logs of historic
borings on the west side of the Willamette River, performed for the Ankeny Pump Station
and the West Side CSO, report groundwater elevations that range from approximately 6 to
10 feet (NAVD 88). The log of ES-2005C, a historic boring performed for the East Side CSO
on the east side of the Willamette River, reports a groundwater elevation of approximately
14.8 feet. Subsurface profiles associated with the GeoEngineers borings performed for the
Portland Development Commission indicate a groundwater elevation of 25 feet. One of the
GeoEngineers borings, GEI-7, encountered a layer of perched water at an elevation of
approximately 50 feet. These groundwater level measurements were made during various

seasons.

Over the course of a year, water levels in the Willamette River typically fluctuate between
elevations of approximately 6 and 20 feet. The Willamette River Ordinary High Water
(OHW) level is at elevation 20 feet and the annual high-water level (defined here as the
average water level of the wettest six-month period) is at an approximate elevation of 10
feet. We based the annual high-water level on the design river elevation used for the nearby
Tilikum Crossing project. This is comparable to the groundwater elevations reported in the
historic on-land borings, with the exception of the perched groundwater reported in GEI-7.
Based on the materials present in the subsurface at the site, it is reasonable to assume that
there is hydraulic connectivity between the Willamette River and groundwater in the
adjacent banks. We used the OHW elevation for our ground surface response analyses, and
the annual high-water level for evaluation of our recommended ground improvement
configuration. The annual high-water level was used for ground improvement design to
limit conservatism and reduce the total volume of required ground improvements, and is
consistent with recommendations in the ODOT Geotechnical Design Manual.
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Groundwater levels throughout the site should be expected to vary seasonally and with
changes in topography, precipitation, and the level of the Willamette River. Zones of
perched water are likely to be encountered above fine-grained layers. Locally, groundwater
highs typically occur in the late fall to spring and groundwater lows typically occur in the
late summer and early fall.

SEISMIC GROUND MOTIONS AND HAZARD
EVALUATIONS

Seismic hazard evaluations and soil ground motion responses for the Burnside Bridge
Seismic Feasibility Study is performed following guidelines presented in the ODOT GDM
(ODOQT, 2018), ODOT BDM (ODOT, 2019), AASHTO LRFD Bridge Design Specifications
(AASHTO, 2017), and the Earthquake Ready Burnside Bridge (EQRB) Seismic Design
Criteria. In accordance with the project Seismic Design Criteria, the full-rupture CSZ event
(Full Operation) and 1,000-year ground motion levels (Limited Operation) are considered
for the seismic design.

We performed dynamic soil-structure interaction (DSSI) analyses to develop site-specific
design ground motions and evaluate ground deformations from seismic shaking. DSSI
analyses estimate the seismic response of a site based on earthquake time histories applied
to the base of the model.

DSSI Analysis

We performed the DSSI analyses using the numerical modelling suite FLAC (Fast
Lagrangian Analysis of Continua, Itasca, 2016). FLAC uses the finite difference method to
model the behavior of continuous materials such as soil. We constructed the DSSI model
based on limited subsurface explorations, in situ testing, and laboratory testing. In our
opinion, the level of subsurface information available is acceptable for a NEPA-level
evaluation. However, additional significant field explorations and testing program must be

planned and performed for final design.

We developed a finite difference mesh based on the subsurface profile shown in Figure 4.
We excluded bridge structural elements from the model, since they would not materially
impact the behavior of the soil mass. We assigned engineering parameters such as density,
stiffness, and strength to the various geologic units along the bridge alignment. We fixed
the sides and base of the model against movement and allowed the model to come to

equilibrium under gravity loads.
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Next, we prepared the model for application of dynamic earthquake loads. We applied
free-field boundary conditions to the edges of the model and quiet boundary conditions to
the base of the model. These boundary conditions absorb earthquake waves to act as an
infinite boundary. We also applied dynamic constitutive models to the various geologic
units.

For non-liquefiable geologic units, we applied FLAC’s hysteretic damping constitutive
model. This model degrades the unit’s shear modulus under shear strains using a calibrated
backbone curve to model material damping. For potentially liquefiable soil units, we used
the PM4SAND model (Boulanger and Ziotopoulou, 2015). PM4SAND models soil
liquefaction behavior by generating excess pore water pressures in soil subjected to cyclic
loading. We calibrated the PM4SAND behavior based on liquefaction triggering charts in
Boulanger and Idriss (2014).

8.2 Base Ground Motions

We developed a suite of seven earthquake time histories for the Full Operation performance
level and a suite of nine earthquake time histories for the Limited Operation performance
level for use in the DSSI analyses. The time histories were selected to match target spectra
for Site Class B/C boundary soil conditions that correspond to the soil conditions at the base
of the soil model. The target spectra for the Limited Operation ground motion level were
developed for Conditional Mean Spectra (CMS) conditioned at periods of 0.2 seconds and
1.0 second. A total of six earthquake time histories were selected to match the 0.2-second
CMS, and three time histories were selected to match the 1.0-second CMS. Of the six time
histories selected for the 0.2-second CMS, three were chosen from crustal earthquakes and
three were chosen from subduction zone earthquakes. All three time histories selected for
the 1.0-second CMS were selected from subduction zone earthquakes.

Exhibit 8-1 contains a summary of the earthquake time histories selected to model the Full
Operation (CSZ event) and Limited Operation (1,000-year return period) ground motion
levels.
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Exhibit 8-1: Summary of Selected Earthquake Time Histories
Magnitude, Source-to-Site
Earthquake Name Mw Station, Component Distance (km) Target Response Spectra Designation
Tohoku (2011) 9.0 AKT023-Tsubakidai, EW 105 Operation (CSZ event) 0O-AKT023EW
Tohoku (2011) 9.0 FKSHO05-Shimogou, EW 126 Operation (CSZ event) O-FKSHO5EW
Tohoku (2011) 9.0 FKSHO08-Naganuma, EW 100 Operation (CSZ event) O-FKSHO8EW
Tohoku (2011) 9.0 IWTO011-Mizusawa, NS 75 Operation (CSZ event) O-IWT011NS
Tohoku (2011) 9.0 TCGH12-Ujiie, NS 104 Operation (CSZ event) O-TCGH12NS
Maule (2010) 8.8 ANTU-Cien Agronomicas, UC, La Plantina, 90° 73 Operation (CSZ event) O-ANTU90
Maule (2010) 8.8 ROC1-Recinto d. SHOA, Cerro El Roble, 90° 93 Operation (CSZ event) 0-ROC190
L'Aquila, Italy (2009) 6.3 L'Aquila Parking, NS 5 Limited Operation CMS @ 0.2 LS-AM043YLN
seconds (crustal)
Northridge (1994) 6.7 LA 00, 270° 19 Limited Operation CMS @ 0.2 LS-LA0270
seconds (crustal)
Northridge (1994) 6.7 Santa Susana Ground, 0° 17 Limited Operation CMS @ 0.2 LS-SSU000
seconds (crustal)
Tohoku (2011) 9.0 FKS014-Yamatsuri, EW 76 Limited Operation CMS @ 0.2 LS-FKS014EW
seconds (subduction zone)
Tohoku (2011) 9.0 GNMO10-Tatebayashi, NS 143 Limited Operation CMS @ 0.2 LS-GNMO10NS
seconds (subduction zone)
Maule (2010) 8.8 CCSP97-Concepcion San Pedro, 97° 36 Limited Operation CMS @ 0.2 LS-CCSP97
seconds (subduction zone)
Tohoku (2011) 9.0 TCGO012-Oyama, NS 119 Limited Operation CMS @ 1.0 LS-TCGO12NS
second (subduction zone)
Tohoku (2011) 9.0 FKSH10-Nishigou, EW 106 Limited Operation CMS @ 1.0 LS-FKSH10EW
second (subduction zone)
Maule (2010) 8.8 ANTU-Cien Agronomicas, UC, La Plantina, 90° 73 Limited Operation CMS @ 1.0 LS-ANTU90
second (subduction zone)
102636-001 February 2021
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Ground Surface Response Spectra

For each earthquake time history, we calculated ground surface response spectra at each of
the existing bridge bents/piers. Based on the spectral response, we grouped the ground
surface response spectra into two groups: Bents 1 through 27 (including Piers 1 through 4),
and Bents 28 through 35. The individual site-specific response spectra at each bent are
presented in Figures E1 through E38 in Appendix E for Full Operation and Figures E39
through E152 for Limited Operation performance levels.

To inform the development of our recommended Full Operation design response spectra,
we generated the ODOT code-based design response spectra using the web-based
application maintained by Portland State University (PSU) (ODOT 2019). The PSU
application requires an input value of Vs30 to calculate an acceleration response spectrum.
We used estimated values of 200 meters/second to approximate Site Class E conditions, and
274 meters/second to approximate Site Class D conditions. The response spectra generated
by the PSU application are shown on Figures 5 and 6. Similarly, we generated ODOT code-
based design response spectra to inform our development of our recommended Limited
Operation design response spectra using the Microsoft Excel-based ODOT Design Response
Spectrum Program available on the ODOT Bridge Section website. The response spectra
generated using the ODOT program are shown on Figures 7 and 8.

Recommended Seismic Design Ground Motions

We developed the smoothed design response spectra for the bent groups by approximating
or enveloping the hazard-consistent geometric means of the ground surface response
spectra. Figures 5 and 6 show that the Operation (CSZ event) response spectra derived from
the ODOT web-based application (ODOT 2019) for Site Class E and D are lower than our
calculated geometric mean ground surface response spectra for periods less than about 0.5
seconds and are greater than or equal to the geometric mean ground surface response
spectra for longer periods. The smoothed, Full Operation design spectra also shown on
Figures 5 and 6 are equal to or greater than the ODOT web-based spectra at all periods.

Similarly, Figures 7 and 8 show that our calculated geometric mean ground surface
response spectra for the Limited Operation (1,000-year ground motion) are typically equal
to or higher than the ODOT code-based response spectra for periods less than about 0.5 to
1.0 seconds. The smoothed, Limited Operation spectra also shown on Figure 7 and 8 are
greater than or equal to the ODOT web-based spectra for periods greater than about 0.6 to
0.8 seconds and follow the higher ODOT code-based spectra at longer periods.

Exhibit 8-2 provides the recommended site-specific smoothed ground surface design

response spectra for Operation and Limited Operation performance levels.
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Exhibit 8-2: Recommended Seismic Design Spectral Accelerations at Existing Bent Groups*

“Full Operation” Performance Level

“Limited Operation” Performance Level
(1,000-Year Return Period)

Period Bents 1 through 27  Bents 28 through 35  Bents 1 through 27 Bents 28 through 35
(seconds) (©) ©) (©) (©)

0 0.293 0.201 0.457 0.361
0.02 0.336 0.255 0.552 0.509
0.03 0.362 0.298 0.599 0.583
0.05 0.414 0.382 0.694 0.731
0.075 0.479 0.488 0.812 0.917
0.1 0.544 0.594 0.930 1.10
0.2 0.75 0.86 117 1.24
0.3 0.75 0.86 117 1.24
05 0.75 0.65 117 0.934
0.75 0.717 0.434 0.925 0.623

1 0.538 0.325 0.694 0.467

15 0.359 0.217 0.463 0311

2 0.269 0.163 0.347 0.234

3 0.179 0.108 0.231 0.156

5 0.065 0.039 0.083 0.056

75 0.029 0.017 0.037 0.025

10 0.016 0.010 0.021 0.014

NOTES:

* Response spectrum analyses at proposed Retrofit and Replacement Alternative bents should use the response spectra corresponding

to the existing bent groups provided.

Seismic Hazard Evaluation

Seismic hazards considered in the evaluation include ground shaking, liquefaction and

associated effects (e.g., flow failure, lateral spreading, and settlement), ground surface fault

rupture, tsunami, and seiche. In our opinion, the potential for fault rupture is low; while

there are potentially active faults with approximately 1/2 mile of the bridge site, the

recurrence interval for movement on these faults appear to be on the order of several

thousand years and much longer than the return period for the for the “Limited Operation”

Performance Level. The risk of seismically induced tsunami and seiche is also very low at

the site given the location of the site is over 60 miles inland from the Pacific Ocean (where a

tsunami wave would initially reach landfall), and that the Willamette River is not a closed
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water body that is typically required for the occurrence of seismic seiche. The primary
hazards at this site are ground shaking, liquefaction, and liquefaction-related effects.

Liquefaction is a phenomenon in which excess pore pressure of loose to medium dense,
saturated, granular soils increases during ground shaking to a level near the initial effective
stress. The increase in excess pore pressure results in a reduction of soil shear strength and
a potential quicksand-like condition. The effects of liquefaction may include lateral
spreading, flow failure, and ground surface settlement. Liquefaction impacts to foundations
may also include reduction or loss of axial and lateral resistance and downdrag forces on
deep foundations.

Liquefaction in gently sloping ground or ground adjacent to a free face can result in
permanent lateral ground displacement in phenomena known as lateral spreading and flow
failure. Lateral spreading ground movement occurs toward a free face or down slope
during seismic shaking; flow failure may occur after ground shaking has ended. Similarly,
steeper slopes may become unstable during seismic shaking or due to the associated
strength loss caused by excess pore pressure development. The permanent ground
displacement may result in additional lateral forces acting on deep foundations that extend
through liquefiable layers and may also result in moderate to severe damage to the existing
structure, up to and including collapse of the bridge foundations.

Settlement may occur in cohesionless soil that undergoes liquefaction and pore pressure
development during ground shaking. The settlement is related to densification and
rearrangement of particles during ground shaking, as well as volume change as the excess
pore pressure dissipates after ground shaking. Seismic ground settlement may not occur
uniformly over an area, and differential settlement could impact structures supported by
liquefied soil. Seismic settlement may also result in downdrag forces on foundations if the
soil settlement is greater than the foundation settlement.

Liquefaction, excess pore pressure development, and lateral movement can be evaluated
directly using nonlinear effective stress numerical analysis. The results of an effective stress
analysis provide estimates of excess pore pressure and lateral movement during ground
shaking. Liquefaction and associated soil shear strength loss may be estimated to occur
where excess pore pressures exceed a certain threshold. Soil strength reductions may also
be estimated when excess pore pressure development occurs but is less than the liquefaction
threshold. Liquefaction-induced settlement and lateral soil movement can also be estimated
from the nonlinear effective stress analysis. The nonlinear effective stress analyses
performed for this study were utilized to evaluate liquefaction and its associated impacts. A
brief summary of the analyses and results is presented in the following sections.
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Liguefaction-Induced Excess Pore Pressure Development and Residual Soil
Strength

Figures E153 through E168, Appendix E, presents contour plots of the excess pore pressure
ratio based on the DSSI analyses for each input ground motion. Liquefaction is considered
to occur when the excess pore pressure ratio exceeds 0.9 (i.e. liquefaction is considered to
occur when the factor of safety (FS) against liquefaction is less than 1.1; the excess pore
pressure ratio criteria is the inverse of the FS, equal to the ratio of 1:1.1).

When the excess pore pressure ratio exceeds 0.9, residual shear strengths are considered in
the nonlinear effective stress analyses. We estimated the shear strength of the liquefied soil
using methods recommended in the ODOT GDM and other standard methods. These
methods include Seed and Harder (1990), Olson and Stark (2002), Idriss and Boulanger
(2007), and Kramer (2008). These methods base the liquefied soil shear strength on (N1)60
or (N1)60-cs values. For our analysis, we estimated the residual shear strength by taking the
average of the residual shear strengths determined using the four recommended methods.

Please see Section 9 for information on how liquefaction will affect the seismic resistance of
the foundations. Conceptual options to mitigate liquefaction effects are presented in Section
10 of this report.

Liguefaction-Induced Lateral Spreading and Flow Failure

Figures E153 through E168, Appendix E, present contour plots of estimated permanent
horizontal deformation based on the nonlinear effective stress model for each input ground
motion.

The figures indicate that liquefaction-induced permanent ground deformation will occur at
the west and east approaches to varying displacements and elevations for the ground
motion levels considered. For the 1,000-year "Limited Operation" ground motion level,
ground surface movements up to 14 feet are calculated for the west riverbank. Permanent
displacements greater than one foot are typically located within 100 feet inland of the west
seawall. Flow failure with displacements in excess of approximately 25 feet is anticipated at
the east riverbank. Lateral spreading displacements of approximately 3 feet or greater are

anticipated at distances up to around 600 feet inland from the east riverbank.

For the CSZ "Full Operation" event ground motion level, ground surface movements up to 4
and 25 feet are anticipated at the west and east riverbanks, respectively. Permanent
displacements greater than one foot are typically located within 100 feet inland of the west
seawall. Lateral spreading displacements of approximately 2 feet or greater are anticipated
at distances up to around 400 feet inland from the east riverbank.
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The effects of permanent ground displacement on the existing foundations are presented in
Section 9 of this report. Conceptual options to mitigate permanent ground displacement are
presented in Section 10 of this report.

Liquefaction-Induced Settlement

We estimated post-liquefaction reconsolidation settlement using the average of the
maximum shear strains from the input ground motions for each ground motion level,
determined in the DSSI analyses. We used the relationship between shear strain and

volumetric strain by Idriss and Boulanger (2008) to estimate settlement.

The maximum shear strains and estimated settlements from the models are influenced by
shear stains caused by permanent lateral displacement of the west and east riverbanks. In
our opinion, the estimated settlement from the models may overestimate actual ground
settlement at the west and east riverbanks. Therefore, we used the average of the maximum

shear strains to provide an approximation for this report.

Exhibit 8-3 presents the estimated liquefaction-induced settlement at the existing spread
footing foundations. The effects of liquefaction and associated settlement on the existing

spread footing foundations are presented in Section 9.1.1 of this report.

Exhibit 8-3: Estimated Liquefaction-Induced Settlement at Existing Spread Footing Foundations

Liquefaction-Induced Settlement at Bottom of Footing (in)

Location Full Operation Limited Operation
Bent 1 1 2
Bent 2 1 3
Bent 3 1 2
Bent 4 2 3
Bent 5 2 3
Bent 6 2 3
Bent 7 2 3
Bent 8 2 3
Bent 9 2 4
Bent 10 2 4
Bent 11 2 3
Bent 12 2 3
Bent 13 2 2
Bent 14 2 2
Bent 15 1 2
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Liquefaction-Induced Settlement at Bottom of Footing (in)

Location Full Operation Limited Operation
Bent 16 1 2
Bent 17 1 2
Bent 28 0 0
Bent 29 0 0
Bent 30 0 0
Bent 31 0 0
Bent 32 0 0
Bent 33 0 0
Bent 34 0 0
Bent 35 0 0

Exhibit 8-4 presents the estimated liquefaction-induced settlement at the existing pile group
foundations. The effects of liquefaction and associated settlement on the existing pile group
foundations are presented in Section 9.2.1 of this report.

Exhibit 8-4: Estimated Liquefaction-Induced Settlement at Existing Pile Group Foundations

Liquefaction-Induced Settlement at Liquefaction-Induced Settlement at Average
Bottom of Pile Cap Elevation (in) Pile Tip Elevation (in)
Location  CSZEvent  1,000-Year Return Period CSZ Event 1,000-Year Return Period
Bent 18 1 2 0 0
Bent 19 3 5 0 0
Pier 1 2 4 0 0
Pier 2 1 2 0 0
Pier 3 5 9 0 0
Pier 4 24 32 13 19
Bent 21 43 51 13 20
Bent 22 26 46 8 22
Bent 23 16 38 5 17
Bent 24 10 28 3 9
Bent 25 4 25 1 3
Bent 26 3 17 0 1
Bent 27 1 6 0 0
102636-001 February 2021
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EXISTING FOUNDATION RESISTANCE AND STIFFNESS

Spread Footings

Based on the bottom of footing elevations provided in the as-constructed drawings and the
available subsurface information, the spread footings at Bents 1 through 15 and Bent 28
were likely founded in the Fine-Grained Alluvium, spread footings at Bents 16, 17, and 29
through 34 were likely founded in Fill, and the spread footing at Bent 35 was likely founded
in the Catastrophic Flood Deposits — Channel Facies. The existing spread footing
foundations and anticipated bearing material are shown on the Interpretive Subsurface
Profile A-A’, Figure 4.

Liquefaction Effects

Based on our seismic hazard evaluation and as-constructed information, the spread footings
at Bents 1 through 17 are founded within or above potentially liquefiable Fine-Grained
Alluvium, Fill, and Sand/Silt Alluvium. No liquefaction effects are anticipated at Bents 28
through 35.

Liquefaction-related risks to the spread footing foundations at Bents 1 through 17 include
ground surface disruption, liquefaction-induced settlement, and bearing capacity reduction.
The liquefaction-induced settlement at Bents 1 through 17 presented in Exhibit 8-3 should be
considered in the seismic performance evaluation of the bridge.

Based on discussions with HDR, we understand the seismic performance of the existing
spread footing foundations is inadequate. Therefore, we only performed evaluation of the
existing spread footings for the static and seismic (pseudo-static) conditions; we did not
estimate a post-seismic/reduced strength bearing resistance for the liquefied soil conditions.
A discussion of conceptual options to mitigate the liquefaction-induced loss in bearing
resistance and liquefaction-induced settlement of the existing spread footing foundations is
presented in Section 10, and foundation modeling parameters for the post-seismic/reduced
strength condition for the preferred retrofit and replacement alternatives are presented in
Section 11 and Section 12, respectively.

Bearing Resistance

We estimated the nominal static and seismic bearing resistance for existing spread footings
by evaluating the strength parameters from the available subsurface information and
performing a conventional spread footing evaluation. The nominal bearing resistance is
provided in Exhibit 9-1. The bearing resistances reported in the table are nominal
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geotechnical resistances and should be reduced by resistance factors of 1.0, 0.45, and 0.9 for
service, strength, and extreme event limit states, respectively.

Subgrade Stiffness

We understand that the seismic performance of the footings will be modeled using
equivalent six degree of freedom springs. The spring constants will be developed using the
recommended procedures in the ODOT BDM or the FHWA Seismic Retrofitting Manual for
Highway Structures. Exhibit 9-1 presents the recommended values for the required
information to fully describe spring stiffness, including bearing material shear modulus,
Poisson’s ratio, and nominal bearing resistance. In Exhibit 9-1, we have provided bearing
material initial shear modulus (maximum modulus) for static and seismic conditions. We
understand that the structural engineer will develop the necessary large strain shear
modulus values based on the ODOT BDM or the FHWA Seismic Retrofit Manual. In
general, we recommend that the strain calculated in the structural analyses be checked
against the strain assumed in selecting the shear modulus. The structural engineer may
need to iterate their analyses using a different strain-compatible shear modulus. The
Poisson’s ratio is constant for the purposes of the evaluation.

Sliding Resistance

Sliding resistance for a spread footing may be developed through friction on the base of the
footing and passive earth pressures on the face of the footing. The nominal friction
resistance is expressed as the vertical load (i.e., actual footing pressure) multiplied by a
coefficient of friction (tan d). Sliding resistance generated by the lateral passive earth
pressure acting on the face of the footing is assumed to develop if the footing is free to
translate horizontally. If horizontal movement of the footing is limited, the earth pressure
resistance values should be reduced to reflect the reduced footing movement based on the
FHWA Seismic Retrofit Manual.

We estimated the nominal static and seismic frictional sliding coefficient for the existing
footings; the results are presented in Exhibit 9-1 in terms of tan 6. Sliding resistance factors
of 0.8 and 1.0 should be used for the strength and extreme event limit states, respectively.

The passive earth pressures we developed for the static and seismic conditions are also
presented in Exhibit 9-1 in terms of equivalent fluid pressure and depth of footing (D, in
feet). These earth pressure values may be used to estimate the lateral resistance of footings.
Alternatively, for abutments, the ODOT BDM Section 1.10.4.2 allows the use of a wall
height-adjusted pressure value of 5 ksf for calculating seismic translational horizontal
resistance of an abutment. We present the equivalent fluid pressure for both static and

seismic cases; the passive earth pressures are not additive, i.e., use only the seismic passive
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earth pressure (EFPpE) for seismic cases. Passive pressure resistance factors of 0.5 and 1.0
should be used for strength and extreme event limit design cases, respectively.
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Footings

Pile Caps
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aApprox. :
Footing Elev. eBe_alrlng_ I
) Total o _ Nominal Mateg;]a Initia fLateral Earth Coefficients fam|_ateral Earth Pressures (psf)
(depth below Unit Friction  Cohesion, Sliding ear
ground Weight,  Angle,® c Quom  Coeff., Modulus, Poisson’s | Ko Ka Kp hAKoE "hAKaE P"KpE | EFPo IEFPa EFPp ikAEFPo ikAEFPaE “'EFPpE
Location surface, ft)  bSoil Type  y(pcf)  (degrees) (psf) (S] tand (ksi) REo) E
Bent 1 24.5 Fine- 110 29 3 0.44 7 0.35 052 035 288 0.11 0.05 2.73 57H 39H  317H 12H 6H 300H
) G”fa'r)ed [0.28] [0.12] [256] | 57D 39D 317D  [31H] [13H]  [282H]
Alluvium 12D 60 300D
[31D] [13D]  [282D]
Bent 35 41 CFD 130 36 9 0.58 18 0.35 052 035 288 0.11 0.05 2.73 57H 39H  317H 12H 6H 300H
9) Channel [0.28] [0.2] [256] | 57D 39D 317D  [31H] [13H]  [282H]
Facies 12D 6D 300D
[31D] [13D]  [282D]
Bents 2 22 Fine- 110 29 4 0.44 7 0.35 0.52 0.35 2.88 0.11 0.05 2.73 57D 39D 317D 12D 6D 300D
through 15 ) Grained [0.28] [0.12] [2.56] [31D] [13D]  [282D]
Alluvium
Bent 16 22 Fill 110 29 4 0.44 7 0.35 0.52 0.35 2.88 0.11 0.05 2.73 57D 39D 317D 12D 6D 300D
) (028 [012] [256] [31D] [13D]  [282D]
Bent 17 12 Fill 110 29 4 0.44 7 0.35 0.52 0.35 2.88 0.11 0.05 2.73 57D 39D 317D 12D 6D 300D
(18) (028 [012] [256] [31D] [13D]  [282D]
Bent 28 22 Gravel 110 29 8 0.44 7 0.35 0.52 0.35 2.88 0.11 0.05 2.73 57D 39D 317D 12D 6D 300D
7) Alluvium [0.28] [0.12] [2.56] [31D] [13D]  [282D]
(assumed)
Bents 29 40 Gravel 110 29 8 0.44 7 0.35 0.52 0.35 2.88 0.11 0.05 2.73 57D 39D 317D 12D 6D 300D
through 32 (10) Alluvium [0.28] [0.12] [2.56] [31D] [13D]  [282D]
(assumed)

Bents 33 37 Gravel 110 29 8 0.44 7 0.35 0.52 0.35 2.88 0.11 0.05 2.73 57D 39D 317D 12D 6D 300D

and 34 (12) Alluvium [0.28] [0.12] [2.56] [31D] [13D]  [282D]
(assumed)

Bents 18 7-9 Fill 110 29 ¢ --d 0.52 0.35 2.88 0.11 0.05 2.73 57D 39D 317D 12D 6D 300D
and 19 (24) [0.28] [0.12] [2.56] [31D] [13D]  [282D]
Pier 1n -41.6 Fill / Fine- 110 29 c --d 052 035 288 0.11 0.05 2.73 57D 39D 317D 12D 6D 300D

1) Grained (028 [012] [256] [31D] [13D]  [282D]
Alluvium

32
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aApprox. )
Footing Elev. y eBe_alﬂlng_ I
(ft) Total __ _ Nominal atesr;]a nitia fLateral Earth Coefficients fom|_ateral Earth Pressures (psf)
(depth below Unit Friction ~ Cohesion, Qno  Sliding ear
ground V\[eight’ Ang|e,¢ c m Coeff., Modulus, Poisson’s ) Ka Kp hAKoE hAKaE thE iEFPo  'EFPa 'EFPp ikAEFPo ikAEFPaE klEFPpE
Location surface, ft) ~ bSoil Type  y(pcf) (degrees) (psf) (ksf) tand ()) Ratio E

Piers 2 -70 Sand 125 35 --C ---d 043 027 3.69 0.11 0.05 3.52 27D 17D 231D 7D 3D 220D
and 3 (16) Alluvium 027 [011] [3.33] [17D] [7D]  [208D]
Pier 40 -40.3 Fine- 110 29 ---C ---d 0.52 0.35 2.88 0.13 0.06 2.72 25D 17D 137D 6D 3D 130D
(48) Grained [0.39] [017] [2.46] [19D] [8D]  [117D]

Alluvium
9 Bents 21 2 Fine- 110 29 ---C ---d 0.52 0.35 2.88 0.13 0.06 2.72 57D 39D 317D 14D D 299D
Gl and22 (14) Grained [0.39] [0.17]  [2.46] [43D] [19D]  [271D]

@ Alluvium

o

Bents 23 2-7 Fine- 110 29 ---C ---d 0.52 0.35 2.88 0.13 0.06 2.72 57D 39D 317D 14D D 299D
and 24 (22) Grained [0.39] [0.17]  [2.46] [43D] [19D]  [271D]

Alluvium
Bents 25 10 Fill 110 29 ---C ---d 0.52 0.35 2.88 0.13 0.06 2.72 57D 39D 317D 14D D 299D
through 27 (25) [0.39] [0.17] [2.46] [43D] [19D]  [271D]

NOTES:

*  Groundwater is assumed to be at an elevation of 20 feet based on existing borings and Willamette River Ordinary High Water level.

a.  Elevations have been converted from City of Portland Datum to NAVD88 by adding 2.1 feet to the elevations shown on the plan set. Indicates bottom of pile cap elevation for Bents 18 and 19, Piers 1 through 4, and Bents 21 through 27.
b.  Soil type refers to bearing material for abutments and footings, and retained soil for pile caps.
c.  Pile caps should not be assumed to provide bearing resistance.
d.  Pile caps should not be assumed to develop lateral resistance from base friction.
e. Initial shear modulus values are estimated from shear wave velocity measurements and ODOT GDM Table 6-2 (Seed, et al.).
f.  Bracketed seismic values represent the 1,000-year event and unbracketed values represent the CSZ event.
g. For abutments, D is the minimum embedment of the abutment wall measured from the ground surface to the bottom of the wall footing and H is the height of the retained soil behind the abutment wall; D or H will be used to determine lateral earth pressures on the abutment wall depending on the direction of loading. For
footings and pile caps, D is the minimum embedment of the footing or pile cap measured from the ground surface to the bottom of the footing or pile cap.
h.  Seismic lateral earth coefficients for active and at-rest cases are incremental values and should be added to static values to estimate total lateral earth pressures. Passive seismic lateral earth coefficients are given as total lateral earth pressures.
i.  Static lateral equivalent fluid pressures - Assume a triangular pressure distribution.
j- Incremental seismic equivalent earth pressures for active and at-rest cases - Assume an inverted triangular pressure distribution.
k. Seismic lateral equivalent fluid pressures for active and at-rest cases are incremental values and should be added to static values to estimate total seismic pressures. Passive seismic lateral equivalent fluid pressure is given as a total pressure.
I.  Seismic passive lateral equivalent fluid pressure - Assume a triangular pressure distribution.
m.  For abutments, ODOT BDM Section 1.1.4.2 allows the use of a wall height-adjusted pressure value of 5.0 ksf for calculating seismic translational resistance. Refer to BDM for additional application details.
n.  For Pier 1, due to unbalanced retained soil height in the longitudinal direction, add 55 feet to pile cap embedment (D) when calculating lateral earth pressures against the west (upslope) side of the pile cap.
0.  For Pier 4, due to sloping ground in front of pile cap in the longitudinal direction, ignore lateral earth pressures against the west (downslope) side of the pile cap.
102636-001

33

February 2021



9.2

9.21

102636-001

Burnside Bridge Environmental Impact Study
Geotechnical Report

Piles

Based on the pile tip elevations provided in the as-constructed drawings, foundation piling
summary, and available subsurface information, the timber piles at Bents 18, 19, and Piers 1
through 3 were likely driven into the Sand/Silt Alluvium and/or Sand Alluvium, and
founded on the top of the Gravel Alluvium. The timber piles at Pier 4 were likely driven
into the Sand/Silt Alluvium and founded on the top of the Sand Alluvium, and timber piles
at Bents 21 through 27 were likely driven into the Sand/Silt Alluvium and/or Fine-Grained
Alluvium. The existing timber pile foundations and anticipated bearing material are shown
on the Interpretive Subsurface Profile A-A’, Figure 4.

Liguefaction Effects

Based on our seismic hazard evaluation and as-constructed information, the piles at Bents
18, 19, and Piers 1 through 3 extend through potentially liquefiable Sand/Silt Alluvium
and/or Sand Alluvium and bear on the top of the Gravel Alluvium, and the piles at Pier 4
and Bents 21 through 27 bear within potentially liquefiable Sand Alluvium, Sand/Silt
Alluvium, and Fine-Grained Alluvium.

The liquefaction-related risks to the pile foundations are different depending on the location
of the liquefiable soil in relation to the pile. At Bents 18, 19, and Piers 1 through 3,
liquefaction-induced settlement of the liquefiable layer and overlying soil will induce
downdrag loads on the piles that bear in the Gravel Alluvium below the liquefiable layer,
resulting in potential pile overstressing. Additionally, due to the minimal pile embedment
below the liquefiable layer, lateral stability of the pile foundations is also a potential
concern. Permanent ground displacement at the west riverbank (Bents 18, 19, and Pier 1)
may also result in collapse of the existing bridge foundations.

The primary concern at Pier 4 and Bents 21 through 27 is permanent ground displacement at
the east riverbank that may result in collapse of the existing bridge foundations.
Additionally, liquefaction-induced settlement will result in settlement of the pile caps,
downdrag loads on the piles, and reduction in axial pile resistance.

The liquefaction-induced settlement at the existing pile group foundations presented in
Exhibit 8-4 should be considered in the seismic performance evaluation of the bridge. Based
on discussions with HDR, we understand the seismic performance of the existing pile group
foundations is inadequate. Therefore, we only performed evaluation of these existing pile
group foundations for the static and seismic (pseudo-static) conditions; we did not estimate
a post-seismic/reduced strength resistance for the liquefied soil conditions. A discussion of
conceptual seismic mitigation alternatives for the existing pile group foundations is

February 2021
34



9.2.2

9.2.3

102636-001

Burnside Bridge Environmental Impact Study
Geotechnical Report

presented in Section 10, and foundation modeling parameters for the post-seismic/reduced
strength condition for the preferred retrofit and replacement alternatives are presented in
Section 11 and Section 12, respectively.

Single Pile Axial and Uplift Resistance

We estimated the nominal axial and uplift resistance of individual piles using the computer
program APILE v2015 (Ensoft, 2015). We developed engineering parameters for the pile
resistance evaluation based on our characterization of subsurface materials, subsurface
explorations, and our interpretation of the available subsurface information. We performed
the pile resistance evaluation in general accordance with the FHWA (Norlund-Thurman)
methodology. For preliminary evaluation purposes, we assumed a single value for the
resistance of all piles at each pile group. The results of the single pile axial and uplift
resistance evaluation for the static and seismic conditions are shown on Exhibit 9-2. The
axial resistances reported in the table are nominal geotechnical resistances and should be
reduced by resistance factors of 1.0, 0.45, and 1.0 for service, strength, and extreme event
limit states, respectively. The uplift resistances should be reduced by resistance factors of
1.0, 0.35, and 0.8 for service, strength, and extreme event limit states, respectively.

Exhibit 9-2: Recommended Nominal Static and Seismic Axial and Uplift Resistance for Existing Piles

Location Nominal Single Pile Axial Resistance Nominal Single Pile Uplift Resistance
(kips) (kips)
Bent 18 30 5
Bent 19 60 40
Pier 1 155 115
Pier 2 65 50
Pier 3 80 50
Pier 4 45 15
Bent 21 100 95
Bent 22 65 60
Bent 23 65 60
Bent 24 70 65
Bent 25 95 90
Bent 26 90 85
Bent 27 65 60

Pile Group Evaluation

We recommend the nominal axial and uplift resistance of pile groups be considered as the
sum of the axial or uplift resistance of all the piles included in the pile group.
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During the previous phase of the project, we evaluated the pile cap response of the existing
pile group foundations to axial loading and lateral loading in the longitudinal and
transverse orientations for the static and seismic conditions. We completed the analysis
using the computer program GROUP v2016, (Ensoft, 2016). We modeled the pile group
axial and lateral efficiency and overall stiffness of the piers considering pile geometry and
lateral and axial pile resistance only (i.e. the earth pressures on the embedded portion of the
pile cap and footing column were not considered). Passive earth pressures that may be
induced by relative movement between the pile caps and the surrounding soil may also
provide resistance to lateral forces and movement. Earth pressures on embedded pile caps
are discussed in Section 9.3. Based on the results of our analyses, we have developed axial
and lateral load-displacement curves at the bottom of the pile cap for each existing pile
group for the static and seismic conditions. It was assumed the pile cap is rigid and that the
pile head connection to the pile cap is fixed. The results of the evaluation are shown in
Appendix F, Load-Displacement Curves for Existing Pile Groups.

9.3 Earth Pressure on Abutment Walls and Embedded Pile Caps

The lateral earth pressures on a retaining wall, including capacity/stiffness and seismically
induced loads, are a function of relative wall and soil displacement. If the wall is allowed to
displace (typically 2 percent of the wall height), the lateral pressures may be developed
assuming active pressures as a load and full passive pressure as a resistance. If the wall is
restrained from moving, seismically induced loads increase and the passive resistances
decrease. If a wall is allowed to displace less than 2 percent, the active earth pressures
should be calculated using the full seismic acceleration coefficient (as opposed to one-half of
the acceleration coefficient used for walls that are allowed to freely displace), and passive
resistance should be taken as a portion of the full value.

We assume that the soil surrounding the various abutment walls and pile caps will be
allowed to displace at least 2 percent of the wall height and therefore mobilize full active
and passive lateral earth pressures. The earth pressure parameters we developed for the
static and seismic conditions for existing abutment walls and pile caps are presented in
Exhibit 9-1.
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CONCEPTUAL SEISMIC MITIGATION GROUND
IMPROVEMENT DESIGN

Enhanced Seismic Retrofit

We understand the seismic performance of the existing bridge foundations is inadequate.
Based on our seismic hazard evaluation and HDR'’s evaluation of the seismic performance
of the existing bridge foundations, seismic ground improvement and foundation retrofit

will be required at the following existing bridge bents and piers:

= Spread footings at Bents 1 through 17 due to liquefaction-induced settlement, bearing
capacity reduction, and inadequate footing size and strength;

= DPile groups at Bents 18, 19, and Pier 1 due to liquefaction-induced settlement, permanent
ground displacement of the west riverbank, and inadequate pile lateral strength and
uplift resistance;

= Pile groups at Piers 2 and 3 due to liquefaction-induced settlement, permanent ground
displacement, and inadequate pile uplift resistance;

= Pile groups at Pier 4 and Bents 21 through 27 due to liquefaction-induced settlement,
permanent ground displacement of the east riverbank, and inadequate pile lateral
strength and uplift resistance; and

= Spread footings at Bents 28 through 35 due to inadequate footing size and strength.

Based on our discussion with the design team, we understand the existing spread footings
(except Bent 17) will be enlarged to address inadequate footing size and strength, and the
spread footings at Bent 17 and all existing pile group foundations may be retrofitted with
drilled shafts to address inadequate pile lateral strength and uplift resistance. Therefore,
seismic mitigation may be required to mitigate liquefaction-induced settlement and bearing
capacity reduction at Bents 1 through 16, permanent ground displacement of the west
riverbank at Bents 18, 19, and Pier 1, and permanent ground displacement of the east
riverbank at Pier 4 and Bents 21 through 27. The effects of liquefaction-induced settlement
at Bents 17 through 19, 21 through 27, and Piers 1 through 4 will be mitigated through the
use of drilled shafts founded below the liquefiable layers. Large lateral soil displacements
are also anticipated within the river channel. However, because the sand alluvium is
expected to liquefy during the seismic event, we understand the shafts at Piers 2 and 3 can
be designed to resist the lateral loads caused by the laterally displaced soil. Therefore, we
assumed that ground improvements will not be required at Piers 2 and 3. The proposed
Enhanced Retrofit alternative described in this report is shown on Figure 9.
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Seismic Mitigation and Ground Improvement Strategy

Ground improvement methods include excavation and replacement, soil densification (e.g.,
vibro-compaction, deep dynamic compaction), drainage (e.g., EQ Drain), soil cementation
(e.g., jet grouting, deep soil mixing) or a combination of methods such as soil densification
and drainage (e.g., stone columns) or soil densification and cementation (e.g., compaction
grouting). The selection of an appropriate mitigation method(s) for a particular site
depends on factors such as soil type (fines content, organic content, pH, etc.), site access,
right-of-way constraints, cost, environmental concerns, and vibration impacts on existing

facilities, among others.

In our opinion, the critical factors for developing a ground improvement strategy at the site

include:

1. The anticipated depth of potentially liquefiable soils;

2. The engineering properties required from the improved soil mass;

3. Low-overhead clearance issues for performing work below the bridge deck; and

4. Existing obstructions, such as timber pile groups located within anticipated extents of

ground improvement.

In our opinion, a soil cementation strategy is required to mitigate the potentially liquefiable
soils below the bridge alignment and create an improved soil mass capable of resisting
lateral spreading forces. We evaluated the advantages and disadvantages for deep soil
mixing and jet grouting strategies for the Retrofit alternative. A summary of our evaluation
is presented in Exhibit 10-1.
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Exhibit 10-1: Comparison Between Viable Ground Improvement Strategies for Retrofit Alternative

Alternative Advantages Disadvantages
Deep Soil Mixing - Lower relative cost; - Requires relatively high overhead
Consists of mechanical - Lower environmental impacts (no clearance for equipment;
blending of grout and in situ chance of fracking out, surface spoils - Becomes very difficult in areas with
soil using a soil mixing tool containment etc.); underground obstructions, such as
such as an auger. - More competitive bidding existing timber piles;

- Cannot be performed at an inclination
away from vertical;

- Performed from ground surface to depth
using a top to bottom approach;

Jet Grouting - Effective in almost all soil types; - Higher relative cost;

Uses high velocity jets of slurry - Low headroom and highly mobile - Generates a relatively large volume of
grout to erode and mix in situ equipment available; construction spoils which require removal
soils. - Can be performed at inclinations away ~ and disposal.

from vertical and through existing
footings/pile caps/seals etc.;

- Can be performed within specific
isolated soil layers using a bottom-top
approach;

- Can improve soil mass around existing
timber piles.

Due to the overhead clearance limitations and anticipated obstructions, such as the existing
timber piles, we believe that using jet grouting with low headroom equipment may be the

most feasible strategy for the Retrofit alternative.

We developed our recommended ground improvement strategy using the 2D FLAC model
described in Section 8. Ground improvement zones were added to the model and
dimensions were iterated to determine the minimum anticipated ground improvements
required to achieve tolerable displacements at each bent. We applied the ground motion
identified to produce the largest lateral soil displacements for this analysis. Recommended
soil improvements at existing spread footings and existing foundation elements were not
included in the model since they would not materially impact the behavior of the soil mass.

The following sections present our conceptual-level design recommendations for seismic
mitigation consistent with the proposed bridge retrofit and widening strategies as we
understand them at the time of this report. Figures E169 and E170 show the results of the of
the 2D FLAC model with our recommended ground improvements as contours of
deformation, excess pore pressure, and time to liquefaction along the entire bridge
alignment for the “worst-case” ground motions. Figures E171 through E206 present profile
results of the 2D FLAC model at each bent location.
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West Approach (Bents 1-19 Retrofit)

At the time of this report, we understand the existing spread footings at Bents 1 through 16
will be enlarged, and the existing spread footings at Bent 17 and existing pile group
foundations at Bents 18 and 19 will be retrofitted by constructing a “superbent” supported
by two drilled shafts at each bent. This superbent would also be used to support the bridge
widening. Each superbent will consist of two 8-foot diameter drilled shafts adjacent to the
spread footings or pile caps, connected by a grade beam that is also tied into the existing
spread footings or pile caps.

Seismic mitigation may be required to mitigate liquefaction-induced settlement and bearing
capacity reduction at Bents 1 through 16 and permanent ground displacement of the west
riverbank. Conceptual seismic mitigation alternatives at Bents 1 through 16 may include
supporting the enlarged footings on micropiles or ground improvement. Ground
improvement may be required at the west riverbank to mitigate the potential permanent
ground displacement hazard. Based on the site conditions and limited overhead clearance
to work under the existing bridge, ground improvement using jet grouting may be the
preferred seismic mitigation alternative at the west approach. In our opinion, supporting
the enlarged footings at Bents 1 through 16 using micropiles with no ground improvement
is not preferred due to potential lateral stability issues (i.e. buckling of the micropiles)
within the liquefied soils.

We recommend that ground improvement at Bents 1 through 16 be performed underneath
the enlarged portion of the spread footings and around the retrofitted footings with low-
overhead jet grouting equipment to form a cellular soil-cement ground improvement zone.
The cellular soil-cement ground improvement zone at each bent would consist of
longitudinal “panels” in front and behind the bent that are connected by transverse “struts”
between the footings. We assumed that ground improvement at the west riverbank would
be performed from the west side of Bent 19 to the east side of Pier 1 with low-overhead jet
grouting equipment to form a soil-cement ground improvement zone. We understand
removal of the existing seawall will be performed under the bridge and extend to
approximately 10 feet on either side of the bridge. The excavation to remove the existing
seawall could be made with an open cut or a temporary shoring wall may be constructed if
an open cut is not feasible due to existing utilities or other issues. Temporary shoring on the
riverside of the seawall excavation will be provided by a cofferdam constructed in front of
Pier 1. The existing seawall is supported on vertical and battered timber piles as shown on
the Burnside Bridge Sketch showing Harbor Wall west of Pier No. 1, dated July 1925 and
included in Appendix A. The existing timber piles would remain in place and be
encapsulated within the cellular soil-cement panels and struts.
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To develop conceptual-level cost estimate information, we estimated the lateral and vertical
extents of potential cellular soil-cement ground improvement at the west approach. For the
purpose of the conceptual level cost estimate, we used liquefiable layer thicknesses of 25 feet
under Bents 1 through 16, and 60 feet at the west riverbank. We assumed a cellular soil-
cement ground improvement width of 25 feet and length of 120 feet at each bent location
(Bents 1 through 16), not including the area under the existing spread footings. We
estimated a cellular soil-cement ground improvement width of 90 feet and length of 100 feet
at the west riverbank. The estimated extents of cellular soil-cement ground improvement at
the west riverbank are shown on Figure 10, Conceptual Ground Improvement Extents for
Lateral Spread Mitigation.

Main Span (Piers 1-4 Retrofit)

At the time of this report, we understand the existing pile caps at Piers 1 through 3 will be
enlarged and retrofitted with drilled shafts. Pier 1 will be supported by six 7-foot diameter
drilled shafts, and Piers 2 and 3 will be supported by 24 12-foot diameter drilled shafts. The
current preferred option for Pier 4 is to construct a new pier supported on two 10-foot
diameter drilled shafts. We understand the new Pier 4 will be located approximately 30 feet
west of the existing location. Seismic mitigation may be required at the west and east
riverbanks to mitigate the potential permanent ground displacement hazard at Piers 1 and
4, respectively. Conceptual seismic mitigation alternatives to mitigate the potential
permanent ground displacement hazard at Piers 1 and 4 are discussed in Sections 10.1.2 and
10.1.4, respectively.

East Approach (Bents 23-35 Retrofit)

At the time of this report, we understand the existing spread footings at Bents 28 through 35
will be enlarged, and the existing pile group foundations at Bents 25 through 27 will be
retrofitted by constructing a “superbent” supported by two 8-foot diameter drilled shafts at
each bent. These superbents would also be used to support the bridge widening. We also
understand Bents 21 through 24 will be removed entirely and replaced with a three-span
structure between Pier 4 and Bent 25. The two new bents between Pier 4 and Bent 25 are
currently designated Bent 23 and 24. Both new bents will be supported on four 10-foot
diameter drilled shafts.

Seismic mitigation will be required to mitigate permanent ground displacement of the east
riverbank and at the approach spans further inland up to Bent 26. Based on the site
conditions and limited overhead clearance, ground improvement using jet grouting may be
the preferred seismic mitigation alternative at the east riverbank.
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We assumed that ground improvement at the east riverbank and approach spans would be
performed using low-overhead jet grouting equipment to form four cellular soil-cement
ground improvement zones:

1. At the east riverbank, from Pier 4 extending approximately 120 feet west into the
river. We assumed a liquefiable layer/soil strength reduction layer thickness of 120 feet
adjacent to Pier 4 and 55 feet at the west side of the zone, and a length of 120 feet. The
cellular soil-cement ground improvement in front of Pier 4 would be performed from a
floating barge which would require removal of a portion of the Eastbank Esplanade for
equipment access and construction of a temporary sheet pile cofferdam to prevent grout
seepage into the river.

2. Between existing Bents 22 and 23, in the area of an ODOT-owned access road. We
assumed a liquefiable/soil strength reduction layer thickness of 140 feet, a length of 110
feet, and a width ranging from 50 feet at the ground surface to 120 feet at depth.

3. Between existing Bents 24 and 25, in an area between two existing commercial
buildings. We assumed a liquefiable/soil strength reduction layer thickness of 140 feet,
a length of 110 feet, and a width ranging from 45 feet at the ground surface to 85 feet at
depth.

4. Atexisting Bent 26, in an area between two existing commercial buildings. We
assumed a liquefiable/soil strength reduction layer thickness of 130 feet, a length of 110
feet, and a width ranging from 45 feet at the ground surface to 85 feet at depth.

The estimated extents of cellular soil-cement ground improvement at the east riverbank are
shown on Figure 10, Conceptual Ground Improvement Extents for Lateral Spread
Mitigation.

Short-Span and Couch Extension Replacement Alternative

At the time of this report, we understand that the current Short-span Alternative and Couch
Extension plans includes supporting the main bridge structure on a drilled shaft foundation
system distributed over 14 bents, including two bascule or lift piers in the river. The north
branch of the Couch Extension will be supported on six additional bents, designated Bent
N10 through N15, also supported on drilled shafts. We assume that the drilled shafts will
extend through the potentially liquefiable layers and be founded in the competent Troutdale
Formation. The drilled shafts would be required to accommodate downdrag loads caused
by liquefaction-induced settlements and provide adequate uplift resistance. Additionally,
our analyses indicate potential flow failures at the west and east banks and large permanent
ground displacements further inland that could cause significant damage to drilled shafts of
any practical dimension. Therefore, seismic mitigation may be required to mitigate the
large-scale lateral ground displacement hazards anticipated at the west and east riverbanks,
and within the thick potentially liquefiable deposits between the east riverbank and existing
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Bent 27 (approximately 85 feet east of proposed Bent 12). Large lateral soil displacements
are also anticipated within the river channel. However, because the sand alluvium is
expected to liquefy during the seismic event, we understand the shafts at proposed Bents 7
and 8 can be designed to resist the lateral loads caused by the laterally displaced soil.
Therefore, we assumed that ground improvements will not be required at proposed Bents 7
and 8. The proposed Short-span Alternative and Couch Extension described in this report
are shown on Figure 11. Note that the profile in Figure 11 does not show the north branch
of the Couch Extension (i.e. Bents N10 through N15).

10.2.1 Seismic Mitigation and Ground Improvement Strategy

As discussed above, ground improvement methods include excavation and replacement,
soil densification (e.g., vibro-compaction, deep dynamic compaction), drainage (e.g., EQ
Drain), soil cementation (e.g., jet grouting, deep soil mixing) or a combination of methods
such as soil densification and drainage (e.g., stone columns) or soil densification and
cementation (e.g., compaction grouting). The selection of an appropriate mitigation
method(s) for a particular site depends on factors such as soil type (fines content, organic
content, pH, etc.), site access, right-of-way constraints, cost, environmental concerns, and
vibration impacts on existing facilities, among others.

In our opinion, the critical factors for developing a ground improvement strategy at the site
include:

1. The anticipated depth of potentially liquefiable soils;
2. The engineering properties required from the improved soil mass; and

3. Existing timber pile groups located within anticipated extents of ground improvement.

In our opinion, a soil cementation strategy is required to mitigate the potentially liquefiable
soils below the bridge alignment and create an improved soil mass capable of resisting
lateral spreading forces. We evaluated the advantages and disadvantages for deep soil
mixing and jet grouting strategies for the Short-span Alternative and Couch Extension. A
summary of our evaluation is presented in Exhibit 10-2.
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Exhibit 10-2: Comparison Between Viable Ground Improvement Strategies for Short-span Alternative
and Couch Extension

Alternative Advantages Disadvantages
Deep Soil Mixing - Lower relative cost; - Requires relatively high overhead
Consists of mechanical blending - Lower environmental impacts (no clearance for equipment;
of grout and in situ soil using a chance of fracking out, surface spoils - Becomes difficult in areas with
soil mixing tool such as an containment etc.); underground obstructions, such as

- Cannot be performed at an inclination
away from vertical;

- Performed from ground surface to depth
using a top to bottom approach.

Jet Grouting - Effective in almost all soil types; - Higher relative cost;

Uses high velocity jets of slurry - Low headroom and highly mobile - Generates a relatively large volume of
grout to erode and mix in situ equipment available; construction spoils which require removal
soils. - Can be performed at inclinations away ~ and disposal.

from vertical;

- Can be performed within specific
isolated soil layers using a bottom-top
approach;

- Can improve soil mass around existing
foundation elements.

In general, we believe that jet grouting is the single most viable ground improvement
strategy for the entire proposed Short-span and Couch Extension alignments. Jet grouting
can be performed between existing foundation elements that would be left in place after
removal of the existing structure. Furthermore, jet grouting is likely highly effective in all
the soil types we anticipate along the bridge alignment and may be more feasible to perform
within spatially constrained areas, especially along the east approach. However, if the
ground improvement area is unlikely to encounter subsurface obstructions and additional
subsurface explorations indicate suitable soil types, deep soil mixing may be a viable
strategy for some areas along the proposed alignment.

We developed our recommended ground improvement strategy using the 2D FLAC model
described in Section 8. Ground improvement zones were added to the model and
dimensions were iterated to determine the minimum anticipated ground improvements
required to achieve tolerable displacements at each bent (except proposed Bents 7 and 8).
We developed our improved soil mass material parameters assuming all ground
improvements will be completed using jet grouting. However, the material properties are
similar to those that could likely be achieved using deep soil mixing methods. For this
analysis, we applied the ground motion identified to produce the largest lateral soil
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displacements. Existing foundation elements were not included in the model since they
would not materially impact the behavior of the soil mass.

The following sections present our conceptual-level design recommendations for seismic
mitigation consistent with the proposed bridge replacement strategy as we understand it at
the time of this report. Figures E169 and E170 show the results of the of the 2D FLAC model
with our recommended ground improvements as contours of deformation, excess pore
pressure, and time to liquefaction along the entire bridge alignment for the “worst-case”
ground motions. Figures E207 through E220 present profile results of the 2D FLAC model
at each bent location.

West Approach (Proposed Bents 1-6)

We understand Bents 1 through 6 will be supported on drilled shafts founded below the
potentially liquefiable layers. We understand that Bents 1 through 5 will be designed to
accommodate anticipated downdrag loads. Seismic mitigation will be required at the west
riverbank from proposed Bent 6 to the east side of existing Pier 1.

For the purpose of the conceptual level cost estimate and our design recommendations, we
assumed a cellular soil-cement ground improvement zone with a width of 90 feet, a length
of 100 feet, and a maximum thickness of 70 feet at the west riverbank. These are the same
dimensions as our recommended ground improvement zone for the Retrofit strategy. The
estimated extents of cellular soil-cement ground improvement at the west riverbank are
shown on Figure 10, Conceptual Ground Improvement Extents for Lateral Spread

Mitigation.
Main Span (Proposed Bents 7 and 8)

At the time of this report, we understand Bents 7 and 8 will each be supported on 18 12-foot
diameter drilled shafts. Based on conversations with HDR, we understand the drilled shafts
will be designed to accommodate lateral soil displacements and downdrag loads caused by
liquefaction-induced settlement. Therefore, we assume that ground improvement will not

be necessary at Bents 7 and 8.

East Approach (Proposed Bents 9-14/514 and N10-N15)

We understand Bents 9 through 14 (Short-span Alternative), Bents 9 though S14 (south
branch of the Couch Extension along E Burnside Street), and Bents N10 through N15 (north
branch of the Couch Extension) are supported on drilled shafts founded below potentially
liquefiable layers.
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Seismic mitigation will be required to mitigate permanent ground displacements at Bents 9
through 12/512 and N10 through N12. Based on the site conditions and limited overhead
clearance, ground improvement using jet grouting may be the preferred seismic mitigation
alternative at the east riverbank. We assumed that ground improvement at the east
riverbank and approach spans would be performed using low-overhead jet grouting
equipment to form cellular soil-cement ground improvement zones:

1. At the east riverbank, from Bent 9 extending approximately 110 feet west into the
river. We assumed a liquefiable layer/soil strength reduction layer thickness of 120 feet
adjacent to Bent 9 and 55 feet at the west side of the zone, and a length of 120 feet. The
cellular soil-cement ground improvement in front of Bent 9 would be performed from a
floating barge which would require removal of a portion of the Eastbank Esplanade for
equipment access and construction of a temporary sheet pile cofferdam to prevent grout
seepage into the river.

2. At Bent 10/S10 and Bent N10, in the area of an ODOT-owned access road. We
assumed a liquefiable/soil strength reduction layer thickness of 140 feet, a length of 110
feet, and a width ranging from 45 feet at the ground surface to 85 feet at depth.

3. AtBent 11/511, in an area between two existing commercial buildings; at Bent N11, in
the footprint of an existing building. We assumed a liquefiable/soil strength reduction
layer thickness of 140 feet, a length of 110 feet, and a width ranging from 45 feet at the
ground surface to 85 feet at depth.

4. AtBent 12/512, in an area between two existing commercial buildings; at Bent N12, in
the footprint of an existing building. We assumed a liquefiable/soil strength reduction
layer thickness of 130 feet, a length of 110 feet, and a width ranging from 45 feet at the
ground surface to 85 feet at depth.

The dimensions and locations of the recommended ground improvement zones for the
Short-span Alternative are the same as those for the Enhanced Retrofit strategy. For the
Couch Extension we recommend the additional zones at N10 through N12, as noted above.
The estimated extents of cellular soil-cement ground improvements at the east approach are
shown on Figure 10, Conceptual Ground Improvement Extents for Lateral Spread
Mitigation. The three additional ground improvement zones at Bents N10 through N12 are
not shown but are assumed to be located at the respective proposed bent locations.

Long-span Replacement Alternative

At the time of this report, we understand that the current Long-span Alternative plans
includes supporting the bridge structure on a drilled shaft foundation system distributed
over 10 bents, including two bascule piers in the river. We assume that the drilled shafts
will extend through the potentially liquefiable layers and be founded in the competent
Troutdale Formation. The drilled shafts would be required to accommodate downdrag
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loads caused by liquefaction-induced settlements and provide adequate uplift resistance.
Our analyses indicate potential flow failures at the west and east banks and large permanent
ground displacements further inland that could cause significant driving forces on the
proposed drilled shafts. We understand a goal of the Long-span Alternative is to bridge
over the potential ground displacements at the west and east approaches by incorporating
an approximately 490-foot span between proposed Bent 5 and proposed Bent 6 (near
existing Bent 17 to Pier 2) and an approximately 775-foot span between proposed Bent 7 and
proposed Bent 8 (existing Pier 2 to Bent 26). Therefore, this alternative may significantly
reduce the amount of ground improvement required along the proposed bridge alignment
as compared with the other alternatives. However, our analyses indicate that ground
improvements may still be required to mitigate large permanent ground displacements at
proposed Bent 8. Large lateral soil displacements are also anticipated within the river
channel. However, because the sand alluvium is expected to liquefy during the seismic
event, we understand the shafts at proposed Bents 6 and 7 can be designed to resist the
lateral loads caused by the laterally displaced soil. Therefore, we assumed that ground
improvements will not be required at proposed Bents 6 and 7. The proposed Long-span
Alternative described in this report is shown on Figure 12.

10.3.1 Seismic Mitigation and Ground Improvement Strategy

As discussed above, ground improvement methods include excavation and replacement,
soil densification (e.g., vibro-compaction, deep dynamic compaction), drainage (e.g., EQ
Drain), soil cementation (e.g., jet grouting, deep soil mixing) or a combination of methods
such as soil densification and drainage (e.g., stone columns) or soil densification and
cementation (e.g., compaction grouting). The selection of an appropriate mitigation
method(s) for a particular site depends on factors such as soil type (fines content, organic
content, pH, etc.), site access, right-of-way constraints, cost, environmental concerns, and
vibration impacts on existing facilities, among others.

In our opinion, the critical factors for developing a ground improvement strategy at Bent 8
include:

1. The anticipated depth of potentially liquefiable soils;

2. The engineering properties required from the improved soil mass; and

3. Existing timber pile groups located within anticipated extents of ground improvement.
In our opinion, a soil cementation strategy is required to mitigate the potentially liquefiable

soils below the bridge alignment and create an improved soil mass capable of resisting
lateral spreading forces. We evaluated the advantages and disadvantages for deep soil
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mixing and jet grouting strategies for the Long-span Alternative. A summary of our
evaluation is presented in Exhibit 10-3.

Exhibit 10-3: Comparison Between Viable Ground Improvement Strategies for Long-span Alternative

Alternative Advantages Disadvantages
Deep Soil Mixing - Lower relative cost; - Very difficult in areas with underground
Consists of mechanical blending - Lower environmental impacts (no o'bstr.ucnons, such as existing timber
of grout and in situ soil usinga  chance of fracking out, surface spoils piles;
soil mixing tool such as an containment etc.); - Cannot be performed at an inclination
auger. - More competitive bidding. away from vertical;

- Performed from ground surface to depth
using a top to bottom approach.

Jet Grouting - Effective in almost all soil types; - Higher relative cost;

Uses high velocity jets of slurry - Highly mobile equipment available; - Generates a relatively large volume of
grout to erode and mix in situ - Can be performed at inclinations away ~ construction spoils which require removal
soils. from vertical: and disposal.

- Can be performed within specific
isolated soil layers using a bottom-top
approach;

- Can improve soil mass around existing
foundation elements.

In general, we believe that jet grouting is the most viable ground improvement strategy for
the Long-span Alternative. Jet grouting can be performed between existing foundation
elements and around other facilities that may be left in place after removal of the existing
bridge structure. Furthermore, jet grouting is likely highly effective in the soil types we
anticipate at Bent 8. We will further evaluate the ground improvement alternatives after we
complete the field explorations during the final design phase.

We developed our recommended ground improvement strategy using the 2D FLAC model
described in Section 8. A ground improvement zone was added to the model and
dimensions were iterated to determine the minimum anticipated ground improvements
required to achieve tolerable displacements at Bent 8. We developed our improved soil
mass material parameters assuming all ground improvements will be completed using jet
grouting. However, the material properties are similar to those that could likely be achieved
using deep soil mixing methods. For this analysis, we applied the ground motions
identified to produce the largest lateral soil displacements. Existing foundation elements
were not included in the model since they would not materially impact the behavior of the
soil mass.

The following sections present our conceptual-level design recommendations for seismic
mitigation consistent with the proposed bridge replacement strategy as we understand it at
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the time of this report. Figures E221 and E222 show the results of the of the 2D FLAC model
with our recommended ground improvements as contours of deformation, excess pore
pressure, and time to liquefaction along the entire bridge alignment for the “worst-case”
ground motions. Figures E223 through E232 present profile results of the 2D FLAC model
at each bent location.

West Approach (Proposed Bents 1-5)

We understand Bents 1 through 5 will be supported on drilled shafts founded below the
potentially liquefiable layers and will be designed to accommodate anticipated downdrag
loads. Since the intent of the Long-span Alternative is to bridge over the anticipated soil
displacements at the west riverbank, we assume seismic mitigation will not be required at
the west approach.

Main Span (Proposed Bents 6 and 7)

At the time of this report, we understand Bents 6 and 7 will each be supported on 18 12-foot
diameter drilled shafts. Based on conversations with HDR, we understand the drilled shafts
will be designed to accommodate lateral soil displacements and downdrag loads caused by
liquefaction-induced settlement. Therefore, we assume that ground improvement will not
be necessary at Bents 6 and 7.

East Approach (Proposed Bents 8-10)

We understand Bents 8 through 10 are supported on drilled shafts founded below
potentially liquefiable layers. Seismic mitigation will be required to mitigate permanent
ground displacements at Bent 8. Based on the site conditions, ground improvement using
jet grouting may be the preferred seismic mitigation alternative at the east approach. We
assumed that ground improvement would be performed using jet grouting methods to form
an “island” of cellular soil-cement ground improvement around Bent 8. We assumed a
liquefiable/soil strength reduction layer thickness of 130 feet, a length of 110 feet, and a
width of 100 feet. The estimated extents of cellular soil-cement ground improvements at the
east approach are shown on Figure 13, Conceptual Ground Improvement Extents for Lateral
Spread Mitigation.

FOUNDATION RESISTANCE FOR BRIDGE ENHANCED
RETROFIT ALTERNATIVE

We developed foundation modeling parameters for the preferred retrofit and seismic
mitigation alternatives presented in Section 10. The post-seismic/reduced strength
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foundation modeling parameters consider soil strength reductions assuming full
liquefaction of potentially liquefiable layers as determined from our FLAC analysis.

Spread Footings

As discussed in Section 10, the preferred retrofit and seismic mitigation alternative for the
existing spread footings (except Bent 17) is to enlarge all the footings and perform cellular
soil-cement ground improvement at Bents 1 through 16. No ground improvements are
anticipated below the foundations at Bents 28 through 35. Exhibit 11-1 provides a summary
of the proposed retrofitted footing dimensions, footing embedment and elevations, and
bearing material based on the preferred retrofit and seismic mitigation alternative.
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Exhibit 11-1: Summary of Spread Footing Foundations for Preferred Retrofit and Seismic Mitigation Alternative

Footing Dimensions aApproximate Bottom of ~ Approximate Footing
Number of (WxLxH) Footing Elevation Embedment
Location Footings (ft) (ft) (ft) bBearing Material
Bent 1 1 10" x 110° 245 5 Soil-Cement / Fine-Grained Alluvium
Bent 2 4 Exterior: 12.5'x 12.5' x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5"x 13.5' x 4’
Bent 3 4 Exterior: 12.5'x 12.5' x 4 Exterior: 22 7 Soil-Cement / Fine-Grained Alluvium
Interior North: 13.5'x 13.5"x 8' Interior North: 17
Interior South: 13.5'x 13.5' x 4’ Interior South: 22
Bent 4 4 Exterior: 12.5'x 12.5'x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5" x 13.5"' x 4’
Bent 5 4 Exterior: 12.5'x 12.5' x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5" x 13.5" x 4’
Bent 6 4 Exterior: 12.5'x 12.5' x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5"x 13.5' x 4’
Bent 7 4 Exterior: 12.5'x 12.5' x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5"x 13.5' x 4’
Bent 8 4 Exterior: 12.5'x 12.5' x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5"x 13.5' x 4’
Bent 9 4 Exterior: 12.5'x 12.5' x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5" x 13.5" x 4’
Bent 10 4 Exterior: 12.5"'x 12.5' x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5" x 13.5" x 4’
Bent 11 4 Exterior: 12.5'x 12.5' x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5" x 13.5" x 4’
Bent 12 4 Exterior: 12.5'x 12.5' x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5"x 13.5' x 4’
Bent 13 4 Exterior: 12.5'x 12.5' x 4’ 22 7 Soil-Cement / Fine-Grained Alluvium
Interior: 13.5"x 13.5' x 4’
Bent 14 4 Exterior: 14’ x 14’ x 4’ 22 9 Soil-Cement / Fine-Grained Alluvium
Interior: 17.5"x 17.5' x 6’
Bent 15 4 Exterior: 14’ x 14’ x 4’ 22 9 Soil-Cement / Fine-Grained Alluvium
Interior: 17.5’ x 17.5’ x 6’
Bent 16 4 Exterior: 14’ x 14’ x 4’ 22 9 Soil-Cement / Fill
Interior: 17.5' x 17.5’ x 6’
Bent 28 3 16'x 16" x &4’ 22 27 Fine-Grained Alluvium
Bent 29 4 Exterior: 12.5'x 12.5' x 4’ 40 10 Fill
Interior: 13.5"x 13.5' x 4’
Bent 30 4 Exterior: 12.5'x 12.5' x 4’ 40 10 Fill
Interior: 13.5"x 13.5' x 4’
Bent 31 4 Exterior: 12.5'x 12.5' x 4’ 40 10 Fill
Interior: 13.5"x 13.5' x 4’
Bent 32 4 Exterior: 12.5"'x 12.5' x 4’ 40 10 Fill
Interior: 13.5" x 13.5"' x 4’
Bent 33 4 Exterior: 14’ x 14’ x 4’ 37 12 Fill
Interior: 17.5’ x 17.5’ x 6’
Bent 34 4 Exterior: 14’ x 14’ x 4’ 37 12 Fill
Interior: 17.5’ x 17.5’ x 6’
Bent 35 1 9.25' x 110’ 41 9 CFD - Channel Facies
NOTES:

a.  Elevations have been converted from City of Portland Datum to NAVD88 by adding 2.1 feet to the elevations shown on the plan set.
b.  Bearing material is interpreted from the information in the plan set, existing borings, current borings, and the preferred seismic mitigation alternative.
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Bearing Resistance

We estimated the nominal post-seismic/reduced strength bearing resistance for the
retrofitted spread footings by performing a conventional spread footing evaluation. For this
evaluation, the enlarged portions of the footings at Bents 1 through 16 are assumed to be
founded on cellular soil-cement columns. The nominal bearing resistance is provided in
Exhibit 11-2. The bearing resistances reported in the table are nominal geotechnical
resistances and should be reduced by a resistance factor of 1.0 for the extreme event limit
state.

Subgrade Stiffness

We understand that the seismic performance of the retrofitted footings will be modeled
using equivalent six degree of freedom springs. The spring constants will be developed
using the recommended procedures in the ODOT BDM or the FHWA Seismic Retrofitting
Manual for Highway Structures. Exhibit 11-2 presents the recommended values for the
required information to fully describe spring stiffness, including bearing material shear
modulus, Poisson’s ratio, and nominal bearing resistance. In Exhibit 11-2, we have
provided bearing material initial shear modulus (maximum modulus) for the post-seismic
condition. We understand that the structural engineer will develop the necessary large
strain shear modulus values based on the ODOT BDM or the FHWA Seismic Retrofit
Manual. In general, we recommend that the strain calculated in the structural analyses be
checked against the strain assumed in selecting the shear modulus. The structural engineer
may need to iterate their analyses using a different strain-compatible shear modulus. The
Poisson’s ratio is constant for the purposes of the evaluation.

Sliding Resistance

Sliding resistance for a spread footing may be developed through friction on the base of the
footing and passive earth pressures on the face of the footing. The nominal friction
resistance can be expressed as the vertical load (i.e., actual footing pressure) multiplied by a
coefficient of friction (tan d). Sliding resistance generated by the lateral passive earth
pressure acting on the face of the footing can be assumed to be developed if the footing is
free to translate horizontally. If movement of the footing is limited, the earth pressure
resistance values should be reduced to reflect the reduced footing movement based on the
FHWA Seismic Retrofit Manual.

We estimated the nominal post-seismic/reduced strength frictional sliding coefficient for the
retrofitted footings; the results are presented in Exhibit 11-2 in terms of tan d. A sliding
resistance factor of 1.0 should be used for the extreme event limit state.

February 2021
52



102636-001

Burnside Bridge Environmental Impact Study
Geotechnical Report

The passive earth pressures we developed for the post-seismic/reduced strength condition
are also presented in Exhibit 11-2 in terms of equivalent fluid pressure and depth of footing
(D, in feet). These earth pressure values may be used to estimate the lateral resistance of
footings. A passive pressure resistance factor of 1.0 should be used for the extreme event
limit design case.
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Exhibit 11-2: Recommended Unfactored Post-Seismic/Reduced Strength Soil Parameters for Spread Footings and Pile Caps for Preferred Retrofit and Seismic Mitigation Alternative

aApprox. Footing Nominal ~ °Bearing Material -
Elev. (ft) Total Unit  Friction Sliding Initial Shear Lateral Earth Coefficients hLateral Earth Pressures (psf)
: (depth below : Weight,y ~ Angle, ®  Cohesion, ¢ Qnom Coeff, MOdU_'US’ Poisson’s iEFP, iEFP, EFP,
Location ground surface, ft) bSoil Type (pcf) (degrees) (psf) (ksf) tan d (ksi) REo)
{7} Bent 1 24.5(5) Soil-Cement / Fine-Grained Alluvium 120 6,500 8 0.44 11 0.3 0.52 0.35 2.88 57H 39H 317H
é 57D 39D 317D
=l Bent 35 41 (9) CFD Channel Facies 130 36 9 0.58 18 0.35 0.52 0.35 2.88 57H 39H 317H
= 57D 39D 317D
Bents 2 through 13 22 (7) Soil-Cement / Fine-Grained Alluvium 120 6,500 15 0.44 1 0.3 0.52 0.35 2.88 57D 39D 317D
Bents 14 and 15 22 (7) Soil-Cement / Fine-Grained Alluvium 120 6,500 1 0.44 1 0.3 0.52 0.35 2.88 57D 39D 317D
Bent 16 22(9) Soil-Cement / Fill 120 6,500 11 0.44 11 0.3 0.52 0.35 2.88 57D 39D 317D
0
(@]
&=W Bent 28 22 (27) Gravel Alluvium 110 29 8 0.44 7 0.35 0.52 0.35 2.88 57D 39D 317D
o
£ (assumed)
Bents 29 through 32 40 (10) Gravel Alluvium 110 29 8 0.44 7 0.35 0.52 0.35 2.88 57D 39D 317D
(assumed)
Bents 33 and 34 37(12) Gravel Alluvium 110 29 8 0.44 7 0.35 0.52 0.35 2.88 57D 39D 317D
(assumed)
Bent 17 17 (13) Fill 110 29 - ---d 0.52 0.35 2.88 57D 39D 317D
Bents 18 and 19 13-15(18) Fill 110 29 - ---d 0.52 0.35 2.88 57D 39D 317D
(%0]
[oX
S Pier 1i -41.6 (17) Fill / Fine-Grained Alluvium 110 29 - ---d 0.52 0.35 2.88 57D 39D 317D
@
W Piers 2 and 3¢ -70 (16) Sand Alluvium 125 10 ¢ ---d 0.3 0.3 -9 19D 19D -9
Bents 25 through 27 20.5 (14.5) Fill 110 29 - ---d 0.52 0.35 2.88 57D 39D 317D
NOTES:

*  Groundwater is assumed to be at an elevation of 20 feet based on existing borings and Willamette River OHW level.

Elevations have been converted from City of Portland Datum to NAVD88 by adding 2.1 feet to the elevations shown on the plan set. Indicates proposed bottom of pile cap elevation for Bents 17 through 19, Piers 1 through 4, and Bents 21 through 27.
Soil type refers to bearing material for abutments and footings, and retained soil for pile caps.

Pile caps should not be assumed to provide bearing resistance.

Pile caps should not be assumed to develop lateral resistance from base friction.

Initial shear modulus values are estimated from shear wave velocity measurements, ODOT GDM Table 6-2 (Seed, et al.), and typical values for soil-cement.

For liquefied soil, active and at-rest lateral earth coefficient of 0.3 is estimated in accordance with ODOT GDM.

Liquefied soil is not assumed to provide passive resistance.

For abutments, D is the minimum embedment of the abutment wall measured from the ground surface to the bottom of the wall footing and H is the height of the retained soil behind the abutment wall; D or H will be used to determine lateral earth pressures on the abutment wall depending on the direction of loading. For
footings and pile caps, D is the minimum embedment of the footing or pile cap measured from the ground surface to the bottom of the footing or pile cap.

Post-seismic/reduced strength lateral equivalent fluid pressures - Assume a triangular pressure distribution.
j. For Pier 1, due to unbalanced retained soil height in the longitudinal direction, add 55 feet to pile cap embedment (D) when calculating lateral earth pressures against the west (upslope) side of the pile cap.
k. When considering seismically-induced lateral soil displacements at Piers 2 and 3, apply a lateral earth pressure distribution as shown on Figure 14.

Se ~®o oo o
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11.2 Drilled Shafts

As discussed in Section 10, the preferred retrofit and seismic mitigation alternative for the
existing pile group foundations and the spread footing foundations at Bent 17 is to retrofit
the foundations with drilled shafts and perform cellular soil-cement ground improvement
at the west and east approaches. We understand Bents 17 through 19 and 25 through 27
may be retrofitted by constructing a “superbent” supported by two drilled shafts at each
bent that are connected by a grade beam or infill wall that is also tied into the existing
spread footings or pile caps. The existing pile caps at Piers 1 through 3 will be enlarged and
retrofitted with drilled shafts. Pier 1 will be supported by six drilled shafts, and Piers 2 and
3 will be supported by 24 drilled shafts. We understand the current preferred retrofit option
for Pier 4 involves the construction of a new pier to the west of the existing Pier 4 location
which will be supported by two drilled shafts. As described in Section 10, we understand
that existing Bents 21 through 24 will be demolished and replaced by two new Bents
designated Bents 23 and 24. The new Bents 23 and 24 will each be supported on four drilled
shafts. Exhibit 11-3 provides a summary of the proposed number of shafts, shaft diameter,
and pile cap/grade beam elevation at each bent/pier location based on the preferred retrofit
alternative.

Exhibit 11-3: Summary of Drilled Shaft Group Foundations and Estimated Downdrag Loads for Preferred
Retrofit and Seismic Mitigation Alternative

Estimated Post-

aAssumed Bottom Pile seismic/reduced
Shaft Diameter ~ Cap/Grade Beam Elevation strength Downdrag
Location Number of Shafts (ft) (ft) Load (kips/shaft)
Bent 17 2 8 19 130
Bent 18 2 8 14 120
Bent19° 2 8 13 0
Pier1b 6 7 -20 0
Pier 2 24 12 -66 90
Pier 3 24 12 -66 90
Pier 4o 2 10 - 0
Bent 23 b 4 10 - 0
Bent24 b 4 10 -- 0
Bent 25 2 8 21 1590
Bent 26 P 2 8 22 0
Bent 27 2 8 22 710
NOTES:

a. Elevations have been converted from City of Portland Datum to NAVD88 by adding 2.1 feet to the elevations shown on the plan set.
b.  Foundations located in proposed ground improvement zone.
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Single Shaft Axial and Uplift Resistance

We developed estimates of axial resistance with depth for individual shafts at Bents 17
through 19 and Pier 4 through Bent 27 in general accordance with the AASHTO LRFD
Bridge Design Specifications (AASHTO LRFD). Engineering parameters for the shaft
resistance evaluation were based on our characterization of subsurface materials, subsurface

explorations, our interpretation of the available subsurface information, and FLAC analysis.

Plots of nominal side resistance, nominal base (tip) resistance, and factored total
compressive capacities are provided for the AASHTO LRFD Strength Limit and Extreme
Event Limit states in Appendix G. For the Extreme Event Limit state, we provided
resistances for the non-liquefied, liquefied/reduced strength, and post-seismic "downdrag"
cases. The factored compression total capacities shown on the plots have incorporated the
applicable Limit State resistance factors specified by AASHTO LRFD (see Note 2 on the
tfigures). However, they do not include Group Reduction Factors that may be required for
bearing resistance based on shaft center-to-center spacing. Group reduction factors should
be applied to the factored compression total values based on AASHTO LRFD Table
10.8.3.6.3-1.

Uplift resistance can be determined by multiplying the nominal side resistance by a factor of
0.45 or 0.8 for the Strength Limit and Extreme Event Limit, respectively. For shaft groups,
the nominal side resistance is equal to the lesser of the sum of the individual nominal side
resistance or, the uplift resistance of the shaft group considered as a block, per AASHTO
LRFD Section 10.7.3.11. The weight of the block that will be uplifted is determined using a
spread of load of 1H in 4V from the base of the shaft group, as illustrated in AASHTO LRFD
Figure 10.7.3.11-1.

Drilled shafts located within liquefiable soils outside of the ground improvement zones will
experience post-seismic downdrag loads due to liquefaction-induced settlement. We have
estimated the unfactored single shaft post-seismic downdrag loads and provided them in
Exhibit 11-3. Estimated downdrag loads are also included in Note 6 of the axial resistance
figures. A load factor of 1.0 is recommended to be applied to this post-seismic downdrag
load. Downdrag loads should be applied using the Extreme Event post-seismic downdrag

resistance curves.

Single Shaft Lateral Resistance

We understand the design team is using the computer program LPILE, developed by
Ensoft, Inc., to perform lateral resistance analyses of the proposed shafts at Bents 17 through
19 and Pier 4 through Bent 27. Lateral soil parameters for static and post-seismic/reduced
strength cases are included in Appendix G. Lateral resistance reduction factors (P-
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multipliers) to account for multiple rows with a center-to-center shaft spacing of five times
the shaft diameter or less should be applied to the generated P-Y springs per AAHSTO
LRFD Table 10.7.2.4-1. Note that the provided lateral soil resistance parameters are
independent of shaft diameter.

We also typically provide lateral soil displacement profiles which can be directly entered
into LPILE analyses to model earth pressures caused by laterally displaced ground.
However, the results of our preliminary ground improvement models indicate that there are
negligible lateral displacements at each bent/pier location, except at Piers 2 and 3. See
Section 11.2.3 for our recommendations for modeling lateral soil displacements at Piers 2
and 3.

Piers 1, 2, and 3 Drilled Shaft Group Evaluation

We understand the design team is using the computer program FB-Multipier (developed by
Bridge Software Institute) to perform analyses of the proposed shaft groups at Piers 1
through 3. We developed soil resistance input parameters for FB-Multipier analyses at Piers
1 through 3, including soil springs for the shaft base (tip) resistance (Q-Z springs), shaft side
resistance (T-Z springs), and parameters used by the program to generate lateral resistance
springs (P-Y springs). The values provided for Piers 1 through 3 are nominal, unfactored
values for the Extreme Event Limit liquefied case. Per AASHTO LRFD, Q-Z spring values
should use a resistance factor of 1.0 for the Extreme Event Limit. Group reduction factors
for bearing resistance should be applied to the factored Q-Z and T-Z spring values based on
AASHTO LRFD Table 10.8.3.6.3-1. Lateral resistance reduction factors (P-multipliers) to
account for multiple rows with a center-to-center shaft spacing of five times the shaft
diameter or less should be applied to the generated P-Y springs per AAHSTO LRFD Table
10.7.2.4-1. Plots of the soil springs are presented in Figures G10 and G11 in Appendix G.
Lateral soil (P-Y) parameters are included in Appendix G in Tables G7 through G9.

For Piers 2 and 3, we recommend modeling the anticipated lateral soil displacements by
applying a lateral stress distribution according to the following method:

1. The lateral pressure distribution should start at mudline and extend to the bottom of the
Sand Alluvium layer.

2. The pressure at the bottom of the concrete seal is equal to 35Hs, where Hs = the vertical
distance from mudline to the bottom of the concrete seal.

3. The pressure at the bottom of the Sand Alluvium layer is equal to 35H, where H = the
vertical distance from mudline to the bottom of the Sand Alluvium layer.

4. The pressure distribution is assumed to act over the entire width of the pile cap/concrete
seal and should also be applied to each shaft in the pile group.
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The method described above is presented graphically on Figure 14.

Earth Pressure on Abutment Walls and Embedded Pile Caps

The lateral earth pressures on a retaining wall, including capacity/stiffness and seismically
induced loads, are a function of relative wall and soil displacement. If the wall is allowed to
displace (typically 2 percent of the wall height), the static lateral pressures may be
developed, assuming active pressures as a load and full passive pressure as a resistance.
For seismic lateral pressures, active pressures increase and passive resistances decrease due
to inertial effects. If the wall is restrained from moving, seismically induced loads increase
and the passive resistances decrease further. If a wall is allowed to displace less than 2
percent, the active earth pressures should be calculated using the full seismic acceleration
coefficient (as opposed to one-half of the acceleration coefficient used for walls that are
allowed to freely displace), and passive resistance should be taken as a portion of the full
seismic value.

We assume that the soil surrounding the various retrofitted abutment walls and pile caps
will be allowed to displace at least 2 percent of the wall height and therefore will mobilize
full active and passive lateral earth pressures. Liquefied soil should be assumed not to
provide any passive resistance. The earth pressure parameters we developed for the post-
seismic/reduced strength condition for the retrofitted abutment walls and pile caps are
presented in Exhibit 11-2.

FOUNDATION RESISTANCE FOR SHORT-SPAN AND
COUCH EXTENSION REPLACEMENT ALTERNATIVES

We developed foundation modeling parameters for the Short-span Alternative and Couch
Extension considering the seismic mitigation alternatives presented in Section 10.
Foundation modeling parameters for the Long-span Alternative are discussed in Section 13.
For this phase of the project, we did not perform any subsurface explorations along the
north branch of the Couch Extension east approach (Bents N10 through N15). We assumed
the subsurface profile along Bents N10 through N15 matched a projection of the subsurface
profile along the southern branch of the alignment (Bents S10 through S14). The post-
seismic/reduced strength foundation modeling parameters consider soil strength reductions
assuming full liquefaction of potentially liquefiable soil layers, based on the results of our
FLAC analysis.
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12.1 Drilled Shafts

As discussed in Section 10, the current Short-span Alternative and Couch Extension plans
includes supporting the main bridge structure along Burnside Street on a drilled shaft
foundation system distributed over 14 bents, including two bascule or lift piers in the river.
The north branch of the Couch Extension will be supported on six additional bents,
designated N10 through N15. The preferred seismic mitigation strategy includes
performing ground improvements at the west and east approach. Exhibit 12-1 provides a
summary of the proposed number of shafts and shaft diameters at each bent location for the
proposed Short-span Alternative and Couch Extension at the time of this report.

Exhibit 12-1: Summary of Drilled Shaft Group Foundations and Estimated Downdrag Loads for Short-
span Alternative and Couch Extension with Seismic Mitigation

Estimated Post-Seismic

Downdrag Load

Location Number of Shafts Shaft Diameter (ft) (kips/shaft)
Bent 1 10 3 70
Bent 2 4 7 100
Bent 3 4 7 100
Bent 4 4 8 170
Bent 5 4 10 180
Bent 62 4 10 0
Bent 7 18 12 90
Bent 8 18 12 90
Bent 92 4 12 0
Bent 10/S102 4 10 0
Bent 11/S11a 4 10 0
Bent 12/S12a 4 10 0
Bent 13/S13 4 7 0
Bent 14/S14 13 3 0
Bent N10 2 10 0
Bent N11 2 10 0
Bent N12 2 8 0
Bent N13 2 8 0
Bent N14 2 6 0
Bent N15 6 3 0
NOTES:

a.  Foundations located in proposed ground improvement zone.
Drilled shafts for the replacement alternative are assumed to extend to existing ground surface.
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Single Shaft Axial and Uplift Resistance

We developed estimates of axial resistance with depth for individual shafts at Bents 1

through 6, 9 through 14/S14, and N10 through N15 in general accordance with the AASHTO
LRFD Bridge Design Specifications (AASHTO LRFD). Engineering parameters for the shaft
resistance evaluation were based on our characterization of subsurface materials, subsurface
explorations, our interpretation of the available subsurface information, and FLAC analysis.

Plots of nominal side resistance, nominal base (tip) resistance, and factored total
compressive capacities are provided for the AASHTO LRFD Strength Limit and Extreme
Event Limit states in Appendix H. For the Extreme Event Limit state, we provided
resistances for the non-liquefied, liquefied/reduced strength, and post-seismic "downdrag"
cases. The factored compression total capacities shown on the plots have incorporated the
applicable Limit State resistance factors specified by AASHTO LRFD (see Note 2 on the
figures). However, they do not include Group Reduction Factors that may be required for
bearing resistance based on shaft center-to-center spacing. Group reduction factors should
be applied to the factored compression total values based on AASHTO LRFD Table
10.8.3.6.3-1.

Uplift resistance can be determined by multiplying the nominal side resistance by a factor of
0.45 or 0.8 for the Strength Limit and Extreme Event Limit, respectively. For shaft groups,
the nominal side resistance is equal to the lesser of the sum of the individual nominal side
resistance or, the uplift resistance of the shaft group considered as a block, per AASHTO
LRFD Section 10.7.3.11. The weight of the block that will be uplifted is determined using a
spread of load of 1H in 4V from the base of the shaft group, as illustrated in AASHTO LRFD
Figure 10.7.3.11-1.

Drilled shafts located within liquefiable soils outside of the ground improvement zones will
experience post-seismic downdrag loads due to liquefaction-induced settlement. We have
estimated the unfactored single shaft post-seismic downdrag loads and provided them in
Exhibit 12-1. Estimated downdrag loads are also included in Note 6 of the axial resistance
plots. A load factor of 1.0 is recommended to be applied to this post-seismic downdrag
load. Downdrag loads should be applied using the Extreme Event post-seismic downdrag

resistance curves.

Single Shaft Lateral Resistance

We understand the design team is using the computer program LPILE, developed by
Ensoft, Inc., to perform lateral resistance analyses of the proposed shafts at Bents 1 through
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6, 9 through 14/514, and N10 through N15. Lateral soil parameters for static and post-
seismic/reduced strength cases are included in Appendix H. Lateral resistance reduction
factors (P-multipliers) to account for multiple rows with a center-to-center shaft spacing of
tive times the shaft diameter or less should be applied to the generated P-Y springs per
AAHSTO LRFD Table 10.7.2.4-1. Note that the provided lateral soil resistance parameters
are independent of shaft diameter.

We also typically provide lateral soil displacement profiles which can be directly entered
into LPILE analyses to model earth pressures caused by laterally displaced ground.
However, the results of our preliminary ground improvement models indicate that there are
negligible lateral displacements at each bent location, except at Bents 7 and 8. See Section
12.1.3 for our recommendations for modeling lateral soil displacements at Bents 7 and 8.

Bents 7 and 8 Drilled Shaft Group Evaluation

We understand the design team is using the computer program FB-Multipier (developed by
Bridge Software Institute) to perform analyses of the proposed shaft groups at Bents 7 and 8.
We developed soil resistance input parameters for FB-Multipier analyses at Bents 7 and 8,
including soil springs for the shaft base (tip) resistance (Q-Z springs), shaft side resistance
(T-Z springs), and parameters used by the program to generate lateral resistance springs (P-
Y springs). The values provided for Bents 7 and 8 are nominal, unfactored values for the
Extreme Event Limit liquefied case. Per AASHTO LRFD, Q-Z spring values should use a
resistance factor of 1.0 for the Extreme Event Limit. Group reduction factors for bearing
resistance should be applied to the factored Q-Z and T-Z spring values based on AASHTO
LRFD Table 10.8.3.6.3-1. Lateral resistance reduction factors (P-multipliers) to account for
multiple rows with a center-to-center shaft spacing of five times the shaft diameter or less
should be applied to the generated P-Y springs per AAHSTO LRFD Table 10.7.2.4-1. Plots
of the soil springs are presented in Figure H18 in Appendix H. Lateral soil (P-Y) parameters
are included in Appendix H.

For Bents 7 and 8, we recommend modeling the anticipated lateral soil displacements by
applying a lateral stress distribution according to the following method:

1. The lateral pressure distribution should start at mudline and extend to the bottom of the
Sand Alluvium layer.

2. The pressure at the bottom of the concrete seal is equal to 35Hs, where Hs = the vertical
distance from mudline to the bottom of the concrete seal.

3. The pressure at the bottom of the Sand Alluvium layer is equal to 35H, where H = the
vertical distance from mudline to the bottom of the Sand Alluvium layer.
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4. The pressure distribution is assumed to act over the entire width of the pile cap/concrete
seal and should also be applied to each shaft in the pile group.

The method described above is presented graphically on Figure 14.

Earth Pressure on Abutment Walls

The lateral earth pressures on a retaining wall, including capacity/stiffness and seismically
induced loads, are a function of relative wall and soil displacement. If the wall is allowed to
displace (typically 2 percent of the wall height), the static lateral pressures may be
developed assuming active pressures as a load and full passive pressure as a resistance. For
seismic lateral pressures, active pressures increase and passive resistances decrease due to
inertial effects. If the wall is restrained from moving, seismically induced loads increase and
the passive resistances decrease further. If a wall is allowed to displace less than 2 percent,
the active earth pressures should be calculated using the full seismic acceleration coefficient
(as opposed to one-half of the acceleration coefficient used for walls that are allowed to

freely displace), and passive resistance should be taken as a portion of the full seismic value.

We assume that the soil surrounding the abutment walls will be allowed to displace at least
2 percent of the wall height and therefore will mobilize full active and passive lateral earth
pressures. Liquefied soil should be assumed not to provide any passive resistance. The
earth pressure parameters we developed for the post-seismic/reduced strength condition for
the abutment walls are presented in Exhibit 12-2.
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Nominal bBearing Material
Total Unit Friction Sliding Initial Shear Lateral Earth Coefficients cLateral Earth Pressures (psf)
Weight, y Angle, ® Cohesion, ¢ Coeff. Modulus, Poisson’s EFP, EFP. EFP,
Location aSoil Type (pcf) (degrees) (psf) tan d (ksi) Ratio
Bent 1 Fine-Grained Alluvium 110 29 4 0.44 7 0.35 0.52 0.35 2.88 57D 39D 317D
Bent 14/S14/N15 CFD Channel Facies 130 36 9 0.58 18 0.35 0.52 0.35 2.88 57H 39H 317H
57D 39D 317D
NOTES:
*  Groundwater is assumed to be at an elevation of 20 feet based on existing borings and Willamette River mean water level.
a.  Soil type refers to bearing material for abutments.
Initial shear modulus values are estimated from shear wave velocity measurements, ODOT GDM Table 6-2 (Seed, et al.).
D is the minimum embedment of the abutment wall measured from the ground surface to the bottom of the wall footing and H is the height of the retained soil behind the abutment wall; D or H will be used to determine lateral earth pressures on the abutment wall depending on the direction of loading.
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63



13

13.1

102636-001

1 SHAN

(AW | b

Burnside Bridge Environmental Impact Study
Geotechnical Report

FOUNDATION RESISTANCE FOR LONG-SPAN
ALTERNATIVE

We developed foundation modeling parameters for the Long-span Alternative considering
the seismic mitigation alternatives presented in Section 10. The post-seismic/reduced
strength foundation modeling parameters consider soil strength reductions assuming full
liquefaction of potentially liquefiable soil layers, based on the results of our FLAC analysis.

Drilled Shafts

As discussed in Section 10, the current Long-span Alternative plans includes supporting the
bridge structure on a drilled shaft foundation system distributed over 10 bents, including
two bascule piers in the river. The preferred seismic mitigation strategy includes
performing ground improvements near proposed Bent 8 at the east approach. Exhibit 13-1
provides a summary of the proposed number of shafts and shaft diameters at each bent
location for the proposed Long-span Alternative at the time of this report.

Exhibit 13-1: Summary of Drilled Shaft Group Foundations and Estimated Downdrag Loads for Long-
span Alternative with Seismic Mitigation

Estimated Post-Seismic

Downdrag Load

Location Number of Shafts Shaft Diameter (ft) (kips/shaft)
Bent 1 10 3 70
Bent 2 4 7 100
Bent 3 4 7 100
Bent 4 4 8 170
Bent 5 8 10 180
Bent 6 18 12 90
Bent 7 18 12 90
Bent 82 8 10 0
Bent 9 4 7 0
Bent 10 13 3 0
NOTES:

a.  Foundations located in proposed ground improvement zone.
Drilled shafts for the replacement alternatives are assumed to extend to existing ground surface.
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Single Shaft Axial and Uplift Resistance

We developed estimates of axial resistance with depth for individual shafts at Bents 1
through 5 and Bents 8 through 10 in general accordance with the AASHTO LRFD Bridge
Design Specifications (AASHTO LRFD). Engineering parameters for the shaft resistance
evaluation were based on our characterization of subsurface materials, subsurface

explorations, our interpretation of the available subsurface information, and FLAC analysis.

Plots of nominal side resistance, nominal base (tip) resistance, and factored total
compressive capacities are provided for the AASHTO LRFD Strength Limit and Extreme
Event Limit states in Appendix I. For the Extreme Event Limit state, we provided
resistances for the non-liquefied, liquefied/reduced strength, and post-seismic "downdrag"
cases. The factored compression total resistances shown on the plots have incorporated the
applicable Limit State resistance factors specified by AASHTO LRFD (see Note 2 on the
figures). However, they do not include Group Reduction Factors that may be required for
bearing resistance based on shaft center-to-center spacing. Group reduction factors should
be applied to the factored compression total values based on AASHTO LRFD Table
10.8.3.6.3-1.

Uplift resistance can be determined by multiplying the nominal side resistance by a factor of
0.45 or 0.8 for the Strength Limit and Extreme Event Limit, respectively. For shaft groups,
the nominal side resistance is equal to the lesser of the sum of the individual nominal side
resistance or, the uplift resistance of the shaft group considered as a block, per AASHTO
LRFD Section 10.7.3.11. The weight of the block that will be uplifted is determined using a
spread of load of 1H in 4V from the base of the shaft group, as illustrated in AASHTO LRFD
Figure 10.7.3.11-1.

Drilled shafts located within liquefiable soils outside of the ground improvement zones will
experience post-seismic downdrag loads due to liquefaction-induced settlement. We have
estimated the unfactored single shaft post-seismic downdrag loads and provided them in
Exhibit 13-1. Estimated downdrag loads are also included in Note 6 of the axial resistance
plots. A load factor of 1.0 is recommended to be applied to this post-seismic downdrag
load. Downdrag loads should be applied using the Extreme Event post-seismic downdrag

resistance curves.

Single Shaft Lateral Resistance

We understand the design team is using the computer program LPILE, developed by
Ensoft, Inc., to perform lateral resistance analyses of the proposed shafts at Bents 1 through
5 and Bents 8 through 10. Lateral soil parameters for static and post-seismic/reduced
strength cases are included in Appendix I. Lateral resistance reduction factors (P-
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multipliers) to account for multiple rows with a center-to-center shaft spacing of five times
the shaft diameter or less should be applied to the generated P-Y springs per AAHSTO
LRFD Table 10.7.2.4-1. Note that the provided lateral soil resistance parameters are
independent of shaft diameter.

We also typically provide lateral soil displacement profiles which can be directly entered
into LPILE analyses to model earth pressures caused by laterally displaced ground. The
results of our preliminary ground improvement models indicate up to six inches of lateral
displacement at proposed Bent 5, and significant lateral displacements at Bents 6 and 7. See
Table 16 for our recommended displacement profile at proposed Bent 5 and Section 13.1.3
for our recommendations for modeling lateral soil displacements at Bents 6 and 7.

Bents 6 and 7 Drilled Shaft Group Evaluation

We understand the design team is using the computer program FB-Multipier (developed by
Bridge Software Institute) to perform analyses of the proposed shaft groups at Bents 6 and 7.
We developed soil resistance input parameters for FB-Multipier analyses at Bents 6 and 7,
including soil springs for the shaft base (tip) resistance (Q-Z springs), shaft side resistance
(T-Z springs), and parameters used by the program to generate lateral resistance springs (P-
Y springs). The values provided for Bents 6 and 7 are nominal, unfactored values for the
Extreme Event Limit liquefied case. Per AASHTO LRFD, Q-Z spring values should use a
resistance factor of 1.0 for the Extreme Event Limit. Group reduction factors for bearing
resistance should be applied to the factored Q-Z and T-Z spring values based on AASHTO
LRFD Table 10.8.3.6.3-1. Lateral resistance reduction factors (P-multipliers) to account for
multiple rows with a center-to-center shaft spacing of five times the shaft diameter or less
should be applied to the generated P-Y springs per AAHSTO LRFD Table 10.7.2.4-1. Plots
of the soil springs are presented in Figure I8 in Appendix I. Lateral soil (P-Y) parameters are
included in Table I7.

For Bents 6 and 7, we recommend modeling the anticipated lateral soil displacements by
applying a lateral stress distribution according to the following method:

1. The lateral pressure distribution should start at mudline and extend to the bottom of the
Sand Alluvium layer.

2. The pressure at the bottom of the concrete seal is equal to 35Hs, where Hs = the vertical
distance from mudline to the bottom of the concrete seal.

3. The pressure at the bottom of the Sand Alluvium layer is equal to 35H, where H = the
vertical distance from mudline to the bottom of the Sand Alluvium layer.

4. The pressure distribution is assumed to act over the entire width of the pile cap/concrete
seal and should also be applied to each shaft in the pile group.
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The method described above is presented graphically on Figure 14.

13.2 Large-Diameter Caisson Foundation Alternative

Based on the results of our FLAC analysis for the Long-span Alternative ground
improvements, in our opinion, the proposed drilled shaft group of eight, 10-foot diameter
shafts at proposed Bent 8 could potentially be replaced by a single, large-diameter caisson
foundation. In our experience, a large-diameter caisson at proposed Bent 8 may be stiff
enough to eliminate the need for ground improvements anywhere along the Long-span
Alternative in its current configuration. Additionally, a caisson may be easier to construct
than a large drilled shaft group. However, large-diameter caissons must be founded on
very stiff, uniform material to avoid differential settlements or bearing capacity failure.
Therefore, additional geotechnical explorations and numerical modeling analysis are
required before a caisson alternative can be evaluated.

13.3 Earth Pressure on Abutment Walls

The lateral earth pressures on a retaining wall, including capacity/stiffness and seismically
induced loads, are a function of relative wall and soil displacement. If the wall is allowed to
displace (typically 2 percent of the wall height), the static lateral pressures may be
developed assuming active pressures as a load and full passive pressure as a resistance. For
seismic lateral pressures, active pressures increase and passive resistances decrease due to
inertial effects. If the wall is restrained from moving, seismically induced loads increase and
the passive resistances decrease further. If a wall is allowed to displace less than 2 percent,
the active earth pressures should be calculated using the full seismic acceleration coefficient
(as opposed to one-half of the acceleration coefficient used for walls that are allowed to
freely displace), and passive resistance should be taken as a portion of the full seismic value.

We assume that the soil surrounding the abutment walls will be allowed to displace at least
2 percent of the wall height and therefore will mobilize full active and passive lateral earth
pressures. Liquefied soil should be assumed not to provide any passive resistance. The
earth pressure parameters we developed for the post-seismic/reduced strength condition for
the abutment walls are presented in Exhibit 13-2.
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Nominal bBearing Material
Total Unit Friction Sliding Initial Shear Lateral Earth Coefficients cLateral Earth Pressures (psf)
Weight, y Angle, ® Cohesion, ¢ Coeff. Modulus, Poisson’s EFP, EFP. EFP,
Location aSoil Type (pcf) (degrees) (psf) tan d (ksi) Ratio
Bent 1 Fine-Grained Alluvium 110 29 4 0.44 7 0.35 0.52 0.35 2.88 57D 39D 317D
Bent 14/S14/N15 CFD Channel Facies 130 36 9 0.58 18 0.35 0.52 0.35 2.88 57H 39H 317H
57D 39D 317D
NOTES:
*  Groundwater is assumed to be at an elevation of 20 feet based on existing borings and Willamette River mean water level.
a.  Soil type refers to bearing material for abutments.
Initial shear modulus values are estimated from shear wave velocity measurements, ODOT GDM Table 6-2 (Seed, et al.).
D is the minimum embedment of the abutment wall measured from the ground surface to the bottom of the wall footing and H is the height of the retained soil behind the abutment wall; D or H will be used to determine lateral earth pressures on the abutment wall depending on the direction of loading.
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LIMITATIONS

The analyses, conclusions, and recommendations contained in this report are based on site
conditions as they presently exist, and further assume that the explorations are
representative of the subsurface conditions throughout the site; that is, the subsurface
conditions everywhere are not significantly different from those disclosed by the
explorations. If subsurface conditions different from those encountered in the explorations
are encountered in future explorations or appear to be present during construction, we
should be advised at once so that we can review these conditions and reconsider our
recommendations, where necessary. If there is a substantial lapse of time between the
submission of this report and the start of construction at the site, or if conditions have
changed because of natural forces or construction operations at or adjacent to the site, we
recommend that we review our report to determine the applicability of the conclusions and
recommendations.

Within the limitations of scope, schedule, and budget, the analyses, conclusions, and
recommendations presented in this report were prepared in accordance with generally
accepted professional geotechnical engineering principles and practice in this area at the
time this report was prepared. We make no other warranty, either express or implied.
These conclusions and recommendations were based on our understanding of the project as
described in this report and the site conditions as observed at the time of our explorations.
Unanticipated soil conditions are commonly encountered and cannot be fully determined
by merely taking soil samples from test borings. Such unexpected conditions frequently
require that additional expenditures be made to attain a properly constructed project.
Therefore, some contingency fund is recommended to accommodate such potential extra
costs.

We developed our opinions of probable construction costs based on our experience with
similar projects. The costs include several assumptions, including;:

= The subsurface conditions that will be encountered,
= Decisions of other design professionals and government agency personnel,
* The means and methods of construction the Contractor will employ,

= The Contractor’s techniques in determining price and market conditions at the time of
construction, and

= Other factors over which we have no control.

Given the assumptions that must be made, Shannon & Wilson cannot guarantee the
accuracy of the opinion of probable construction costs. Shannon & Wilson is not a
construction cost estimator or construction contractor, nor should our rendering of an
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opinion of probable construction costs be considered equivalent to the nature and extent of
services a construction cost estimator or contractor would provide.

This report was prepared for the exclusive use of HDR Engineering, Inc., and Multnomah
County for use in the Burnside Bridge NEPA and Type Selection Phase. Our report,
conclusions, and interpretations should not be construed as a warranty of subsurface

conditions included in this report.

The scope of our present work did not include environmental assessments or evaluations
regarding the presence or absence of wetlands, or hazardous or toxic substances in the soil,
surface water, groundwater, or air, on or below or around this site, or for the evaluation or
disposal of contaminated soils or groundwater should any be encountered.

Shannon & Wilson, Inc., has prepared and included the attached “Important Information
About Your Geotechnical/Environmental Report,” to assist you and others in understanding

the use and limitations of our reports.
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Burnside Bridge Environmental Impact Study
Geotechnical Report

Appendix A

Existing Information

CONTENTS

Plans for Burnside Bridge (Hedrick & Kremers Consulting Engineers, 1924)
- Sheet No. T2

- Sheet No. 7

- Sheet No. T8

- Sheet No. T10

- Sheet No. T16

- Sheet No. 18

- Sheet No. 48

Plans for Completing Approaches to Burnside Bridge (Hedrick & Kremers Consulting
Engineers, 1925)

- Sheet No. L-75

Burnside Bridge Foundation Piling Summary

Burnside Bridge Sketch Showing Harbor Wall West of Pier 1 (Gustav Lindenthal
Consulting Engineers, 1925)
Burnside Bridge Record of Borings (Hedrick & Kremers Consulting Engineers, 1924)
- Includes boring 1 (pier), 2 (pier), 3 (pier), 4 (pier), 4b (pier), 4c (pier), 4d (pier),
1,2,3,4,56,7,8,9,10,11, 12, 13, 15, 16, and 17
Banfield Access Ramp Foundation Data (Oregon Department of Transportation, 1991)
- Includes boring TB-521, TB-522, TB-523, TB-527, TB-528, TB-530, TB-531,
and TB-538
Ankeny Pump Station (Fujitani Hilts & Associates, 2000-2001)
- Plan of Explorations
- Log of Boring A-1
- Log of Boring A-1a
- Log of Boring B-1
- Log of Boring C-1
- Log of Boring D-1
- Plasticity Chart

- Grain Size Distribution Plots
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Burnside Bridge Environmental Impact Study
Geotechnical Report

CONTENTS, CONT.
= West Side CSO Project (Parsons Brinckerhoff, 2000-2001)

- Borehole Location Plan
- Boring Log PB-305A
- Boring Log PB-306R
- Boring Log PB-401A
- Boring Log PB-401B
West Side CSO Project (Parsons Brinckerhoff, 2000-2001)
- Boring Log PB-402A
- Boring Log PB-900
- Grain Size Analysis Test Results
- Atterberg Limits Test Results

- Corrosivity Data

= Portland Development Commission (GeoEngineers, 2004)
- Site Plan
- Geologic Cross Section A-A’
- Geologic Cross Section B-B’
- Geologic Cross Section C-C’
- Log of Boring GEI-2
- Log of Boring GEI-3
- Log of Boring GEI-4
- Log of Boring GEI-5
- Log of Boring GEI-6
- Log of Boring GEI-7
- Log of Boring GEI-8
- Log of Boring GEI-9
= East Side CSO Project (Parsons Brinckerhoff, 2003-2005)
- Borehole Location Plan (Figure 2-K)
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- Borehole Location Plan (Figure 2-L)
- Boring Log ES-2003A
- Boring Log ES-2005C
- Boring Log ES-2006C
- Boring Log ES-2007A

NOTE: Approximate locations of explorations contained in this appendix are shown on the
Site and Exploration Plan, Figure 2.
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NORTH June 2001 F-3112.01
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Geotechnical Consultants FIG. 1
Portland, Oregon




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

T Elev. D
€3 epth A SPT N-Value
§ g Remarks [I)zeepc-::[th Log In Samples ® Moisture. %
o 310/  CLASSIFICATION OF MATERIAL Feet 7
30.9N Artificial Granite PAVER (Pavement) [ 0
38; \CONCRETE (Pavement)
O:5 SILT FILL, slightly clayey, stiff, dark gray, moist, low
plasticity, scattered crushed rock and charcoal. (Fill)
28.0 K
3.0| SILT, slightly sandy, slightly clayey, stiff, light brown %/
& rust w/ gray mottling, moist, low plasticity, 5)//?7/
micaceous, with scattered rock fragments. Ak
(Pleistocene Flood Deposits) %45
s
b
o
.
7
i
9%
4l 10
85
12.5| Clayey SILT, slightly sandy, soft to medium stiff,
gray brown w/ rust, moist, low plasticity, micaceous.
(Pleistocene Flood Deposits)
15
-200 = 95%
13.5
17.5| Sandy
-200 = 87%
"o _ _____ 20
20.0| Sandy SILT, slightly clayey, soft, light brown, moist
becoming wet, low plasticity, micaceous.
200 = 57% (Pleistocene Flood Deposits)
¥ |10116/2000
-200=71%
6.0
LEGEND Impervious Seal (Bentonite)

[ =2.0"0.D. Split Spoon Sample

11 =3.0"0.D. Thin-Walled Sample
* = Sample Not Recovered

I =3.0"0.D. Split Spoon Sample

11T = 3.25" O.D. Split Spoon Sample

W = Core Rock Sample

NOTE:

Cement Grout
Random Backfill
Granular Backfill

Piezometer/Inclinometer Tubing
Perforated Zone

ATTERBERG LIMITS

<& Liquid Limit
¥—— Natural Water Content

Plastic Limit

Lines between soil/rock units are
approximate and transition may be gradual.

Ground Water Level on Date Shown

[ Recovery, %

B RQD, %

Ankeny Pump Station
Portland, Oregon

LOG OF BORING A-1
Page 1 of 3
December 2000 F-3112.01
L FIG.

Portland, Oregon




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

= Elev. Depth A SPT N-Value
§ g Remarks | Depth Log In Samples ® Moisture. %
o Feet CLASSIFICATION OF MATERIAL Feet P
25.0] silty SAND, very loose to loose, light brown, wet,
low to no plasticity in matrix, fine-grained.
i i S-10
200 = 25% (Pleistocene Flood Deposits)
35 _ _
27.5| Sandy SILT, slightly clayey, stiff, light brown, wet, . .
low to no plasticity, micaceous. (Pleistocene Flood RN
200 = 74% Deposits) :.: S-11
1.0 T s —
-200 = 89% 30.0| Slighty sendy S
0.5]'sandy GRAVEL, very dense, gray, wet, non-plastic, 8. $ s12 |
30.5] fine- to coarse-grained sand, fine- to coarse-grained .“ P
rounded gravel, well-graded, scattered cobbles. L
(Pleistocene Flood Deposits) o,'
‘0
35 | 513 T
40
S-14
-10.5
415
-11.5
42.5| Clayey SAND, dense, brown & orange, damp, low
plasticity, micaceous, fine-grained, weathered,
indurated. (Troutdale Formation)
45
S-15
-19.0
LEGEND Impervious Seal (Bentonite)
C t Grout R 9 RQD, 9
I =2.0"0.D. Split Spoon Sample R:nmdeonm Br:gkﬁ” [ Recovery, % RQD, %
1T =3.0"0.D. Thin-Walled Sample v Granular Backfill :
» = Sample Not Recovered ¥~ Ground Water Level on Date Shown Ankeny Pump Station
) Piezometer/Inclinometer Tubing Portland Oregon
" =3.0" 0.D. Split Spoon Sample Perforated Zone ’
TIT = 3.25" O.D. Split Spoon Sample ATTERBERG LIMITS LOG OF BORING A-1
W = Core Rock Sample =& Liquid Limit Page 2 of 3
NOTE: ¥ Ilsllr:ltutr.aIa/.Vqtter Content December 2000 F-3112.01
Lines between soil/rock units are astic Limi OHANNON & IWILSON, INC.
. Lo eotechnical Consultants FIG
approximate and transition may be gradual. Portland, Oregon *




Rev:

Typ:

Log:

= Elev. Depth A SPT N-Value
§:§‘E Remarks | Depth Log In Samples ® Moisture. %
o Feet CLASSIFICATION OF MATERIAL Feet P
50.0] SAND, slightly clayey, very dense, dark brown, ¥ S-16 J_ :
damp, low plasticity in matrix, micaceous, B
fine-grained, weathered, indurated, scattered e
rounded cobbles. (Troutdale Formation)
Y/ 55
817 = -
60
330\ _
64.0| Sandy GRAVEL & COBBLES, very dense, gray and
black, wet, fine-grained sand, fine- to coarse-grained, [@:Y:4
oorly graded, rounded gravel. (Troutdale Formation " 65
poory 9 9 ( ) @90 S-18 I
-36.0
67.0| SAND, very dense, brown, moist, non-plastic,
micaceous, fine-grained, indurated, trace of clay,
scattered cobbles. (Troutdale Formation)
) 70 Dol .
Drydensity | | 0 pmmnd T P s s s AR
=122.6 pcf S-19 E""2‘1'"‘1'6/3:A
71.2| Bottom of Boring, Completed 10/17/00

WLG ANKPS.GPJ 12/2/16

LEGEND Impervious Seal (Bentonite) 100
C t Grout R [ RQD, ¢
I =2.0"0.D. Split Spoon Sample R:nmdeonm Br:clzjkfill EJ Recovery, %  H RQD. %
1T =3.0"0.D. Thin-Walled Sample v Granular Backfill :
+ = Sample Not Recovered ¥~ Ground Water Level on Date Shown Ankeny Pump Station
. Piezometer/Inclinometer Tubing Portland, Oregon

T =3.0"0.D. Split Spoon Sample Perforated Zone ’

IIT = 3.25" O.D. Split Spoon Sample ATTERBERG LIMITS LOG OF BORING A-1

W = Core Rock Sample =& Liquid Limit Page 3 of 3
NOTE: ¥ Ilslﬁtutr.ala{Vqtter Content December 2000 F-3112.01
Lines between soil/rock units are astic Limi g;lé\tzglh?]:: aﬁ((\é\grl;ssu%\lﬁtlsNC. FI G
approximate and transition may be gradual. Portland, Oregon .




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

T o Elev. D
€3 epth A SPT N-Value
§ g Remarks [I)zeepc-::[th Log In Samples ® Moisture. %
o 310/  CLASSIFICATION OF MATERIAL Feet P
0
SILT, slightly sandy, slightly clayey, light brown, S
moist, low to no plasticity, micaceous. (Pleistocene
Flood Deposits) S
Sandy SILT, 10
S-2
LEGEND Impervious Seal (Bentonite)
C t Grout R [ RQD, ¢
I =2.0"0.D. Split Spoon Sample R:nmdeonm Br:gkﬁ” E Recovery, %  H RQD, %
1T =3.0"0.D. Thin-Walled Sample v Granular Backfill :
+ = Sample Not Recovered ¥~ Ground Water Level on Date Shown Ankeny Pump Station
) Piezometer/Inclinometer Tubing Portland Oregon
" =3.0"0.D. Split Spoon Sample Perforated Zone ’
1IT = 3.25" O.D. Split Spoon Sample ATTERBERG LIMITS LOG OF BORING A-1a
W = Core Rock Sample =& Liquid Limit Page 1 of 1
NOTE: ¥ Ilslﬁtutr.ala{Vqtter Content December 2000 F-3112.01
Lines between soil/rock units are astic Limi g';‘gg‘g‘h?]:‘é fl((\é\grl;ssu?gﬁt!s’\‘c FIG
approximate and transition may be gradual. Portland, Oregon .




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

T Elev.
52 Depth Depth A SPT N-Value
o g Remarks Foet Log In Samples ® Moisture. %
o s20/  CLASSIFICATION OF MATERIAL Feet 7
Silty SAND FILL, loose to medium dense, brown, 0
dry, ranging to low plasticity slightly clayey SILT in
places, fine-grained, scattered brick fragments to 9.5
feet. (Fill)
S-1
Moist. > T
S-2
Medium dense, scattered concrete fragments. T
S-3
10 -
S-4
Scattered organics. T
S-5
17.0 15 J—
-200 = 94% 15.0| SILT FILL, slightly sandy and clayey, medium stiff,
light brown, moist, low plasticity, scattered brick
fragments and organics. (Fill) S-6
-200 = 95% T
S-7
. 20 T-
-200 = 75% Grading Sandy, soft.
S-8
10.0
22.0| Sandy SILT, loose, brown, wet, micaceous, sand is
v fine-grained. (Pleistocene Flood Deposit) T
= 8/30/2000
-200 = 65% 59

LEGEND

[ =2.0"0.D. Split Spoon Sample

11 =3.0"0.D. Thin-Walled Sample
* = Sample Not Recovered

I =3.0"0.D. Split Spoon Sample

11T = 3.25" O.D. Split Spoon Sample

Impervious Seal (Bentonite)
Cement Grout
Random Backfill

Vi Granular Backfill

~- Ground Water Level on Date Shown
Piezometer/Inclinometer Tubing
Perforated Zone

ATTERBERG LIMITS

W = Core Rock Sample -« Ljquid Limit
NOTE: P ¥—— Natural Water Content
Plastic Limit

Lines between soil/rock units are
approximate and transition may be gradual.

B RQD, %

[ Recovery, %

Ankeny Pump Station
Portland, Oregon

LOG OF BORING B-1

December 2000

Page 1 of 3
F-3112.01

SHANNON & WILSON, INC.
Geotechnical Consultants
Portland, Oregon

FIG.




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

= Elev. Depth A SPT N-Value
§ g Remarks | Depth Log In Samples ® Moisture. %
o Feet CLASSIFICATION OF MATERIAL Feet P
-200 =41% Grading to Silty SAND.
50 _
27.0| Cobbly Sandy GRAVEL, very dense, brown and
gray, wet, fine to coarse subrounded gravel with
numerous cobbles, sand is fine- to medium-grained.
(Pleistocene Flood Deposits)
30
35
. 40
Cobbly Sandy GRAVEL continued
45
150 _
47.0| SAND, medium dense, brown, wet, fine-grained.
(Pleistocene Flood Deposits)

LEGEND

[ =2.0"0.D. Split Spoon Sample

11 =3.0"0.D. Thin-Walled Sample
* = Sample Not Recovered

I =3.0"0.D. Split Spoon Sample

11T = 3.25" O.D. Split Spoon Sample

Impervious Seal (Bentonite)
Cement Grout
Random Backfill

Vi Granular Backfill

~- Ground Water Level on Date Shown
Piezometer/Inclinometer Tubing
Perforated Zone

ATTERBERG LIMITS

W = Core Rock Sample -« Ljquid Limit
NOTE: P ¥—— Natural Water Content
Plastic Limit

Lines between soil/rock units are
approximate and transition may be gradual.

B RQD, %

[ Recovery, %

Ankeny Pump Station
Portland, Oregon

LOG OF BORING B-1
Page 2 of 3

December 2000 F-3112.01

SHANNON & WILSON, INC.
Geotechnical Consultants
Portland, Oregon

FIG.




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

= Elev. Depth A SPT N-Value
§ g Remarks | Depth Log In Samples ® Moisture. %
o Feet CLASSIFICATION OF MATERIAL Feet P
_19-3 8'19
51.3| Sandy GRAVEL, slightly clayey, very dense; gray,
brown and yellow; wet, low plasticity matrix, fine to
coarse rounded gravel with scattered cobbles, sand
is fine-grained. (Pleistocene Flood Deposits with
reworked Troutdale Formation material, possible S-20
Troutdale Formation))
55
S-21
S-22*
275
59.5| Clayey SAND, very dense, yellow-brown, moist, low
plasticity, fine-grained, scattered fine gravel, 60 | S-23
weathered, over-consolidated, poorly graded.
(Troutdale Formation)
830 _ 65
65.0| Sandy GRAVEL, slightly clayey, very dense; gray,
brown and yellow; wet, low plasticity matrix, fine to
coarse rounded gravel with scattered cobbles, sand
is fine-grained, weathered, over-consolidated, poorly :
graded. (Troutdale Formation)
-38.3 70 s27 L
70.3| Bottom of Boring, Completed 8/31/00

LEGEND

[ =2.0"0.D. Split Spoon Sample

11 =3.0"0.D. Thin-Walled Sample
* = Sample Not Recovered

I =3.0"0.D. Split Spoon Sample

11T = 3.25" O.D. Split Spoon Sample

W = Core Rock Sample

NOTE:

Impervious Seal (Bentonite)
Cement Grout

Random Backfill

Granular Backfill

Perforated Zone
ATTERBERG LIMITS

Q Liquid Limit
~—

Plastic Limit

Lines between soil/rock units are
approximate and transition may be gradual.

Natural Water Content

Ground Water Level on Date Shown
Piezometer/Inclinometer Tubing

B RQD, %

[ Recovery, %

Ankeny Pump Station
Portland, Oregon

LOG OF BORING B-1
Page 3 of 3

December 2000 F-3112.01

SHANNON & WILSON, INC.
Geotechnical Consultants
Portland, Oregon

FIG.




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

= I:I)Elevh Depth A SPT N-Value
§ g Remarks Feepc-::[t Log In Samples ® Moisture. %
o 300  CLASSIFICATION OF MATERIAL Feet 7
BRICK and CONCRETE FILL; BRICK from 0 to 0.2, 0
29.2| CONCRETE with rebar from 0.2 to 0.85. (Pavement)
0.9| SAND FILL, medium dense, gray, moist,
fine-grained, trace fine rounded gravel and crushed
rock. (Fill)
S-1
26.0 1
4.0| Sandy SILT FILL, slightly clayey, loose, light brown,
moist, no to low plasticity, scattered fine rounded
gravel. (Dredged sand fill) 5 -T-
S-2
S-3
00 _ _ 10 _
10.0| SAND FILL, loose, gray brown, moist, fine-grained,
scattered fine rounded gravel. (Dredged sand fill)
S-4
Tree fragment, medium dense. T
S-5
16.0 1
14.0| Silty SAND FILL, slightly clayey, medium dense,
gray, moist to wet, no to low plasticity, fine-grained,
scattered to abundant wood fragments and red 15 T-
crushed rock.
S-6
-200 = 33% T
S-7
¥ [s12812000 20 -
-200 = 35%
S-8
-200 = 16%
S-9
5.0
LEGEND Impervious Seal (Bentonite)
C t Grout R 9 RQD, 9
I =2.0"0.D. Split Spoon Sample R:nmdeonm Br:gkﬁ” [ Recovery, % RQD, %
1T =3.0"0.D. Thin-Walled Sample v Granular Backfill :
» = Sample Not Recovered ¥~ Ground Water Level on Date Shown Ankeny Pump Station
) Piezometer/Inclinometer Tubing Portland Oregon
" =3.0" 0.D. Split Spoon Sample Perforated Zone ’
TIT = 3.25" O.D. Split Spoon Sample ATTERBERG LIMITS LOG OF BORING C-1
W = Core Rock Sample =& Liquid Limit Page 1 of 3
NOTE: ¥ Ilsllr:ltutr.aIa/.Vqtter Content December 2000 F-3112.01
Lines between soil/rock units are astic Limi g';‘gg‘g‘h?]r‘é aﬁ‘(‘é‘gr'iﬁg‘ﬁt's"‘c- FIG
approximate and transition may be gradual. Portland, Oregon .




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

25 Elev. Depth A SPT N-Value
§:§‘E Remarks | Depth Log In Samples ® Moisture. ¥
o Feet CLASSIFICATION OF MATERIAL Feet 0 o5 50
-200 = 73% 25.0[ clayey SILT, stiff, gray, wet, low plasticity, EEEEEN A B
micaceous. (Recent Alluvium) w4 | || e
s10 | Lo
3.0
27.0| Stratified Cobbly Sandy GRAVEL, very dense,
brown and gray, wet, fine to coarse subrounded T © 30-50/5"
gravel, sand is fine- to coarse-grained. (Pleistocene S-11 --
Flood Deposits)
30 | s-12*
S-13
35
S-14 A
Stratified Cobbly Sandy GRAVEL continued. 40
45
Wet density | 45
=163.3 pcf 48.5| SAND, very dense, no sample return. (Pleistocene
Flood Deposits)

LEGEND

[ =2.0"0.D. Split Spoon Sample

11 =3.0"0.D. Thin-Walled Sample
* = Sample Not Recovered

I =3.0"0.D. Split Spoon Sample

11T = 3.25" O.D. Split Spoon Sample

Impervious Seal (Bentonite)
Cement Grout
Random Backfill

Vi Granular Backfill

~- Ground Water Level on Date Shown
Piezometer/Inclinometer Tubing
Perforated Zone

ATTERBERG LIMITS

W = Core Rock Sample -« Ljquid Limit
NOTE: P ¥—— Natural Water Content
Plastic Limit

Lines between soil/rock units are
approximate and transition may be gradual.

B RQD, %

[ Recovery, %

Ankeny Pump Station
Portland, Oregon

LOG OF BORING C-1
Page 2 of 3

December 2000 F-3112.01

SHANNON & WILSON, INC.
Geotechnical Consultants
Portland, Oregon

FIG.




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

= Elev. Depth A SPT N-Value
§:§‘E Remarks | Depth Log In Samples ® Moisture. %
o Feet CLASSIFICATION OF MATERIAL Feet P
-21.0 S-20*
Wet density 51.0| Clayey Gravelly SAND, very dense, yellow-brown,
=165.4 pcf moist, low plasticity, sand is fine-grained, fine to
coarse rounded gravel, weathered,
over-consolidated, poorly graded, gradational S T
transition to underlying material. (Troutdale B
Formation)
| s22 T
s-23* | :
Wet density 60 | s04r T
=170.0 pcf
S-25* == |
Wet density .
=161.4 pcf
80 65
65.0| Gravelly SAND, very dense, light brown, wet,
non-plastic, sand is fine-grained, fine to coarse
rounded gravel, over-consolidated, poorly graded. S-26
(Troutdale Formation)
70
-40.8 S-27 :I:
70.8| Bottom of Boring, Completed 8/29/00

LEGEND

[ =2.0"0.D. Split Spoon Sample

11 =3.0"0.D. Thin-Walled Sample
* = Sample Not Recovered

I =3.0"0.D. Split Spoon Sample

Impervious Seal (Bentonite)
Cement Grout
Random Backfill

Vi Granular Backfill

~- Ground Water Level on Date Shown
Piezometer/Inclinometer Tubing
Perforated Zone

IIT = 3.25" 0.D. Split Spoon Sample ATTERBERG LIMITS
W = Core Rock Sample -« Ljquid Limit
NOTE: P ¥—— Natural Water Content
Plastic Limit

Lines between soil/rock units are
approximate and transition may be gradual.

[ Recovery,% [ RQD, %

Ankeny Pump Station
Portland, Oregon

LOG OF BORING C-1

Page 3 of 3
December 2000 F-3112.01
SHANNON & WILSON, INC.
Geotechnical Consultant
Gececinica Consutarts FIG.




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

T o Elev. Depth R
52 Depth ep A SPT N-Value
o g Remarks Foet Log In Samples ® Moisture. %
o s20/  CLASSIFICATION OF MATERIAL Feet 7
SAND FILL, medium dense, brown, dry, 0
fine-grained, scattered gravel, stratified silt. (Fill)
S-1
27.0 5 _
Samples 5.0| Clayey SILT FILL, stiff to soft, gray, moist, low
S-2, S-5, S-8 plasticity, micaceous, scattered organics, trace metal
and S-10 scraps. (Fill) S-2
taken with 3" .
SS and 140#
hammer,
n-values T
normalized
S-3
e 1 10 T-
Very stiff, slightly sandy, scattered crushed rock.
S-4
19.5 _
-200 = 3% 12.5| SAND FILL, loose to medium dense, brown, moist,
micaceous, fine-grained, scattered fine rounded
gravel, trace clayey silt lenses. (Dredged sand fill) S-5
200 = 7% 15 T
S-6
2-inch Clayey SILT lens.
-200 = 4% T
S-7
-200 = 4% 20 T
S-8
Gray, wood fragments. o
-200 = 2%
S-9

LEGEND

[ =2.0"0.D. Split Spoon Sample

11 =3.0"0.D. Thin-Walled Sample
* = Sample Not Recovered

I =3.0"0.D. Split Spoon Sample

11T = 3.25" O.D. Split Spoon Sample

Impervious Seal (Bentonite)
Cement Grout
Random Backfill

Vi Granular Backfill

~- Ground Water Level on Date Shown
Piezometer/Inclinometer Tubing
Perforated Zone

ATTERBERG LIMITS

W = Core Rock Sample -« Ljquid Limit
NOTE: P ¥—— Natural Water Content
Plastic Limit

Lines between soil/rock units are
approximate and transition may be gradual.

B RQD, %

[ Recovery, %

Ankeny Pump Station
Portland, Oregon

LOG OF BORING D-1

December 2000

Page 1 of 5
F-3112.01

SHANNON & WILSON, INC.
Geotechnical Consultants
Portland, Oregon

FIG.




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

= Elev. Depth A SPT N-Value
§ g Remarks | Depth Log In Samples ® Moisture. %
o Feet CLASSIFICATION OF MATERIAL Feet P
-200 = 3% Wet, some medium grained sand.
A 4
= 19/21/2000 5-10
Grading slightly silty with interstratified Clayey SILT. e
-200 =13%
S-11
. ) 30
3-inch layer of Clayey SILT at base of fill. (Recent
-200 = 29% AIIuvium)
0.2 S-12
31.8| Cobbly Sandy GRAVEL, dense to very dense, gray 8.2 §
and brown, wet, fine to coarse subrounded gravel, .“ p
sand is fine- to medium-grained. (Pleistocene Flood [e .8
Deposits) R
'. LJ
b
g
d
-200 = 9% |‘. s 35
T
.‘- S-13
A
0.
Y
b, L
p.
q Y
A
>
L
-200 = 67% Cobbly Sandy GRAVEL continued. '.., [ Y
@
S "- S-14
o &
p.
q Y
A
N3
* Q"
A
0.
Y
-200 = 5% '.. o P
g
q‘? S-15
A
N3
* Q"
A
0.
Y
7S5 ‘o
49.5| SILT, slightly clayey, stiff, light brown, moist, low
LEGEND Impervious Seal (Bentonite)
C t Grout R 9 RQD, 9
I =2.0"0.D. Split Spoon Sample R:nmdeonm Br:gkﬁ” [ Recovery, % RQD, %
1T =3.0"0.D. Thin-Walled Sample v Granular Backfill :
» = Sample Not Recovered ¥~ Ground Water Level on Date Shown Ankeny Pump Station
) Piezometer/Inclinometer Tubing Portland, Oregon
" =3.0" 0.D. Split Spoon Sample Perforated Zone ’
TIT = 3.25" O.D. Split Spoon Sample ATTERBERG LIMITS LOG OF BORING D-1
W = Core Rock Sample <& Liquid Limit Page 2 of 5
NOTE: ¥ Ilsllr:ltutr.aIa/.Vqtter Content December 2000 F-3112.01
Lines between soil/rock units are astic Limi g';‘gg‘g‘h?]r‘é aﬁ‘(‘é‘gr';ssu%“ﬁt's"‘c- FIG
approximate and transition may be gradual. Portland, Oregon .




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

= Elev. Depth A SPT N-Value
§:§‘E Remarks | Depth In Samples ® Moisture. %
o Feet CLASSIFICATION OF MATERIAL Feet P
-200 = 99% plasticity, micaceous. (Pleistocene Flood Deposits,
silt interlayer)
S-16
2200
54.0| Gravelly SAND, medium dense, gray, wet, sand is
medium-grained, fine rounded gravel, gradational
_ transition to underlying material. (Pleistocene Flood 55
-200 = 9% Deposits)
S-17
270
59.0| Cobbly Sandy GRAVEL, dense, gray and brown,
wet, fine to coarse subrounded gravel, sand is fine- to
medium-grained, poorly graded. (Pleistocene Flood 60
Deposits) :
S-18
-33.0 65 "
65.0| SAND, slightly clayey, very dense, gray and brown, s-19* I
moist, fine-grained, micaceous, over-consolidated,
weathered, gradational transition to underlying
material. (Troutdale Formation)
70

S-20 :I: :

LEGEND

[ =2.0"0.D. Split Spoon Sample

11 =3.0"0.D. Thin-Walled Sample
* = Sample Not Recovered

I =3.0"0.D. Split Spoon Sample

11T = 3.25" O.D. Split Spoon Sample

W = Core Rock Sample

NOTE:

Impervious Seal (Bentonite)
Cement Grout

Random Backfill

Granular Backfill

Piezometer/Inclinometer Tubing
Perforated Zone

ATTERBERG LIMITS

<& Liquid Limit
¥—— Natural Water Content

Plastic Limit

Lines between soil/rock units are
approximate and transition may be gradual.

Ground Water Level on Date Shown

B RQD, %

[ Recovery, %

Ankeny Pump Station
Portland, Oregon

LOG OF BORING D-1
Page 3 of 5

December 2000 F-3112.01

SHANNON & WILSON, INC.
Geotechnical Consultants
Portland, Oregon

FIG.




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

g 5 Elev. Depth A SPT N-Value
ecg Remarks | Depth Log In Samples ® Moisture. %
o Feet CLASSIFICATION OF MATERIAL Feet P
B
7
.
9
:
.
/
Wet density SAND, slightly clayey continued. 80
=171.6 pcf : 521 :
i
L
y
.
i
o
-563.0 85
85.0| Sandy GRAVEL, slightly clayey, very dense, brown, (&
wet, low plasticity matrix, fine to coarse rounded
gravel with scattered cobbles, sand is fine- to
medium-grained, over-consolidated, poorly graded.
(Troutdale Formation)
Olse T
95
Hole
collapsed °
while
attempting to .
sample at -68.0 >
LEGEND Impervious Seal (Bentonite)

[ =2.0"0.D. Split Spoon Sample

11 =3.0"0.D. Thin-Walled Sample
* = Sample Not Recovered

I =3.0"0.D. Split Spoon Sample

11T = 3.25" O.D. Split Spoon Sample

W = Core Rock Sample
NOTE:
Lines between soil/rock units are

approximate and transition may be gradual.

Cement Grout
Random Backfill

Vi Granular Backfill

~- Ground Water Level on Date Shown
Piezometer/Inclinometer Tubing
Perforated Zone

ATTERBERG LIMITS

<& Liquid Limit
¥—— Natural Water Content

Plastic Limit

[ Recovery,% [ RQD, %

Ankeny Pump Station
Portland, Oregon

LOG OF BORING D-1

Page 4 of 5
December 2000 F-3112.01
SHANNON & WILSON, INC.
Geotechnical Consultant
Gececinica Consutarts FIG.




Typ: Rev:

Log:

WLG ANKPS.GPJ 12/2/16

LEGEND

[ =2.0"0.D. Split Spoon Sample

11 =3.0"0.D. Thin-Walled Sample
* = Sample Not Recovered

I =3.0"0.D. Split Spoon Sample

11T = 3.25" O.D. Split Spoon Sample

W = Core Rock Sample

NOTE:

Impervious Seal (Bentonite)
Cement Grout
Random Backfill

Vi Granular Backfill

~- Ground Water Level on Date Shown
Piezometer/Inclinometer Tubing
Perforated Zone

ATTERBERG LIMITS

<& Liquid Limit
¥—— Natural Water Content

Plastic Limit

Lines between soil/rock units are
approximate and transition may be gradual.

= Elev. Depth A SPT N-Value
§:§‘E Remarks | Depth Log In Samples @ Moisture. %
& Feet | CLASSIFICATION OF MATERIAL Feet 0 2%
100 feet. T00.0[ Bottom of Boring, Completed 9/21/00 S
0 50

[ Recovery, %

B RQD, %

Ankeny Pump Station
Portland, Oregon

LOG OF BORING D-1

Page 5 of 5

December 2000

F-3112.01

SHANNON & WILSON, INC.
Geotechnical Consultants
Portland, Oregon

FIG.




ATTCHART ANKPS.GPJ 12/1/16

PLASTICITY INDEX

60

50

40

30

20

10

//
/’/
yd
V
CH
//
//
//./
/ MH
% 3
P
M
S T8 e &
7/ oL
7
0 25 50 75 100
LIQUID LIMIT (LL)
Hole |Depth| LL | PL | PI | wc % Classification
A-1a 50| 49| 26| 23 Clayey SILT, slightly sandy, medium plasticity. (S-1)

Ankeny Pump Station
Portland, Oregon

PLASTICITY CHART

December 2000 F-3112.01

SHANNON & WILSON, INC.

Portland, Oregon

Geotechnical Consultants F I G .

1




GRNSIZE ANKPS.GPJ 12/1/16

SIEVE ANALYSIS HYDROMETER ANALYSIS
U.S. Sieve Opening in Inches | U.S. Sieve Number Grain Size in Millimeters
- S
< <
© < ~ o © < ~ o
100 1 | (e | 0
) g I Sy Ay P
[ I I I [N I
90 +4+4-+—+———++-H4+4+4—+=—+—-———10
[ I I I [N I
i 0 e et s i e o il s
. I e I
80 TTI T~ T —TTATTI 17— T-—7]20
I Y Sy Y B
I T I I I [N I
70 NI
- H++4—-+—-+-—v+H++4—-+—+——— z
5 I T I I I [N I 2
o 60 A++t+t—+—t——THHHt+1—+—+———40 =
= O I A 1 1 I 0 >
2 1 TTT T T MATTI T°T 2
E | A |
= ©
';E H —I-I--L—l—l——J-——--I-LI—l—I--I-—l - -l-——— 3
@ | I T I I I [N I =
g 40 —+ J4++4—-+—-+-—+H++4—-+—+———60 §
o I [ I I I [N I 5]
T ATT1T— 17— ‘I'__“ITI_I‘TT_I_r_‘I’___ o
30 | I 11 ___IIIIIII_I_I___70
T 1 TTT T 7T mATTI T 7T
i R A A
20 L 4444+ — 44—+ —— 350
I [ O I [N I
t ++4—t+—+——7THHtF+ A=+ ——
I [ I I I [N I
10 u TTAI— T AT T T 90
il A I A I A
I [ I Irrrrr I
0 | I I | I I | | 100
1 4 6 4 2 0.01 6 4 2 0.001
Grain Size in Millimeters
Coarse | Fine Coarse | Medium | Fine
COBBLES GRAVEL SAND FINES
Hole |Depth| USC Classification wc% LL PL Pl Ankeny Pump Station
) Portland, Oregon
® A-1| 700 Silty SAND, brown, trace clay. (S-19)
Al A-1a 5.0 Clayey SILT, slightly sandy, medium plasticity. (S-1) 49 26 23 GRA'N SlZE DlSTRlBUTlON
B A-1a| 10.0 Sandy Clayey SILT, brown. (S-2)
. . December 2000 F-3112.01
¢ B-1 7.5 Gravelly Silty SAND, brown. (Combined S-1 - S-5) gHANNhON ezl((\évms?N, e
techni tant
Gececingl Conslents FIG. 1




GRNSIZE ANKPS.GPJ 12/1/16

SIEVE ANALYSIS

HYDROMETER ANALYSIS

U.S. Sieve Opening in Inches

U.S. Sieve Number

Grain Size in Millimeters

S S 3
AN © < ~ o © < ~ o
100 FrT T | (e | 0
i A S A O Y AN
I I T I I I [N I
90 H — 4+ +4 -+ +H4+4+4—-+—-+———10
I I T I I I [N I
= A+ +t—t+—+——7THtHTtT 31—t —+———
|| 11 I e I
80 T AT T I T T~ TITATT I T T-—7120
A1 I Y Sy Y B
I I T I I I [N I
70 g I [y i [y ! S Y,
I I T I I I [N I
- ——H H++4—-+—-+-—v+H++4—-+—+——— b=
5 I I T I I I [N I 2
g 60 = AT T3t —t——7HATTA-t—t———140 =
|| | I (IR | >
2 T T O TT T T T TITATT I T T~ 7] 2
= b bbb e
£ ®©
= H— S U I A 3
@ I I I I [N I =
g 40 —+—H H+++-+-+--++-H++4—-+—-+———60 §
o I I T I I I [N I 5]
T ATt~ T —T7t ATt~ —1T—— o
30 || I I O O A 1 1 R I_I_I___70
1T 1 TTT T 7T mATTI T 7T
-t b b
20 H— 4444+ — 44—+ —— 350
I I T I I I [N I
H H++t—t+—+——7HH++A—t+—+———
I T I I I [N I
10 TTAI— T AT T T 90
L] S A O I I I A
[ [ I Irrrrr I
0 | | I I | I I | | 100
1 4 6 4 2 0.01 6 4 2 0.001
Grain Size in Millimeters
Coarse | Fine Coarse | Medium | Fine
COBBLES GRAVEL SAND FINES
Hole |Depth| USC Classification wc% LL PL Pl Ankeny Pump Station
) Portland, Oregon
® B-1| 250 Silty SAND, brown. (S-10a)
A B-1 255 Sandy SILT, brown. (S-10b) GRA'N SlZE DlSTRlBUTlON
B B-1| 355 GRAVEL, slightly sandy, slightly silty, brown, scattered cobbles. (S-13)
& B-1| 380 Sandy GRAVEL, slightly silty, brown. (S-14) ?j}ﬁgﬁ? Wff’s%ON — F-3112.01
Gecicinial Conslents FIG. 2




GRNSIZE ANKPS.GPJ 12/1/16

SIEVE ANALYSIS

HYDROMETER ANALYSIS

U.S. Sieve Opening in Inches

U.S. Sieve Number

Grain Size in Millimeters

Portland, Oregon

o - S
= Jod o o o o 3 3 o Q
© < ™ N - — MO < ~ N < © ~ AN © < ~ o © < ~ o
100 | I = FrT T | (e | 0
L L A S A O Y AN
I I T I I I [N I
90 H 4+ +4 -+ +H4+4+4—-+—-+———10
I I T I I I [N I
il A+ +t—t+—+——7THtHTtT 31—t —+———
I 11 I e I
80 T AT T I T T~ TITATT I T T-—7120
L I A I AN BN
I I T I I I [N I
70 g I [y i [y ! S Y,
I I T I I I [N I
- ——H H++4—-+—-+-—v+H++4—-+—+——— b=
5 I I T I I I [N I 2
g 60 = AT T3t —t——7HATTA-t—t———140 =
|| | I (IR | >
2 T T O TT T T T TITATT I T T~ 7] 2
K - T e |
= ©
';E H— —I-I--L—l—l——J-——--I-LI—I—I--L—l - -l-——— 3
@ I I T I I I [N I =
g 40 —+—H H++4—-+—-+-—v+H++4—-+—+———60 §
o I I T I I I [N I 5]
T ‘I’T_T_I__‘I'__“ITI_I‘TT_I_r_T___ o
30 || || | I_I_I___70
1T —ITT—[ l_ T mATTI T 7T
NI R A NS
20 H— IiI—I-—l-—l—l——J———-—I-I-I—I—I-—I-—I—J——-I———— 80
I [ I I I [N I
+ @ — H++t—t+—+——7HH++A—t+—+———
I T I I I [N I
10 TTAI— T AT T T 90
1L 1 Y A Iy
[ [ I Irrrrr I
0 [ I I | I I | ] 100
1 4 6 4 2 0.01 6 4 2 0.001
Grain Size in Millimeters
Coarse | Fine Coarse | Medium | Fine
COBBLES GRAVEL SAND FINES
Hole |Depth| USC Classification wc% LL PL Pl Ankeny Pump Station
) ) Portland, Oregon
® B-1| 430 Sandy GRAVEL, slightly silty, brown, scattered cobbles. (S-16)
A B-1 47.5 Silty SAND, brown. (S-18) GRAIN SlZE DlSTRlBUTlON
B B-1| 505 Silty SAND, brown, wet. (S-19)
¢ B-1| 530 Sandy GRAVEL, slightly silty, brown, trace clay. (S-20) ?jﬁﬁ\gﬁ?ﬁg‘gﬁl NG F-3112.01
Geotechnical Consultants FIG 3




GRNSIZE ANKPS.GPJ 12/1/16

SIEVE ANALYSIS

HYDROMETER ANALYSIS

U.S. Sieve Opening in Inches |

U.S. Sieve Number

Grain Size in Millimeters

Portland, Oregon

\ - )
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~ © < ™ N - — MO ~ N < © ~ AN © < ~ o © < ~ o
100 | FEEETfE a1 FrT T | (e | 0
AN |y S By g I A
I [N I I T I I I [N I
F—++—a+H4+d -1+ 4+4+4—-+—+—-—H+H-H4+4+4—-+—4+———10
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AN I I | e i S I A | A AN
I [N I (RN I TR T I [N I
40 ) S N A |y |y A S [ Ny R [y o sy It 901
I [N I (RN I [ N I [N I
- ——t+—T——+H++H—F—+ 1+ H+++ -—++-—\-+H++4—-t+—+—-——+H+H++4—+—+——— z
5 I [N I (RN I [ N I [N I 2
g OF—tT7—qt+HtH—rt+TT ATt —1'"——I‘I"|‘I"|'—t | ity it o o i e At s iy LU
I RN I R I I I I (IR | >
2 T TIITI T I TTT MTT(T _'I_"__IT—I—I'T—[ r— T 77T T T~ 7] 2
§ bbb S E i e
= ©
';E - — HA 4 H RN T [ A J— B A N Y -l-——— 8
@ | [ I T I (RN I [ N I [N I e
g oF—+———"+H+d+H—+—4+1- H-++H -++--+pH+++-+-+--—++H++4—-+—-+———60 §
o I [N I (RN [ N I [N I 5]
T T T T ATTT ‘I“'__IT‘I‘TT‘I_F_T__"ITI_I‘TT_I_r—T___ o
I RN I RN IRl RN |
OF=r 1= MTATr NI TTT MTTT TT TP TTI1 T T__'ITI_ITT—I_T_T___ 70
MESIIRRINES S | NN AT AR
20—4+4+—4{+HI+ Y411 H4 4 H 4444+ — 44—+ —— 350
I [N I (RN I T I I I [N I
——tT—q+H+t+ =t H—++r+ H++t—t+—+——7HH++A—t+—+———

I [N I (RN [ I I I [N I
OFE=r7=7TRTr T TT ATTH TTAI— T AT T T 90
AN I | LI AL I I Iy ) A

I Frrrry [ R [ I Irrrrr I
0 | LI LI I L1111 I I | I I | | 100
2 100 6 4 2 1 6 4 6 4 2 0.01 6 4 2 0.001
Grain Size in Millimeters
Coarse | Fine Coarse | Medium | Fine
COBBLES GRAVEL SAND FINES
Hole |Depth| USC Classification wc% LL PL Pl Ankeny Pump Station
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gn PARSONS BORING LOG “mu“ mﬂﬂn
£ == BRINCKERHOFF PB-305A Foundation Engineering, Inc.
=98 =
PROJECT  West Side CSO Project INITIAL GWL@_ Not Available
CITY Portland, Oregon SHEET _1_OF _2_ EQUIPMENT_____Mobil Drill B-59
PROJECT NO_2002013 STATION NO. 75+37 (26 R) DRILLING METHOD Mud Rotary
‘ DATE DRILLED.11/1/00. LOGGED BY AR SURFACE ELEV. 29851t HAMMER SYS. ____Manual 140 and 300 Ib. drop
‘ SAMPLE TYPE  DX| Ring (3.25"0D) [ [l Standard Penetration Test (2" OD) Il shelby Tube
= w! | €| o PERCENTFINES & >
€lg (£2/2 20 40 6 & 8| UNCORRECTED | _,
gz |uul3 SOIL 2| BLOWCOUNTS | 3
[ = "
3 % L\ 2 PLASTIC M.C.  LIQUID DESCRIPTION T (last 12") =
w 3|lG|g F——e——— E
| 20 40 60 80
b : B SILT (ML); low plasticity, brown and grey, moist

to wet, (Topsaoil).

FILL consisting of layered bricks, gravel, and
wood fragments in a silt matrix; medium dense
to very dense.

N
pO s

25 1T 5
] ¥

Drilling mud Ioss (200 gallons) at 17 feet.

Fill becomes very loose at 20 feet.

Fill becomes very dense at 25 feet.

SILTY SAND (SMy); few gravel, trace wood
fragments, non-plastic silt, grey-brown, wet,
very dense, (Sand/silt alluvium). .
~ POORLY GRADED GRAVEL WITH SAND bocH
(GP); fine to coarse grained gravel, subangular 3;%30
to rounded gravel, grey, wet, very dense, 7Y
(Gravel alluvium), clasts consist of basalt and 339080 it
minor quartzite. e

Drilling mud loss encountered at 34.5 feet. 3<§’c>o




PROJECT

CITY

PROJECT NO.2002013
DATE DRILLED 11/1/00 _ LOGGED BY AR

PARS
£ = BRINCKERHOFF

ONS

West Side CSO Project

Portland, Oregon

STATION NO. 75+37 (26R)
SURFACE ELEV

Not Avail

PAN

ialie

Mobil Drill B-59

BORING L OG
PB-305A
INITIAL GWL@
SHEET OF _2_ EQUIPMENT.
DRILLING METHOD,

20951

HAMMER SYS8.

Mud Rotary

Manual 140 and 300 Ib. drop

"ﬂ““J “"M Foundation Engineering, Inci

sAMPLE TYPE X[ Ring (3.25" 0D) [ ] Standard Penetration Test (2" OD) [ shelby Tube
= Wi 5| 2] A PERCENTFINES & &
% € [X|Z|2 20 40 60 80 o) UNCORRECTED
E|x |wyl3 SOIL 3| BLOW COUNTS =
[ m "
s| & [E|3|SpasTic MCc. LQuD DESCRIPTION I (last 12") =
m|o 2|8 Fr——e———i E
%) w —
w
I a0
10 | 33 POORLY GRADED GRAVEL WITH SAND
+ 24 (GP); fine to coarse grained gravel, subangular
to rounded gravel, grey, wet, very dense,
-10 T 40 20 (Gravel alluvium), clasts consist of basalt and
! 1X[11 |20 minor quartzite.
17
L <120
15 + 45 13 | 50

-40 +

T 50

155

T 60

14

=

15

16

SILTY SAND (SM); fine to medium grained, low
plasticity silt, grey-brown, wet, medium dense to
dense, (Sand/silt alluvium).

17

18

POORLY GRADED GRAVEL WITH COBBLES,
SAND, AND SILT (GP-GM); fine to coarse
grained gravel, subrounded, low plasticity silt,
grey and brown, very dense, uncemented to
moederately cemented, (Troutdale Formation).

POORLY GRADED SAND WITH SILT
(SP-SM); fine to medium grained, low plasticity
silt, grey-brown, wet, dense, (Troutdale
Formation).

Bottom of Boring at 71.5 feet.




== L—% P ARSONS BC‘):R;I 256;0 G PACRM GEOTECHNICAL INC.
BH'N CKER Ho FF il GEOTECHNICAL ENGINEERING AND APPLIED EARTH SCIENCES

——100
VEARS
PROJECT  West Side CSO Project INITIAL GWL@ 23.0ft__{4/10/01)
CiTYy Portland, Oregon SHEET _1'_OF _8 EQUIPMENT._..__RotoSonic Drill
PROJECT NO.027-003 STATION NO. _79+38 (27R)  DRILLING METHOD_Rotosonic - 6" OD Core Barre!
DATE DRILLED 4/9/01 to  4/11/01 SURFACE ELEV.___2885ft  LOGGED BY KJL
SAMPLE TYPE {5 Grab sample _ No Recovery
) w T ; >
El _ldlo] . § |8 £l o
2| €1x12] & plclale]o y
El T juld|8 ¥ wiglz 3|2 SOIL r
<|la |Z%5 £ al2/%z2|Q2 w
G| 8528 E 2H|=Ix|E DESCRIPTION 2
- <| » ! S0 = ] =
] 7)) = (o] om r}
=
| ‘ L2 Grass
| | | - Artificial Fill (Qaf)
7 [1eo~ o ¢ : POORLY GRADED SAND WITH GRAVEL (SP); 70-75% sand, fine to medium,
: I 1 subangular to rounded, hard, quartz and basalt, moist; 25-30% gravel, fine to coarse,
i | : ‘subrounded to rounded. o —/
’ % 1 SILTY CLAY TO CLAYEY SAND WITH GRAVEL (CL-SC) and brick fragments;
: 4 45-50% silty clay, low to medium plasticity, no dilatancy; 35-40% sand, fine to
H a > s 1 medium; 10-15% gravel, brick fragments and glass shards; mottied gray and brown,
L % 1 moist.
i | A
] : ‘ S :
25 T = 200 = 300 e e e o o e e
=11 | A POORLY GRADED SAND WITH GRAVEL, COBBLES AND BOULDERS (SP);

70-75% sand, fine to medium, hard; 25-30% gravel, fine to coarse, cobbles to
-|-bouliders, angular, moist.

r 5 — A
BOULDERS.
POORLY GRADED GRAVEL (GP); 90% cobbles and boulders.
I - Rip Rap Fill -- cobbles and boulders.
B - - 300
T No recovery at 8 to 11 ft.
2
20 T -
I 10—
3
15 T —
T 15—
4
10 T —
20—




l Bk BORING LOG
B ae Eﬂ'nsons FF PB-306R PACRmM GEOTECHNICAL INC.
I =00 ‘ IC' (E‘ I‘ ‘o GEOTECHMICAL ENGINEERING AND APPLIED EARTH SCIENCES
PROJECT West Side CSO Project INITIAL GWL@ 23.0ft  (4/10/01) -
CITY Portland, Oregon - SHEET _2 OF _8 EQUIPMENT RotoSonic Drill
l PROJECT NO.027-003 STATION NO. 79+38 (2'R) DRILLING METHOD Rotosonic - 6" OD Core Barrel
DATE DRILLED_4/9/01 to 4/11/01 SURFACE ELEV.___2895ft  LOGGED BY KJL
' SAMPLE TYPE L7 Grab Sample ) No Recovery
| o~ |ajo| . E »l|8 i 0]
SIS 5ol S Llcidlalo .
o w| a : w =
I AR NEEERIHEEE SOl m
e Iglsla = {2 %
2l w328 E 2G| x| E DESCRIPTION E
- <| »n w ~ = @] =
w (7] s ] 4] )
: =
l ¥Yi S N
s L (Qal Cont'd) \ >\
l | WOoOD TIMBER PILE. - iy
r 25— F>1000, ARy,
Ry REN
i NN
T - t>1000 | 3 ARd
IR NN
L sy 204
NEN
. 6 | - R
'/ SILTY GRAVEL WITH WOOD AND SAND (GM); 60-65% gravel, fine to coarse, N
subrounded to rounded, hard, predominantly basalt; 25-30% silt and pieces of wood; e
- 30— wet, gray. \ D
' - 1 G N
) c “\(‘ Gravel Alluvium (Qfc) - ‘
i o= POORLY GRADED GRAVEL WITH COBBLES, SAND AND SILT (GP-GM); 70-75% o
T - - 450 - gravel, fine to coarse, cobbles to 5" in diameter, hard basalt; 20-25% sand, fine to A
| ‘medium; 5-10% silt; gray to brown; wet. o PN
7 POORLY GRADED GRAVEL WITH SAND AND COBBLES (GP); 60-65% gravel, fine S
5 T T ' to coarse, cobbles > 6" in length, subangular to rounded, predominantly basalt and S
' T 2 quartzite; 35-40% sand, fine to coarse; brown to reddish brown, wet. y
- 35— N
AV
X to coarse, cobbles to >6" in diameter; subangular to rounded, hard, predominantly :
T — - 600 - .| basalt, some quartzite; 10-15% sand, fine to medium, subangular to subrounded; :
l 7| brown, wet. |
8 oL
-10 T E o
] :
T 40 ~ 1400 — R U et - PR J— R [ JR— N S “ ‘
0 ! WELL GRADED GRAVEL WITH COBBLES AND SAND (GW), 70-75% gravel, fineto | @
coarse, cobbles >6" in diameter, subangular to subrounded, hard, predominantly ‘.
- B Q@ @ basalt, some quartzite; 25-30% sand, fine to coarse, subangular to rounded, hard,
basalt and quartz; brown, wet. >
T - ~ 1850
9 :
-15 + Ju E— N
' =l 4 No recovery from 44 ft to 46 ft. L
e NN




P.

ARSONS
BRINCKERHOFF PB-306R

BORING L9G PacRmM GEOTECHNICAL INC.

GEOTECHNICAL ENGINEERING AND APPLIED EARTH SCIENCES

PROJECT West Side CSO Project INITIAL GWL@ 23.0ft (4/10/01)
cITY Portland, Oregon SHEET _3_OF _8 EQUIPMENT RotoSonic Drif
PROJECT NO.027-003 STATION NO. _79+38 (2R) ~ DRILLING METHO{ Rotosonic - 6” OD Core Barrel .
DATE DRILLED 4/9/01 to  4/11/01 SURFACE ELEV.__2885ft  LOGGED BY KJL
SAMPLE TYPE 5 Grab Sample ) No Recovery '
_ . = & .
El _ldlol . & wl|d £ o
ZIEZ2lE ¢ Ll°l8 2|0 -
9z e w wlwlzl 2| 5 SOIL —
S E||E|S 2 RI5|E 20 m
ol s| o m o
Z| ¥ |3/2|/8 2 2|5 x|E DESCRIPTION 2
| <| » w2 = [ =
w (%] s O m 3
=
| NEN
] : Troutdale (Tt) NEN
: POORLY GRADED GRAVEL WITH COBBLES AND SAND (GP); 70-75% gravel, fine | . |,
T e — 1400 to coarse, cobbles to 5" in length, subangular to rounded, hard, predominantly basalt; /\ R
25-30% sand, fine to medium, subangular to subrounded, hard, predominantly quartz o
and some basalt; brown, wet, some iron staining and occasional spotty coating of fine 7 /
T -] ; to medium sand cemented to surface of gravel. \ ;\l
'_;:___7«______,777i777w."__..,/;/
L 10, : POORLY GRADED SAND (SP); 100% sand, fine to medium, subangular to rounded, R
-20 T 5 | "~ hard, predominantly quartz, some basalt and mica; yellowish brown, wet. \ o
I /| s
r 50— -0 A ;\l
. ~/: /
| Nt N
/f;, s
; NN
r | = 3500 N -
2R
OIN
11 A
25 1T 1 ’
L7 6
T 55 ~>5000 ! ' .
+ = GO ‘
L | Sl \ N
"'Q POORLY GRADED GRAVEL WITH SILTY CLAY, SAND AND COBBLES (GP-GC), s
7l 65-70% gravel, fine to coarse, cobbles to 4" in diameter, subangular to rounded, hard, \&f -\\
¥ [ - Gso| 101 11 ; quartzite and basalt; 25-30% sand, fine to medium, subangular to subrounded, hard, R
L | TA %] predominantly quartz, mica and basalt; 5-10% silty ciay and silt, low to medium e
gf plasticity, no dilatancy, mottled dark gray brown, rusty brown, wet; some iron staining
30 T Z| on gravel and some have thin spotty coating of fine to medium sand cemented to R
e n surface. oo
x .o
L 5 ¢
60 7 N I.
z P
35 + A L — e |I
-l 8 e POORLY GRADED GRAVEL WITH SAND (GP); 75-80% gravel, fine to coarse, g
1 — subrounded to rounded, hard, quartzite and basalt; 20-25% sand, subangular to :
T 65— . subrounded; <5% silty clay.
7 Note: From 66' to 76, core fell out while being retrieved and was resampled out of 8"
casing. it has been washed and is highly disturbed.




' , BORING LOG ~
PAMS PACRIM GEOTECHNICAL INC.
BRINCKERHOFF PB-306R
I GEOTECHNIGAL ENGINEERING AND APPLIED EARTH SCIENCES
‘ PROJECT  West Side CSO Project INITIAL GWL@ 23.0ft  (4/10/01)
CITY Portland, Oregon . SHEET _4_ OF _8_ EQUIPMENT RotoSonic Drill -
' PROJECT NO.027-003 STATION NO. _79+38 (2'R) DRILLING METHOD_Rotosonic - 6" OD Core Barrel
! DATE DRILLED 4/9/01 to  4/11/01 SURFACE ELEV. __28.95% - |OGGEDBY KJL
SAMPLE TYPE [~ Grab Sample C No Recovery
. £ w T ; >
= = |ajot g | O 5 o
I E(F|2e & Llo 8l alo -
l ElE w § & W wiplzl 2 3 SOIL =
<|a |F =< Sl z
= a: [ ] e
28 Iz(2E E Gl x|E DESCRIPTION 3
-1 <| n w | = @] =
w ) s o o 1
‘ s
I L NN
(Tt Cont'd) SIS
AN
40 + 4 Sl
0 S
‘i’; N
F 70 — i R - . —_— R N - N _— R i
0 POORLY GRADED GRAVEL WITH SILTY CLAY AND SAND (GP-GM); 60-65% 5 /
gravel, fine to coarse, subangular to rounded, hard, quartzite and basalt; 25-30% sand, |\: N
l - g fine to medium; 5-15% silty clay, occurs as lenses, dark gray. s
NN
1 | S _‘/E/
WELL GRADED GRAVEL WITH SAND (GW); 70-75% gravel, fine to coarse, \ N
subangular to rounded, hard, quartzite and basalt; 20-25% sand, fine to coarse, /’ /
3 ~ subangular to rounded, hard, quartz and basalt; <5% silt, some gravel has thin spotty
coating of fine to medium sand cemented to the surface. NN
! IV
-45 + —+— NN
' = 9 \ \
- 75— & N
r - ~>5000
] ' SILTY CLAYEY GRAVEL WITH SAND (GC-GM); 60-65% gravel, fine to coarse, | ¢
7 subrounded to rounded, hard, quartzite and basalt; 20-35% sand, fine to coarse, hard, -
quartz, basalt and others; angular to subrounded; 10-20% silty clay, light gray to i
50 + brown, wet; matrix composed of silty clayey sand with pockets/lenses of fine to coarse i
- T . GSD{ 10 {1 RIS
l T=l10 sand. Do
I’ NN
T 80— —>5000 ERE S NN
T - L>5000
| TUNNEL CROWN ' POORLY GRADED SAND WITH SCATTERED GRAVEL (SP); 90-95% sand, fineto |-
7 medium, subangular to rounded, predominantly basalt; 5-10% gravel, fine to medium, R
17 ~.subrounded, hard, basalt and quartzite; reddish black, wet. ____ — N
55 + 1] SILTY CLAYEY GRAVEL WITH SAND (GC-GM); 70-75% gravel, fine to coarse,
7 11 subrounded to rounded, hard, basalt and quartzite; 15-20% sand, fine to medium, G
- subangular to rounded, hard, quartz and basalt; 10-15% silty clay; matrix contains M
T 85— 55000 pockets of clean fine to medium sand. A
l o | POORLY GRADED GRAVEL WITH SAND, SILTY CLAY AND COBBLES (GP-GM); | *
T 7 —>5000 70-75% gravel, fine to coarse, cobbles to 4" in diameter, subangular to rounded, hard,
quartzite and basalt; 15-20% sand, fine to coarse, subangular to rounded, basalt and
' L B quartz; 5-10% silty clay; matrix has pockets of fine to coarse sand, brown, wet. N
18 \ N
60 = M
l 5112 T
L. N




R RORING LOG l
ESES PARSONS PB-306R PaCRmM GEOTECHNICAL INC.
£ = BRINCKERHOFF P ————p————
VEARS
PROJECT West Side CSO Project INITIAL GWL@ 23.0 ft _ (4/10/01)
CiTY Portiand, Oregon SHEET _5_OF _8& EQUIPMENT RotoSonic Drili
PROJECT NO.027-003 STATION NO. _79+38 (2R}  DRILLING METHOD_Rotosonic - 67 OD Core Barrel
DATE DRILLED 4/9/01 to  4/11/01 SURFACE ELEV.__ 2885ft  LOGGED BY KJL
SAMPLE TYPE 5 Grab Sample _ No Recovery
i |
— =
) w : z >
=1 = (2] Qf o g w| O E o P
AR R »
ol |Hlulf o 2wy 2|9 SOIL =
: E Hat = E = % T g o) w
alsio o o
Slu 322 E Bl x| E DESCRIPTION 3
| <| » HYRE B o =
w » s o 0|
; =
| >5000° : (Tt Cont'd) : .
1 _ 1 . SILTY CLAY (CL); 100% silty clay, medium plasticity, no dilatancy, medium dry &
: ; / strength, medium toughness, dark gray, moist.
7
L 7
= 400 . /
7
17
L B - %
w9l
o5 f 4] 7
; AL | 43 7
LA13 . /
L g5 o 7l
; : C\V\r POORLY GRADED GRAVEL WITH SAND (GP), trace silty clay; 75-80% gravel, fine
“._| to coarse, cobbles <4" in diameter, subangular to rounded; 15-20% sand, fine to
3 — : coarse, subangular to rounded, predominantly basalt; <5% silty clay, dark gray, wet.
7 T "POORLY GRADED GRAVEL WITH COBBLES, SAND AND SILTY CLAY (GP-GC);
7’| 70-75% gravel, fine to coarse, cobbles to 4™ in diameter, subangular to rounded, hard,
T E | with basalt and quartzite, some with spotty coating of fine to medium sand cemented
ITUNNEL INVERT to surface; 10-15% sand, fine to medium, subangular to rounded; 5-10% silty clay;
‘ dark gray, wet.
70 + 4 :
E 14 Fc| 9| o
T 1001 ™ 4600
I — ~=>5000
1 CLAYEY GRAVEL WITH SAND (GC); 65-70% gravel, fine to coarse; 10-20% sand,
fine to medium, subangular to rounded, predominantly basalt; 10-15% silty clay; dark
ST A 15 T>5000i GsD| 11 | 15 gray.
i | "POORLY GRADED GRAVEL WITH COBBLES (GP); 95-100% gravel, fine to coarse,
1057 with cobbles > 5" in diameter, subangular to rounded, predominantly basalt with some
quartzite; dark gray.
| " | POORLY GRADED SAND (SP); 100% sand, fine to medium, subangular,
7 ~ 3700 predominantly quartz, basalt and mica, grayish green/greenish gray, wet.
1 "POORLY GRADED GRAVEL WITH COBBLES, SAND AND SILTY CLAY (GP-GC);
70-75% gravel, fine to coarse with cobbles to 5" in length, subrounded to rounded,
-80 o hard, basalt and quartzite; 15-20% sand, fine to medium, hard, quartz, basalt and
L 7|16 mica; 5-10% silty clay; some gravel has spotty coating of fine to medium sand
cemented to surface.
T 110 = 2300 !
r -1 =>5000




BORING LOG

PARSONS
BRINCKERHOFF PB-306R

PACRM GEOTECHNICAL INC.

GEOTECHNICAL ENGINEERING AND APPUIED EARTH SCIENCES

PROJECT  West Side CSO Project INITIAL GWL@ 23.0t  (4/10/01)
CITY Portland, Oregon SHEET _6_ OF _8 _ EQUIPMENT. RotoSonic Drilt
PROJECT NO_027-003 STATION NO. _79+38 (2'R) DRILLING METHOD_Rotosonic - 6" OD Core Barrel
DATE DRILLED 4/9/01 to_ 4/11/01 SURFACE ELEvV.____2895ft  LOGGEDBY KJL
SAMPLE TYPE {5 Grab Sample ) No Recovery
ey w ~ ; >
€l _ldlo] . & w3 F1l o
z| E|xZlE & Llolalalo o
HAENEEE I HEE: solL S
< o |g < =] z
= Q o o
Y |s|2E F OS5 x| E DESCRIPTION e
] <| HTERE o] =
w ) o @ |
= S
L : (Tt Cont'd)
-85 1+ - i
Tl Gsp| 7 | 8
r 115 ~>5000
T = —>5
0 POORLY GRADED GRAVEL WITH COBBLES, SAND AND SILTY CLAY (GP-GC);
* 70-75% gravel, fine to coarse with cobbles to 5" in length, subrounded to rounded,

r -~ ‘ hard, basalt and quartzite; 15-20% sand, fine to medium, hard, quartz, basalt and
mica; 5-10% silty clay; some gravel has spotty coating of fine to medium sand
cemented to surface.

-90 s
|18
T120 :->5000:
T -1 =~>5000
-95 T b v
. 119

T1257 = 4000 -

L . i} S R . R . . P R . I — .
Slough from 126 ft to 127.5 ft. i
POORLY GRADED SAND (SP); 100% sand, fine to medium, subangular to rounded,

- - ~ 3000 hard, quartz, basait and others.

*I® WELL GRADED GRAVEL WITH SAND (GW), trace silt and cobbles; 75-80% fine to

i N coarse gravel, with cobbles to 5" in length, subrounded to rounded; 15-20% sand, fine
to coarse, subangular to rounded, hard, basalt, quartz and others; <56% silt; dark gray,

L wet.

100 <
L |20
T 130 —>5000
- 55000 "POORLY GRADED GRAVEL WITH SAND, SILT AND COBBLES (GP-GM); 65-70%
gravel, fine to coarse, with occasional cobbles to 4", subrounded to rounded, hard,

+ = predominantly basalt; 20-25% sand, fine to coarse, subangular to rounded, basalt and
quartz; 5-10% silt to silty clay; dark gray, wet; some gravel has spotty coating of fine to

27 medium sand cemented to surface.
F105 1 17— 01 eso| 7 |7




BORING LOG
PACRmM GEOTECHNICAL INC.
PB-306R
GEOTECHNICAL ENGINEERING AND APPLIED EARTH SCIENCES
PROJECT West Side CSO Project INITIAL GWL@ 23.01t _ (4/10/01)
CITY Portland, Oregon SHEET _7_OF _8& EQUIPMENT. RotoSonic Drill
PROJECT NO_027-003 STATION NO. _79+38 (2'R) DRILLING METHOD_ Rotosonic - 6> OD Core Barrel
DATE DRILLED 4/9/01 to  4/11/01 SURFACE ELEV.____2895ft  LOGGED BY KJL
SAMPLE TYPE 5 Grab Sample "_) No Recovery
_ y - e .
El _|d]lol . § |3 £l o
2l E1x12| & nlolale]| o -
=2 wi a B w =
| E |u R z Ple| 25 5’ SOIL d
Sl lalz|le £ o|R2 el 2] 2 s
a2 (332 = 25| x|ZE DESCRIPTION
] <| n w =21 = o =
w (%) LS o o -
j ; =
>5ooo‘: (Tt Cont'd)
7 Tl " | POORLY GRADED SAND (SP); with scattered gravei at top of layer; 95-100% sand,
] fine to medium, subangular to subrounded, hard basalt and quartz, mica; greenish
1+ —~ : gray to grayish green, wet.
110+ ‘ 28 C\V: C Becomes dark gray poorly graded gravelw—ith sand, silt and cobbles (GP-GM).
(‘ —, 22 ! ;GSD 31| 67 :1il SILTY SAND (SM-ML); 45-55% sand, fine suba;g—;ilar to subrounded, quartz, basalt
T ‘ ! and others; 45-55% silt, non-plastic, moderately cemented sandstone/siltstone; very
140 k380 ; dense, dry to moist.
I -1 L 2600
L s
T~ .
123 i
L1115+ St
| ; | 7| SILTY CLAYEY SAND WITH GRAVEL (SM); 55-60% sand, fine to medium; 15-20%
145 m>5000° : gravel, fine to medium, subrounded to rounded; 25-30% silt and clay; greenish gray,
very dense, weakly cemented conglomerate.
] ;kEbNEIV.BMERATE—(EE); weak to moderately indurated with angularcvlagts c;f—a'een
clayey moderately strong sandstone and matrix of gray silty clay with gravel from 146’
r - ~>5000 to 147.5".
| i | CONGLOMERATE (GC); with mottled green, dark gray matrix of weakly indurated silty
T claystone; gravel, fine to coarse, subrounded to rounded.
120 T~ T “>5000: GSD| 7 | 31 N Py T T Y T e e Ay ey oy e —
7124 | “ CLAYEY GRAVEL TO WEAK CONGLOMERATE (GC); occasional zones of
- moderately indurated gravel conglomerate with claystone matrix, interbedded with
r 150 layers of poorly indurated/weakly cemented clayey gravel; 60-65% gravel, fine to
coarse subangular to rounded; 35-40% silty clay; mottled green, dark green, dark gray,
wet and occasional cobbles to 4",
B -1 -—>5000‘
125 1
=>5000
L Sandy River Mudstone (Tsr)
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West Side CSO Project

Portland, Oregon

PROJECT NO.027-003

DATE DRILLED 4/9/01

to 4/11/01

BORING LOG

PB-306R PACRIM GEOTECHNICAL INC.

GEOTECHNICAL ENGINEERING AND APPUIED EARTH SCIENCES

INITIAL GWL@ 23.0ft _ (4/10/01)

SHEET _8_OF _8 EQUIPMENT____RotoSonic Drill

STATION NO. _79+38 (2'R) DRILLING METHOD_Rotosonic - 6" OD Core Barrel

SURFACE ELEV.__ 2885ft =~ | OGGEDBY KJL

SAMPLE TYPE 75 Grab Sample T No Recovery
— =
g w £ z >
~! ~ |a]Q e »w!l O L
ZIE (X2l & Ll°la o 8 -
Bl E|ulElg oy Elgz 32 SoiL 0
< | a |& P S| =z
> w28 T e F|e T
G| 8 (2|3l E'</6/ %5 E DESCRIPTION 2
w » § : o o | 3
=
| 8 1 SILTY CLAY (CL-ML); medium plasticity, high dry strength, no dilatancy, medium
7] I~ |\ toughness, mottled rusty brown, greenish gray, gray; dry to moist; with scattered
32 2 ‘gravel at 156.5 ft. o [ /
IR Tsr Cont'd
L130 06 au s |es | é ( )
- Fe / CLAYSTONE / SILTY CLAY (CL-ML); medium plasticity, medium toughness, medium
+ 160~ é to high dry strength, no dilatancy, greenish gray, dry to moist, very hard.
7
7
O 7
7
r = - 600 E %
r
= z
iz
33 %
1135 1 ’
| FC [ 28] 10 / Occasional lense of silty sand/sandstone; 85-90% sand, fine.
- 165— -0 e e —_—
65 -] SANDSTONE /POORLY GRADED SILTY SAND (SM); 85-90% sand, fine,
subangular, predominantly quartz; 10-15% silt, non plastic. Sandstone is poorly
T ~ indurated, easily carved with knife, greenish gray, very dense, dry, moderately to
strongly cemented.
Boring completed to a depth of 166 ft on 04/11/01.
140 1~ -
170
145 T B
© 175
150 T~




ARSON BORING LOG ~
gg i_——%_?‘ ER’NCKE%HOFF PB-401A Mﬂll ”ﬂﬂlh Foundation Engineering, Inc.
___..'Tw —

w
©
t

CEMENT CONCRETE, (Road Material).

POORLY GRADED GRAVEL WITH SAND
(GP); angular gravel, grey to red, moist, dense,
numerous brick fragments, (Fill).

PROJECT  West Side CSO Project INITIAL GWLG._Not Available
CITY Portland, Oregon SHEET _1_OF _3_ EQUIPMENT.____Mobil Drili B-59
PROJECT NO.2002013 STATION NO. 84+19 (95L) DRILLING METHOD____Mud Rotary
DATE DRILLED 3/6/01 __ LOGGED BY AR SURFACE ELEV.__ 3062ft  HAMMER SYS.___Manual 140 Ib. drop
SAMPLE TYPE DX Ring (3.25" OD) D Standard Penetration Test (2" OD) - Shelby Tube
ol - |®lo|8| & PERCENTFINES o >
Elg (2|2 20 4« 6 8 8| UNCORRECTED | _
S|z |udlg SOIL 2| BLOWCOUNTS | 3
o o o "
:| & |E|5|3PasTc MC. LQuD DESCRIPTION T (last 12") 2
w| o |Z|é|za| F—————i E

%) w -

w
ASPHALTIC CONCRETE and PORTLAND .

25 1

SILT (ML); trace fine sand, low plasticity, brown,
moist, stiff, (Sand/Silt Alluvium).

20 1

Soil becomes medium stiff and increases in

15 1 sand content below 15 feet.

SILT (ML); low plasticity, brown, moist, medium
stiff, (Sand/Silt Aliuvium).

10 1

5 ]
| SILTY SAND (SM); fine sand, non plastic to low 5
plasticity, brown, wet, medium dense, (Sand/Siit -4
Aliuvium) o I I
SILTY GRAVEL WITH SAND (GM); some o IR RN ER N
0 sand, fine to coarse subrounded gravel, low éégo : o
plasticity fines, brown, wet, very dense, (Gravel °3 cgoo ;
Alluvium). Dg%b
Sod---
PO
Ao
ey
i
£E
5 | POORLY GRADED GRAVEL WITH SAND ™~ for
(GPY); trace silt, fine to coarse subrounded é;%%
gravel, grey, wet, very dense, (Gravel Alluvium). DgOO
