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1 INTRODUCTION AND PROJECT UNDERSTANDING

Pacific Geotechnical, LLC (Pacific Geotechnical) 1s pleased to submut this revised seismic site hazard
report (SSHR) for the Portland Saturday Market (PSM) cover structure for the above project in Portland,
Oregon Pacific Geotechnical completed a geotechnical report for the project dated Apnl 12, 2007, and
follow up techmical documents mcluding a supplemental geotechnical report for pile foundations to
support the PSM structure, dated February 18, 2008 Thus report has been revised to update the seismic
design parameters and clanfy and revise our site specific response analysis based on City of Portland
review comments dated Apnil 11, 2008 The location of the site 1s shown on Figure 1

N

The project consists of relocating the PSM into Waterfront Park Construction associated with this move
will include a new cover structure and overlook deck, reconfiguration of some pedestrian ways,
mstallation of an interactive water feature, and appurtenant facilities such as piping and benches The
PSM cover structure will be located just south of the Burnside Bridge, as shown in Figure 2

According to the project architect, the PSM cover structure 1s classified as an A3 assembly space with a
maximum occupancy load of 1,698 people Based on this description and a discussion with City of
Portland (City) Bureau of Development (BDS) staff, an SSHR 1s requred for the PSM cover structure

2 PURPOSE AND SCOPE OF SERVICES

3

The purpose of our work 1s to provide an SSHR for the project Our specific scope of work included the
following
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e Reviewed applicable codes to determine whether an SSHR 1s required

* Reviewed existing available nformation, mncluding subsurface mformation collected for our
supplemental geotechnical report

e Used the above collected mformation to complete an SSHR 1n accordance with Section 1802 of
the 2007 Oregon Structural Specialty Code (OSSC)

e Provided a total of five copies of this report to you Four copies are provided for your submuttal
to the City and one copy 1s provided for your submittal to the Department of Geology and
Mineral Industries (DOGAMI), as required by the 2007 OSSC

3 SITE DESCRIPTION
31 REGIONAL AND LOCAL GEOLOGY

The Geotechnical Baseline Report, West Side CSO Tunnel, Shafts, Pump Station and Pipelines Project
(Parsons Brinckerhoff, 2002a) contains a well-crafted explanation of the regional geologic setting of the
project area as well as the history of local faulting and geomorphology (landforms) The following

paragraphs briefly summanze the information presented mn that report
!/

The project 1s located along the west edge of the Willamette River, a tributary of the Columbia River that
flows through the Portland Basin This pull-apart basin, a product of regional tectonic stresses related to
the subduction of the Juan de Fuca plate with the over-nding North Amernican plate, has been subsiding
since at least Miocene time Tens of hundreds to thousands of feet of alluvial clay, silt, sand and gravel
have been deposited 1n the Portland Basin between intervals of uplift, scour and erosion that have created
extensive topographic relief mn the basin sediments Massive “Missoula” floods scoured and then
deposited sediment ranging from clay to gravel in the Portland Basin during the latest Pliocene to latest
Pleistocene (~1 mullion to 12,500 years ago) Post-Pleistocene geologic activity 1n the basin includes
Willamette River fluvial erosion and deposition of sediment as well as the placement of large quantities of
man-made fill along the Willamette riverfront and in adjacent sloughs, lakes and bottomlands

The regional Columbia River Basalt (CRB) bedrock that forms the Portland Basin and adjacent West
Hills (Tualatin Mountains) was formed 5 to 15 mullion years ago by an immense outpouring of lava from
vents along the Oregon/Washington-Idaho border that covered this portion of the Pacific Northwest to
depths of thousands of feet with 1igneous rock As the basali-floored Portland Basin subsided, sediment
eroded both from the nearby Cascade Mountain chamn as well as from continental interior sources was
carried 1nto the basin by the Columbia and other, local rivers and deposited as the Plio-Pleistocene Sandy
River Mudstone (SRM) and overlying Troutdale Formation sandy to silty gravel Alluvial processes
ranging from the catastrophic floods to everyday fluvial activity of local rnivers and streams eroded
channels 1n, as well as deposited additional sediment on, the SRM and the Troutdale The material related
to the Missoula Flooding 1s generally referred to as “flood-deposits” and 1s further characterized by grain
size as “coarse-grained” or “fine-grained” flood deposits A veneer of Willamette River alluvium derived
from Willamette Valley sources to the south as well as reworked flood deposit sediments mantle the
topography the Willamette has mcised into the last flood-created surface Since at least the late 1800°s
human activity has extensively altered the Willamette River shore and created unique and variable
shallow so1l conditions 1n the Portland area, including the project area specifically

32 SURFACE CONDITIONS A

The project site 1s located in Waterfront Park just south of the Burnside Bnndge The surface conditions mn
the vicinity of the proposed PSM cover structure include landscape grasses at the north end and a

Project No 1050-001-00
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construction area related to the West Side CSO (WCSO) at the south end The construction area 1s fenced
off and encloses the existing WCSO Ankeny Shaft and a vault structure

33 SUBSURFACE CONDITIONS

Subsurface conditions encountered by others mn and around the project area are summarized 1n our
original report The following paragraphs describe the subsurface conditions encountered mn explorations
we completed for pile design for the PSM cover structure and reference other nearby explorations as
needed

We explored subsurface conditions at the PSM cover structure site by drilling three borings at the
locations shown on Figure 2 The borings weie completed to between 38 to 73 feet below the ground
surface (bgs) to evaluate subsurface conditions for foundation analysis and design

A geologic cross-section through the proposed PSM cover structure location based on our borings 1s
provided as Figure 3 Appendix A summarizes the exploration methods and presents the exploration logs
Pacific Geotechnical completed for the pile design Appendix B presents an exploration log completed by
others n the immediate vicimty of the proposed cover structure Results of our laboratory testing are
indicated on the exploration logs in Appendix A and described in Appendix C

Subsurface conditions were found to be relatively uniform across the site In general, we encountered 1)
silt, sand and gravel fill material, over 2) a thin layer of Fine-gramned Flood Deposits, over 3) Coarse-
gramed Flood Deposits, over 4) Troutdale Formation gravels The conditions encountered in our
explorations generally match the geologic mapping described 1n our origimal report and found by others in
the area The following paragraphs summarize the above units

331 Fill

We encountered variable fill material m all of our borings The fill material generally included loose to
dense sand and gravel and very soft to stiff s1t We also encountered occasional crushed rock, asphalt,
concrete, brick and wood debris The thickness of the fill material varied from about 27 feet in boring B-
3 to about 60 feet 1n boning B-1, adjacent to the seawall structure Although the later thickness places fill
below original grades and water levels, 1t 1s supported by a drawing for the seawall/cribbing structure that
shows the base of the cribbing at an elevation of -30 5 feet (City of Portland datum), or about 63 feet bgs
It appears the original soil was removed for construction of the crib wall and then backfilled during
construction of the wall The moisture content of the fill varied between 8 to 39 percent The percent
fines 1n silty fill was between 75 to 79 percent, based on two tests A dry density of 84 pounds per cubic
foot (pcf) was measured on a single sample

332 Unconsolidated Siit and Sand (Alluvium/Fine-grained Flood Deposits)

We encountered a thin layer of silty fine sand 1n boring B-3 under the fill material We did not encounter
this material mn our other explorations, however, this umt 1s noted in bormg C-1 completed by Fujitam
Hilts & Associates (FHA) (PB 2002b, Appendix G) This material was medium dense with a moisture
content between 38 and 43 percent, based on two tests

333 Unconsolidated Sand, Silt and Gravel (Alluvium/Coarse-grained Flood Deposits)

We encountered Coarse-grained Flood Deposits under the Fine-grained Flood Deposits 1n boring B-3 and
below the fill material m boring B-2 We did not encounter this material m boring B-1, as the fill material
extended to the top of the Troutdale Formation gravels (see below) This unit generally consisted of very
dense gravel with vaniable amounts of sand and silt The moisture content was measured at 14 percent
from one sample tested

Project No 1050-001-00
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3.34 Consolidated Sand and Gravel (Troutdale Formation)

We encountered gravels of the Troutdale Formation beneath the fill in boring B-1 at a depth of about 61
feet bgs This corresponds well with the design depth for the base of the cribbing structure supporting the
adjacent seawall Boring C-1, completed by FHA just south of the proposed cover structure, encountered
Troutdale Formation at a depth of 51 feet bgs This unit consists of very dense sand and gravel 1n a silt
matrix p

34 GROUNDWATER

Groundwater could not be determined n our explorations due to the drilling method used

Based on previous subsurface explorations completed by others, groundwater levels for the project area
are commonly between 18 and 23 feet bgs This depth usually corresponds to an elevation within several
feet of the mean niver level, suggesting that this groundwater 1s connected to, and will reflect changes 1n,
the water level of the Willamette River Our experience and the groundwater levels interpreted by others
(PB, 2002a) suggest that the groundwater levels will tend to be a few feet higher than the niver level

4 SEISMIC SETTING/EVALUATION
41 DESIGN EARTHQUAKES

Seismicity in the Willamette Valley 1s primarily driven by the Cascadia Subduction Zone (CSZ), which 1s

the zone where the westward advancing North American Plate 1s overriding the subducting Juan de Fuca

Plate The interaction of these two plates results in three potential seismic sources affecting the

Willamette Valley area, shallow crustal earthquakes within the overriding North American Plate,
interplate earthquakes which occur along the boundary between the Juan de Fuca and North American

plates, and intraplate earthquakes which occur within the subducting Juan de Fuca plate  Although

capable of generating significant earthquakes, mntraplate earthquakes, such as the February 28, 2001

Nisqually earthquake (M, = 6 8) in Washington State were evaluated, but found not to control design for

this area so are not further considered Crustal and mnterplate earthquakes are further discussed below

Figure 4 shows the size and epicentral locations of earthquakes that have occurred from 1841 through
2002 and the location of late Quaternary and Holocene age faults, within a 50-nule radius of the site

According to the USGS, the shallow crustal earthquake source contributes about 90% to the probabilistic
ground motion and the interplate source zone contributes about 10% to the probabilistic ground motion
for the range of periods of concern Therefore, additional data representative of each of the two source
zones were gathered for use 1n assessing the site seismic response Again, the intraplate earthquake 1s not
considered capable of controlling design in this area so was not considered Discussion of the shallow
crustal and interplate sources are provided below

411 Shallow Crustal Earthquakes

A sigmficant earthquake could occur on a local fault very near the site withn the design life of the
facility Such event would cause ground shaking at the site that could be more mtense than the CSZ
interplate event, though the duration would be shorter

Several large, northwest-trending faults are mapped within one mile of the project area, including the
Portland Hills Fault and the East Bank Fault (Beeson and others, 1991) Random crustal faults may also
occur on yet unmapped faults as well The Portland Hills Fault Zone 1s considered potentially active
(Geomatrix, 1995 and USGS, 2007) and believed capable of generating a magnitude 6 9 or greater event
In addition to these mapped faults the geotechnical data report for the West Side CSO project (Parsons
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Brinckerhoff, 2002b) reports a disparity mm geologic umit elevations from borings located across the
Willamette River from each other that infers a displacement of the CRB and SRM units as much as 130
vertical feet over this distance This suggests a previously unmapped fault along the axis of the
Willamette that may have undergone as much as 0 04mm/yr displacement over the past 1 million years
Alternately, this could be from past differential erosion by the river, but this could not be resolved for this
study 7 -

412 CSZ interplate Earthquakes

The CSZ nterplate source zone generally extends along the coast from northern Califorma to Brtish
Columbia and 1s characterized by researchers as being capable of generating earthquakes of magnitude 8
to magnitude 9 Recurrence intervals for CSZ interplate earthquakes are thought to be on the order of 500
years, which 1s substantially less frequent than shallow crustal or CSZ ntraplate earthquakes The most
recent CSZ event 1s believed to have occurred i the year 1700, and paleogeologic evidence suggests five
to seven interplate earthquakes may have been generated along the CSZ over the last 3500 years There 1s
no mstrumentally recorded seismicity of large interplate earthquakes for the CSZ  The inferred
seismogenic portion of the-CSZ plate interface 1s roughly 60 mules (100 kilometers) west of the site

42 SEISMIC HAZARDS ’ -

Seismic hazards for this area have been mapped by the Department of Geology and Mineral Industries
(DOGAMI) 1n the Earthquake Hazard Maps of the Portland Quadrangle, Multnomah and Washington
Quadrangles, Oregon and Clark County, Washmgton (Mabey and others, 1993) This map seres
mcludes hazard maps for ground amphfication, hquefaction, and lateral spreading/slope instability A
Relative Earthquake Hazard Map, which combines the above three earthquake hazards 1s also included
Based on this map, the project site 1s within Zone C, defined as “Low to intermediate hazard” where
relative earthquake hazard 1s mapped between Zone A (highest hazard) to Zone D (lowest hazard)

421 Fault Surface Rupture

The closest local fault 1s the northwest-southeast trending Portland Hills fault shown by the United States
Geologic Survey (USGS, 2007) less than 06 miles (1 kilometer) west of the site  Although 1t 1s
considered potentially active, displacement of Holocene matenials has not been observed Explorations
we completed and extensive explorations for the WCSO did not find evidence of Holocene displacement
Although the fault 1s capable of generating sigmificant shaking at the site, from the lack of Holocene
displacement here and elsewhere on the Portland Hills fault, 1t 1s our opmion that the possibility of surface
fault rupture and related displacement at this site 1s low

422 Ground Motion Amplification

Thick sequences of unconsolidated, soft sediments typically amplify the shaking of long period ground
motions such as those associated with subduction zone earthquakes, whereas areas underlain by shallow
soil profiles are not likely to amplify seismic waves

The ground motion amplification map shows the general area of the site to be in a hazard zone with a 1 to
1 4 amplification factor These are the lowest and second-lowest amplification factor zones based on a
six zone rating system An amplification factor of 2 5 or greater 1s the highest relative hazard and 1 the

lowest

Ground motions are considered specifically m Section 4 4

Project No 1050-001-00
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423 Liquefaction

Liquefaction 1s a phenomenon caused by a rapid increase i pore water pressure that reduces the effective
stress between soil particles, resulting in the sudden loss of shear strength in the soil Granular soils,
which rely on interparticle friction for strength, are susceptible to liquefaction until the excess pore
pressures can dissipate Sand boils and flows observed at the ground surface after an earthquake are the
result of excess pore pressures dissipating upwards, carrying soil particles with the dramming water In
general, loose, saturated sand soils with low silt and clay contents are the most susceptible to hiquefaction
Silty soils with low plasticity are moderately susceptible to liquefaction under relatively higher levels of
ground shaking

The thickness of hquefiable sediment (liquefaction hazard) 1s ranked in the highest hazard level, at greater
than 9 meters (about 30 feet) of liquefiable soil potentially present in the area

424 Lateral Spread

Lateral spread occurs when large blocks of ground are displaced down gentle slopes or towards stream
channels as a result of liquefaction of subsurface soil during an earthquake Man-made seawalls and
loose, saturated sandy fills can increase site vulnerability to this hazard, and the presence of these features
18 reflected 1n the classification of the bulk of the project area in the highest (estimated lateral ground
displacement 1n excess of 1 2 meters, about 4 feet) and second highest (displacement of 0 9 to 4 meters,
about 3 to 4 feet) hazard zones (Mabey and others, 1993)

Lateral spreading estimates by others have been reported to vary between about 2 inches to as much as 2
feet The subsurface conditions encountered for this report concur with those findings

425 Earthquake Induced Landsliding

Existing mappmg (Mabey and others, 1993) places the site in the lowest category of landslide hazard
Based on the flat site slopes, we concur that the landshding hazard 1s low at the PSM cover structure

426 Seiche and Tsunami

The site 15 well away from tsunami inundation zones and away from large bodies of water that may
develop seiches Seiche and tsunamis are not considered a hazard at this site

4.27 Settlement \

Settlement due to earthquakes 1s most prevalent n relatively deep deposits of loose, dry, clean sand In
our original report we stated that vertical settlements estimated by others at nearby locations have ranged
from less than an inch to up to 5 mches Based on our explorations, these values still appear appropriate

43 BUILDING CODE PARAMETERS

We understand that the structure will be designed and constructed 1n accordance with the 2006 IBC and
the 2007 OSSC The parameters provided m Table 1 are appropriate for code level seismic design
Results from our site specific seismic study are discussed m Section 4 4
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Table 1 Seismic Design Parameters (2006 IBC)
Seismic Design Parameters (2006 IBC)
Building Use Category Hil
Seismic Use Group o Tl -
. Seismic Importance Factor, Ie 125
B  SteClass T -
" spectralResponse Acceleratons, | 098g
o Spectral Response Acce_le_r—a—ilon SH o ' M O'él;g S
~ steCoeficentF, | 11
Site Coeft’”xc;e;t,—FV - ) _1 7_ -
Spectral Response Acceleration (Short Perod), Ses | 073 gw o
Spectral Response Acceleration (1-Second Period), Spy o 6“39 é—m S
T T T sesme Design Category I Y - S
Note

" Stte soll 1s classified as Site Class F based on the hiquefaction hazard Site Coefficients are based on Site Class D per
the 2006 International Bullding Code provided the period of the structure is less than 0 5 seconds

Based on the 2002 USGS National Seismic Hazard Mapping Project, the expected peak bedrock
acceleration having a 10 percent probability of exceedance 1n 50 years (475 year return period) 1s 0 19g
The expected peak bedrock acceleration having a 2 percent probability of exceedance 1 50 years (2,475
year return period) 1s 0 41g These values represent the peak acceleration on bedrock beneath the site and
do not account for any ground motion amplification due to site-specific effects

44 SITE SPECIFIC RESPONSE ANALYSIS
441 Ground Motion Selection

Earthquake acceleration time histories used to evaluate the site response were selected based on the fault
mechamsm of the earthquake source zones, the soil/rock profile type at the site where the earthquake time
history was recorded, the distance from the epicenter to the recording site, the PGA of the record, the
predominate period, and the earthquake magnitude and energy content

Based on the USGS 2002 Interactive Deaggragations web site, the local shallow crustal event and the
CSZ Interplate event contribute approximately 90 and 10 percent, respectively, to the hazard at the site
Therefore earthquake time histories were selected according to ASCE 7-05 based on the above hazards
Table 2 presents the earthquake acceleration time histories used 1n our analysis

s
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Table 2 Selected Earthquake Acceleration Time Histories
Recorded Peak
Recorded Horizontal
Earthquake, Year Recording Station Magnitude | Acceleration (g) Fault Mechanism
Whittier Narrows, 1987 Mt Wilson 53 016 Crustal
Whittier Narrows, 1987 LA - Obregon Park (360 53 040 Crustal
degree component)
N Palm Springs, 1986 North Palm Springs (NPS 62 023 Crustal
300)
Impenal Valley, 1979 Superstition Mountain 65 020 Crustal
Nahanni, Canada, 1985 Site 2 (330 degree) 68 032 Crustal
Michoacan, Mexico, 1985 La Union (NSOW) 81 017 Interface
Valparaiso, Chile, 1985 NA, 070 degree 75 015 Interface
442 Ground Motion Scaling

The above mmput time histories were scaled using the computer program Shake2000 Version 3 5 1n
accordance with ASCE 7-05 Each selected time history was scaled to the maximum considered
earthquake (MCE) rock response spectrum assuming Site Class A such that “its response spectrum 1s, on
average, approximately at the level of the MCE rock response spectrum over the period range of
significance to structural response” (ASCE, 7-05) Based on a fundamental period for the structure of
approximately 0 26 seconds, the period range of significance 1s approximately 0 05 to 1 3 seconds

In addition, the scaling factor utilized for each time history was varied to evaluate the effect on the output
Based on our analysis, there was little change to the final site specific spectral acceleration by varying the
scaling factor within a reasonable range The individual scaled tume histories are shown 1n Figure 5

443 Soil Model

The mput soil model used 1n our analysis 1s based on the findings of our subsurface exploration program
A detailed description of site subsurface conditions 1s provided in Section 33 Shear wave velocities
could not be directly measured as the subsurface contains various layers of gravel that could not be
penetrated with a cone penetrometer The engineering behavior of the site soils was modeled using
estimated shear wave velocities and uit weights for the anticipated soil profile along with damping and
shear modulus reduction relationships typical for the soil types underlying the site

The individual soil parameters were varied within the expected range of values to estimate the effect on
the output Further, due to the vaniable soils encountered 1n the fill material, several damping and shear
modulus reduction relationships suitable for the encountered soils were utilized to evaluate their effect on
the final results Based on our analysis, varying the soil parameters within the expected range of values
had little effect on the output, however, utilizing different damping and shear modulus reduction
relationships for the upper fill material had a relatively significant effect on the output Therefore, due to
the variability of the soil in the upper forty feet, we utilized depth, rather than soil type, to choose the
damping and shear modulus reduction relationships for this material, as recommended by Dr Jonathan D
Bray (ASCE, 2007) This method resulted in spectral acceleration values within the middle of the range
encountered using other relationships

Table 3 provides a summary of the so1l model used in our analysis

Project No 1050-001-00
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Table 3 Soil Model
Shear Wave Velocity Range (feet
Depth Interval (feet) Subsurface Unit per second)
0to 40 | Fill 300 to 1,000
40 to 155 Very Dense Sand and Gravel 1,000 to 1,400 '
> 155 feet Basalt Bedrock 5,000
444 Design Response Spectra

As required by ASCE 7-03, Section 21 1 3 the site specific response on soil 1s calculated by multiplying
the target rock response by the ratio of response spectra (RRS) calculated from the response analysis
Figure 6 provides the ratio of response spectra versus period for each of the input time histories Figure 7
provides the mean RRS versus period for the crustal and CSZ mnterface events Figure 8 provides a plot
of the spectral acceleration versus period for the proposed PSM cover structure These spectra are scaled
to two-thirds of the maximum computed as prescribed by the IBC Additionally, the spectral acceleration
at any period must be equal to or greater than the response spectrum determined as described 1n Section
1615 1 4 of the 2006 IBC ’

5 FOUNDATION DESIGN

We completed a supplemental geotechnical report for foundation support recommendations, dated
February 18, 2008 In that report we recommended that the PSM cover structure be supported on driven
or dnlied steel piles bearing in the native gravels, or on an improved subgrade We understand that the
PSM cover structure will be supported on a combination of dnlled and driven piles Our fill
recommendations are provided in the February 18 report
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7 LIMITATIONS

We have prepared this report for use by Walker Macy, the City of Portland Bureau of Parks and the
design team for construction of the PSM cover structure in Waterfront Park in Portland, Oregon Our
report 1s intended to provide our opinion of geotechnical parameters for design and construction of the
proposed project based on exploration locations that are believed to be representative of site conditions
However, conditions can vary sigmficantly between exploration locations and our conclusions should not
be construed as a warranty or guarantee of subsurface conditions or future site performance

3
Within the limitations of scope, schedule and budget, our services have been executed 1n accordance with
generally accepted practices 1n the field of geotechnical engieering 1n this area at the time this report was
prepared No warranty, express or implied, should be understood

Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or figure), if
provided, and’any attachments are only a copy of the original document The original document 1s stored
by Pacific Geotechnical and will serve as the official document of record

'8 CLOSING

4

We appreciate the opportunity to submut this report to you Please contact us if you have any questions or
need additional information ‘

Sincerely,

Greg A Landau, PE
Geotechnical Engineer

Attachments
Document ID 1050-001-00R3revised doc
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only and should not be used for bidding purposes Refer to attached Geotechnical Report

This figure 1s a general representation of soill conditions for informational purposes
and exploration logs for more detailed information

Notes

All locations and dimmensions are opproximate

Base drowing was a sketch provided by Pacific Geotechrical staff
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APPENDIX A
SUBSURFACE EXPLORATIONS

We evaluated subsurface soil and groundwater conditions by completing three borings at the approximate
locations shown on Figure 2 of the report text The boring locations were approximately located by
pacing from existing site facilities Exploration locations should be considered accurate only to the
degree implied by the methods used

The borings were drilled using a truck-mounted drill nng provided by Subsurface Technologies of Banks,
Oregon Soil samples were obtamned from the explorations using one of the following methods

1. Standard Penetration Tests (SPT) were completed in general conformance with ASTM Test
Method D1586, “Standard Method for Penetration Test and Split-Barrel Sampling of Soils” The
sampler was driven with a 140-pound auto-trip hammer falling 30 inches The number of blows
required to drive the sampler 1 foot, or as otherwise indicated, into the soils 1s shown adjacent to
the sample symbols on the boring logs Disturbed samples were obtaned from the split barrel for
subsequent classification and index testing

2 Relatively undisturbed samples were obtained using a Dames & Moore Type-U sampler The
sampler was driven using a 140-pound hammer falling 30 inches, just as with the SPT samples
The penetration resistance recorded on the boring logs have been reduced by 50 percent for
general correlation with the SPT blow counts Samples retained from the split barrel consist of
up to six, l-inch-high by 2 48-inch-diameter brass rings Disturbed rings were generally not
retained

Matenals encountered in the explorations were classified in the field in general accordance with ASTM
Standard Practice D2488, “Standard Practice for the Classification of Soils (Visual-Manual Procedure)”
Soil classifications and sampling intervals are shown in the exploration logs 1n this appendix

The field explorations were coordinated by an engineering geologist from our staff, who located the
explorations, classified the various soil units encountered, obtained representative soil samples for
geotechnical testing, observed and recorded groundwater conditions, and maintained a detailed log of
each exploration Exploration logs are included in this appendix Results of the laboratory testing are
ndicated on the exploration logs and are discussed in Appendix C

Lot R " TR R R A 1 I S o ISR



KEY TO EXPLORATION LOGS

Note Multiple symbols are used to indicate borderline or dual soil classifications

74 o 3 Pacific Geotechnical, LLC
/ 2 chzﬁc GeoteChnzcal/ LIC 1419 Washington Street, Suite 101
///l/ | Oregon City, Oregon 9704
\ J
7 N\
SOILS CLASSIFICATION CHART
MAJOR DIVISIONS SYMBOLS TYPICAL DESCRIPTIONS SYMBOLS | pescriprions
GRAVEL CLEAN WELL-GRADED GRAVELS GRAVEL SAND CEMENT CONCRETE
AND GRAVELS GwW MIXTURES cC
GRAVELLY PDORLY GRADED GRAVELS GRAVEL SAND
ggﬁRSE SOILS ‘b'?;hi?;’, GP MIXTURES AC ASPHALT CONCRETE
INED “
SILTY GRAVELS GRAVELS SAND SILT TOPSOIL/SOD
SOILS MORE THAN 50% OF vﬁ?ﬁ \éilj‘gs GM MIXTURES TS FORREST DUFF
COARSE FRACTION
RETAINEDONNO 4 |  (APPRECIABLE CLAYEY GRAVELS GRAVEL SAND CLAY
SIEVE AMOUNT OF FINES) GC MIXTURES Stratlgia ph ic Contact
SAND Y SANDS
MORE THAN AND CLEAN SAND SW WELL GRADED SANDS GRAVELLY SAND: _____ Distinct contact between soil
50% RETAINED SANDY (LITTLE OR strata or geologic units
ONST& Ezoo SOILS NO FINES) SP POORLY-GRADED SANDS GRAVELLY SANDS _____ Gradual or approximate change
between soll strata or geological
MORE THAN 50% | SANDS WITH SM SITLY SANDS SAND SILT MIXTURES unftv: n soil strata or geolog
OF COARSE FINES
FRACTION PASSING
NO 4 SIEVE Aégii"fg‘;g;%s) sC CLAYEY SANDS SAND CLAY MIXTURES .
INORGANIC SILTS ROCK FLOUR, CLAYEY SILTS
ML WITH SLIGHT PLASTICITY
FINE SILTS LIQUID LIMIT INORGANIC CLAYS OF LOW TO MEDIUM
GRAINED AND LESS THAN 50 CL PLASTICITY GRAVELLY CLAYS SANDY CLAYS
SOILS CLAYS SILTY CLAYS LEAN CLAYS
ORGANIC SILTS AND ORGANIC SILTY CLAYS OF
OL LOW PLASTICITY
MH INORGANIC SILTS MICACEOUS OR -
MORE THAN DIATOMACEOUS SILTY SOILS
50% PASSING SILTS LIQUID LIMIT
NO 200 SIEVE AND GREATER CH INORGANIC CLAYS OF HIGH PLASTICITY
CLAYS THAN 50
ORGANIC CLAYS AND SILTS OF MEDIUM TG
OH HIGH PLASTICITY
PEAT HUMUS SWAMP SOILS WITH ~
HIGHLY ORGANIC SOILS PT HIGH ORGANIC CONTENTS L.

Moisture Moygllflers

Seepage Modifiers

Caving Modifiers

Mior Constituents

A "P" indicates sampler pushed using the weight of the drili rnig

Dry-  Absence of moisture, dusty, None None Trace < 5% (silt/clay)
M dry to the touch Slow - <1 gpm Minor - 1solated Occasional < 15% (sand/gravel)
oist - Damp, but no visible water With 5-15% (silt/clay)
Moderate - 1-3 Moderate - frequent y
Wet -  Visible free water or saturated, 1-3 gpm oderate - requ in sand or gravel
usually soll is obtained from Heavy - > 3 gpm Severe - general 15-30% (sand/gravel)
below the water tabie 'in siit or clay
Sampler Symbol Descriptions Laboratory / Field Tests Laboratory / Field Tests
m 2 4-inch | D split barrel %F Percent fines DD Dry density
D:D Standard Penetration Test (SPT) AL Atterberg Limits OC Organic content
CP Laboratory compaction test PP Pocket penetrometer
B | sheiby tube
CS Consolidation test SA Sieve analysis
% Piston DS Direct shear TV  Torvane shear
I . Bulk or grab HA Hydrometer analysis

Blowcount (N) is recorded for driven samplers as the number of blows required to advance sampler 12 inches (or distance
noted) per ASTM D-1586 See exploration log for hammer weight and drop

=inchn) sampier approximate corrected to equivalen s Feauction in - modaine alirorntia
(2 4-inch) sampler N ap tely d to equivalent SPT N by 50% reduct N - modified Calif

Note Refer to the report fext and exploration logs for a proper understanding of subsurface conditions Descriptions on the logs apply only at the exploration locations at the time
L the explorations were made The logs are not warranted fo be representative of the subsurface conditions at other locations or times




LOG OF BORING NO. B-1

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

W%\Paaﬁc Geotechnical, 11¢

Number 1050-001-00

Project Name Portland Waterfront Park

Location Portland, OR

Sheet10f3

*Corrected
Blows/foot

Depth, feet
Recovery (in)
Sample Number
Sample Type
Graphic Log

20 40 60 80

Matenial Descnption

Water Content,
%

10 30 50 70 90

Other Tests and Notes

10 1 SPT

- 8 2 | SPT

s
t

P I

i |
:

i

!

|

|

5 3 | SPT !

6 4 | SPT

]
-
<

- 4 5 | SPT

- 2 6 SPT r H goQ

30
- 3 7 | SPT

[SAs
S

—30 0 £

SW

Brown gravelly SAND, fine to coarse
sand, fine rounded gravel (moist,
loose) [Fili]

Grades to with layers of SILTY SAND
with gravel

Grades with trace silt

Grades with trace to some gravel (very
loose)

Brown POORLY GRADED GRAVEL
with trace fine sand Rounded gravel
to 1 maximum dimension (moist to
wet medium dense to dense)[Fil{]

i

}I
o
E
!

i
t

Bl
=

I I T

interpreted as fill based on
depth

Date Started 1/30/08

Date Compieted 1/30/08

Completion Depth 73ft 4"

Drilled By Subsurface Technologies
Logged By G Sandstrom

Drilling Method Mud rotary
Sampling Method SPT
Auger Data NA

Drilling Equipment

Hammer Data 140lb Autohammer 30 inch drop

* D&M N values reduced by 50% to correlate with SPT




W Pacific Geotechuscal, uic

LOG OF BORING NO. B-1

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

Number 1050-001-00

Location Portland, OR

Project Name Portland Waterfront Park

Sheet 2 of 3

Depth, feet
Recovery (in)
Sample Number
Sample Type

*Corrected
Blows/foot

2|0 4p 6]0 8[0

Graphic Log

Material Description

Water Content,

%

10,39,50,70,99

Other Tests and Notes

w
-l
-1

SPT

10 10 | SPT

- 0 11 | SPT

12 | SPT

SPT

[ 60

10’

~

Grades to loose

Grades with fine to coarse sand
{medium dense to dense)

GP-SP

Sandy GRAVEL to gravelly SAND Fine
to medium sand Fine rounded gravel
{wet, dense)[Fill}

SM

Gray SAND with gravel and silt Fine
to medium sand Fine rounded
gravels {wet, medium dense to dense)
[Fili}

13
!1.

t

Lost circulation and mud
Sampler possibly driven
through slough May be
denser than blow counts
suggest

Regain circulation at 43ft

No recovery

Interpreted as fill based on
blow counts and drawings
of adjacent
cribbingiseawall

interpreted as fill based on
biow counts and drawings
of adjacent
cribbingfseawall

-~ /7

Date Started 1/30/08
Date Completed 1/30/08

Completion Depth 73ft 4™
Drilled By Subsurface Technologies
Logged By G Sandstrom

Drilling Method Mud rotary
Samphng Method SPT
Auger Data NA

Drilling Equipment

Hammer Data 140lb Autohammer 30 inch drop

* D&M N values reduced by 50% to correlate with SPT
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M}L\Paaﬁc Geotechmeal, 1ic

Pacific Geotechnical, LLC
1419 Washington Strest Suite 101
Oregon City Oregon 97045

LOG OF BORING NO. B-1

Project Name Portland Waterfront Park
Location Portland, OR

Number 1050-001-00 Sheet3 of 3
£
3
B 'E 2 o
P = o *Corrected I Water Content
E] = )
i; 5 ﬁ : Blows/foot .: Material Description % Other Tests and Notes
£ 2 | 52| B8 £
§ g g 5 20 40 80 80 § 10 30 50 70 90
o x v v 1 i f f o P MR N R
} ]
1 |14 |spT| ' T M j o i
- \ i % T ! T : E : Hard drilling at 61ft
L N P \ Brown SAND with occasional fine L B § i
Lo 7} | rounded gravels (wet, very dense) ; i I
' X ‘ [Troutdale Formation] ; Pt i
I~ 1
Col oy
- | s AN
- i gl bny
{ 100 = RN
65 | IR I
4 | 15 | SPT S R , E L, 50 blows for 5
> H
- A i i [ I
A IR
n i i " H po ) I
. ol
N f -
- i [ f P
. i . <t [ |
70 E ! Becomes dark brown with some yellow : -
) 56 | S l ! ]
R 15 | 16 | SPT T U i i i
' ¢ z ‘s H i H ,
- . - { ! %
i ) %ﬁé gpw POORLY-GRADED GRAVEL p
- (10000 Brown - oo
s | 17 | sPT Cod Aest with fine to medium sand (wet, very i b 50 blows for 4 5
. dense) / E ,l | R
foe % § ‘ i
Boring completed at 73ft bgs I . %
 — i
s . ! Groundwater not determined due to N 1 i
L drilling method used by ) t
: L
I
- [
! [ ]
e ¥ ¥
1 | ;
- 1 i €
—80 : )
fo . il
L N
!
-85 i
R
L. ' oy
o ; i
i
» ) i '
i
v g F . f
90 -

Date Completed

Date Started 1/30/08

Completion Depth 73ft 4"
Driled By Subsurface Technologies
Logged By G Sandstrom

1/30/08 (

Drniling Method Mud rotary

Sampling Method SPT

Auger Data NA .

Hammer Data 140lb Autohammer 30 inch drop
Dnilhing Equipment

* D&M N values reduced by 50% to correlate with SPT




LOG OF BORING NO. B-2

Waﬁc Geotechmical, 11c

Pacific Geotechnical, LLC

1419 Washington Strest Suite 101
Oregon City Oregon 97045

Project Name Ankeny Plaza
Location Waterfront Park, Portland OR
Number 1050 001-00

Sheet 1 of 2

Depth feet
Recovery (in)
Sample Number
Sample Type

i

*Corrected
Blows/foot

20 40 60 8

0

Graphic Log

Matenal Description

Water Content,
%

19,30,0,70,%0

Other Tests and Notes

10 1

|
|
|
SPT ,,

SPT

10 3 | SPT

10
12 4 | SPT

i

95

10,
|
[
1
H
i
y
1 / :
5 i ;

D+M .

20

S

16 | 6 | SPT !

25 l
12 7 | SPT

30

!
i

GP-GM

Dark gray POORLY-GRADED GRAVEL
with sand and silt to SILTY GRAVEL
Coarse angular basalt crushed rock
(wet, medium dense)[Fill] F

Grades to loose

Brown to gray-brown POORLY
GRADED SAND with siit to SILTY
SAND with gravel and wood debns

{moist, loose)[Fill]

[ 1 JR——

|
[
|
|

;
¥
f
I
!
:
i
i
1
i
b
'

SM

Dark gray-brown SILTY SAND with !
gravel (wet, loose to medium dense) i
|

[Eill]

ML

Gray brown and mottied brown SILT
with fine sand Low to medium
plasticity {moist, soft)[Fill]

Grades to dark gray with medium
plastcity and occasional bricks

Grades to SILT with fine sand to fine
sandy SILT (stff}{Fill or Fine grained

Flood Deposits?]

* L

o = =

e e T T
£

Ld

B ——

Boring relocated 10 feet
west due to hitting
abandoned sewer pipe

DD= 84 pcf

%F=175

Date Started 1/31/08

Date Completed 1/31/08

Completion Depth 46 ft

Drilled By Subsurface Techologies
Logged By J Lawes

Driliing Method Mud rotary

Sampling Method SPT, D&M

Auger Data NA

Hammer Data 140 Ib Auto-tnip falling 30 inches
Driling Equipment

* D&M N vaiues reduced by 50% to correlate with SPT

7




m Pacific Geotechmcal, uc

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
QOregon City Oregon 97045

LOG OF BORING NO. B-2

Project Name Ankeny Plaza
Location Waterfront Park, Portland OR
Number 1050-001-00

Sheet2 of 2

w
@
— ]
- £ g g8 *Corrected e Water Content
2 > Z 2 Blows/foot - Material Description % ' Other Tests and Notes
h ] o ] ]
£ 2l 2 = £
£ 8| 5| E| om0 |£ 10 30 50 70 90
o ['4 v (7] 3 1 N f (&) IO T N N
Cot o les t' GM ¢, '] | Very slow dnilling at 30t to
B 14| 8 | SPT ! | LUH[l 'Dark gray SILTY GRAVEL with trace . 5 35ft
C | _J.‘ coarse sand and with angular rock ' .
. ! 1 tHiliH  (wet, very dense)[Coarse-grained ! , ‘ {
o | J Flood Deposits] R . !
i | |
B R E ¢ HUH]] . | ; i
N IR
- . . i W { | | ;
— " l10 .
3 T T et v L 11 | 50 blows for 4"
. !
- ; | tl o
) i i) ’ A}
N ) N P !
i | [ B
- z Grades to dark gray-brown SILTY b
| ' GRAVEL with fine to medium coarse | | T
» ; : 1 sand and rounded basalt gravels to 1 o f o
i ' ! n maximum dimension , o
- { i 1poil
4 T | ser ( om 5 1 © . | 50 blows for 2
M H by
- } ! ! Ty
- H ’ [
1 : { M i i
- ; M .-' ! o ; ,
W Lo
L © R T
: ¢ .'. ¥ 5 E ‘ : g
N Py
L ) R | ’ '
i | ¢ M [4 N !
—45 I 1000k + U | sobi "
M ows for 11
6 |1 spT o il . [ —
B ! b ' [
B Co Boring completed at 46 ft bgs ! ’ b )
i ! Groundwater not determined due to i . ! : !
- i drilling method used ! : i
ottt
» S
é RN A
—50 { . P
i { ! .
' . P
i
B ' ‘ ' ' y
v o
L ? ! : !
- ¢ ] \ ]
‘
s . v t
- l : ' i
X ]
55 ’ Co
! | .
s [ T
4 i i N
[ E § |
- : § . é
o ,
- ) ! !
: ?
i i § H
i s
} i '
— 60 |

Date Started 1/31/08

Date Completed 1/31/08

Completion Depth 46 ft

Drilled By Subsurface Techologies
Logged By J Lawes

Drilling Method Mud rotary
Sampling Method SPT, D&M
Auger Data NA

Hammer Data 140 Ib Auto-trip falling 30 inches
Drilling Equipment

* D&M N values reduced by 50% to correlate with SPT




W/};},\Paaﬁc Geotechmcal, Lic

Pacific Geotechnical, LL.C
1418 Washington Street Suite 101
Oregon City Oregon 97045

LOG OF BORING NO. B-3

Project Name Portiand Waterfront Park
Location Portland, OR

Number 1050-001-00 Sheet 1 of 2
e
U
—— £
b < g g'; *Corrected f Material Description Water Content, Other Tests and Note
8 2|2 F Blows/foot > P % S
£ 38| B £
é § g g 20 40 60 80 '% 10 30 50 70 90
[=] [ 4 /] [27] ] 3 f ) [&] Vit gy gy
' [~ sp T
B by Brown gravelly SAND to SAND with I I
P 25| gravel Fineto medium sand Fine oo ;
oo rounded gravel (moist, medium che C
i Cop .~ | dense)[Fill] E R I
25 ! | b
- i i '
13 | 1 | sPT . ‘s o |
i \ ; | -’ | L [
; I\$ i ) § ! vy
) | \1 k : 206 1 b
—~5 i 100t N Grades with brick and concrete debris E ? ; 50 blows for 6 '
T ; ! i due to concrete debris
PN li
- 14 | 2 | SPT . 23 Nl
|
oo .. | L
N ' i ; A! ~ol P i
I ‘ 32/; T "6m P
5 3 | sPT ! § : H Gray SILTY GRAVEL with sand and ! P
o | occasional wood debris Fine to i \ i ! } I
B ' P I medium sand Fine to coarse rounded i !
. ! to subangular gravel {moistto wet, 35 o
I~ 10 _"’3 R KW dense)[Fili] E‘ cobd ;
i 6 | a4 |seT| § | | ik pen
o HIANEE
| ! ; i _"_ -L. 1 ; I
o H X ot
! 'j.' i‘ i i ! i I
L 1 j . i Il [ !
\ Co RIER Rl
- | ) h ‘J M E | |
1 1 Wil | !
s P HiHH , [ o ,,
o L o %= 79
| 4 5 | SPT f Gray SILT with fine sand, clay and v ; o
A wood debris Low to medium I - ;
P plasticity {moist, very soft to medium [ SR E
B stff)[FIli] b .
§ i H
N , .
d
i ' i
+ 38 !
20 a ; b L, No recovery due to wood
0 6 | D+m ; in sampler shoe
B i t 1 ]
- j 3 g
@ i [
t
—25 10° ' : . ! No recovery
i |
R o 7 | DM % . 43’
i i
R | T sm 2 B
. l[i Gray siity fine SAND {moist, medium f
28 8 ST ! I dense)[Fine-grained Flood Deposits] o
I 133 P !
: HUL 4 .
i 22 -, i
9 | 95 | SPT il ' R
30 »,:f[ :

Date Started 1/29/08

Drilling Method Mud rotary

Date Completed 1/29/08

Completion Depth 38ft

Drilled By Subsurface Technologies
Logged By G Sandstrom

Sampling Method SPT, D&M, Shelby Tube

Auger Data NA

Hammer Data 140lb Autohammer 30-inch drop

Drilling Equipment

* D&M N values reduced by 50% to correlate with SPT




m/},\}’aaﬁc Geotechmscal, Lic LOG OF BORING NO. B-3
Project Name Portiand Waterfront Park
Pacific Geotechnical, LLC
1419 Washington Street Suite 101 Location Portland, OR
Oregon City Oregon 97045 Number 1050-001-00 Sheet 2 of 2
1
@
T E| 8 o c
- £ 2 *Corrected o Water Content,
3 >
§ E. % : Blows/foot .: Matenal Description o, Other Tests and Notes
£ 2 a B -g_ P
g 8| E|E so | 8 10 30 50 70 90
8 © (‘1‘3 flﬂs 210 410 sso f (& bt b d b d o d
| \\ ! Qq’c ep i i cr
L ! , ;éé: Gray GRAVEL with sand and trace silt ) I
. ngz Fine to coarse sand Fine to coarse ' R
© 1\| 1| }e2d rounded gravel (moist, dense} P I
- '\ | O] [Coarse-grained Flood Deposits] LI I
N ‘ &, GZ 1 [ '
— i ﬁ Q“) ! ! b
\ »0ag pp b
¥ 1 y DCLGE ! i i ' d |
- i o i H
b fi\ w00 N i
¢ 168 i ,
35 ' 1005°q o I ! 50 blows for 6
rades to very dense ows for
10 | 10 | spT ,i b N v g i
i i i ! OQag \ ! ! ! ! !
N ! i DGD : { ) i
- B,
| % ]100‘ S{Z’% | . 50 biows for 6
8 11 | SPT : ! Yo ] A -
o | { i
i | Pt 1
1 o Boring completed at 38 ft bgs i § i 2
B s 1 ' |
! Groundwater not determined due to S I
—40 b ! driling method used —~ RE I
H i i : ! H
i ' P oty :
- ] '
t i H i
- . 1 ! ~ i | }
! X H L ;
B t I ' H % !
B ; f Lo :
B R
b ! ]
45 ] ! % ] { i ;
i
- I . ‘ !
| % ppet
» ; ! |
L ool
- 1 i { i i
y .
- ¢ i s . 1
U
50 { s
. B H ¥ {
L ’ » i
| ‘ i il
§ ! i “
L ) )
- g a ;
! 1
- ¢ ¥ , [
55 . J ; | 3
B i ‘ | H
t i [
|
1 1 tot ‘
- ! o
3 i N 1 )
Py
B i [ 2 §
) b
60
Date Started 1/29/08 Drilling Method Mud rotary
Date Completed 1/29/08 Sampling Method SPT, D&M, Shelby Tube
Completion Depth 38ft Auger Data NA
Drilled By Subsurface Technologies Hammer Data 140ib Autohammer 30-inch drop
Logged By G Sandstrom Drilling Equipment

* D&M N values reduced by 50% to correlate with SPT
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LABORATORY TESTING




APPENDIX C
LABORATORY TESTING

GENERAL

Soil samples obtamned from the explorations were transported to our laboratory and evaluated to confirm
or modify field classifications, as well as to evaluate engineering properties of the soils encountered
Representative samples were selected for laboratory testing The tests were performed in general
accordance with the test methods of the American Society for Testing and Matenials (ASTM) or other
applicable procedures

VISUAL CLASSIFICATIONS

Soil samples obtamned from the explorations were visually classified in the field and 1n our geotechmcal
laboratory based on the Unified Soil Classification System (USCS) and ASTM classification methods
ASTM Test Method D2488 was used to classify soils using visual and manual methods ASTM Test
Method D2487 was used to classify soils based on laboratory test results

Moisture Content

Moisture contents of samples were obtained n general accordance with ASTM Test Method D2216 The
results of the moisture content tests completed on samples from the explorations are presented on the
exploration logs included mm Appendix A

Dry Density

Dry density tests were completed on low-disturbance samples obtained with the Dames & Moore (D&M)
sampler The tests were conducted 1n general accordance with ASTM Test Method D2937 Dry density
test results are presented on the boring logs 1n Appendix A

Percent Fines

Fines content analyses were performed to determine the percentage of soils finer than the No 200 sieve -
the boundary between sand size particles and silt size particles The tests were performed 1n general
accordance with ASTM D1140 The test results are indicated on the individual boring logs in the column
labeled “Other Tests and Notes”



KEY TO EXPLORATION LOGS

ﬂ@%}\ Pacz'fic Geotechnical, i

Pacific Geotechnical, LLC
1419 Washington Street, Suite 101

Note Multiple symbols are used to indicate borderline or dual soll classifications
N\

Oregon City, Oregon 9704 N
—
SOILS CLASSIFICATION CHART
SYMBOLS
MAJOR DIVISIONS oL TYPICAL DESCRIPTIONS SYMBOLS | pescripTions
GRAVEL CLEAN WELL GRADED GRAVELS GRAVEL SAND CEMENT CONCRETE
P oLEAN GW MIXTURES cc
GRAVELLY POORLY GRADED GRAVELS GRAVEL SAND
COARSE SOILS o Fies) GP MIXTURES AC ASPHALT CONCRETE
GRAINED
SILTY GRAVELS GRAVELS SAND SILT TOPSOIL/SOD
SOILsS MORE THAN 507 OF vﬁ?: \Fc'lsf\ll- gs GM MIXTURES TS FORREST DUFF
COARSE FRACTION
RETAINEDONNO 4 = (APPRECIABLE GC CLAYEY GRAVELS GRAVEL SAND CLAY
SIEVE AMOUNT OF FINES) MIXTURES Stratigraphic Contact
MORE THAN S:r\'lq[l)) CLEAN SAND SW WELL GRADED SANDS GRAVELLY SANDS Distinct contact between soil
50% RETAINED SANDY (LITTLE OR strata or geologic units
ONSTEO\I Ezoo SOILS NO FINES) SP POORLY-GRADED smusl GRAVELLY SANDS L Gradual or approximate change
between soil strata or geological
MORE THAN 50% | SANDS WITH SM SITLY SANDS SAND SILT MIXTURES unt:;e n rgeclog
OF COARSE FINES l
FRACTION PASSING
APPRECIABLE
NO 4 SIEVE AN(IOUNT OF FINES) sSC CLAYEY SANDS SAND CLAY MIXTURES
ML INORGANIC SILTS ROCK FLOUR, CLAYEY SILTS
WITH SLIGHT PLASTICITY
FINE SILTS LIQUID LIMIT INORGANIC CLAYS OF LOW TO MEDIUM
GRAINED AND LESS THAN 50 CL PLASTICITY GRAVELLY CLAYS SANDY CLAYS B
SOILS CLAYS SILTY CLAYS LEAN CLAYS
ORGANIC SILTS AND ORGANIC SILTY CLAYS OF
OL LOW PLASTICITY -
\ MH INORGANIC SILTS MICACEOUS OR
Sr«gs;;a ggﬁJNG DIATOMACEOUS SILTY SOILS
g SILTS LIQUID LIMIT
NO 200 SIEVE AND GREATER CH INORGANIC CLAYS OF HIGH PLASTICITY
CLAYS THAN 50
GRGANIC CLAYS AND SILTS OF MEDIUM TO
OH HIGH PLASTICITY
PEAT HUMUS SWAMP SOILS WITH
HIGHLY ORGANIC SOILS PT HIGH ORGANIC CONTENTS

Moisture Modifiers

Seepage Modifiers

Caving Modifiers

Minor Constituents

Dry -  Absence of moisture, dusty, None None Trace < 5% (silt/clay)
N dry to the touch Slow - <1 gpm Minor - 1solated Occasional < 15% (sand/gravel)
oist - Damp, but no visible water With 5-15% (silt/clay)
' Moderate - 1- . o y
Wet -  Visible free water or saturated, 1-3gpm Moderate - frequent In sand or gravel
usually soil 1s obtained from Heavy - >3 gpm Severe - general 15-30% (sand/gravel)
beiow the water table In silt or clay
Sampler Symbol Descriptions / Laboratory / Field Tests Laboratory / Field Tests
[E 2 4-inch | D spht barrel %F Percent fines DD Dry density
D:D Standard Penetration Test (SPT) AL Atterberg Limits OC Organic content
CP Laboratory compaction test PP Pocket penetrometer
l: Shelby tube
CS Consolidation test SA Sieve analysis
E Piston DS Direct shear TV Torvane shear
[%D Bulk or grab HA Hydrometer analysis

Blowcount (N) 1s recorded for driven samplers as the number of blows required to advance sampler 12 inches (or distance
noted) per ASTM D-1586 See exploration log for hammer weight and drop

A "P" indicates sampler pushed using the weight of the drill ng

(2 4-inch) sampler N approximately corrected to equivalent SPT N by 50% reduction in N - modified California

Note Refer to the report fext and exploration logs for a proper understanding of subsurface conditions Descriptions on the logs apply only at the exploration locations at the tme
| the explorations were made The logs are not warranted to be representative of the subsurface conditions at other locations or imes




W Pacific Geotechnical, 11¢

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045 ~

LOG OF BORING NO. B-1

Project Name Portland Waterfront Park
Location Portiand, OR
Number 1050-001-00

Sheet 10f3

8 3
T |E 3 =)
'g:’ ; 2 = B?:LZ:;:,? ] Material Description Water Content, Other Tests and Notes
hel ) © © 2
r 2 B -3 £
:‘:' § E % 20 40 60 80 g 10 30 50 70 90
o o %] %] 1 1 ! o bododedddd 8
o sw T
N ' ) | i Brown gravelly SAND, fine to coarse | I
Vo : sand, fine rounded gravel {moist, Py [
| | loose) [Fill] it f by
- Py , 1800
0! | | R
L { N
10 | 1 | SPT g Lt
- | % ! ey
i 18 | 1 R
—5 7 | Grades to with layers of SILTY SAND b ! !
8 2 | seT P, with gravel N ; .
I et
H 1 3 1
- . 1
4 § i Grades with trace silt E ; ! i N
e 13 t 1
5 3 SPT ! : 1 i . ; ‘[
- ! ' ; % L8 . i i
| 3 I ] C
16 [
1 v '
’ 4 s i
- 6 | 4 | sPT |} : AN
) .y N
B b !
oo { j i
L ! i !
' i i
. gt i i f |
L [ R
|| B A B
' ; dop
—15 3 ; Grades with trace to some gravel {very [ i
i
" 4 5 | SPT [ by loose) P Pl
i § ¢
i b H % I ¢
3 H i
| S
L. 1 X % : E ,
i e F f
; CofgsETep T o |
u 2Ac] Brown POORLY-GRADED GRAVEL &1 !
20 32 o3 with trace fine sand Rounded gravel 7‘ | Interpreted as fill based on
2 6 | SPT b o2 d to1 maximum dimension {moist to ' i depth
B ptJO | wet, medium dense to dense){Fill] |
7 el (-
L ! 62 Ly
uOD
! i el
] 200
L By
i %Q t
fey A w]
—25 i Ry
30 ! cq’ S
L 3 |7 |spT| | . 200 :
i %ol
& .
L | et
Yot |
| oﬁ" o {
L i 200
; Lalege
L | ! oGPQ
;QQD {
b 67
—30 LES
Date Started 1/30/08 - Dritling Method Mud rotary
Date Completed 1/30/08 Sampling Method SPT
Completion Depth 73ft 4" : Auger Data NA
Drilled By Subsurface Technologies Hammer Data 140lb Autohammer 30 inch drop
Logged By G Sandstrom Driliing Equipment

* D&M N values reduced by 50% to correlate with SPT




LOG OF BORING NO. B-1

%}};‘\ Pacific Geotechmcal, 11¢

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

Project Name Portland Waterfront Park
Location Portland, OR

Number 1050-001-00

Sheet 2 of 3

Depth, feet
Recovery (in)
Sample Number

*Corrected
Blows/foot

Sample Type
Graphic Log

20 40 6’0 8|U

7

Water Content,

Matenal Description o,

10 30 50 70 90

Other Tests and Notes

o
(-~}

o
S O
29,8

10

72
0
-

\

06 o
Covd
On

v

[ray

T oL O
2

»

ER Y4
O3 DS O
e XA R AT AN

SPT

K

2N

S

O

o
)
2

P
ThRe

157
Q

Yol

10

SPT

SPT

Grades to loose
|
i

A
:
i
|

R
!

|
|
1
I

i
'
i
i
i
i
|
1
f
!

Grades with fine to coarse sand
(medium dense to dense) |

SPT °

GP-5P _ :
Sandy GRAVEL to gravelly SAND Fine | 13 !
to medium sand Fine rounded gravel
(wet, dense)[Fill]

SPT

60

SM

Gray SAND with gravel and silt Fine
to medium sand Fine rounded !
gravels (wet, medium dense to dense) ;
[FI"] [ !

Lost circulation and mud
Sampler possibly driven
through slough May be
denser than blow counts
suggest

Regain circulation at 43ft

No recovery

Interpreted as filt based on
blow counts and drawings
of adjacent
cribbing/seawall

interpreted as fill based on
blow counts and drawings
of adjacent
cribbing/seawall

Date Completed

Date Started 1/30/08

1/30/08

Completion Depth 73ft 4"
Drilled By Subsurface Technologies
Logged By G Sandstrom

Dniling Method Mud rotary

Sampling Method SPT

Auger Data NA

Hammer Data 140lb Autohammer 30 inch drop
Dnilling Equipment

* D&M N values reduced by 50% to correlate with SPT




W%\Paaﬁc Geotechmeal, Lic

LOG OF BORING NO. B-1

Pacific Geotechnical, LLC
1418 Washington Street Suite 101
Oregon City Oregon 97045

Number 1050-001-00

Location Portland, OR

Project Name Portland Waterfront Park

Sheet 3 of 3

3
o £ £ g‘. ~Corrected g Material Description Water Content, | oiper Tests and Notes
o E % 5 Blows/foot - %
€188 @ g
(4]
T T 1 i
1 14 | SPT % E N 2 |
N ! sP N iy, 11t | Hard drilling at 61ft
) 1 1 ]
B s Brown SAND with occasional fine g {g E
, ; rounded gravels (wet, very dense) i ; f
[Troutdale Formation] | ; i i
x ! RN
\ .
- i
t
; R l
— 65 R LI RS i
4 15 | sPT y ’ P ! | ! % X 50 blows for 5
- ' ' i
; R | b
H i
L ) e
1 ’ i {
k i 1 % ‘ t
- | § : z i
- ! : ; ' i \
ST
70 § Becomes dark brown with some yeliow bl E
Il i
) ; il
_ 15 |16 | spT| | 1;
i 1]
e
L i P
GP . g
i Brown POORLY-GRADED GRAVEL ! "1 | soblows for 4 5
6 17 | sPT with fine to medium sand (wet, very i , ows Tor
dense) [, ! P
B s Ly §
Boring completed at 73ft bgs } RN %
75 . Groundwater not determined due to : i P! !
B \ drilling method used b | ; '
N
¥
- i bbb
gl
- { ! i : E £ 1 ,
R i H ot
be b,
H , ot
80 ¢! i
1
L ; . !
Do ro “
B o ' i .
t
L ‘ .
| '
n : i |
“85 H I
A b i N
- f : i ( E
€ | ¢ % ) i %
— {
- P i ; t
{ " .
L ’ |
t oy .
—90 i o

Date Started 1/30/08

Date Completed 1/30/08

Compietion Depth 73ft 4"

Drilted By Subsurface Technologies
Logged By G Sandstrom

Driliing Method Mud rotary
Sampling Method SPT
Auger Data NA

Drilling Equipment

Hammer Data 140ib Autohammer 30 inch drop

* D&M N vatues reduced by 50% to correlate with SPT
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LOG OF BORING NO. B-2

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

W%\P;ﬁaﬁc Geotechnical, 1ic

Number 1050-001-00

Project Name Ankeny Plaza

Location Waterfront Park, Portland OR

Sheet 1 of 2

*Corrected
Blows/foot

Depth feet
Recovery (in)
Sample Number
Sample Tyge
Graphic Log

20 40 60 80

Matenal Description

Water Content,
%

110 1 3Io 1 510 i TIO 1 9‘0

Other Tests and Notes

§ o

: QGD

i

[ o

f
%
i
t
E
{
s
.

10 1 | SPT

SPT

frge

10 3 | SPT

GP-GM

Dark gray POORLY-GRADED GRAVEL
with sand and silt to SILTY GRAVEL.
Coarse angular basalt crushed rock
(wet, medum dense)[Fill]

Grades to joose

Brown to gray-brown POORLY
GRADED SAND with silt to SILTY
SAND with gravel and wood debris
(moist, ioose)[Fill]

T

]
P —- R S
Pd
{

o

12 4 | SPT

SM

Dark gray-brown SILTY SAND with
gravel {wet, loose to medium dense)
[Full]

0 P

D+M

>

16 6 | SPT !

- 12 7 | SPT

ML

Gray brown and mottled brown SILT
with fine sand Low to medium
plasticity (moist, soft)[Fill]

Grades to dark gray with medium
plastcity and occasional bricks

Grades to SILT with fine sand to fine
sandy SILT (stiff)[Fill or Fine grained
Flood Deposits?]

30

i
Hi
i
i
:
H
'
|

7
i
i
H
|
|
i
i

|
1
38

[z

g

4 -
L S

Boring relocated 10 feet
west due to hitting
abandoned sewer pipe

DD= 84 pcf

%F=75

Date Started 1/31/08

Date Completed 1/31/08

Completion Depth 46 ft

Drilled By Subsurface Techologies
Logged By J Lawes

Drilling Method Mud rotary
Sampling Method SPT, D&M
Auger Data NA

Driling Equipment

Hammer Data 140 |b Auto-trip falling 30 inches

* D&M N values reduced by 50% to correlate with SPT

4




Wﬂaaﬁc Geotechmical, 11c

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

LOG OF BORING NO. B-2

Project Name Ankeny Plaza
Location Waterfront Park, Portland OR
Number 1050-001-00

Sheet 2 of 2

]
- | 8
Q
@ 2 g s “Corrected §, Material Deschptlon Water Content, Other Tests and Notes
R s ﬁ : Blows/foot ° %
£ 888 5
o g8 -'F GM ' b Very slow drilling at 30ft to
L 14 8 SPT ! J i HUKIl Dark gray SILTY GRAVEL with trgce oty | 35ft
! /HK]| coarse sand and with angular rock . b
i ! l IHI|IH (wet, very dense)[Coarse-grained ! . [
B i \ HHl Flood Deposits] L [
W[t ' [
i SN i P
St L-. AR
o W :
- | | ' H %
| -\ b | |
- o0l v i
35 | {1 | 50 blows for 4"
4 | 9 | sPT . L o |
I I BN
i . . |
L s i ; L. W t , by
3 } I F M ! A
i
B : | :J Grades to dark gray-brown SILTY ! ! Colh
! ' I "L GRAVEL with fine to medium coarse | l i
o ! MHE}l sand and rounded basalt gravels to 1 1, b
P K[ in maximum dimension [ | 1
—40 i 100l o o
3 10 | spT 4 il [ ; % 50 blows for 2
I~ ! t r ( W i i , ) L
i f 4 i ¢
b i
I I
" 3 ] ; |
| 1
i o i ot
B i o ; it § ' 0
: i I E ! i | )
| 100811 o '
45 i ! ! for 11
5 11 | spT Z i il ; F . : E 90 blows for
- ! | ‘
Boring completed at 46 ft bgs : Cot ;
! Groundwater not determined due to b . ‘ cH
= ? drilling method used ! o
t 1
i i t
L ; ) P l ]
t ' ' ( i }
—50 : }
' i
| 1
i .
- | i f
- i ‘ 1
. “ ;e
b~ ¥ i t
b
55 E : |
; i o
- | !
; | | | .
I }
- . { [
- ! i i
1 f , %
L * § ,
. i ! i
60 I

Date Started 1/31/08

Date Completed 1/31/08

Completion Depth 46 ft

Drilled By Subsurface Techologies
Logged By J Lawes

Drilling Method Mud rotary

Samphing Method SPT, D&M

Auger Data NA

Hammer Data 140 Ib Auto-trip faliing 30 inches
Drilling Equipment

* D&M N values reduced by 50% to correlate with SPT




LOG OF BORING NO. B-3

W;}/&—\ Pacific Geotechnical, i1c

Pacific Geotechnical, LLC
1418 Washington Street Suite 101

Location Portland, OR

Project Name Portiand Waterfront Park

O’e\g"“ Ctty Oregon 97045 Number 1050 001-00 Sheet 1 of 2
B
o«
—_ | 2
- £ § g *Corrected B Water Content,
2 P = & Blowsfoot - Material Description % * Other Tests and Notes
™4 (5]
£ 5|23 £
g 8§ £ E 20 40 60 80 | £ 10 30 50 70 90
= 4 L w P M w— o ORI
; 7 NI N : E
B [ ! i Brown gravelly SAND to SAND with | 1 h
! ! 5 "‘, gravel Fine to medium sand Fine E L {
b N rounded gravel (moist, medium AR
" v 1 [« dense)[Fim Wy
2 b i
- 25 i e \ |- t
13 | 1 ] SPT P R cl
i j '
i i
.o \ “n 20 ‘
—5 o “100 A Grades with brick and concrete debris b { [ | 50 blows for 6*
; 1
i 14 2 | sPT o s HI L ; due to concrete debns
. N R
| E M i i i
............................... i .
R 2/ G Lo
s | 3|spr| ‘¢ | . [l Gray SILTY GRAVEL with sand and SRR
B R Ikl occasional wood debris Fine to il \ (RN
o F Nl medum sand Fine to coarse rounded ! . !
. H to subangular gravel (moistto wet, ; ; 35,4 !
— M @l
10 1 l il dense)[Fili] § P
L. 6 4 SPT | | ninH o by !
L i FRINERRY
i 1 M o l ; '
I Lo il Phid oo b
‘ A Lo
- i 1 ] : ¢ g : H
i i oyt i
L I % . .
; ’ t [ i ¢ 3
15 1 ML Ch 1 : s
1 ¥
L 4 5 | SPT Gray SILT with fine sand, clay and i IRE i )
‘ wood debris Low to medium ool 1 l
plasticity (moist, very soft to medium N
" ' stiff)[Fill] b
~ i ] V '
p l 1 i
; R
N C by
f3g ' ¢
—20 5 b i‘“ o No recovery due to wood
i 0 6 | D+m o E : m sampler shoe
SEERIRE
b i
ot
b
- g oy !
1 ty i
L i [ ] {
o b
3 1
—25 10 [ ,
i
» 0 7 | D+M : i 43 ;
1 l SM P ! i
B Gray silty fine SAND {morst, medium i
26 8 ST ! dense)[Fine grained Flood Deposits] Yoy H
- | f 3;3 1 ’
i ) T
a2 o
H 2 [ vy
w0 9 | 9 |SPT :\ iy [ '

Date Started 1/29/08

Date Completed 1/29/08 -

Completion Depth 38ft

Drilled By Subsurface Technologies
Logged By G Sandstrom

Driling Method Mud rotary
Auger Data NA

Drilling Equipment

Sampling Method SPT, D&M, Shelby Tube

Hammer Data 140lb Autohammer 30-inch drop

* D&M N values reduced by 50% to correlate with SPT




Wﬂmﬁc Geotechncal, Lic LOG OF BORING NO. B-3
Project Name Portiand Waterfront Park
Pacific Geotechnical, LLC
1419 Washington Street Suite 101 Location Portland, OR
N
Oregon City Oregon 97045 Number 1050-001-00 Sheet 2 of 2
B
[
= -g @ o
- = & *Corrected 0 Water Content,
=2 B y
§ E ﬁ I;, Blows/foot ;x Material Description % Other Tests and Notes
£ > B = =
& § § g 20 40 60 80 ? 10 30 50 70 90
Q 4 (%] 7] | ) I f o R R
f aqse oGP N
R °Ag| Gray GRAVEL with sand and trace silt v
uq)gg Fine to coarse sand Fine to coarse N ’ -
N o2 ¢§ rounded gravel (moist, dense) T ¢
! p00 [Coarse-grained Flood Deposits] | i ¢
BB ! }
- BT RN
! W00 'y Pl
i
s i
L o
? E vgggi | AR
35 oy N % | ! 50 blows for 6
10 10 | sPT b : (s OQ Grades to very dense | . b
R i H "’doﬁf I o
H o < v ‘ '
i 1 aOO L A t
B [100/%5% | P
B 8 11 | SPT : | LA S [ i { l E f 50 blows for 6
§ ) re iy
‘ | \ Boring completed at 38 ft bgs E . T }
B N 1 3 I }
' . Groundwater not determined due to : ! b !
—40 ' drilling method used T ! | -
; 1 1 . % f
- i Y]y i
i berp ot
- , X Loy
| N
: Py
- ] B | : ) g
i : AR
[ i : \, é i
45 j 1 P g
I , : s
o I
P N
B B o y
. I I
i 1 [ ]
- ! ,’ i ! ! i
oy !
L 2 I
i 1 i N
l i N
; Pl i ’
50 { LRI ‘
! Eot
! e
- i S i [ '
- ! Coopr ! .
L ' | i ‘ % L : ' 2
‘ ; P
L ; ' Co
i
oy
—55 H
. b
[
- i i
' ' i 3 s i ~
- ! | 1
! ¢
| o
- f | { i | ; i
" ‘ {f i
- A
—60 : '
Date Started 1/29/08 Drniling Method Mud rotary
Date Completed 1/29/08 Sampling Method SPT, D&M, Shelby Tube
Compietion Depth 38ft Auger Data NA
Drilled By Subsurface Technologies Hammer Data 140lb Autohammer 30-inch drop
Logged By G Sandstrom Drilling Equipment

* D&M N values reduced by 50% to correlate with SPT




APPENDIX B
SUBSURFACE EXPLORATIONS BY
OTHERS
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APPENDIX C
LABORATORY TESTING




Section 01010
Section 01251
Section 01290
Section 01300
Section 01320
Section 01321
Section 01330
Section 01400
Section 01460
Section 01500
Section 01600
Section 01700
Section 01715
Section 01732
Section 01748
Section 01771

WATERFRONT PARK IMPROVEMENTS AT SW NAITO AND BURNSIDE BRIDGE

SPECIFICATION INDEX

DIVISION 1 - GENERAL REQUIREMENTS

SUMMARY OF WORK ‘
CONTRACT MODIFICATION

PAYMENT PROCEDURES

PROJECT MANAGEMENT ,
PROJECT SCHEDULE AND COORDINATION
SPECIAL PROJECT SCHEDULE SUBMITTAL
SUBMITTALS AND SHOP DRAWINGS
QUALITY CONTROL

LEAD-BASED PAINT NOTIFICATION
TEMPORARY FACILITIES AND CONTROLS
PRODUCT REQUIREMENTS

EXECUTION

CONSTRUCTION WASTE MANAGEMENT
SELECTIVE DEMOLITION )
WATER FEATURE COMMISSIONING
CLOSEOUT PROCEDURES

DIVISION 2 — SITE CONSTRUCTION

Section 02221 BUILDING DEMOLITION

Section 02230 SITE CLEARING

Section 02231 TREE PROTECTION AND TRIMMING

Section 02270 EROSION CONTROL

Section 02300  EARTHWORK

Section 02458 STEEL H PILES — Added Addendum 3, Aprl 11, 2008
Section 02665 WATER SUPPLY

Section 02466 DRILLED PIERS — Added Addendum 3, Apnl 11, 2008
Section 02682 NATURAL GAS SERVICE

Section 02710 . SUBDRAINS

Section 02715 STORM SEWERS

Section 02732 SANITARY SEWERS

Section 02741
Section 02751

HOT MIX ASPHALT PAVING
CEMENT CONCRETE PAVING

Section 02780 UNIT PAVERS

Section 02783 EXTERIOR STONE PAVING

Section 02810 IRRIGATION SYSTEMS

Section 02870 SITE FURNISHINGS

Section 02910 SOIL PREPARATION

Section 02920 LAWNS AND GRASSES

Section 02930 EXTERIOR PLANTS

Section 02950 ESTABLISHMENT MAINTENANCE

DIVISION 3 - CONCRETE



Section 03300 CAST-IN-PLACE CONCRETE
Section 03450 ARCHITECTURAL PRECAST CONCRETE

DIVISION 4 - MASONRY

Section 04810 UNIT MASONRY ASSEMBLIES — To be 1ssued by Addendum
Anticipated 1ssue date, March 7, 2008

DIVISION 5 - METALS

Section 05120

Section 05310

[

STRUCTURAL STEEL — To be 1ssued by Addendum Anticipated
1ssue date, March 7, 2008

STEEL DECK - To be 1ssued by Addendum Anticipated 1ssue date,
March 7, 2008

Section 05500 METAL FABRICATIONS
Section 05521 EXTERIOR RAILINGS
Section 05735 STAINLESS STEEL FABRICATIONS

DIVISION 6 - WOOD AND PLASTICS

Section 06100 ROUGH CARPENTRY AND SHEATHING
Section 06200 EXTERIOR FINISH CARPENTRY -

DIVISION 7 - THERMAL AND

MOISTURE PROTECTION

Section 07410 METAL ROOF PANELS

Section 07530 SINGLE-PLY MEMBRANE ROOFING
Section 07620 SHEET METAL FLASHING AND TRIM
Section 07900 JOINT SEALANTS

DIVISION 8 - DOORS AND WINDOWS

Section 08630 METAL-FRAMED SKYLIGHTS
Section 08800 GLASS AND GLAZING h

DIVISION 9 —- FINISHES

Section 09910 PAINTING
Section 09930 WOOD STAINS AND TRANSPARENT FINISHES
Section 09960 HIGH-PERFORMANCE COATINGS

DIVISION 10 - SPECIALTIES
NOT USED

DIVISION 11 - EQUIPMENT
NOT USED

DIVISION 12 - FURNISHINGS



NOT USED

DIVISION 13 — SPECIAL CONSTRUCTION

Section 13060
Section 13150

BIRD DETERRENT SYSTEM
WATER FEATURES

DIVISION 14 - CONVEYING SYSTEMS

NOT USED

DIVISION 15 - MECHANICAL

NOT USED

DIVISION 16 — ELECTRICAL

Section 16010
Section 16012
Section 16100
Section 16110
Section 16130
Section 16134
Section 16400
Section 16450
Section 16500

ELECTRICAL GENERAL REQUIREMENTS

ELECTRICAL SPECIAL REQUIREMENTS FOR WATER FEATURES
BASIC MATERIALS AND METHODS

RACEWAYS AND FITTINGS

CONDUCTORS

SPLICING AND TERMINATION

SERVICE AND DISTRIBUTION

GROUNDING

LIGHTING

End of Index

—
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PROJECT NO 0714 WATERFRONT PARK IMPROVEMENTS PAGE 1
19 FEBRUARY 2008 AT SW NAITO AND BURNSIDE BRIDGE SECTION 02466
11 APRIL 2008 — Addendum 3

- Bid Set

DRILLED PIERS
PART 1 - GENERAL

11 RELATED DOCUMENTS
A Drawings and general provisions of the Contract, including General and Supplemental
Conditions and Division 1 Specification Sections, apply to this Section
12 SUMMARY
A This Section mncludes the following
1 Dry-installed or slurry displacement installed drilled piers, at Contractor’s choice
13 DEFINITION

A Drilled Shafts - Reinforced concrete sections, cast-in-place agamst n situ soil, rock, or a
casing

B Permanent Casing - Casing designed as part of the drilled shaft and intended to remain 1n
place after concrete placement 1s completed

C Temporary Casing - Casing installed to facilitate drilled shaft construction only and
removed during or after concrete placement -
14 SUBMITTALS

A Drilled Shaft Installation Plan - At least 21 calendar days before begmning shaft
construction, submut the following

1 The sequence of drilled shaft construction as 1t relates to the overall construction
plan
2 A review of equipment suitability based on the Contractor’s understanding of the

site subsurface conditions Include a project history of the drilling equipment that
demonstrates the successful use of the equipment for drilled shafts of equal or
greater size i similar subsurface conditions

3 Details of shaft excavation methods, mcluding proposed drilling methods and a
disposal plan for excavated material Include details of methods used to perform
final cleaning of the excavation Include details of the methods and materials used
to fill or eliminate all voids between the plan shaft diameter and excavated shaft
diameter, or between the casing and surrounding soil, if permanent casing 1s
specified Include a disposal plan for any water or contaminated concrete expelled
from the top of the shaft (1f applicable)

4 Details of the proposed method(s) for ensuring drilled shaft stability during
excavation and concrete placement
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5 Details for the use of dnlling slurry including mix design, slurry head requirements,
mixing methods, maintaining, and disposing of the slurry (if applicable) Include a
discussion of the suitability of the proposed drilling slurry in relation to the
anticipated subsurface conditions

6 A plan for quality control of all dnlling slurries, 1f their use 1s proposed In the
quality control plan, mclude property requirements, required tests and test methods
to ensure the slurry performs as intended Submut to the Engineer the name and
current phone number of synthetic slurry manufacturer’s representatives who will
provide techmical assistance during construction Provide the name(s) of the
Contractor's personnel assigned to the Project and trained by the synthetic slurry
manufacturer 1n the proper use of synthetics slurries

7 Unstamped shop drawings and details of H-pile placement, including splicing and
centering Include details on the type, number, and placement of spacers and other
devices for ensuring the H-pile position 1s maintained during construction

8 Evidence that the proposed matenials and concrete mix design conform to all
applicable Specifications
9 Details of concrete placement, mcluding proposed operational procedures for

pumping and tremte methods

10 Detailled procedures for permanent casing installation and temporary casing
mstallation and removal Include casing diameters, dimensions, and depths and the
methods and equipment for casing installation and removal

11 Confinement methods required to contain dnlling fluids, spoils, waste concrete and
other products from contacting sensitive environmental areas according to City of
Portland Section 00290 and all applicable regulatory permts

12 Methods for protecting existing structures according to City of Portland Section
00170 82

13 The Engineer will approve or reject the dnlled shaft installation plan within 21
calendar days after receipt of all submissions Provide any additional information
and submit a revised plan, 1f requested, for review and approval All procedural
approvals given by the Engineer will be subject to trial in the field and will not
relieve the Contractor of the responsibility to satisfactorily complete the work
Submut requests for modification of adopted procedures to the Engineer Allow 21
calendar days for approval of modifications Do not begin drilled shaft construction
work until all drilled shaft submuttals have been approved

B Drilled Shaft Repair Plans - For any shaft determined to be unacceptable, submit a repair
plan to the Engineer for approval Furmsh all materials and work, including engineering
analysis and design, needed to correct unacceptable drilled shafts, at no additional cost to
the City Do not begmn repair operations before remedial procedures or designs are
approved Any modifications to the dimensions or material of the dnlled shafts shown on
the plans that are proposed 1n the repair plan will require stamped calculations and
working drawings according to City of Portland Section 00150 35

C Drilled Shaft Inspection Reports - Provide the Engineer with a completed Drilled Shaft
Inspection Report for each dnlled shaft, detailing the actual location, alignment,
elevations, dimensions, and quantities of the shafts Submit the report within 21 calendar
days after the completion and acceptance of each shaft
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D Concrete Placement Logs and Volume Curves - Measure and record all concrete placed
mto drilled shafts using forms designated for this purpose Provide the Engineer with a
completed Drilled Shaft Concrete Placement Log and Concrete Volume Curve Form for
each drilled shaft within 24 hours after completion of shaft concrete placement

15 QUALITY CONTROL —

A Maintam and be responsible for quality control of the drilled shaft work throughout the
construction operation The Engineer will inspect all dnlling operations and venfy the
suitability of all drilled shaft construction procedures Provide lights, murrors, weighted
tape, weighted probe, personnel, and all assistance required for the Engineer to perform
mspection during drilled shaft construction

16 QUALITY ASSURANCE

A DRILLED SHAFT COORDINATION MEETING

1 Hold a dnlled shaft coordination meeting at least seven calendar days before
beginning any shaft construction work at the site to discuss construction procedures,
' schedules, staging, personnel, equipment to be used, and other elements of the
approved shaft installation plan as specified in City of Portland Section 00512 40
If synthetic slurry 1s used to construct the shafts, the frequency of scheduled site
visits to the project site by the synthetic slurry manufacturer’s representative will be

discussed Those attending the meeting mclude
a Representing the Contractor - The superintendent, on-site supervisors, and all
supervisors 1n charge of excavating the shaft, placing the casing, mixing and
mstalling slurry (as applicable), placing the H-piles, and placing the concrete
If synthetic slurry 1s used to construct the shafts, the slurry manufacturer's
representative and a Contractor’s employee trained 1n the use of the synthetic

slurry shall also attend
b Representing the City - The Project Engineer, key inspection personnel, and
designers of record or their appointed representatives
2 If the Contractor’s key personnel change, or if the Contractor proposes a sigmificant

revision of the approved shaft installation plan, hold an additional meeting before
any additional shaft construction operations are performed

PART 2 - PRODUCTS 2

21 General —
A Furmish matenials meeting the following requirements
1 Piles - Use steel H-piles as shown on the plans and described in City of Portland
Section 02520 10

. 2 Concrete - Use Class 4000 structural concrete according to City of Portland Section
| 02001, except as modified in this Section
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22 Concrete Mix Design —

A Design the drilled shaft concrete mix for minimum segregation Use a pre-approved mix
design that meets the slump requirements of City of Portland Section 02001

B Mix a trial batch and take test cylinders for one seven-day and two 28-day test breaks prior
to placing concrete i the completed shaft excavations

C Water may be added at the Project Site only 1f allowed by the mix design and 1f approved
Accurately measure water added at the site by water meters, buckets or other approved
devices and limut 1t to 1 0 gallon per cubic yard Retarding or water-reducing agents may
be used to mamtain specified slump ranges and to facilitate temporary casing extraction
To allow for adequate concrete workability throughout the duration of concrete placement
and prior to temporary casing extraction, provide a concrete mix having a slump loss
characteristic such that a mimmum slump of 4 inches 1s maintained for the entire duration
of the pour Admuxtures may be used if tested and certified in the mux design and 1f
approved

23 Steel Casing —

A Furnish temporary casing meeting the requirements of ASTM A 252 or ASTM A 36

Furnish permanent casing meeting the requirements of ASTM A 36 with the application of
supplemental requirement S5 Test each heat of steel at 40 °F with a minimum absorbed
energy requirement of 15 foot pounds Do not use previously used casing for permanent
casing Use casing of sufficient strength to resist handling, transportation and 1nstallation
stresses and the external stresses of the subsurface materials Ensure that the casing 1s
clean and watertight prior to placement 1n the drilled shaft excavation Use casing with an
outside diameter not less than the specified drilled shaft diameter

24 Drulling Slurry —

A Furnish dnilling slurry meeting one of the following requirements

1 Mineral Slurry - Use mineral slurry conformuing to the following requirements
Property Test Requirement
Density Mud Density 64 -751b/cu ft
API * 13B-1, Section 1

Viscosity Marsh Funnel and Cup 26 - 50 sec /qt
API * 13B-1, Section 2 2

pH Glass Electrode, pH Meter, or 8—-11
pH Paper

Sand Content Sand 4 0 % max
API ¥ 13B-1, Section 5

Maintan slurry temperature at 40 °F or more during testing
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* American Petroleum Institute

2 Synthetic Slurries - Select synthetic slurmies from the QPL.  Use synthetic slurries
according to the manufacturer’s recommendations and the Contractor’s quality
control plan The sand content of synthetic slurry shall be less than 2 0 percent
(API 13B-1, Section 5) prior to final cleaning and immediately prior to concrete
placement

3 Water Slurry - Water may be used as slurry when casing 1s used for the entire length
of the dnlled shaft Use of water slurry without full-length casing will only be
allowed with the Engineer’s approval Use water slurry conforming to the
following requirements

Property Test Requirement .
(Maximum)
Density Mud Weight (Density) 701b /cu ft
API 13B-1, Section 1
Sand Content Sand 20%
API 13B-1, Section 5

Do not use blended slurries

25 Grout —

A Furnish portland cement grout meeting the requirements of City of Portland Section
02080

PART 3 - EXECUTION

31 CONSTRUCTION TOLERANCES

A Excavate drilled shafts as accurately as possible at the locations shown and within the
specified tolerances listed below Determuine the drilled shaft dimensions and alignment
with approved methods The following construction tolerances apply to dnlled shafts
unless otherwise stated
1 Horizontal Position (At the Plan Elevation of the Top of Shaft)

a Shaft Diameter Less Than or Equal to 6 Feet - 3 inch honizontal tolerance
from the location shown
2 Top Elevation of Shaft Concrete
a Top Elevation Above Water - Minus 3 inches to plus 1 inch from the plan top
of shaft elevation
3 Vertical Alignment 1n Soil - May not vary from the plan alignment by more than
1 5% of the shaft length
4 Top of Pile - Plus or minus 6 inches from the plan top of pile elevation
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|

B Frequently check the plumbness, alignment, and dimensions of the shaft during
construction Correct all out-of-tolerance shaft excavations and completed shafts to the
satisfaction of the Engineer Matenals and work necessary to complete corrections for out-
of-tolerance drilled shafts will be at the Contractor’s expense, and no extension of the
Project completion date will be granted Materials and work necessary to complete
corrections for out-of-tolerance drilled shafts resulting from the removal of unexpected
drilled shaft obstructions will be paid for as Extra Work

32 DRILLED SHAFT EXCAVATION

A General - Excavate drilled shafts to the dimensions and elevations shown or as directed
Provide and maintain stabilized drilled shaft sidewalls and bottoms for the full depth of the
excavation, using approved materials, equipment and methods If caving or other unstable
conditions occur during any construction procedure, stop further construction, notify the
Engmeer, and stabilize the shaft excavation by approved methods and submit a revised
mstallation plan which addresses the problem and prevents further instability Do not
continue with shaft construction until any damage which occurred has been repaired
according to the Specifications and until receiving the Engineer’s approval of the revised
shaft mstallation plan
1 If the Engineer has reason to believe that the drilled shaft excavation techniques or

workmanship have been deficient, so that the integrity of any excavation 1s m |
question, work on that drilled shaft may be stopped Drilled shaft excavation will

not be allowed to resume until the deficient excavation techniques or workmanship
have been changed to the Engineer's satisfaction

2 Dispose of matenials removed from the shaft excavations according to City of
Portland Section 00290 20
3 Do not leave partially completed shaft excavations open overmight unless they are

cased full depth or otherwise stabilized with approved methods If approved by the
Engineer, a partially excavated shaft may be left open overmght, provided that the
excavation
a Is stabilized at the bottom, sides and surface to prevent soil caving or
swelling or a reduction of soil strength, and

b Is covered at the surface to protect the public

4 Extend the drilled shaft excavation if the Engineer determines that the subsurface
materials encountered are not capable of providing the requured bearing resistance
or differ from those anticipated in the design of the drilled shafts

B Protection of Existing Structures - Control shaft construction operations to prevent damage
to existing structures and utilities Preventive measures mclude, but are not limited to,
selecting construction methods and procedures that will prevent caving of the shaft
excavation and monitoring and controlling the vibrations from construction activities such
as the dniving and wvibrating of casing or sheeting or drilling of the shaft Repair all
damage caused to existing structures, utilities or other facilities, resulting from drilled
shaft construction activities, at no additional cost to the Owner

C Temporary Casing - Provide temporary casing according to the approved installation plan
and of sufficient quantities to meet the needs of the anticipated construction method
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D Unexpected Drilled Shaft Obstructions - Remove any natural or manmade object
encountered that was not revealed by the Owner’s site mvestigation, and that would cause
a significant decrease m the rate of advancement 1if removed using the techmiques and
equipment used successfully to excavate the shaft The Engmeer will be the sole judge of
the sigmificance of any reduced rate of shaft advancement and the classification of any
unexpected obstructions Removal of unexpected obstructions from the shaft excavation
will be paid as Extra Work

E Lost Tools - Promptly remove drilling tools lost in the excavation Lost tools will not be
considered unexpected obstructions and shall be removed without additional
compensation Drilling tools lost during the course of removing unexpected drilled shaft
obstructions will be paid as Extra Work

F Drilling Slurry Installation - If synthetic dnlling slurry 1s selected, provide a
manufacturer’s representative to provide technical assistance at the site prior to use of the
slurry, who shall remain at the site during construction and completion of a mmmum of
one dnlled shaft to adjust the slurry mix for the specific site subsurface conditions After
the manufacturer’s representative 1s no longer at the site, provide the approved personnel
tramned 1n the use of the synthetic slurry for the remainder of the shaft slurry operations to
supervise the proper shurry muix design and quality control procedures
1 All n-hole dnlling slurry shall meet the required slurry specifications during
excavation and prior to concrete placement Clean, recirculate, de-sand or replace
the slurry to maintain the required slurry properties

2 Unless otherwise approved, maintain the level of slurry in the excavation at not less
than 5 feet above the groundwater level for mineral slurries or 10 feet above the
groundwater level for synthetic or water slurmes Maintain the slurry level a
sufficient distance above all unstable zones to prevent bottom heave, caving or

sloughing

3 Mamtamn the required slurry properties and levels at all times during shaft
construction, including woik stoppages, unless other approved stabilization methods
are applied

4 Feed slurry continuously mto the shaft excavation as drilling progresses so that a

stable excavation 1s maimntamned Use a self-primung pump to reclaim the slurry
Keep a standby pump available during the dnlling operation

G  Dnlling Slurry Inspection and Testing - Mix and thoroughly hydrate all drilling slurries in
an appropriate storage facility Collect sample sets from the storage facility and perform
tests to ensure the slurry conforms to the specified material properties before introduction
mnto the drilled shaft excavation A sample set shall be composed of samples taken at mid-
depth and within 24 inches of the bottom of the storage facility
1 Sample and test all slurry 1n the presence of the Engineer, unless otherwise directed

The sample sets of slurry within the excavation shall consist of samples taken at
mid-depth of the excavation and within 24 inches of the bottom of the excavation
Collect and test sample sets during the drilling operation as necessary to ensure the
specified properties of the slurry are maintamned Clean, recirculate, de-sand, or
replace the slurry as necessary to maintain the specified slurry properties Final
cleanung of the excavation and placement of concrete will not be allowed until the
test results indicate the slurry properties are as specified
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2 Perform a mumimum of two sets of slurry tests per eight-hour work shift, the first test
being done at the beginning of the shift Field conditions may require more frequent -~
testing to ensure acceptable slurry properties

3 Make copies of all slurry test results available to the Engineer on request

H Clean Out - Use appropriate means, such as a cleanout bucket, pump or air l1ft, to clean the
bottom of the dnilled shaft excavations No more than 2 inches of loose or disturbed
material will be allowed at the bottom of the excavation for end-bearing drilled shafts
Shaft cleanliness will be determuned by the Engineer
1 Notify the Engineer of completion of each dmlled shaft excavation to permut

spection before proceeding with construction Measure final shaft depths with a
suitable weighted tape or other approved method after final cleaming to determine
that the shaft bottom meets the requirements 1n the Contract Do not proceed with
shaft construction until the bottom cleanliness requirements have been met and the
bottom (shaft tip) elevation 1s approved

33 PILES

A Placement - Do not place H-pile in the shaft excavation until the Engineer has approved
the final elevation of the bottom of the shaft
1 In each shaft, place H-pile extending from 6 inches above the bottom of the shaft
excavation to the elevation shown The H-pile may be supported on the bottom of
the shaft excavation if approved = Support the H-pile to prevent distortion or
settlement during concrete placement If concrete placement does not immediately
follow H-pile placement, remove the H-pile from the excavation and rectify the
tegrity of the excavation prior to reinstallation of the H-pile

B Splicing - Where splices are unavoidable, submit for approval their number, location and
details per City of Portland Section 00520 43

C Concrete Cover - Maintain a nummum of 2 inches of concrete cover by placing concentric
spacer bars or other approved devices around the H-pile Provide details of the proposed
centering method on the shop drawings submitted according to City of Portland Section
00512 40

34 CONCRETE

A Concrete Placement - Place concrete immediately after completion of the shaft excavation
and with the approval of the Engineer Prior to concrete placement, ensure the shaft clean-
out requirements are met according to City of Portland Section 00512 43(h) and the
properties of the slurry (1f used) conform to specifications Shaft concrete may be placed
without mechanical vibration in those areas of the drilled shaft that are not formed or are
below the ground line or the water surface

Place concrete continuously until concrete at the top of the shaft 1s free of water, soil, and
debris, and uncontaminated concrete extends to the plan top-of-shaft elevation Dispose of
all contaminated concrete expelled from the top of the shaft in an approved manner

Remove waste concrete from the site If a delay in concrete placement occurs because of a

p
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delay m concrete delivery or other factors, reduce the placement rate to maintain a flow of
fresh concrete nto the shaft excavation

Unless otherwise approved by mux design, allow a maxmmum of 60 nunutes between
concrete placements and use no concrete older than 90 munutes from batch time Use
procedures for concrete placement which ensure that the concrete within the shaft
becomes a monolithic, homogeneous unit

Place concrete using hoses or pipes having watertight joints For concrete placement by
gravity tremie, use hose or pipe having an inside diameter of at least 8 inches For
placement by concrete pump, use hose with mnside diameter of at least 4 inches Provide
an alternate delivery system that can be used in case of failure of the primary delivery
system Place concrete only against the bottom of the drilled shaft or into fresh concrete

If caving occurs during concrete placement, the shaft may be rejected

B Wet Shaft Concrete Placement - If the drnlled shaft excavation does not meet the
requirements for dry concrete placement, stabilize water inflow and place the concrete
under water or slurry with a tremie pipe or pump hose according to City of Portland
Section 00540 48(e) Place concrete continuously from the bottom of the shaft to the top-
of-shaft elevation shown Use a plug 1n the tremue pipe or pump hose to force water or
slurry ahead of the advancing flow of fresh concrete Dispose of all displaced water,
slurry, or waste concrete according to City of Portland Section 0029020 When
groundwater, the drilling water or slurry in the shaft excavation 1s to be removed by
pumping during concrete placement, have a standby pump available

Place concrete 1n a continuous operation so that the concrete always flows upward within
the shaft Withdraw the delivery hose or pipe slowly as the elevation of the fresh concrete
rises 1 the shaft Keep the discharge end of the pipe or hose at least 5 feet below the
surface of the concrete after the concrete has reached a depth of 5 feet ~ Maintain sufficient
concrete side the hose or pipe to prevent drilling fluid from entering During concrete
placement, provide and maintain markings on the tremie pipe or pump hose, or a sounding
device or other appropriate method to determune the relative elevations of the fresh
concrete surface and the bottom end of the pipe or hose Raise the bottom end of the pipe
or hose only when the pipe or hose has a sufficient head of fresh concrete to prevent the
formation of a void at the bottom

\\
)

C Concrete Curing and Cleaning - Allow the exposed top of concrete to cure a mimmum of
seven calendar days by covering with wet burlap overlain with plastic sheets or by keeping
top of concrete under water Keep the burlap wet during the concrete cure

Prior to placing any fresh concrete on top of a completed shaft, clean the upper surface of
the concrete by removing all scum, laitance, loose gravel, and sediment and chip off any
high spots on the upper surface that would prevent the H-pile from being properly placed
1n the position shown on the plans

"D Casing Removal - Remove all temporary casing during or after completion of concrete
| placement Do not start temporary casing removal until the level of fresh concrete within
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the casing has reached a depth of at least 10 feet or the level necessary to adequately
counteract the external hydrostatic pressure head As the temporary casing 1s withdrawn,
maintain a munimum 5 feet head of concrete above the bottom of the casing A shght
downward movement of the casing while exerting downward pressure, or hammering or
vibrating the casing will be allowed to facilitate extraction Extract the casing so that
concrete 1s cast directly agamst the surrounding in-situ matenial Check the elevation of
the top of the H-pile before and after temporary casing extraction for conformance with
the construction tolerance criteria Casing that cannot be extracted during, or immediately
after, the concrete placement operation may be cause for rejection of the shaft

Remove the tops of permanent casing to the top of the drilled shaft or the fimished
groundline, whichever 1s lower, unless otherwise shown or directed

35 DRILLED SHAFT TESTING AND ACCEPTANCE

A Acceptance of drilled shafts will be based on the Engineer’s review of field inspection
reports and visual observations during drilled shaft construction The Engmeer has final
authority on the approval of drilled shafts For shafts that are integrity tested, the Engineer
will determune final acceptance of each tested shaft, based on the integrity test results and
mspection reports and will provide a response to the Contractor withun five calendar days

B Additional Testing and Investigation - Conduct additional testing or investigation
necessary to identify the location, extent and condition of possible shaft defects if
requested by the Engineer Addltlonal\testmg and investigation may include, but 1s not
limated to, excavation work or core dnilling

If requested by the Engineer, dnll a core hole 1n any questionable quality shaft to explore
the shaft condition The number, location and depths of the core holes will be determined
by the Engineer Submit the method and equipment used to dnll and remove cores from
the shaft to the Engineer for review and approval prior to drilling Use a coring method
that provides complete core recovery and mimmuzes abrasion and erosion of the core Ifa
defect 1s confirmed, as determuned by the Engineer, all investigation costs associated with
wdentifying the defect will be at no additional cost to the City and no extension of the
Project completion date will be granted, regardless of whether the identified defect 1s
repaired or not .

If no defect 1s 1dentified in the investigation work, the City will pay for all coring and
excavation costs associated with the additional investigation and grant an appropriate time
extension, 1f required, according to City of Portland Section 00190 and City of Portland
Section 00195

Fill all core holes with grout only after the evaluation process 1s completed and the shaft 1s
accepted and approved

C Drilled Shaft Repair - Repair all defects and rejected shafts according to City of Portland
Section 00512 40(b) Perform investigation required, as directed by the Engineer, to
confirm the quality of the completed shaft repair work at no additional cost to the City
with no time extension granted *For temporary casing not extracted from the shaft
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excavation, submit a repair plan or a structural evaluation to the Engineer for approval
according to City of Portland Section 0051240 If caving occurs during concrete
placement submut a repair plan to the Engineer for approval

36 SCHEDULING AND RESTRICTIONS

A Do not proceed with construction of subsequent shafts until the first drilled shaft has been
approved by the Engineer Approval to proceed with the construction of subsequent shafts
will be based on the Engineer's observations of the Contractor's workmanship during
construction of the first shaft and the Engineer's review and assessment of the following

1 The Contractor's conformance with the approved shaft mstallation plan

2 The Contractor's daily reports and inspector's daily logs of excavation, and concrete
placement

3 The concrete placement logs and volume curves

B Written notification will be provided to the Contractor on whether or not to proceed with
subsequent shaft construction within 24 hours after completion of the first shaft

C Demial of permussion to proceed with subsequent shaft construction will not be cause for
contract time extension

D After the first drilled shaft on the Project has been accepted, make no sigmficant changes
n construction methods, equipment, or materials used to construct subsequent shafts,
unless otherwise approved

END OF SECTION 02466
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February 18, 2008

Walker Macy
111 SW Oak, Suite 200
Portland, Oregon 97204

Attention Mrs Chelsea McCann

Subject Supplemental Geotechnical Report for Foundation Support Recommendations
Portland Waterfront Park, Ankeny Plaza & Street Improvements
Portland, Oregon
Project No 1050-001-00

1 INTRODUCTION

Pacific Geotechnical, LLC (Pacific Geotechnical) 1s pleased to submut this supplemental geotechnical
report for the Portland Waterfront Park, Ankeny Plaza & Street Improvements project located 1n Portland,
Oregon The location of the site 1s shown on Figure 1

We completed a preliminary geotechnical report for the project dated April 12, 2007 that included a
documclznt review of available subsurface information completed by others, but did not include any site
specific subsurface explorations In our report we provided general recommendations for earthwork and
foundation support but recommended that site specific explorations be completed for important structures
once final design locations were selected The purpose of this report 1s to provide foundation support
recommendations for the proposed Portland Saturday Market (PSM) cover structure and the cantilever
overlook structure Our work for this supplemental report was completed 1 general accordance with

Change Order No 2, dated December 28, 2007
2 PROJECT UNDERSTANDING

The PSM cover structure and cantilever overlook structure will be located in Waterfront Park just south of
the Burnside Bridge, as shown in Figure 2 The PSM cover structure will be located above the existing
combined sewer overflow (CSO) pipe and immediately adjacent t6 an existing concrete vault Structural
loads are expected to be up to about 200 kips Shallow foundations are not considered approprate at this
location due to the anticipated structural loads and the thickness and variability of the underlying fill soils

Phone 503 656-0156/ fax 503 656-0186 / www PacificGeotechnicalLLC com

1419 Washmgton Street / Suite 101 / Oregon City, Oregon 97045
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The appropriate foundation type will need to maintain a safe distance from the CSO pipe and prevent
damage to the existing concrete vault during nstallation

The proposed overlook deck 1s expected to be constructed just south of the existing pump station The
existing wooden dock structure in this area will be removed and the existing concrete seawall will be
reconstructed m places The overlook deck will be supported on the seawall with possible additional
support provided by new piles Structural loads for the overlook deck are aboutl0 kips per lineal foot
(klf) along the seawall and about 40 kips for the piles

Additional related civil improvements are expected to include site utilities, pavements, a stormwater
infiltration garden and a water feature

3 PURPOSE AND SCOPE OF SERVICES

' The purpose of our work 1s to provide geotechnical engineering services for design and construction of
the project Our specific scope of work included the following

e Located proposed exploration locations n the field based on existing conditions, proposed
structure locations and available survey drawings

¢ Coordmated clearance of existing site utilities via the required One-Call Service

e Explored subsurface soil and groundwater conditions by completing five borings using hollow
stem and mud rotary equipment

e Obtamed samples at representative intervals from the explorations, observed groundwater
conditions, and mamtained detailed logs in general accordance with the American Society for
Testing and Matenals (ASTM) Test Method D2488

e Performed two falling head infiltration tests
e Conducted laboratory testing on representative collected samples

e Provided a geotechnical evaluation and analysis of the site and design recommendations in this
geotechnical report

4 SITE DESCRIPTION
41 REGIONAL AND LOCAL GEOLOGY

Regional and local geology are summarized m our oniginal report and discussed mn detail in the
geotechnical baseline report for the West Side CSO Tunnel, Shafts, Pump Station and Pipelines Project
(Parsons Brinckerhoff, 2002a)

42 SURFACE CONDITIONS

The project site 1s located in Waterfront Park just south of the Burnside Bridge The surface conditions n
the vicimty of the proposed PSM cover structure mclude landscape grasses at the north end and a
construction area at the south end The construction area 1s fenced off and encloses the existing Ankeny
Shaft and a vault structure In the vicimty of the overlook structure surface conditions include brick
pavement adjacent to the existing pump station and seawall A dock structure is located in the Willamette
Ruver adjacent to the seawall in this area -

Project No 1050-001-00
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43 SUBSURFACE CONDITIONS

Subsurface conditions encountered by others 1n and around the project area are summarnzed mn our
original report The following paragraphs describe the subsurface conditions encountered m our
explorations for this project and reference other nearby explorations as needed

We explored subsurface conditions at the site by dnlling five borings at the locations shown on Figure 2
Three borings (B-1, B-2 and B-3) were completed to between 38 to 73 feet below the ground surface
(bgs) to evaluate subsurface conditions for foundation analysis and design Two borings (B-4 and B-5)
were completed to shallow depths to complete infiltration testing

A geologic cross-section through the proposed PSM cover structure location 1s provided as Figure 3
Appendix A summarizes the exploration methods and presents the exploration logs completed under this
contract Appendix B presents the exploration logs completed by others in the immediate vicinity of the
proposed improvements Results of our laboratory testing are indicated on the exploration logs in
Appendix A and described in Appendix C

Subsurface conditions were found to be relatively uniform across the site In general, we encountered 1)
silt, sand and gravel fill material, over 2) a thin layer of Fine-grained Flood Deposits, over 3) Coarse-
graimned Flood Deposits, over 4) Troutdale Formation gravels The conditions’ encountered in our
explorations generally match the geologic mapping described in our oniginal report The following
paragraphs summarize the above units

4.3.1. - Fill

We encountered variable fill matenial in all of our borings The fill matenal generally included loose to
dense sand and gravel and very soft to stiff silt We also encountered occasional crushed rock, asphalt,
concrete, brick and wood debris The thickness of the fill material varied from about 27 feet in boring B-
3 to about 60 feet in boring B-1, adjacent to the seawall structure The later thickness 1s based on a
drawing for the seawall/cribbing structure that shows the base of the cribbing at an elevation of -30 5 feet
(City of Portland datum), or about 63 feet bgs Boring B-4 and B-5 did not penetrate the fill material
The moisture content of this material varied between 8 to 39 percent The percent fines 1n the silt materal
was between 75 to 79 percent, based on two tests A dry density of 84 pounds per cubic foot (pcf) was
measured on a single sample

432 Unconsolidated Silt and Sand (Alluvium/Fine-grained Flood Deposits)

We encountered a thin layer of silty fine sand in boring B-3 under the fill material We did not encounter
this matenial in our other explorations, however, this unit 1s noted in boring C-1 completed by Fujitan
Hilts & Associates (FHA) (PB 2002b, Appendix G) This material was medium dense with a moisture
content between 38 and 43 percent, based on two tests

433 Unconsolidated Sand, Silt and Gravel (Alluvium/Coarse-gramned Flood Deposits)

We encountered Coarse-grained Flood Deposits under the Fine-grained Flood Deposits in boring B-3 and
below the fill material in boring B-2 We did not encounter this material in boring B-1, as the fill material
extended to the top of the Troutdale Formation gravels (see below) This unit generally consisted of very
dense gravel with vaniable amounts of sand and silt The moisture content measured 14 percent based on
one test
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434 Consolidated Sand and Gravel (Troutdale Formation)

We encountered gravels of the Troutdale Formation beneath the fill in boring B-1 at a depth of about 61
feet bgs Thus corresponds well with the design depth for the base of the cribbing structure supporting the
adjacent seawall This unit consists of very dense sand and gravel 1n a silt matrix

44 GROUNDWATER

!
)

Groundwater could not be determined 1n our explorations due to the drilling method used

Based on previous subsurface explorations completed by others, groundwater levels for the project area
are commonly between 18 and 23 feet bgs This depth usually corresponds to an elevation within several
feet of the mean river level, suggesting that this groundwater 1s connected to, and will reflect changes 1n,
the water level of the Willamette River Our expenence and the groundwater levels interpreted by others
(PB, 2002a) suggest that the groundwater levels will tend to be a few feet higher than the niver level

5 INFILTRATION TESTING

Two nfiltration tests were completed at the exploration locations and depths shown 1n Table 1 The tests
were completed by placing a 5-inch diameter pipe into the borehole at the selected depth The pipe was
embedded several inches into the underlying soil to prevent water loss around the annulus The pipe was
filled with water to a level of 36 inches The water was allowed to infiltrate overnight We then refilled
the pipe with water to 36 inches above the bottom of the pipe and began the mfiltration test In
accordance with City of Portland standards, we performed four infiltration test iterations by refilling the
casmng to 36 inches and measuring the drop in head during one-hour periods The following table
provides a summary of the test results

Table 1 Infiltration Results

Test Location Depth Soil Description " Test Period Infiltration Rate
B-4/IT-1 5 feet SAND with gravel and silt 4 hours 0 5n/hr
(SM) [Fll]
B-5/1T-2 10 feet SILT with gravel and sand 4 hours 0 5n/hr
(ML) [Fill]

The above results are simular to the 1 0 inches/hour that we measured in HA-2, nearby, during previous
work Based on our earlier work, the infiltration rate 1s expected to vary widely across the site due to the
varnable fill material encountered near the surface

6. CONCLUSIONS

Based on our explorations, testing, and analyses, 1t 1s our opinion that the site 1s suitable for the proposed
project provided the recommendations 1n this report are included 1n design and construction We offer the
following primary conclusions

1 The project lies 1in an area underlain by heterogeneous fill to depths varying from about 27 feet
under the PSM cover structure to about 60 feet near the seawall The fill consists primarily of
silt, sand and gravel, but has areas of rock, wood debris and other obstructions

2 Liquefaction and related effects are expected at the project site during the design earthquake

Due to the presence of the fill material and the potential for liquefaction during the design
earthquake, structures should be supported on intermediate or deep foundations For intermediate
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foundations, rammed aggregate piers were considered For deep foundations, steel H-piles were
considered -

4 Proposed piles near existing structures should be dnlled H-piles, rather than dniven to reduce the
potential for vibrations to damage the structures

5 The CSO pipe traverses underneath the proposed PSM cover structure Based on previous work
completed over the CSO. pipe, a mumumum clearance of at least one pipe diameter above and one
half pipe diameter on both sides should be maintained between the CSO pipe and any foundation
elements The required clearance should be verified with the City of Portland

6 Based on available drawings, the existing seawall 1s supported on timber cribbing bearing on
native Troutdale Formation gravels From a geotechnical standpomnt, this structure can
adequately support the proposed light loads from the overlook deck, provided the structure 1s
sound

7 STRUCTURAL DESIGN RECOMMENDATIONS

Due to the presence of varidble fill material near the ground surface, potentially liquefiable soils and
moderate structural loads, shallow foundations cannot adequately support the anticipated structural loads
without ground improvements

For the PSM cover structure, we evaluated both intermediate (rammed aggregate piers) and deep (driven
or dnlled H-piles) foundation options For the overlook deck we evaluated deep foundations and
supporting the structure on the existing/reconstructed seawall The following sections summarize our
recommeridations for each of the support options described above

71 INTERMEDIATE FOUNDATIONS

Rammed aggregate piers are a common ground improvement method and have been used successfully 1n
supporting structures in these conditions

711. GeoPiers®

GeoPier® 1s a proprietary rammed aggregate pier system designed and constructed by GeoPier®
Foundation Company, a specialty contractor, to a performance specification We anticipate that
GeoPiers® should extend to a depth of approximately 15 feet or more below the bottom of the footings,
depending on location GeoPiers® designers would provide final design for the subgrade improvement
We recommend that Pacific Geotechnical provide construction quality assurance for the owner during the
construction process GeoPier® would provide n-house quality control as well

7.1.2. Bearing Capacity

We typically would expect a bearing capacity of about 4,000 pounds per square foot (psf) in soils similar
to those at the site that have been 1mproved with GeoPiers® The final design bearing capacity would be
provided by GeoP1er®

For this option we recommend that footings have a minimum width of 24 mches The bottom of the
footings should be founded at least 18 inches below the lowest adjacent grade The recommended
minimum footing depth 1s greater than the anticipated frost depth

713. Footing Subgrade Preparation

After mstallation of the GeoPiers®, the subgrade should be prepared for the footings We recommend that
loose or disturbed soils be compacted m-place or removed before placing reinforcing steel and concrete
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Compaction should be performed as described in Sections 6 15 and 6 16 of our origmnal report
Foundation bearing surfaces should not be exposed to standing water Should water infiltrate and pool 1n
the excavation, the water along with any disturbed soil should be removed before placing remnforcing
steel A 6-inch thick layer of crushed rock may be used to provide protection of the subgrade from
weather and light foot traffic

We recommend that Pacific Geotechnical observe all foundation excavations before placing remnforcing
steel 1n order to determine 1f bearing surfaces have been adequately prepared-and that the soil conditions
are consistent with those observed during our explorations

714 Foundation Settlement

Settlement for shallow foundations supported on a GeoPier® improved subgrade as described above
would depend on the GeoPiers® design Typically the systems are designed to a performance specification
which 1s normally on the order of about 1 inch Dafferential settlements of up to the total settlement
magnitude can be expected between individual footings

72 DEEP FOUNDATIONS

We evaluated both driven and dnlled steel H-piles for support of the proposed PSM cover structure and
overlook deck Based on information provided by the structural engineer, we understand that HP8x36-
piles are the preferred size

Driven piles are expected to be suitable everywhere except adjacent to the existing vault structure
Damage to nearby structures due to pile driving 1s a complex problem involving a number of factors
including pile driving energy and frequency, distance between the pile and the structure, the structure’s
sensitivity to vibration and subsurface conditions It 1s difficult to predict during design and requires
considerable monitoring during construction For these reasons, we recommend that proposed piles near
the existing vault structure be drilled rather than driven We have assumed a 12-inch diameter drilled
hole for design of the drilled pile option The hole would likely require casing to reduce soil sloughing
The hole would be backfilled around the H-pile with Portland Cement Concrete grout Alternately,
augercast drilling methods may be used to achieve simlar capacities

721. Pile Capacities

The axial and lateral capacity of individual piles were evaluated with the computer program AllPile
Version 7 8g, available from CivilTech Software

7211 Axial Capacity and Uplift

The piles will achieve their capacity primarily from end bearing Pile foundations to support the PSM
cover structure should be embedded a mimimum of 5 feet into the native Coarse-grained Flood Deposits
Static pile capacity recommendations for the minimum recommended embedment depth are provided in
Table 2 For greater axial loads, an estimated allowable axial load versus depth plot 1s provided as Figure
4 Based on one pile diameter clearance above the CSO pipe, piles should not extend more than about 70
feet bgs where they are located above the CSO pipe This depth should be verified by the City of
Portland

Pile foundations to support the overlook structure may require greater embedment than for the PSM cover
structure due to the thick fill zone adjacent to the seawall, despite the relatively light structural loads
Static pile capacity recommendations for the mimnimum recommended embedment depth are provided in
Table 2 A greater embedment depth may be required depending on the suitability of the fill material at
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the location of the proposed piles The terminal pile depth should be determined based on dniving
performance We expect a maximum depth of 70 feet may be required 1n this area

The capacities do not include the affects of seismic or liquefaction induced forces For driven piles, the
final pile penetration depths should be determined in the field based on depth of embedment and terminal
blow count criteria

r

The allowable pile capacities include a factor of safety of 3 O for end bearing and 2 0 for friction The
structural engineer should venfy that the pile 1s structurally capable of supporting the expected loads
The pile capacities shown do not include a group reduction factor

7212 Lateral Capacity

The individual piles were modeled under fixed head conditions at the ground surface, based on our
understanding that the pile will be connected with a pile cap at this point We used the calculated axial
downward capacity of the pile in calculating the lateral capacity The static lateral capacities provided in
Table 2 are based on an approximate 0 5 inch of horizontal deflection at the ground surface and do not
include the affects of seismuc forces or liquefaction induced forces

Table 2 Summary of Pile Capacities for HP8x36 Pile

) Lateral Capacity for
- = ‘ Minimum Axial Downward Axial Upward <0 5 Iinches
Location Embedment’ (feet) Capacity (kips) Capacity (kips) Deflection (kips)
PSM cover structure 40 100 (driven)/80 25 20 (strong axis)/12
(drilied") (weak axis)
Overlook Deck 40 40 15 14 (strong axis)/ 8
(weak axis)

! Assumes a 12 inch diameter augered hole filled with structural concrete
2 Or 5 feet Into gravel, whichever I1s greater

7213 Downdrag

Downdrag loads occur when the so1l adjacent to the pile settles relative to the pile and results i decreased
allowable axial capacity for the pile Downdrag usually occurs where piles are driven through sof,
compressible materials or recent fill embankments The soils at the project site are generally not
susceptible to downdrag forces under static conditions

7214 Pile Group Reduction Factors

Based on anticipated structural loads, large pile groups are not expected for this project We recommend
that driven piles be spaced at least 3 pile diameters apart (center-to-center) to munimize installation
problems Driven piles spaced more than 3 pile diameters apart will not require a group reduction factor
for calculating group axial capacity Drilled piles spaced closer than 5 pile diameters apart should not be
constructed unt1] adjacent piles have completely cured

For lateral capacity, group reduction factors are not required provided piles are spaced at least 5 pile

diameters apart (center-to-center) For closer spacing, the reduction factors provided in Table 3 should be
used Linear interpolation should be used for piles spaced between the values provided A
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Table 3 Group Lateral Pile Capacity Reduction Factors

Center-to-Center Pile Pile Reduction Facto§s
Spacing (in pile diameters) Leading Row Second Row Third Row
5 10 085 070
3 080 040 030
722 Foundation Settlement

Settlement for pile foundations as described above are expected to be less than 1 inch Daifferential
settlements of up to the total settlement magnitude can be expected between individual pile groups

723 Driving Criteria

Driving critenia for dniven piles, including selection of hammer size and dnving cushion, should be )
determined when the foundation design 1s completed The wave equation program WEAP should be used
for establishing the criteria  We can provide driving criteria for the piles when the foundation design has
been finalized and a driving system has been selected by the contractor

73 EXISTING CRIBBING/SEAWALL STRUCTURE

We reviewed construction drawings for the harbor wall along Waterfront Park provided by Walker Macy
Based on the sheet titled “Details of Harbor Wall for the Construction of Front St Interceptor Sewer”
dated 1928, the harbor wall includes a stepped timber cribbing structure bearing at an elevation of
approximately -30 5 feet (City datum), or a depth of approximately 63 feet bgs The cribbing structure 1s
about 42 feet wide at 1ts base and includes sheet piling extending to an unstated depth at the waterside
base of the structure A concrete seawall 1s constructed on top of the cribbing structure

Based on the base depth from the drawing, the cribbing structure 1s likely bearing on very dense Troutdale
Formation gravels This unit will provide a very high bearing capacity Provided the integrity of the
cribbing and seawall 1s sound, the structure should adequately support the relatively light increased load
from the overlook deck

8. SEISMIC DESIGN

Seismic design parameters based on the International Building Code (IBC) and Oregon Structural
Specialty Code (OSSC) were provided 1n our original report Liquefaction and related effects, including
lateral spread, were also discussed In our report we stated that vertical settlements estimated by others at
nearby locations have ranged from less than an inch to up to 5 inches Lateral spreading estimates by
others have been reported to vary between about 2 inches to as much as 2 feet The subsurface conditions
encountered for this report concur with those findings Pile supported structures designed as described
above are expected to exhibit minimal deflections due to liquefaction and lateral spread

9 OTHER CONSIDERATIONS
91 CORROSION POTENTIAL

We did not complete laboratory tests to evaluate the corrosion potential of the site soils Based on the soil
type and fluctuating water table, we expect that there 1s a moderate risk of corrosion at this site to steel
piles used for foundation support
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10 CONSTRUCTION OBSERVATIONS

Satisfactory foundation and earthwork performance depends to a large degree on quality of construction
Sufficient momtoring of the contractor’s activities 1s a key part of determining that the work 1s completed
in accordance with the construction drawings and specifications Subsurface conditions observed during
construction should be compared with those encountered during the subsurface exploration Recognition
of changed conditions oﬂe L requires experience, therefore, the project geotechnical engineer or their
representative should 4 ‘ ith sufficient frequency to detect whether subsurface conditions
change 31gmﬁcantly ‘ - S TSR

We recommend thetd mv%eot wiical engineer or their representative be retained to momitor
construction at them to conﬁrm that subsurface conditions are consistent with the site explorations and
to confirm that

construction are by
foundation subgrades\3%a
Compaction of all structirahabaek

Geotechnical to ccﬁﬂi‘ﬁﬁ" TTAt T

11.REFERENCES

Details of Harbor Wall for the Construction of Front Street Interceptor Sewer, prepared for the City of
Portland, final revision dated September 24, 1928

Geotechnical Baseline Report, West Side CSO Tunnel, Shafts, Pump Station, & Pipelines, prepared by
Parsons Brinkerhoff for the City of Portland Bureau of Environmental Services, dated May 28,
2002, (2002a)

Final Geotechnical Data Report, West Side CSO Tunnel, Shafts, Pump Station, & Pipelines, prepared by
Parsons Brinkerhoff for the City of Portland Bureau of Environmental Services, dated May 28,
2002, (2002b and appendices)

12.LIMITATIONS

We have prepared this report for use by Walker Macy, the City of Portland Bureau of Parks and the
design team for construction of the PSM cover structure and overlook deck in Waterfront Park in
Portland, Oregon Our report 1s intended to provide our opimion of geotechnical parameters for design
and construction of the proposed project based on exploration locations that are believed to be
representative of site conditions However, conditions can vary significantly between exploration
locations and our conclusions should not be construed as a warranty or guarantee of subsurface conditions
or future site performance

Within the limatations of scope, schedule and budget, our services have been executed in accordance with
generally accepted practices 1n the field of geotechnical engineering 1n this area at the time this report was
prepared No warranty, express or implied, should be understood

Any electronic form, facsimle or hard copy of the onginal document (email, text, table, and/or figure), 1f

provided, and any attachments are only a copy of the origmal document The original document 1s stored
by Pacific Geotechnical and will serve as the official document of record
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13 CLOSING

We appreciate the opportumty to submit this report to you Please contact us if you have any questions or
need additional information

Sincerely,

Greg A Landau, PE
Geotechnical Engineer

Attachments
Document ID 1050-001-00R2 doc
EXPIRES: 12 31 0%

~
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APPENDIX A
SUBSURFACE EXPLORATIONS

We evaluated subsurface soil and groundwater conditions by completing five borings at the approximate
locations shown on Figure 2 of the report text The boring locations were approximately located by
pacing from existing site facilities Exploration locations should be considered accurate only to the
degree implied by the methods used

The borings were drilled using a truck-mounted drill rig provided by Subsurface Technologies of Banks,
Oregon Soil samples were obtained from the explorations using one of the following methods

1. Standard Penetration Tests (SPT) were completed mn general conformance with ASTM Test
Method D1586, “Standard Method for Penetration Test and Split-Barrel Sampling of Soils” The
sampler was driven with a 140-pound auto-trip hammer falling 30 mnches The number of blows
required to drive the sampler 1 foot, or as otherwise indicated, into the soils 1s shown adjacent to
the sample symbols on the boring logs Disturbed samples were obtained from the split barrel for
subsequent classification and index testing

2 Relatively undisturbed samples were obtained using a Dames & Moore Type-U sampler The
sampler was driven using a 140-pound hammer falling 30 inches, just as with the SPT samples
The penetration resistance recorded on the boring logs have been reduced by 50 percent for

4 general correlation with the SPT blow counts Samples retained from the split barrel consist of
up to six, l-inch-high by 2 48-inch-diameter brass rings Disturbed rings were generally not
retained

Materials encountered in the explorations were classified in the field in general accordance with ASTM
Standard Practice D2488, “Standard Practice for the Classification of Soils (Visual-Manual Procedure)”
Soil classifications and sampling intervals are shown 1n the exploration logs 1n this appendix

The field explorations were coordinated by an engineering geologist from our staff, who located the
explorations, classified the various soil umts encountered, obtained representative soil samples for
geotechnical testing, observed and recorded groundwater conditions, and maintained a detailed log of
each exploration Exploration logs are included in this appendix Results of the laboratory testing are
indicated on the exploration logs and are discussed in Appendix C
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LOG OF BORING NO. B-1

Project Name Portland Waterfront Park
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Depth, feet
Recovery (in)
Sample Number
Sample Type
Graphic Log

20 40 60 80

~

Material Description Water Content,

%

10 30 50 70 90

L.
v

Other Tests and Notes

10

<
@©

SPT

O D O
O
Tp i

s

I 0O DD
Dw% D«%
Grve¥oce

O o

6 9 | SPT

_ 110 |10 |sPT| % &%
, ( 23S

- Vi k' sg
S\ TS

L ; s
. A S

y n {w]

" : Rals:

o |1 [sPT| Na

Grades to loose |

Grades with fine to coarse sand (medium | "
dense to dense)

1 ]
;
i |
i
[ !
! I 1 '
)

l
1
1
1
1

o o
(%

9 12 | SPT

GP SP

Sandy GRAVEL to gravelly SAND Fine | 12,
to medium sand Fine rounded gravel
(wet, dense)[Fill]

6 13 | SPT I

—60

SM

Gray SAND with gravel and siit Fine to O |
medium sand Fine rounded gravels
(wet, medium dense to dense)[Fill]

P

Lost circulation and mud
Sampler posstbly driven

through slough May be

denser than blow counts
suggest

Regain circulation at 43ft

No recovery

Interpreted as fill based on
blow counts and drawings
of adjacent
cribbing/seawall

Interpreted as fill based on
blow counts and drawings
of adjacent
cnbbing/seawall

Date Started 1/30/08

Date Completed 1/30/08

Completion Depth 73ft 4"

Drilled By Subsurface Technologies
Logged By G Sandstrom

Dnilling Method Mud rotary

Sampling Method SPT

Auger Data NA

Hammer Data 140lb Autohammer 30 inch drop
Drilling Equipment

*“ D&M N values reduced by 50% to correlate with SPT




W/}/Z\Pz{a,ﬁc Geotechnical, Lic LOG OF BORING NO. B-1
Project Name Portland Waterfront Park
Pacific Geotechnical, LL.C
1419 Washington Street Suite 101 Location Portland, OR -
Oregon City Oregon 97045 Number 1050 001-00 Sheet 3 of 3
B
@
= ‘g @ o=
- o -
8 = 2| 2 B?:::,:;i‘: s Material Description Water t;'ontent, Other Tests and Notes
- o ) @ e
: | 2| 8| = £
g § 5 é 20 40 60 80 g 10 30 50 70 90
o | & | » e w8 ] Al
42 i N B
L 1 14 | SPT ; | -V‘ ™ | Co | | Hard drilling at 61ft
| : { Brown SAND with occasional fine Py
' ) ’ )| rounded gravels (wet, very dense) ! N
- ; | | X ] [Troutdale Formation] ’ 1 |
{ d:; s [ g
; ' \ s t A
i ! % o
i b S
65 s | 15 | sPT Co ’ . 11, |50blowsfor5
. . PN o
~ i ! : ! § Lt
PR . | !
™ ' ! Nt i P
; } REEE:
_ ! N I
' ! i i L8 ; f i
L i } ! z
ol B
| | ; Becomes dark brown with someyeliow | | . | ;| !
70 L 56 3 Lo l
L 15 | 16 | SPT ; ! > AR
v N | ! ! |
I REREEEE
I ) b%,,g GP 3 i |
NoalAS Brown POORLY-GRADED GRAVEL I
N s | 17 | sPT ! ‘100g 23 with fine to medium sand (wet, very o .| || S0blowsfor4s
L | dense) cio b
E ; Boring completed at 73ft bgs : i : E P
p= i ¢ SN
7 . ' Groundwater not determined due to b
" | dnihing method used Y
| A
L [ B
i X | 1
| I
- | I
{ by
380 ; ! j ] ‘
i i :
P R
- , . ‘ o
| i ! ! P!
i ol
|- N .
- ? | I
I
85 f b
! | : | i
i P ’ R
N ' ' " t ' i
- L R
H [ i )
.
i REDEE NS
+ y ! t i
L N ; I
; - !
CoL REREREN
—90 '
Date Started 1/30/08 Dniling Method Mud rotary
Date Completed 1/30/08 Sampling Method SPT
Completion Depth 73ft 4" Auger Data NA
Drilled By Subsurface Technologies Hammer Data 140lb Autohammer 30 inch drop
Logged By G Sandstrom Drilling Equipment

* D&M N values reduced by 50% to correlate with SPT




m}\ Pacific Geotechmical, uc

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

LOG OF BORING NO. B-2

Project Name Ankeny Plaza
Location Waterfront Park, Portland OR
Number 1050-001-00

Sheet 1 of 2

*Corrected
Blows/foot

Depth, feet
Recovery (in)
Sample Number
Sample Type
Graphic Log

20 40 60 30

Water Content,
0,

Matenal Description %
o

10,300,709

Other Tests and Notes

no‘otb‘

T
andh
,N
z ) ﬂ“
B O B

O B9n &

)

10 1 | SPT

T
2

o o
[
B

4 2 | SPT

o
G R0n8

[X
s
1
L]

10 3 | SPT

GP-GM !
Dark gray POORLY-GRADED GRAVEL | |,
with sand and siit to SILTY GRAVEL I
Coarse angular basalt crushed rock i
(wet, medium dense)[Fill] 1‘1

[

| l

Y ]

1
H

Grades to loose

[
-

Brown to gray-brown POORLY-
GRADED SAND with silt to SILTY
SAND with gravel and wood debris
{moist, loose)[Fill]

12 4 | SPT

SM

Dark gray-brown SILTY SAND with
gravel (wet, loose to medium dense)
[Fii}

f
{
i
|
i
|
i
il
B
f
H
H
'
)
H
i
)
)
}
i
)
!
i
!
!
!
i
)
i
\

f
+

T T T T T
-
o

e 2 s

4 5 | D+M

4
L 16 | 6 | SPT |
- x
b
L i
L E |
i |
~25 Coy |
¥
i
|
!
}
;
‘ ,

12 7 | SPT

=t

ML
Gray-brown and mottled brown SILT ‘
with fine sand Low to medium ! ?
plasticity (moist, soft)[Fill] i

f
i
i
i
i
l
'
¢
i
'

DD= 84 pcf

Y%F=175

Grades to dark gray with medium
plastcity and occasional bricks

Grades to SILT with fine sand to fine
sandy SILT (stiff)[Fill or Fine-grained
Flood Deposits?]

—30

Boring relocated 10 feet
west due to hitting
abandoned sewer pipe

Date Started 1/31/08

Date Completed 1/31/08

Completion Depth 46 ft

Drilled By Subsurface Techologies
Logged By J Lawes

Driling Method Mud rotary

Sampling Method SPT, D&M

Auger Data NA

Hammer Data 140 Ib Auto-trip falling 30 inches
Drilling Equipment

* D&M‘ N values reduced by 50% to correlate with SPT




f/@/‘/\ Pactfic Geotechnical, 1ic

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

LOG OF BORING NO. B-2

Project Name Ankeny Plaza

Location Waterfront Park, Portland OR

Number 1050-001-00 Sheet 2 of 2
B
@
B g 2 =)
- = o *Corrected o Water Content
- »
S 5 % E Blows/foot J Material Description % Other Tests and Notes
£ 8 88 g
8 | & | &| & MWW |5 10,30 50,70 90
7 Tes: [ om I || 1] Very slow dniling at 30ft to
L 14 | 8 | SPT | HULN  Dark gray SILTY GRAVEL with trace | {g » | 35t
i ' MKl coarse sand and with angular rock P
co N i {wet, very dense)[{Coarse-grained Flood . E P
B | ! :L: Deposits] I R
. i ( ! o
| ]! NERES
L i X | o E gl :
SN i
—35 ¢ | ? 100 I ' oot "
4 9 | spT | it ‘ : b 50 blows for 4
- { W poed
. i i . S
B AR e
- . Ml Grades to dark gray brown SILTY th
] ¢ I GRAVEL with fine to medium coarse P
- i ; H,l' sand and rounded basalt gravels to 1" n I
) X Ll maximum dimension ol
40 | ~100)411 L \
3 10 | spT” | ‘ alnn X N : 50 blows for 2
- Iy BN
I ' b
i M [
- i : M !
| ) MM b H
I ? z i Clp
i Wit . Citd
L ; PH .ﬁ[ ! e
45 : *100H| {1 by ’ E ‘
6 | 11| SPT o & H] s 90 blows for 11
— g 1 , i ¢
‘ ' Boring completed at 46 ft bgs .
{ Groundwater not determined due to Y I i
- i dniling method used , : §
L i ‘ S R
- i
- 50 ! EERRN
! RN
L : i by
L i ; di
§ H )
n ! RN
. s
co I
Lo S |
- Do IR
! : o
. | ]
| RR
L : ' ] 1 | i
5 AN
L i ; ] I f
3 { i [
| b
- b : o P
! P I
B ¢ P b
L f ! : | H I
: E ‘ b
' } ¢ '
60 i [ [

Date Started 1/31/08

Date Completed 1/31/08

Completion Depth 46 ft

Drilled By Subsurface Techologies
Logged By J Lawes

Drilling Method Mud rotary
Sampling Method SPT, D&M
Auger Data NA

Hammer Data 140 Ib Auto-trip falling 30 inches

Driling Equipment

* D&M N values reduced by 50% to correlate with SPT
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Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

LOG OF BORING NO. B-3

Project Name Portland Waterfront Park
Location Portland, OR

Number 1050-001-00 Sheet 1 of 2
T
@O
— £
- £ E -3 *Corrected b4 Water Content,
] =~ 2| 2 Blows/foot 3 Material Description % Other Tests and Notes
- @ @ @ e
£ 2 B k=% =
518 B E| pame0e |£ 10 30 50 70 90
o 2 | » ) Pl A S O A
t ! -t SP l '
| Brown graveily SAND to SAND with i .
B w s [
' 3| gravel Fine to medium sand Fine !
N rounded gravel (moist, medium dense) i 1 ,
- l S P 13 :
‘25 N f h ] !
i 13 | 1 | spT AN i ‘
b ' : et i 3 [
1 : o]
, R } ! 20 : . P!
—5 100 ¥ Grades with brick and concrete debns | . 1 | 50 blows for 6"
. i |
N 14 2 SPT . | vl due to concrete debns
! N |
i ; .
2 i
i : N ! |
5 3 | SPT . Gray SILTY GRAVEL with sand and v i
| occasional wood debris Fine to : \; P
r ! , medium sand Fine to coarse rounded : Pl
: ! tosubangular gravel (moistto wet, 138 b —
10 F dense)[Fili] ' § Lo
L 6 | 4 |sPT . b i
| i .J Ihy P ‘
i ! : Vot
e ' H . : i {
| o
= vl
i P
—15 L : o1 U %F=T9
PT ray with fine sand, clay an - 1
N 4 | 5 |s Gray SILT with fi d, clay and . P
wood debris Low to medium plasticity - P
- {moust, very soft to medium stiff)[Fill] i % I
: ! o
L i | E !
3 i i
B : § { i ; i
§ ;39
—20 § ;¢ | Norecovery due to wood 1n
' '] | sampler shoe
| 0 | 6 | DM ol ’
o
- .
Py
i [ v
L | .
i Do
25 10! ! I I | No recovery
i \ |
N 0 7 | D+M i : ! 1 téa ¥ \
5 H SM [ f . 1
- o Gray silty fine SAND (moist, medium | l
H i ] ]
2 | 8 | ST : dense)[Fine-grained Flood Deposits] b
: . : i 3‘3‘ | it
- 22 i i H H i i ¥
, o '.
9 | 9 | SPT X : I I
—30 '

Date Started 1/29/08

Date Completed 1/29/08

Completion Depth 38ft

Drilled By Subsurface Technologies
l.ogged By G Sandstrom

Drilling Method Mud rotary
Samphing Method SPT, D&M, Shelby Tube
Auger Data NA

Hammer Data 140lb Autohammer 30-inch drop
Driliing Equipment

* D&M N values reduced by 50% to correlate with SPT

)
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Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

m}\ Paczf:c Geotechnical, 1ic

LOG OF BORING NO. B-3

Project Name Portland Waterfront Park
Location Portland, OR
Number 1050-001-00

Sheet 2 of 2

*Corrected
Blows/foot

Depth, feet
Recovery (in)
Sample Number
Sample Type
Graphic Log

20 40 60 80

Water Content,
L7

Matenal Description %

10,30 50,7090

Other Tests and Notes

N\

¥ o O
O
G 2

a.oEu
Q
Op s

10 | 10 | SPT

T

0T o
[bX
9

8 11 | SPT

GP

Grades to very dense

Gray GRAVEL with sand and trace silt P
Fine to coarse sand Fine to coarse ) ,
rounded gravel {moist, dense) [
[Coarse-grained Flood Deposits] \

vl t

—60

Boring completed at 38 ft bgs

I

§

|

] 2 i
Groundwater not determined due to ¢ X Bl

drilling method used .

f

!

H

|

i

|

50 blows for 6

50 blows for 6"

Date Started 1/29/08

Date Completed 1/29/08

Compiletion Depth 38ft

Drilled By Subsurface fechnologtes
Logged By G Sandstrom

Drilling Method Mud rotary

Sampling Method SPT, D&M, Shelby Tube
Auger Data NA

Hammer Data 140lb Autohammer 30-inch drop
Drithng Equipment

* D&M N values reduced by 50% to correlate with SPT
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Pacific Geotechnical, LLC
1418 Washington Street Suite 101
Oregon City Oregon 87045

LOG OF BORING NO. B-4/ IT-1

Location Portland, OR

Project Name Portiand Waterfront Park

Number 1050-001-00 Sheet 1 of 1
-
@
-~ -g o -
£ e *Corrected Water C
- = | 5 S er Content,
§ 5 i ,E Blows/foot 3 Matenal Description % Other Tests and Notes
£ g|g| ¢ £
Q. < o
|l e|ad| & DN |5 10,30,50,70 90
] % ML REEREN
R : Brown SILT (moist, soft) [Fil] D Pl
i
| GM SRR
» ! Dark gray siity GRAVEL with much Pt Pt
rounded gravel and trace to some A P
! asphait | it
u i | ' !
, Pl
.. | ‘ [ ; H i
1 | Grab | | ' 1 SRR
] E [ ; \ ] i i
L ; : Boring completed at § ft bgs : P |
; N Infiltration test performed at § 5 ft bgs | | ! ;
T 1
L X ! ;o '
i i 1 +
L ! | '
. i
i . I
r { LY : t
! Lo
—10 : N
" , S
§ LI I
TR
i ' T
| i Py
i i I
| oy
X i o |
; o :
| |
— ! 1 | .
15 f ! I P
- i 1 v
E [ : B ' :
i | : .
L § N
: ' ' i
! i
B ' . P ,
—20 ‘ SRR
. !
b i 1 H vt v
. 1 . : X i t
: I
b
- , e
H it i R
f N }
- * Co
; i | N % t g
25 g Lo
! . bty
L P . s .
P Ppoh
- L ot
oL S !
1 [ !
n ! \ i v
- dH
R \ by -
| i '
s z B |

Date Started 1/29/08

Date Completed 1/29/08
Completion Depth 5ft
Drilled By G Sandstrom
Logged By G Sandstrom

Driling Method Hand auger
Sampling Method SPT
Auger Data 6" HSA
Hammer Data

Dnilling Equipment

* D&M N values reduced by 50% to correlate with SPT
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Pacific Geotechnical, LL.C
1419 Washington Street Suite 101
Oregon City Oregon 97048

LOG OF BORING NO. B-5/ IT-2

Project Name Portland Waterfront Park
Location Portland, OR

Number 1050-001-00 Sheet 1 of 1
5
T ‘g’ @ o
- Q. *
3| =2 & B?:‘;Z:Otz': % Matenal Description Water %ontent, Other Tests and Notes
bt @ [ @ e
£ 3 B - =
§ § g g 20 40 60 80 § 10 30 50 70 90
o £ | v | » e o8 S Pl ulPi il
f | ML oot
i | z Brown SILT (moist, soft) [Fill] I
| t M AR
B ! ) Dark gray SILTY GRAVEL with much L
2 ! rounded gravel and trace to some oy .
i i | asphait [Fill] I R
? : I Lol
o do
- | ; I oo
bl [
B f , . W o E Vi
5 ) ML P
L ! Gray SILT with gravel and occasional o
wood debns [Fill] ot ; i
- * ‘ T
H Y v I
i ! |
t i i § ; P :
i ! ! I
1 H ‘ o f i
i 18 Lo
i ! P
o - i ) + 1 11 | Wood debris in sampler
—10 1] 8PT § ;;iié‘ shoe
i : L N
» ! ; N 1 ; i
‘ Boring completed at 9 5 ft bgs 3 N
B . Infiltration test performed at 9 75ft bgs i v b
H f pi :
L | N
: ]
' 1 [ !
- ! b N .
i | | i I
- { ' 1 )
15 , | ! !
: ‘ 1 1
-~ i I i
L ; f ' ‘ '
Clbe
20 . N .
b [
S I
I | ]
1l ! ‘ il i 3
. ‘ L
- : i
i 5 P
—25 ; ol
i I
B 5 b
| P §
L. § ¢ i '
6 SRR
! ! ! I [
- ! o
t 1 [
L ' [
. i . "
i . X i . i !
30 ‘ o b
Date Started 1/31/08 Drilling Method Hand auger
Date Completed 1/31/08 Sampling Method SPT
Completion Depth 10 ft Auger Data 10" HSA
Drilled By J’Lawes N Hammer Data
Logged By J Lawes Dnilling Equipment

* D&M N values reduced by 50% to correlate with SPT




APPENDIX B
SUBSURFACE EXPLORATIONS BY
OTHERS
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APPENDIX C
LABORATORY TESTING

GENERAL

Soil samples obtained from the explorations were transported to our laboratory and evaluated to confirm
or modify field classifications, as well as to evaluate engineering properties of the soils encountered
Representative samples were selected for laboratory testing The tests were performed in general
accordance with the test methods of the American Society for Testing and Materials (ASTM) or other
applicable procedures /

VISUAL CLASSIFICATIONS

Soi1l samples obtained from the explorations were visually classified in the field and 1n our geotechnical
laboratory based on the Unified Soil Classification System (USCS) and ASTM classification methods
ASTM Test Method D2488 was used to classify soils usmg visual and manual methods ASTM Test
Method D2487 was used to classify soils based on laboratory test results

Moisture Content

Moisture contents of samples were obtained 1n general accordance with ASTM Test Method D2216 The
results of the moisture content tests completed on samples from the explorations are presented on the
exploration logs included in Appendix A

Dry Density

Dry density tests were completed on low-disturbance samples obtained with the Dames & Moore (D&M)
sampler The tests were conducted 1n general accordance with ASTM Test Method D2937 Dry density
test results are presented on the boring logs in Appendix A

Percent Fines

Fines content analyses were performed to determuine the percentage of soils finer than the No 200 sieve -
the boundary between sand size particles and silt size particles The tests were performed in general
accordance with ASTM D1140 The test results are indicated on the individual boring logs 1n the column
labeled “Other Tests and Notes”

Al
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Attention Mrs Chelsea McCann

Subject Seismic Site Hazard Report ~
. Portland Saturday Market Cover Structure
Portland, Oregon
Project No 1050-001-00

5 -cO

1 INTRODUCTION AND PROJECT UNDERSTANDING

Pacific Geotechnical, LLC (Pacific Geotechnical) 1s pleased to submut this seismic site hazard report
(SSHR) for the Portland Saturday Market (PSM) cover structure for the above project in Portland,
Oregon Pacific Geotechnical completed a geotechnical report for the project dated April 12, 2007, and
follow up technical documents including a supplemental geotechnical report for pile foundations to
support the PSM structure, dated February 18, 2008 The location of the site 1s shown on Figure 1

The project consists of relocating the PSM mto Waterfront Park Const)ructlon associated with this move
will mclude a new cover structure and overlook deck, reconfiguration of some pedestrian ways,
nstallation of an interactive water feature, and appurtenant facilities such as pipmng and benches The
PSM cover structure will be located just south of the Burnside Bridge, as shown 1n Figure 2

According to the project architect, the PSM cover structure 1s classified as an A3 assembly space with a
maximum occupancy load of 1,698 people Based on this description and a discussion with City of
Portland (City) Bureau of Development (BDS) staff, an SSHR 1s required for the PSM cover structure

2 PURPOSE AND SCOPE OF SERVICES ¢

J

08-//350

The purpose of our work 1s to provide an SSHR for the project Our specific scope of work mcluded the
following 4

e Reviewed applicable codes to determine whether an SSHR 1s required

Phone 503 656-0156 / fax 503 656-0186 / www PacificGeotechmical LLC com

1419 Washington Street / Suite 101 / Oregon City, Oregon 97045
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e Reviewed existing available information, mncluding subsurface nformation collected for our
supplemental geotechnical report

e Used the above collected information to complete an SSHR 1n accordance with Section 1802 of
the 2007 Oregon Structural Specialty Code (OSSC)

e Provided a total of five copies of this report to you Four copies are provided for your submuttal
to the City and one copy 1s provided for your submittal to the Department of Geology and
Mineral Industries (DOGAMI), as required by the 2007 OSSC

3. SITE DESCRIPTION

¢ 5 31 REGIONAL AND LOCAL GEOLOGY

(Parsons Brinckerhoff, 2002a) contains a well-crafted explanation of the regional geologic setting of the
project area as well as the history of local faulting and geomorphology (landforms) The following
ﬁ paragraphs briefly summarize the information presented n that report

d The Geotechnical Baseline Report, West Side CSO Tunnel, Shafts, Pump Station and Pipelines Project

flows through the Portland Basin This pull-apart basin, a product of regional tectonic stresses related to
the subduction of the Juan de Fuca plate with the over-riding North American plate, has been subsiding
e, since at least Miocene time Tens of hundreds to thousands of feet of alluvial clay, silt, sand and gravel

&

é‘The project 1s located along the west edge of the Willamette River, a tributary of the Columbia River that

have been deposited in the Portland Basin between ntervals of uplift, scour and erosion that have created
U extensive topographic relief in the basin sediments Massive “Missoula” floods scoured and then
deposited sediment ranging from clay to gravel in the Portland Basm during the latest Pliocene to latest
Pleistocene (~1 mullion to 12,500 years ago) Post-Pleistocene geologic activity in the basmn includes
Willamette River fluvial erosion and deposition of sediment as well as the placement of large quantities of
man-made fill along the Willamette riverfront and 1n adjacent sloughs, lakes and bottomlands

The regional Columbia River Basalt (CRB) bedrock that forms the Portland Basin and adjacent West
Hills (Tualatin Mountains) was formed 5 to 15 million years ago by an immense outpouring of lava from
vents along the Oregon/Washington-Idaho border that covered this portion of the Pacific Northwest to
depths of thousands of feet with 1gneous rock As the basalt-floored Portland Basin subsided, sediment
eroded both from the nearby Cascade Mountain chain as well as from continental interior sources was
carried 1nto the basin by the Columbia and other, local rivers and deposited as the Plio-Pleistocene Sandy
® River Mudstone (SRM) and overlying Troutdale Formation sandy to silty gravel Alluvial processes
ranging from the catastrophic floods to everyday fluvial activity of local rnivers and streams eroded
channels 1n, as well as deposited additional sediment on, the SRM and the Troutdale The matenal related
to the Missoula Flooding 1s generally referred to as “flood-deposits” and 1s further characterized by grain
size as “coarse-gramed” or “fine-grained” flood deposits A veneer of Willamette River alluvium derived
from Willamette Valley sources to the south as well as reworked flood deposit sediments mantle the
topography the Willamette has incised mto the last flood-created surface Since at least the late 1800’s
human activity has extensively altered the Willamette River shore and created umque and variable
shallow so1l conditions 1n the Portland area, including the project area specifically

32 SURFACE CONDITIONS

The project site 1s located in Waterfront Park just south of the Burnside Bridge The surface conditions 1n
the vicinity of the proposed PSM cover structure include landscape grasses at the north end and a
construction area related to the West Side CSO (WCSO) at the south end The construction area 1s fenced
off and encloses the existing WCSO Ankeny Shaft and a vault structure

Project No 1050-001-00 '
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33 SUBSURFACE CONDITIONS “

#

Subsurface conditions encountered by others m and around the project area are summarized m our
ongmal report The following paragraphs describe the subsurface conditions encountered in explorations
we completed for pile design for the PSM cover structure and reference other nearby explorations as
needed

We explored subsurface conditions at the PSM cover structure site by drilling three borings at the
locations shown on Figure 2 The borings were completed to between 38 to 73 feet below the ground
surface (bgs) to evaluate subsurface conditions for foundation analysis and design

A geologic cross-section through the proposed PSM cover structure location based on our bormngs 1s
provided as Figure 3 Appendix A summarizes the exploration methods and presents the exploration logs
Pacific Geotechnical completed for the pile design Appendix B presents an exploration log completed by
others 1n the immediate vicinity of the proposed cover structure Results of our laboratory testing are
mdicated on the exploration logs in Appendix A and described 1n Appendix C

Subsurface conditions were found to be relatively uniform across the site In general, we encountered 1)
silt, sand and gravel fill matenal, over 2) a thin layer of Fine-grained Flood Deposits, over 3) Coarse-
gramed Flood Deposits, over 4) Troutdale Formation gravels The conditions encountered m our
explorations generally match the geologic mapping described 1n our original report and found by others in
the area The following paragraphs summarize the above units

331 Fill

We encountered variable fill material m all of our borings The fill material generally ncluded loose to
dense sand and gravel and very soft to stiff silt We also encountered occasional crushed rock, asphalt,
concrete, brick and wood debris  The thickness of the fill material varied from about 27 feet in boring B-
3 to about 60 feet 1n boring B-1, adjacent to the seawall structure Although the later thickness places fill
below origimal grades and water levels, 1t 1s supported by a drawing for the seawall/cribbing structure that
shows the base of the cribbing at an elevation of -30 5 feet (City of Portland datum), or about 63 feet bgs
It appears the original soil was removed for construction of the crib wall and then backfilled during
construction of the wall The moisture content of the fill varied between 8 to 39 percent The percent
fines 1n silty fill was between 75 to 79 percent, based on two tests A dry density of 84 pounds per cubic
foot (pcf) was measured on a single sample

332 Unconsolidated Silt and Sand (Alluvium/Fine-grained Flood Deposits)

We encountered a thin layer of silty fine sand in boring B-3 under the fill material We did not encounter
this material 1n our other explorations, however, this unit 1s noted m bormng C-1 completed by Fujitam
Hilts & Associates (FHA) (PB 2002b, Appendix G) This material was medium dense with a moisture
content between 38 and 43 percent, based on two tests

333 Unconsolidated Sand, Siit and Gravel (Alluvium/Coarse-grained Flood Deposits)

We encountered Coarse-grained Flood Deposits under the Fine-gramned Flood Deposits in boring B-3 and
below the fill material 1n boring B-2 We did not encounter this material in boring B-1, as the fill material
extended to the top of the Troutdale Formation gravels (see below) This unit generally consisted of very
dense gravel with variable amounts of sand and silt The moisture content was measured at 14 percent
from one sample tested

Project No 1050-001-00



Portland Waterfront Park
March 6, 2008
Page 4

334 Consolidated Sand and Gravel (Troutdale Formation)

We encountered gravels of the Troutdale Formation beneath the fill i boring B-1 at a depth of about 61
feet bgs This corresponds well with the design depth for the base of the cribbing structure supporting the
adjacent seawall Bormg C-1, completed by FHA just south of the proposed cover structure, encountered
Troutdale Formation at a depth of 51 feet bgs This unit consists of very dense sand and gravel in a silt
matrix

34 GROUNDWATER

Groundwater could not be determined 1n our explorations due to the drilling method used

Based on previous subsurface explorations completed by others, groundwater levels for the project area
are commonly between 18 and 23 feet bgs This depth usually corresponds to an elevation within several
feet of the mean niver level, suggesting that this groundwater 1s connected to, and will reflect changes 1n,
the water level of the Willamette River Our experience and the groundwater levels interpreted by others
(PB, 2002a) suggest that the groundwater levels will tend to be a few feet higher than the river level

4. SEISMIC SETTING/EVALUATION
41 DESIGN EARTHQUAKES

Seismicity 1n the Willamette Valley 1s primarily driven by the Cascadia Subduction Zone (CSZ), which 1s
the zone where the westward advancing North American Plate 1s overriding the subducting Juan de Fuca
Plate The imteraction of these two plates results in three potential seismic sources affecting the
Willamette Valley area, shallow crustal earthquakes within the overriding North American Plate,
interplate earthquakes which occur along the boundary between the Juan de Fuca and North American
plates, and intraplate earthquakes which occur within the subducting Juan de Fuca plate  Although
capable of generating significant earthquakes, intraplate earthquakes, such as the February 28, 2001
Nisqually earthquake (My, = 6 8) n Washington State were evaluated, but found not to control design for
this area so are not further considered Crustal and interplate earthquakes are further discussed below

Figure 4 shows the size and epicentral locations of earthquakes that have occurred from 1841 through
2002 and the location of late Quaternary and Holocene age faults, within a 50-mule radius of the site

According to the USGS, the shallow crustal earthquake source contributes about 90% to the probabilistic
ground motion and the mterplate source zone contributes about 10% to the probabilistic ground motion
for the range of periods of concern Therefore, additional data representative of each of the two source
zones were gathered for use 1 assessing the site seismic response Again, the intraplate earthquake 1s not
considered capable of controlling design in this area so was not considered Discussion of the shallow
crustal and 1nterplate sources are provided below

411 Shallow Crustal Earthquakes

A significant earthquake could occur on a local fault very near the site within the design life of the
facility Such event would cause ground shaking at the site that could be more intense than the CSZ
interplate event, though the duration would be shorter

Several large, northwest-trending faults are mapped within one mile of the project area, including the
Portland Hills Fault and the East Bank Fault (Beeson and others, 1991) Random crustal faults may also
occur on yet unmapped faults as well The Portland Hills Fault Zone 1s considered potentially active
(Geomatrix, 1995 and USGS, 2007) and believed capable of generating a magnitude 6 9 or greater event
In addition to these mapped faults the geotechnical data report for the West Side CSO project (Parsons

Project No 1050-001-00
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Brinckerhoff, 2002b) reports a disparity in geologic unit elevations from borings located across the
Willamette River from each other that infers a displacement of the CRB and SRM units as much as 130
vertical feet over this distance This suggests a previously unmapped fault along the axis of the
Willamette that may have undergone as much as 0 04mm/yr displacement over the past 1 million years
Alternately, this could be from past differential erosion by the river, but this could not be resolved for this
study ‘

412 CSZ Interplate Earthquakes

The CSZ mterplate source zone generally extends along the coast from northern Califormia to British
Columbia and 1s characterized by researchers as being capable of generating earthquakes of magnitude 8
to magnitude 9 Recurrence ntervals for CSZ interplate earthquakes are thought to be on the order of 500
years, which 1s substantially less frequent than shallow crustal or CSZ intraplate earthquakes The most
recent CSZ event 1s believed to have occurred 1n the year 1700, and paleogeologic evidence suggests five
to seven imterplate earthquakes may have been generated along the CSZ over the last 3500 years There 1s
no 1nstrumentally recorded seismicity of large interplate earthquakes for the CSZ  The nferred
seismogenic portion of the CSZ plate interface 1s roughly 120 miles (190 kilometers) west of the site

42 SEISMIC HAZARDS |

Seismic hazards for this area have been mapped by the Department of Geology and Mineral Industries
(DOGAMI) mn the Earthquake Hazard Maps of the Portland Quadrangle, Multnomah and Washington
Quadrangles, Oregon and Clark County, Washington (Mabey and others, 1993) This map series
includes hazard maps for ground amplification, liquefaction, and lateral spreading/slope mstability A
Relative Earthquake Hazard Map, which combines the above three earthquake hazards 1s also included
Based on this map, the project site 1s within Zone C, defined as “Low to itermediate hazard” where
relative earthquake hazard 1s mapped between Zone A (highest hazard) to Zone D (lowest hazard)

421 Fault Surface Rupture

The closest local fault 1s the northwest-southeast trending Portland Hills fault shown by the United States
Geologic Survey (USGS, 2007) less than 06 miles (1 kilometer) west of the site  Although 1t 1s
considered potentially active, displacement of Holocene materials has not been observed Explorations
we completed and extensive explorations for the WCSO did not find evidence of Holocene displacement
Although the fault 1s capable of generating significant shaking at the site, from the lack of Holocene
displacement here and elsewhere on the Portland Hills fault, 1t 1s our opinion that the possibility of surface
fault rupture and related displacement at this site 1s low

422 Ground Motion Amplification

Thick sequences of unconsolidated, soft sediments typically amplify the shaking of long period ground
motions such as those associated with subduction zone earthquakes, whereas areas underlain by shallow
so1l profiles are not likely to amplify seismic waves

The ground motion amplification map shows the general area of the site to be 1n a hazard zone with a 1 to
14 amplification factor These are the lowest and second-lowest amplification factor zones based on a
six zone rating system An amplification factor of 2 5 or greater 1s the highest relative hazard and 1 the
lowest

Ground motions are considered specifically in Section 4 4

Project No 1050-001-00
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423 Liquefaction

Liquefaction 1s a phenomenon caused by a rapid increase i pore water pressure that reduces the effective
stress between soil particles, resulting 1n the sudden loss of shear strength in the so1l Granular soils,
which rely on interparticle friction for strength, are susceptible to liquefaction until the excess pore
pressures can dissipate  Sand boils and flows observed at the ground surface after an earthquake are the
result of excess pore pressures dissipating upwards, carrying soil particles with the draming water In
general, loose, saturated sand soils with low silt and clay contents are the most susceptible to liquefaction
Silty soils with low plasticity are moderately susceptible to liquefaction under relatively higher levels of
ground shaking

The thickness of liquefiable sediment (liquefaction hazard) 1s ranked 1n the highest hazard level, at greater
than 9 meters (about 30 feet) of liquefiable so1l potentially present in the area Our explorations confirm
that 9 meters or more of liquefiable soils are present at the site

424 Lateral Spread

Lateral spread occurs when large blocks of ground are displaced down gentle slopes or towards stream
channels as a result of liquefaction of subsurface soil during an earthquake Man-made seawalls and
loose, saturated sandy fills can mcrease site vulnerability to this hazard, and the presence of these features
1s reflected m the classification of the bulk of the project area in the highest (estimated lateral ground
displacement 1n excess of 1 2 meters, about 4 feet) and second highest (displacement of 0 9 to 4 meters,
about 3 to 4 feet) hazard zones (Mabey and others, 1993)

Lateral spreading estimates by others have been reported to vary between about 2 inches to as much as 2
feet The subsurface conditions encountered for this report concur with those findings

425 Earthquake Induced Landsliding

Existing mapping (Mabey and others, 1993) places the site mn the lowest category of landshide hazard
Based on the flat site slopes, we concur that the landsliding hazard 1s low at the PSM cover structure

426 Seiche and Tsunami

The site 1s well away from tsunami mundation zones and away from large bodies of water that may
develop seiches Seiche and tsunamus are not considered a hazard at this site ‘

427 Settlement

Settlement due to earthquakes 1s most prevalent 1n relatively deep depostts of loose, dry, clean sand In
our original report we stated that vertical settlements estimated by others at nearby locations have ranged
from less than an inch to up to 5 inches Based on our explorations, these values still appear appropriate

43 BUILDING CODE PARAMETERS

We understand that the structure will be designed and constructed m accordance with the 2006 IBC and
the 2007 OSSC The parameters provided in Table 1 are appropriate for code level seismic design
Results from our site specific seismic study are discussed 1n Section 4 4

Project No 1050-001-00
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Table 2 Selected Earthquake Acceleration Time Histories

" Recorded
Peak
Hornizontal
» ) ’ Recorded | Acceleration L
Earthquake, Year_ Recording Station Magnitude (9). Fault Mechanism

Whittier Narrows, 1987 Mt Wilson 53 016 Crustal
North Palm Springs, 1986 Silent Valley 62 011 Crustal
Impenal Valley, 1979 Superstition Mountain 65 020 Crustal

’
/

442 Ground Motion Scaling

The response spectra analyses were performed with the computer program Shake2000 Version 3 4 using
the above selected earthquake acceleration time histories These time histories were scaled to the design
bedrock PGA value of 0 41g Table 2 summarizes the scaled peak ground accelerations

443 Soil Model

The mput so1l model used 1n our analysis 1s based on the findings of our subsurface exploration program
A detailed description of site subsurface conditions 1s provided 1n Section 3 3 ' Shear wave velocities
could not be directly measured as the subsurface contains various layers of gravel that could not be
penetrated with a cone penetrometer The engineering behavior of the site soils was modeled using
estimated shear wave velocities and unit weights for the anticipated soil profile along with damping and
shear modulus reduction relationships typical for the soil types underlying the site Table 3 provides a
summary of the soil model used 1n our analysis

Table 3 Soil Model

. 1 o w22 7 s | Shear Wavevvq;éi?y Range (feet
Depth Interval (feet) + Subsurface Unit per second)
0to 40 Fill 400 to 650
40to 155 ) Very Dense Sand and Gravel 650 to 1,000
> 155 feet o Basalt Bedrock 2,500

{

444 Design Response Spectra

Figure 5 presents the computed design acceleration response spectra appropriate for the proposed PSM
cover structure These spectra are scaled to two-thirds of the maximum computed as prescribed by the
IBC Additionally, the spectral acceleration at any period must be equal to or greater than the response
spectrum determined as described in Section 1615 1 4 of the IBC

5 FOUNDATION DESIGN

We completed a supplemental geotechnical report for foundation support recommendations, dated
February 18, 2008 In that report we recommended that the PSM cover structure be supported on driven
or drilled steel piles bearing 1n the native gravels, or on an improved subgrade We understand that the

Project No 1050-001-00
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Table 1 Seismic Design Parameters (2006 IBC)
e Seismic Design Paraiéters (205@55{3} o
Building Use Category i
Seismic Use Group ]
AAAAAAAA o A Selsrr;:_c_:_lmporta;cr:e _l:_a-it;tor, le ) w"1—25
S Site Class o é -
Spectral Res;;;ge; —A_\;celeratson Ss 098¢
B Spectral Rt;;p;ns:e Acceleration S, ' 034g S
- ~ Stte Coefficient, Fa ‘ | os B
o Site Coefﬁmen-t,’gv - 2 t'; )
Spectral Response Acceleration (Short Period), Sps 060g
—g;;;ctral Response Acceleration (1-Second Period), Sp1 W o 0 éég
- Seismic Desxén éz;tééor); iiiiiiiiiiiiiiiiiiiiiiiii D
Note

! Site soll 1s classified as Site Class F based on the hquefaction hazard Site Coefficients are based on Stte Class E per
the 2006 International Building Code, provided the period of the structure is less than 0 5 seconds

Based ‘on the 2002 USGS National Seismic Hazard Mapping Project, the expected peak bedrock
acceleration having a 10 percent probability of exceedance 1n 50 years (475 year return period) 1s 0 19g
The expected peak bedrock acceleration having a 2 percent probability of exceedance 1n 50 years (2,475
year return period) 1s 0 41g  These values represent the peak acceleration on bedrock beneath the site and
do not account for any ground motion amplification due to site-specific effects

44 SITE SPECIFIC RESPONSE ANALYSIS
441. Ground Motion Selection

Earthquake acceleration time histories used to evaluate the site response were selected based on the fault
mechanmism of the earthquake source zones, the soil/rock profile type at the site where the earthquake time
history was recorded, the distance from the epicenter to the recording site, the PGA of the record, the
predominate period, and the earthquake magnitude and energy content

Based on the proximity (and magnitude) of the Portland Hills fault and a review of literature comparmg
the potential impact of shallow crustal faults and the CSZ Interplate fault in the Portland metropolitan
area, 1t 1s our opinion that the ground motions at the site are controlled by a crustal event For this reason,
we selected three acceleration time histories for this event as input for the seismic response analysis
Table 2 presents the earthquake acceleration time histories used m our analysis These recordings were
determined, based on the screening cnteria described above, to be compatible with the project site
conditions b

. Project No 1050-001-00
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PSM cover structure will be supported on a combination of dnlled and driven piles  Our fill
recommendations are provided mn the February 18 report

6. REFERENCES
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Fnal Geotechmical Data Report, West Side CSO Tunnel, Shafts, Pump Station, & Pipelines, prepared by
Parsons Brinkerhoff for the City of Portland Bureau of Environmental Services, dated May 28,
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Earthquake Hazard Maps of the Portland Quadrangle, Multhomah and Washington Quadrangles,
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7 LIMITATIONS

We have prepared this report for use by Walker Macy, the City of Portland Bureau of Parks and the
design team for construction of the PSM cover structure in Waterfront Park 1n Portland, Oregon Our
report 1s ntended to provide our opinion of geotechnical parameters for design and construction of the
proposed project based on exploration locations that are believed to be representative of site conditions
However, conditions can vary significantly between exploration locations and our conclusions should not
be construed as a warranty or guarantee of subsurface conditions or future site performance

~

Within the limitations of scope, schedule and budget, our services have been executed 1n accordance with
generally accepted practices 1n the field of geotechnical engineering in this area at the time this report was
prepared No warranty, express or impled, should be understood

Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or figure), 1f

provided, and any attachments are only a copy of the original document The onginal document 1s stored
by Pacific Geotechnical and will serve as the official document of record

Project No 1050-001-00
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8. CLOSING

We appreciate the opportunity to submut this report to you Please contact us if you have any questions or
need additional information

Sincerely, ¢

Greg A Landau, PE
Geotechnical Engineer

Attachments IEXPIRES: \2-31-03 |
Document ID 1050-001-00R3 doc

Project No 1050-001-00
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APPENDIX A
SUBSURFACE EXPLORATIONS

We evaluated subsurface soil conditions by completing three borings at the approximate locations shown
on Figure 2 of the report text The boring locations were approximately located by pacing from existing
site faciliies Exploration locations should be considered accurate only to the degree implied by the
methods used

“

The borings were drilled utilizing mud rotary dnlling techniques using a truck-mounted dnill ng provided
by Subsurface Technologies of Banks, Oregon Soil samples were obtained from the explorations using
one of the following methods

1 Standard Penetration Tests (SPT) were completed in general conformance with ASTM Test
Method D1586, “Standard Method for Penetration Test and Split-Barrel Sampling of Soils” The
sampler was driven with a 140-pound auto-trip hammer falling 30 inches The number of blows
required to drive the sampler 1 foot, or as otherwise indicated, into the soils 1s shown adjacent to
the sample symbols on the boring logs Disturbed samples were obtained from the split barrel for
subsequent classification and index testing

2 Relatively undisturbed samples were obtamed using a Dames & Moore Type-U sampler The
sampler was driven usmg a 140-pound hammer falling 30 inches, just as with the SPT samples
The penetration resistance recorded on the boring logs have been reduced by 50 percent for
general correlation with the SPT blow counts Samples retained from the split barrel consist of
up to six, l-inch-high by 2 48-inch-diameter brass rings Disturbed rings were generally not
retained

Materials encountered 1n the explorations were classified in the field in general accordance with ASTM
Standard Practice D2488, “Standard Practice for the Classification of Soils (Visual-Manual Procedure)”
Soil classifications and sampling intervals are shown 1n the exploration logs in this appendix

The field explorations were coordinated by an engineering geologist from our staff, who located the
explorations, classified the various soil units encountered, obtammed representative soil samples for
geotechnical testing and maintained a detailed log of each exploration Exploration logs are included 1n
this appendix Results of the laboratory testing are indicated on the exploration logs and are discussed 1n
Appendix C




KEY TO EXPLORATION LOGS -

Note Multiple symbols are used to indicate borderline or dual soil classifications

Yl . Pacific Geotechnical, LLC
/ . Pga ﬁc Geotgc h nica L LIC 1419 Washington Street, Suite 101
/l’ i Oregon City, Oregon 9704
\
p
S \
MAJOR DIVISIONS YMBOLS TYPICAL DESCRIPTIONS SYMBOLS . pescriTions
GRAVEL CLEAN WELL-GRADED GRAVELS GRAVEL - SAND CEMENT CONCRETE
AND GRAVELS GW MIXTURES CC
GRAVELLY POORLY GRADED GRAVELS GRAVEL - SAND
COARSE SOILS (%T,higg GP MIXTURES AC ASPHALT CONCRETE
GRAINED GRAVELS SILTY GRAVELS GRAVELS SAND SILT TOPSOIL/SOD
SOlLs MORE THAN 50% OF | \\co o e GM MIXTURES TS FORREST DUFF
COARSE FRACTION
RETAINED ON NO 4 {APPRECIABLE GC CLAYEY GRAVELS GRAVEL SAND CLAY
SIEVE AMOUNT OF FINES) MIXTURES Stratigraphic Contact
MORE THAN fm“g CLEAN SAND sSw WELL.GRADED SANDS GRAVELLY SANDS Distinct contact between soil
50% RETAINED SANDY (TTLEOR strata or geologic units
ONSI;IE?I éoo SOILS NO FINES) SP POORLY.GRADED SANDS GRAVELLYSANDS | Gradual or approximate change
between soil strata or geological
MORE THAN 50% | SANDS WITH SM SITLY SANDS SAND SILT MIXTURES amits o1l strata or geolog
OF COARSE FINES
FRACTION PASSING
NO 4 SIEVE A&m}'sgf‘__":;‘;s) sC CLAYEY SANDS SAND CLAY MIXTURES
M INORGANIC SILTS ROCK FLOUR, CLAYEY SILTS
L WITH SLIGHT PLASTICITY
FINE SILTS LIQUID LIMIT TNORGANIC CLAYS OF LOW TO MEDIUM
GRAINED AND LESS THAN 50 CL PLASTICITY GRAVELLY CLAYS SANDY CLAYS
SOILS CLAYS SILTY CLAYS LEAN CLAYS
ORGANIC SILTS AND ORGANIC SILTY CLAYS OF
OL LOW PLASTICITY
MH INORGANIC SILTS MICACEOUS OR
MORE THAN DIATOMACEOUS SILTY SOILS
50% PASSING SILTS LIQUID LIMIT
NO 200 SIEVE AND GREATER CH INORGANIC CLAYS OF HIGH PLASTICITY
CLAYS THAN 50 !
ORGANIC CLAYS AND SILTS OF MEDIUM TO
OH HIGH PLASTICITY
PEAT-HUMUS SWAMP SOILS WITH
HIGHLY ORGANIC SOILS PT HIGH-ORGANIC CONTENTS

A "P" indicates sampler pushed using the weight of the dnll ng

Moisture Modifiers Seepage Modifiers  Caving Modifiers Minor Constituents
Dry -  Absence of moisture, dusty, None None Trace < 5% (silt/clay)
dry to the touch Slow - <1gpm Minor - 1solated Occasonal < 15% (sand/gravel)
Moist - Damp, but no visible water With 5.15% (silt/clay)
Moderate - 1-3 Moderate - fi ent
Wet -  Visible free water or saturated, gpm oderate - Trequen in sand or gravel
usually soil 1s obtained from Heavy - >3 gpm Severe - general 15-30% (sand/gravel)
below the water table in siit or clay
Sampler Symbol Descriptions Laboratory / Field Tests Laboratory / Field Tests
[E 2 4-inch I D spht barrel %F Percent fines DD Dry density
[[B Standard Penetration Test (SPT) AL Atterberg Limits OC Organic content
CP Laboratory compaction test PP Pocket penetrometer
B | shetby tube
CS Consolidation test SA Sieve analysis
% Piston DS Direct shear TV  Torvane shear
[ED Bulk or grab HA Hydrometer analysis

Blowcount (N) i1s recorded for driven samplers as the number of blows required to advance sampler 12 inches (or distance
noted) per ASTM D-1586 See exploration log for hammer weight and drop

(2 4-inch) sampler N approximately corrected to equivalent SPT N by 50% reduction in N - modified California

Note Refer to the report text and exploration logs for a proper understanding of subsurface conditons Descriptions on the logs apply only at the exploration locations at the time
§ the explorations were made The logs are not warranted to be representative of the subsurface conditions at other locations or times




%}9%\ Pacific Geotechnical, 1i.c

Pacific Geotechnical, LLC '
1419 Washington Street Suite 101
Oregon City Oregon 97045

LOG OF BORING NO. B-1

Project Name Portland Waterfront Park
Location Portland, OR

Number 1050 001-00 Sheet 1 of 3
. N
< 'E @ o
= o *
g % % E B?:\;':,:;i‘: :|°, Material Description Water ?/nontent, Other Tests and Notes
£ 25| B £
S| 8| E| 5| nae | & 0305
(=] [+4 3 7] 1 1 f N (L] 1| 13| 1 |017|°1910
% | ¥ SW
| i | Brown gravelly SAND, fine to coarse
i . sand, fine rounded gravel (moist,
: loose) [Fill]
- § 18
9 ‘E l
i 10 | 1 |[spT|?.
N oo '
i | 13
-5 7 | i ' Grades to with layers of SILTY SAND 4
i 8 2 | spT j I I with gravel
4 | Grades with trace silt
i 5 | 3 |spT !
» ‘ :
; i 1€
10 4 I r
B 6 | 4 | SPT T , ;
i
i
i ;o E
b
. ;
—15 ! 1 Grades with trace to some gravel (very
i 4 5 | spT . loose)
N I
l g% GP
| ~Ao] Brown POORLY-GRADED GRAVEL 8
20 %467 With trace fine sand Rounded gravel 1| Interpreted as fill based on
2 6 | SPT 02 ¢ to1 maximum dimension (moist to depth
B gOD wet, medium dense to dense)[Fill]
I e
H OOD
i i B,
L L 18R
T
: o2
B 0 . | | oq’ S
O I } M)
- | Y] 67
% 3. oq.’ S
i 3 |7 |spT| | 00
i 47!52
i 1 i 02
| N [ ! sl
! D,
T
~ 3 } OOD
i B,
I | b ~
) i DOD
R 61 20
—30 | ! oq;; q o
Date Started 1/30/08 Dnlling Method Mud rotary
Date Completed 1/30/08 Sampling Method SPT
Completion Depth 73ft 4" Auger Data NA
Drilled By Subsurface Technologies Hammer Data 140lb Autohammer 30 inch drop
Logged By G Sandstrom Drniling Equipment

* D&M N values reduced by 50% to correlate with SPT




W/}//\ Pacific Geotechnical, uic

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

LOG OF BORING NO. B-1

Number 1050-001-00

Project Name Portland Waterfront Park
Location Portland, OR

Sheet 2 of 3

Depth, feet
Recovery (in)
Sample Number
Sample Type

*Corrected
Blows/foot

20 40 60 80

Matenal Description

Water Content,
%

10 30 50 70 90
) T T Y T T |

Other Tests and Notes

i

10
$

(2]
©
9
-

10
SPT

10 | 10 | SPT

11 | SPT

12 | SPT

13 | SPT

- |

{

|

O
n‘% Graphic Log

[~
o,

e
20

<

SO
8]

Grades to loose

Grades with fine to coarse sand
(medium dense to dense)

GP-SP

Sandy GRAVEL to gravelly SAND Fine
to medium sand Fine rounded gravel
(wet, dense)[Fill]

.

r—

SM

Gray SAND with gravel and silt Fine
to medium sand Fine rounded
gravels (wet, medium dense to dense)
[Ful1}

o
o

Lost circulation and mud
Sampler possibly driven
through slough May be
denser than blow counts
suggest

/
Regain circulation at 43ft

No recovery

Interpreted as fill based on
blow counts and drawings
of adjacent
crnibbing/seawall

Interpreted as fill based on
blow counts and drawings
of adjacent
cnbbing/seawall

Date Started 1/30/08

Date Completed 1/30/08

Completion Depth 73ft 4"

Drilled By Subsurface Technologies
Logged By G Sandstrom

Dnliing Method Mud rotary
Sampling Method SPT
Auger Data NA ~

Drilling Equipment

, Hammer Data 140lb Autohammer 30 inch drop

* D&M N values reduced by 50% to correlate with SPT




LOG OF BORING NO. B-2

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

f/@;}/—,—/\Paaﬁc Geotechnical, Lic

Number 1050-001-00

Project Name Ankeny Plaza

Location Waterfront Park, Portland OR

Sheet 1 of 2

*Corrected
Blows/foot

Depth, feet
Recovery (in)
Sample Number
Sample Type
Graphic Log

20 40 60 80

Matenal Description

Water Content,

%

1I013|0I5I0I7I0I9I0

Other Tests and Notes

|
!
i
~

-
N

|
E %53
|

10 1 SPT

i
1
i E B3 58]

10 3 | SPT

GP-GM /

Dark gray POORLY-GRADED GRAVEL
with sand and silt to SILTY GRAVEL
Coarse angular basalt crushed rock
(wet, medium dense)[Fill]

Grades to loose

Brown to gray-brown POORLY-
GRADED SAND with silt to SILTY
SAND with gravel and wood debris
(moist, loose)[Fill]

7
_ 4 | 2 |spPT \ gg:g
T

-
o

12 4 | SPT

SM

Dark gray-brown SILTY SAND with
gravel (wet, loose to medium dense)
[Fill]

S

4 5 | D+M

4
N 16 | 6 | SPT .

[ j
L [ i
1 ) ] i
i .
i Loy
| |

. |

12 7 | SPT

ML

Gray-brown and mottled brown SILT
with fine sand Low to medium
plasticity (moist, soft)[Fill]

Grades to dark gray with medium
plastcity and occasional bricks

Grades to SILT with fine sand to fine
sandy SILT (stiff)[Fill or Fine-grained
Flood Deposits?]

/"‘p

—30

-
o

A
>y

w
—

Boring relocated 10 feet
west due to hitting
abandoned sewer pipe

DD= 84 pcf

%F=175

Date Started 1/31/08

Date Completed 1/31/08 -
Completion Depth 46 ft

Dnlled By Subsurface Techologies
Logged By J Lawes

Dnlling Method Mud rotary
Auger Data NA

Dniling Equipment

Sampling Method SPT, D&M

Hammer Data 140 Ib Auto-trip falling 30 inches

* D&M N values reduced by 50% to correlate with SPT




LOG OF BORING NO. B-1

Wﬂzaﬁc Geotechurcal, Lic

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

Project Name Portland Waterfront Park
Location Portland, OR

: Number 1050-001-00 Sheet 3 of 3
.
o
3 -g @ o
= *
E S 2 S B?:LZ?::: ] Matenal Description Water (;:ntent, Other Tests and Notes
b o o o 4
£ 3 B ° 5 '
S| S| E| E| 468 |2 10 30 50 70 90
Q 4 [ [%7] N ) 1 N o NN R
| 42 t
- 1 |14 SPT | iLe Hard drilling at 61t
§ i SP
B | I Brown SAND with occasional fine
i ; “ 3 | rounded gravels (wet, very dense)
‘ e [Troutdale Formation]
: -’
L : ;
o
65 '
4 15 | SPT 50 blows for 5
70 } Becomes dark brown with some yellow
I
| 15 | 16 | SPT |
- g :
t :Q.FQ GP
R o] Brown POORLY-GRADED GRAVEL
6 | 17 | sPT | 100672 with fine to medium sand (wet, very 50 blows for 4 5
| | dense) ;
B {
‘i { Boring completed at 73ft bgs !
- i ' 1
» : H Groundwater not determined due to
| : dnlling method used
i i
i |
—80 [
) E i
- :
- H
I |
a5 |
i H
_ b
b
1 H
» - v
i i
i
i i
- .
b
|
|
| |
90

Date Started 1/30/08
Date Completed 1/30/08

Completion Depth 73ft 4"

Drilled By Subsurface Technologies

Drilling Method Mud rotary

Sampling Method SPT

Auger Data NA

Hammer Data 140lb Autohammer 30 inch drop
Driling Equipment

* D&M N values reduced by 50% to correlate with SPT

Logged By G Sandstrom




-

m}\ Pactfic Geotechnscal, 11c

Pacific Geotechnical, LLC
1419 Washington Street Suite 101
Oregon City Oregon 97045

LOG OF BORING NO. B-2

Project Name Ankeny Plaza

Location Waterfront Park, Portland OR

Number 1050-001-00 Sheet 2 of 2
; .
3
T | £ 2 -3 ./
- = [ *Corrected o ¢ Water Content
3 y
§ E % ,Z_- Blows/foot :., Matenal Description o Other Tests and Notes
S|e|a| 3 [ LB |5 10,30,%0,70,90
68 I GM Very siow drilling at 30ft to
B 14 8 SPT iy Dark gray SILTY GRAVEL with trace 35ft
HIK coarse sand and with angular rock
' (wet, very dense)[Coarse-grained
B h F Flood Deposits]
- i
1 A | %
L i |
| . J L
L a5 L 100[H Ng for 4"
4 o | sPT ! : * 50 blows for 4
o } . '
i N |
SR [ |
o ; 1 . i Grades to dark gray-brown SILTY I
: ' [l GRAVEL with fine to medium coarse §
- } } f K1 sand and rounded basalt gravels to 1
X I I In maximum dimension
40 fo ool ,
3 10 | SPT R ! . H 50 blows for 2
[
S ]
L ! n
K UM !
100f|H A ] d
—45 ¥ }
6 1 | spPT H | | ‘ 90 blows for 11
N
T B Borning completed at 46 ft bgs
% Groundwater not determined due to
- ! driling method used H
i
1 H
50 i 1 £
L f P
L . )
H
o
i E
- - Co
o
—55 .o i g
i i f
[ |
i | )
i A
- ‘ i ! i
i | s ‘
._60 3 i

Date Completed

Date Started 1/31/08

1/31/08

Completion Depth 46 ft
Drilled By Subsurface Techologies
Logged By J Lawes

Drilling Method Mud rotary

Sampling Method SPT, D&M

Auger Data NA

Hammer Data 140 |b Auto-trip falling 30 inches
Drilling Equipment

* D&M N values reduced by 50% to correlate with SPT




m}\ Pacific Geotechmical, uic LOG OF BORING NO. B-3
Project Name Portland Waterfront Park
Pacific Geotechnical, LLC ,
1419 Washington Street Suite 101 Location Portland, OR
Oregon City Oregon 97045 Number 1050-001-00 Sheet 1 of 2
@
€ -g 2 -]
- = I *Corrected Water Content,
5 E % E Blows/foot % Matenial Description % Other Tests and Notes
£ > = = £
S| S E| E| 2046080 |2 10 30 50 70 90
Q 4 %] ] 1 i N fn (L] F OO N T T
b ' ~'{ SP 1 |
L I Brown gravelly SAND to SAND with ;
I ‘3| gravel Fineto medium sand Fine
i ! I N rounded gravel (moist, medium
B I R .+ | dense) [Fill] 3
i 25 A :
13 | 1 | SPT §\ ‘ N
~ { %\ H M
i
| “ 20
—5 s Grades with brick and concrete debris ] 50 blows for 6"
109 due t rete deb
N 14 2 | spT . ue to concrete debns
N
B 32 / eM T
5 3 | SPT Gray SILTY GRAVEL with sand and
occasional wood debnis Fine to
I medium sand Fine to coarse rounded
to subangular gravel (moist to wet, 85
—10 “ dense)[Fill] 3
L 6 4 | SPT
1 1] ML %F=19
L 4 5 SPT Gray SILT with fine sand, clay and
wood debris Low to medium
plasticity {moist, very soft to medium
B stiff)[Fill]
|
) |
|
- 39
—20 3 No recovery due to wood
i 0 6 D+M t in sampler shoe
i
i
N |
{
o i
H
25 10 ’ No recovery
n 0 7 | DM g pa
I M fr
| Gray silty fine SAND {(moist, medium
| 26 8 ST ‘ | dense)[Fine-grained Flood Deposits] 35
Lo
Co |
9 9 | SPT |
. \
Date Started 1/29/08 Drilling Method Mud rotary
Date Completed 1/29/08 Sampling Method SPT, D&M, Shelby Tube
Completion Depth 38ft Auger Data NA
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APPENDIX C
LABORATORY TESTING

GENERAL

N

So1l samples obtained from the explorations were transported to our laboratory and evaluated to confirm
or modify field classifications, as well as to evaluate engineering properties of the soils encountered
Representative samples were selected for laboratory testing The tests were performed in general
accordance with the test methods of the American Society for Testing and Materials (ASTM) or other
applicable procedures

VISUAL CLASSIFICATIONS

~

So1l samples obtained from the explorations were visually classified n the field and 1n our geotechnical
laboratory based on the Unified Soil Classification System (USCS) and ASTM classification methods
ASTM Test Method D2488 was used to classify soils using visual and manual methods ASTM Test
Method D2487 was used to classify soils based on laboratory test results

Moisture Content

Moisture contents of samples were obtained 1n general accordance with ASTM Test Method D2216 The
results of the moisture content tests completed on samples from the explorations are presented on the
exploration logs included in Appendix A

J

Dry Density

Dry density tests were completed on low-disturbance samples obtained with the Dames & Moore (D&M)
sampler The tests were conducted 1n general accordance with ASTM Test Method D2937 Dry density
test results are presented on the boring logs n Appendix A

Percent Fines

Fines content analyses were performed to determine the percentage of soils finer than the No 200 sieve -
the boundary between sand size particles and silt size particles The tests were performed n general
accordance with ASTM D1140 The test results are indicated on the individual boring logs mn the column
labeled “Other Tests and Notes”
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Bid Set

Section 00520 - Driven Piles
Description

00520 00 Scope - This work consists of furnishing and dnving piles of the type and dimensions shown or
specified, including cutting off or buillding up piles when required

Materials
00520 10 General - Furnish matenals meeting the following requirements

Reinforced Pile Tip 02520 10
Steel Piles 02520 10

00520 11 Engineer's Estimated Length List - Furnish steel piles of sufficient length to attain the penetration
and bearing values specified, and to extend into the cap or footing as shown The Contractor may, at no cost to
the City, dnive test piles, make borings, or perform other investigations the Contractor considers necessary The
"Engineer's Estimated Length” listed in the Special Provisions will be used only for compensation of bids

00520 14 Unused Piles - Acceptable full length piles furnished according to the estimated length list, but not
incorporated In the work, will be handled according to one of the following

» Mark and identify piles for the Contractor's own use
* Return piles to the supplier with the City paying transportation and restocking charges

» The City will purchase from the Contractor piles that are stockpiled at a location on the Project
selected by the Engineer according to 00195 80

Equipment
00520 20 Equipment for Driving Piles - Provide pile dnving equipment meeting the following requirements

(a) Impact Pile Hammers - Provide a striking part of the hammer not less than one-third the weight of the
helmet and pile being dniven, but never less than 2,750 pounds

(2) Open-End Diesel Hammers - Provide open-end (single-acting) diesel hammers equipped with a
device which allows the Engineer to visually determine hammer stroke at all imes dunng pile driving
operations Provide the Engineer with the hammer manufacturer's chart equating stroke and blows per
minute
(3) Closed-End Diesel Hammers - Provide closed-end {(double-acting) diesel hammers equipped with
a bounce chamber pressure gauge, mounted near ground level so the Engineer can easily read it
Before dniving, provide the Engineer a chart calibrated within six months before first use on the Project
to actual hammer performance, equating bounce chamber pressure to either equivalent energy or
stroke

{c) Driving Components

(2) Helmet - Equip piles driven with impact hammers with an adequate metal helmet The helmet
shall

+  Fitaround the pile top >
*  Be axially aigned with the hammer and pile N
«  Distnbute the hammer energy to the total cross section of the pile head

* Be guided by leads

DRIVEN PILES 00520-1
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Bid Set

(3) Hammer Cushion - Equip impact pile driving equipment with a suitable thickness of hammer
cushion matenal to prevent damage to the hammer or pile and to ensure uniform dnving performance
Provide hammer cushions of durable manufactured matenals according to the hammer manufacturer's
guidelines Do not use wood, wire rope, or asbestos hammer cushions Place a striker plate, as
recommended by the hammer manufacturer, on the hammer cushion to ensure uniform compression
of the cushion material

Inspect the hammer cushion in the presence of the Engineer at the beginning of pile driving at each
structure or after each 100 hours of use during pile dnving, whichever is less Replace the hammer
cushion when its thickness becomes less than 75% of its onginal thickness

(5) Leads - Support piles in line and position while driving Construct pile hammer leads to give the
hammer freedom of movement while maintaining alignment of the hammer and the pile to ensure
concentric impact for each blow Leads shall be fixed unless the Engineer approves the use of
swinging leads Fit swinging leads, when used, with a pile gate at the bottom of the leads To maintain
alignment of batter piles, use horizontally braced swinging leads, adequately embedded in the ground,
or ngidly attached to prevent movement during pile dnving

(d) Approval of Pile-Dnving Equipment

(1) General - Before beginning production pile driving, obtain approval in writing of pile driving
equipment

To obtain approval, complete and submit the City's "Pile and Dniving Equipment Data" form at least 14
calendar days before pile driving begins  blank form is included in the Special Provisions or is
avallable from the Engineer Within 14 calendar days of receiving the form, the Engineer will notify the
Contractor of approval or rejection of the pile-dnving equipment

During pile-drniving operations, no changes to the approved equipment will be allowed without the
Engineer's written permission Submit a request for change on a "Pile and Driving Equipment Data”
form The Engineer will give notification of approval or rejection within seven calendar days of
receving the form Time required for resubmission and review of a Contractor's equipment change
request 1s not a basis for a Contract Time extension request unless the Engineer does not respond in
seven calendar days

(3) Wave Equation Method - The method used to evaluate the drniving eqLulpment will be based on
wave equation analysis The critena will be the required number of hammer blows per inch and the
pile stresses at the required ultimate pile bearing capacity

The energy of the submitted hammer shall produce a wave equation predicted blow count between 3
and 15 blows per inch at the ultimate pile beanng capacity

If the wave equation analysis shows an inability to drive the pile(s) to the required ultimate pile bearing
capacity with an acceptable blow count or that pile damage will occur, change the proposed driving
equipment until the wave equation analysis indicates the piles can be driven as specified Submit
changes proposed for review according to 00520 20(d)(1) Make approved changes at no additional
compensation

The pile stresses indicated by the wave equation at the ulimate pile bearing capacity shall not be
greater than the stress at the point of impending damage to the pile as follows

»  Steel Piles - Tensile and compressive stresses in the pile of 90% of the pile matenal's
yield strength for the grade of steel specified at any time dunng the pile installation

Hammers not meeting these requirements will be rejected Replace rejected hammers with
‘ suitable hammers

Construction

00520 40 Preparation for Driving

DRIVEN PILES 00520-2
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{a) Excavation - Unless otherwise provided or authonzed, do not drive piles until after excavation 1s complete
Remove to the correct elevation any matenial foiced up by pile driving at the Contractor's expense before
concrete for the foundation 1s placed

00520 41 Driving
(a) General - Drive piles as specified with approved pile driving equipment to the required penetratton depth
and to the required ultimate pile bearing capacity as shown or specified

(b) Installation Sequence - Unless otherwise shown or specified, install individual piles in pile groups starting
from the center of the group and proceeding outward in either direction, or as approved

{c) Minimum Penetration - Unless otherwise specified or approved, drive piles at least 12 feet below the
footing or pile cap When shown or specified drive piles to a greater minimum penetration If the required
penetration cannot be attained with a hammer complying with 00520 20(d), provide a larger hammer, prebore
or Jet holes, or use other approved methods as necessary to attain the required penetration

(d) Preboring - Use augerning, wet-rotary dnlling or other methods of preboring only when specified or with
written approval When permitted, prebore holes at pile locations and to the depths shown or directed Make
prebored holes smaller than the diameter or diagonal of the pile cross section, but sufficient to allow
penetration of the pile to the specified depth If subsurface obstructions, such as cobbles, boulders or rock
layers are encountered, the hole diameter may be increased to the least dmension which i1s adequate for pile
installation The use of a reinforced section (spud) to loosen the subsurface material at pile locations will not be
allowed unless otherwise approved

{
Perform preboring in a manner that will not impair the bearing or lateral capacity of the piles already in place or
the safety of existing adjacent structures When it 1s determined that preboring has disturbed the load beanng
capacities of previously installed piles, restore those piles that have been disturbed to conditions meeting the
requirements of this Specification by redriving or by other acceptable methods The Contractor shall be
responsible for the costs of any necessary remedial measures unless the prebonng method was specifically
included in the Contract Documents and properly executed by the Contractor

(1) End-Bearing Piles - For end-bearing pile as classified by the Engineer, prebonng may be carried
to the surface of the end-bearnng foundation matenal Following that, drive pile with an approved
impact pile hammer to the specified blow count

(2) Other Piles - For other piles, extend prebonng to the mimmum pile penetration depth and then
dnve pile with an approved impact pile hammer to the specified blow count

After completion of driving, fill any void space remaining around the pile with sand or other approved matenal

(e) Jetting - Jetting may only be used when allowed in the Contract Documents or if approved in wnting When
Jetting 1s not required in the Contract Documents, but approved at the Contractor's request, determine and
submit for review the number of Jets and the volume and pressure of water at the jet nozzles necessary to
freely erode the matenal adjacent to the pile without affecting the lateral stability of the final in-place pile The
Contractor shall be responsible for all damage caused by unapproved or improper jetting operations, unless the
jettmg method was specifically included in the Contract Documents and properly executed by the Contractor
Control, treat if necessary, and dispose of all jet water in a satisfactory manner Dnve all jetted pile with an
approved impact hammer

(f) Location and Alignment Tolerance - Place the tops of piles at plan cutoff elevation and horizontally within
6 inches of plan locations No pile shall be nearer than 4 inches from any edge of the cap Any increase In cap
size to meet this edge distance requirement will be at the Contractor’'s expense

Install piles so the axial aignment of the top 10 feet of the pile i1s within 5 inches of the specified aignment For
piles that cannot be inspected after installation, make an alignment check before installing the last 5 feet of
pile The Engineer may require that dnving be stopped to check the pile aignment Pulling laterally on piles to
correct misalignment or splicing a properly aligned section onto a misaligned section will not be allowed

DRIVEN PILES 00520-3
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If the specified location or alignment tolerances are exceeded, the effect of the pile misalignment on the
substructure design will be investigated If the Engineer determines corrective measures are necessary,
implement suitable measures and pay all costs and delays associated with the corrective action

(g) Heaved Piles - Make elevation readings on piles dunng pile driving operations to check on pile heave Take
elevation readings after each pile has been driven and again after piles within a radius of 15 feet have been
driven Rednve to the required penetration and resistance, at Contractor’s cost, all piles that have nsen more
than 1/2 inch Continue readings until the Engineer determines that such checking 1s no longer required If pipe
piles which have been filled with concrete subsequently heave, rednive them to onginal position, after the
concrete has attained specified strength, with an approved hammer-pile cushion system

00520 42 Ultimate Pile Bearing Capacity

(a) General - Drive piles with approved pile driving equipment to the lengths necessary to attain the required
penetration and ultimate pile bearing capacity Adequate pile penetration will be considered reached when the
piles are driven to or below the minimum penetration depth and the specified equation resistance value 1s
achieved If piles do not achieve the specified resistance when driven to order length or estimated length,
splice and drive them to penetrations established by the Engineer The required number of hammer blows per
inch at final penetration shall be maintained for 3 consecutive inches unless "refusal” driving s first obtained
"Refusal” driving 1s defined as 20 blows per 1 inch or as determined by the Engineer

If water Jets are used with the driving, the beanng value shall be determined by the specified equation from the
results of dnving after the jetting has been completed according to 00520 42(e)

(c) Wave Equation Analysis - The Engineer will determine ulhimate pile bearing capacity based on wave
equation analysis

(d) Set Period and Re-driving - If piles do not attain the required bearing capacity when driven to the specified
length, and f permitted or required, allow the piles to stand for a "set penod” without dnving The "set period”
shall be a minimum of 24 hours unless otherwise approved by the Engineer After the set period, perform check
dniving on either two piles in each bent or on one pile in every 10 piles, whichever is more The Engineer will
designate the piles on which check driving is to be performed Do not use a cold hammer for rednving Warm
up the hammer before rednving begins by applying at least 20 blows to another pile Redniving shall consist of
dniving the pile to the required bearing with a maximum of 15 blows If the specified hammer blow count is not
attained on redrniving, the Engineer may direct the Contractor to dnive all of the remaining pile length and repeat
the set penod and rednving procedure Splice those piles drniven to plan grade that do not attain the hammer
blow count required, and drive until the required bearing I1s attained If the required bearing capacity i1s attained
for each pile that Is rednven, then the remaining piles in that bent will be considered satisfactory when driven to
at least the same penetration and resistance as the redriven piles

(e) Jetted Piles - The ultimate pile bearning capacity of jetted piles will be based on impact driving blow count
after jetting has been completed Jet pipes may be removed when the pile tip is at the required minimum pile
tip elevation and before the pile is drniven to the required bearing capacity For piles that are jetted at the
Contractor's request and do not attain the required ultimate bearing capacity at the ordered length, splice, as
required, and drive with a specified impact pile hammer until the required ultimate pile bearnng capacity 1s
achieved according to appropriate critena in 00520 42 Regardless of City approval, the Contractor shall pay all
costs of splicing and driving ptles beyond the order length If jetting 1s requested by the Contractor

00520 43 Steel Piles
(a) General - Unless otherwise specified, furnish standard steel piles in the longest practical lengths

(b) Storage and Handling - Store and handle steel piles in ways that protect them from damage Bent or
kinked piles will be rejected

(c) End Treatment - Cut pile ends square

(d) Reinforced Pile Tips - Install pile points, shoes, or other tip reinforcement according to the manufacturer's
recommendations and Section 02520

(e) Driving - During driving, protect the pile head with a fitted metal helmet

DRIVEN PILES 00520-4
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{f) Sphices - Where splices are unavoidable, submit for approval their number, location and details

(1) Welded Splices - Make welded splices using a full penetration butt weld, as shown Comply with
the welding procedures of AWS D1 1 -

)
{(2) Mechanical Splices - Mechanical splices may be used if the spiice transfers the full pile strength
in compression, tension, and bending, according to working drawingssubmitted according to
00150 35(m)(2) and approved by the Engineer
(g) Welding - Weld pile splices, pile tips, pile anchors, and other welded attachmenté to steel piles according
to AWS D1 1

(1) Splices - Splice Joints for round piles shall conform to Joint B-U4a or C-U4a-GF (Single-Bevel
Groove Weld) in D1 1 Figure 3 4 Weld back-up rings with a full penetration groove weld

Sphce joints for H-piles shall conform to Joint B-U3b or B-U3-GF (Double V-Groove Weld) in D1 1
Figure 3 4 for both the web and flange sections Joint B-U4a or C-U4a-GF may be substituted on the
flange weld Provide access holes at the ends of the web according to D1 1 Section 5 17

(2) Submuttals - Prior to welding, submit the following for approval

* A Welding Procedure Specification (WPS) for all pile welds, conforming to the imitations of D1 1
Table 4 5 Both ASTM A 36 and ASTM A 252 Grade 1 and 2 may be treated as prequalified base
metals under Group 1 ASTM A 252 Grade 3 will not be considered a prequalfied base metal
unless the steel has a Carbon Equivalent (CE) of 0 30% or less Develop a Procedure
Qualification Record (PQR) for all welding using Grade 3 steel or present proof that the chemistry
of the steel meets the CE requirements

* Qualffication documents for each welder Use welders qualified accord]ng to D1 1 Section 4 for
the position, process and pile diameter used on the job

Do not begin welding without approval
Following completion of all welding, submit the following

» Annspection report stating that the welding under the Contract was performed according to D1 1
The report shall include a review of the WPS, a review of welder qualifications and a report on
visual inspection of the welds on the job site The inspection shall be signed by a Certified
Welding Inspector (CWI) holding QC1 certification as defined in D1 1 Section 6

+ Ifthe plans or Specifications call for additional inspection other than visual, include reports in the
submuttal

(3) Additional Testing - The Engineer may request additional nondestructive testing (NDT), such as
radiography or ultrasonic testing of any or all welds [f the additional testing identifies defects
warranting rejection, perform repair and additional inspection at no additional cost to the Department
If the additional NDT does not identify defects warranting rejection, the Department will pay the cost of
the additional testing Radiographic and ultrasonic defect indications will be evaluated according to the
statically loaded cnteria of D1 1

(h) Cutoff Lengths - Cut off the tops of all permanent piles square and smooth at the elevation shown or as
directed All cut-off pile becomes the property of the Contractor Dispose of according to 00290 20 With
approval, undamaged cutoffs may be used as pile extensions or welded together to form full length piles Steel
pile cutoffs welded together, whether pile extensions or full length piles, shall not vary from a straight line more
than 1/4 inch in 20 feet measured along any edge of the pile

All acceptable cutoffs and unused pile lengths remaining at completion of pile dnving will be marked for

identification by the Engineer as acceptable for use on other or future City projects if requested by the
Contractor

DRIVEN PILES 00520-5



PROJECT NO 0714 WATERFRONT PARK IMPROVEMENTS PAGE 6
5 MARCH 2008 AT SW NAITO AND BURNSIDE BRIDGE SECTION 00520

Bid Set

(1) Capping - If required by the plans, cap steel piles with a steel plate of the size and shape shown Connect
this cap to the pile according to the details shown

00520 46 Damaged or Defective Piles - In addition to other specified requirements at Contractor’'s expense
«  Approval of a pile hammer shall not relieve the Contractor of responsibility for piles damaged from
misalignment of the leads, failure of capblock or cushion materials, failure of splices,
malfunctioning of the pile hammer or other improper construction methods
+  Piles damaged dunng installation will be considered unsatisfactory unless the bearing capacity is
proved by load tests performed by the Contractor If such tests indicate inadequate capacity, take
corrective measures, such as the use of damaged piles at reduced capacity, installation of
additional piles, strengthening of damaged piles, or replacement of damaged piles
« Do not place footing concrete until all piles within a footing are inspected by the Engineer
Measurement

00520 80 Measurement - The quantities of work performed under this Section will be measured according to
the following

(a) Furnish Equipment for Driving Piles - No measurement of quantities will be made for furnishing
equipment for driving piles

(b) Furnish Piles - The quantities of furnishing steel, prestressed concrete, timber, and test piles will be
measured on the length basts, to the nearest foot, as follows

(1) Steel Piles - Steel piles will be the length of each pile remaining in the completed work, from the
pile tip to the cutoff plane

No allowance will be made for that length of pieces furnished by the Contractor to replace piles previously
accepted by the Engineer, but that are subsequently damaged before completion of the Project

(c) Dnive Piles - The quantities of dniving steel, prestressed concrete, timber, and test piles will be measured
on the unit basis Driving test piles includes test piles remaining in the completed work

Preboring will be measured on the length basis, to the nearest foot

Jetting will be measured on the unit basis, for each pile driven with the aid of jetting

(e) Reinforced Pile Tips - The guantities of reinforced pile tips will be measured on the unit basis

(f) Pile Splices - Pile splices will be determined as follows
(1) Steel Piles - Splices incorporated in the finished structure that were made to increase the length of
the pile 5 feet or more for estimated pile lengths of 60 feet or less and 10 feet or more for estimated
pile lengths of over 60 feet beyond the estimated pile length will be measured on the unit basis Only
one splice will be measured per pile No measurement will be made for splices to steel piles within the
estimated lengths listed in 00520 11 of the Special Provisions

Payment

00520 90 Payment - The accepted quantities of work performed under this Section will be paid for at the
Contract unit price, per umit of measurement, for the following items

Pay ltem Unit of Measurement
(a) Furnush Pile Driving Equipment Lump Sum
(b) Fumnish Piles Foot
(c) Furnish Test Piles Foot

DRIVEN PILES 00520-6
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Bid Set
(d) Drive Piles Each
(e) Drive Test Piles Each
] Preboring Piles Foot
(9) Jetting Piles Each
(h) Pile Load Test (static) Each
(1) Pile Load Test {dynamic) Each
0] Reinforced Pile Tips ¢ Each
(k) ___Steel Pile Splices Each

Partial payments for Item (a) will be made as follows
*  When equipment for driving piles 1s furnished and is satisfactorily driving piles  75%
*  When dnving piles 1s complete and equipment has been removed from site 25%
Item (a) includes

« furmishing all matenals, equipment, and labor necessary for transporting, erecting, maintaining,
replacing any ordered equipment, dismanting and removing the entire pile driving equipment

»  resubmittal of wave equation analysis data If original data is.rejected

» replacing previously approved hammers if hammer operates improperly

» all considerations when selecting the pile hammer size
The cost of all matenals and labor, including the manipulation of the pile dnving equipment in connection with
driving piles will be included in the unit price each for driven piles Furnishing equipment for dniving sheet piling
1s not included in this work

In items (b),(c), (d) and (k) the type and size of pile will be inserted in the blank

Item (d) includes cutting off piles, treating and capping pile heads, attaching anchor brackets, lugs or other
attachments, and finishing concrete piles

ltems (d) and (e) include all expenses involved in dnving piles which have not attained the required bearing
capacity and are required to stand for a "set period”

ltem (j) includes attaching the tips to the piles

Item (k) includes steel pile splices required to increase pile length beyond the estimated length listed n
00520 11 of the Special Provisions No payment will be made for splices to steel piles that are within the
estimated lengths listed in 00520 11 of the Special Provisions

Payment will be payment in full for furnishing and placing all matenals, and for furnishing all equipment, labor,
and incidentals necessary to complete the work as specified

No separate or additional payment will be made for work needed to dnve piles to minimum tip elevation as
shown or specified

No separate or additional payment will be made for welding inspection performed according to 00520 43(g-2)

No separate or additional payment will be made for preboring and jetting of piles If not included i1n the Contract
Schedule of ltems but requested by the Contractor

Prebonng and Jetting, If not included In the Contract Schedule of ltems, larger hammers, and construction of

concrete pile extensions, build-ups, and splices ordered by the Engineer, as a result of diffening site conditions
(see 00140 40) will be made on an Extra Work basis according to Section 00196

DRIVEN PILES 00520-7
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Geotechnical Engineering and Engineering Geology
with a Focus on Sustamnability

April 12, 2007

Walker Macy
111 SW Oak, Suite 200
Portland, Oregon 97204

Attention Mr Mauncio Villarreal

Subject Report of Geotechnical Engineering Services
Portland Waterfront Park, Ankeny Plaza & Street Improvements
Portland, Oregon
Project No 1050-001-00

1. INTRODUCTION

Pacific Geotechmcal, LLC (Pacific Geotechnical) 1s pleased to submit our geotechnical engineering report
for the proposed Waterfront Park and Ankeny Plaza redevelopment project The project 1s located in and
adjacent to Waterfront Park 1n the city of Portland, Oregon The location of the site 1s shown on Figure 1
Figure 2 shows the approxumate project boundaries This report was completed m general accordance with
our proposal of January 17, 2007 r

7

o8-t

2. PROJECT DESCRIPTION

The project consists of relocation of the Portland Saturday Market (PSM) west into existing Waterfront
Park Associated with this move will be reconfiguration of some pedestrian ways, construction of a
restroom and cover structure for the PSM, mstallation of an interactive water feature, and appurtenant
facilities such as piping and benches Structural loading mformation was not available at the time of
completing this report, but loads on structures are expected to be very ight The exception to this might be
the PSM cover structure which could impose some significant moments on the foundations, depending on
the final design Cuts and fills are expected to be minimal, probably less than about 3 feet

3. SITE CONDITIONS

The project area 1s located 1n the existing Waterfront Park in downtown Portland, Oregon Construction
associated with this project 1s anticipated to extend to the Ankeny Plaza area and nearby portions of
Burnside and Ankeny Streets and First Avenue, as shown on Figure 2 Ths site 1s within the densely
urbanized Portland metropolitan core, and 1s characternized by complex geologic and soil conditions related
to the regional geologic setting as well as the extensive alteration of the western bank of the Willamette
Raver that has occurred since European settlement

Phone 503 656-0156 / Fax 503 656-0186 / www PacificGeotechnicalLLC com

1419 Washington Street / Suite 101 / Oregon City, Oregon 97045
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31. REGIONAL GEOLOGIC AND TECTONIC SETTING

The Geotechnical Baseline Report, West Side CSO Tunnel, Shafts, Pump Station and Pipelines Project
(Parsons Brinckerhoff, 2002a) contains a well crafted explanation of the regional geologic setting of the
project area as well as the history of local faulting and geomorphology (landform) The following
paragraphs briefly summarize the mformation presented 1n that report

The project 1s located along the west edge of the Willamette River, a tributary of the Columbia River that
flows through the Portland Basin This pull-apart basin, a product of regional tectonic stresses related to
-.the subduction collision of the Juan de Fuca plate with the over-nding North American plate, has been
ibsiding since at least Miocene time Tens of hundreds to thousands of feet of alluvial clay, silt, sand and
tavel have been deposited m the Portland Basin between intervals of uplift, scour and erosion that have
pated extensive topographic relief m the basin sediments Massive “Missoula” floods scoured and then
4 cposited sediment ranging from clay to gravel in the Portland Basin during the latest Pliocene to latest
Mlelstocene (~1 mullion to 12,500 years ago) Post-Pleistocene geologic activity in the basin includes
‘ llamette River fluvial erosion and deposition of sediment as well as the placement of large quantities of

-made fill along the Willamette riverfront and 1n adjacent sloughs, lakes and bottomlands

w e regional Columbia River Basalt (CRB) bedrock that forms the Portland Basin and adjacent West Hills
» _®(Tualatin Mountains) was formed 5 to 15 mullion years ago by an immense outpouring of lava from vents
" Mong the Oregon-Idaho border that covered this portion of the Pacific Northwest to depths of thousands of
#1¢et with igneous rock As the basalt-floored Portland Basin subsided, sediment eroded both from the
gearby Cascade Mountain chan as well as from continental mterior sources were carried 1nto the basin by
i#¥he Columbia and other, local, nivers and deposited as the Plio-Pleistocene Sandy River Mudstone (SRM)
gnd overlying Troutdale Formation sandy to silty gravel Alluvial processes ranging from the catastrophic
&#dloods to everyday fluvial activity of local nivers and streams eroded channels in, as well as deposited
additional sediment on, the SRM and the Troutdale The matenal related to the Missoula Flooding 1s
Wenerally referred to as “flood-deposits” and 1s further characterized by gran size as “coarse-grained” or
) @Qﬁ“ Mne-gram > flood deposits A veneer of Willamette River alluvium derived from Willamette Valley
: w# sources to the south as well as reworked flood deposit sediments mantle the topography the Willamette has
e mcised into the last flood-created surface Since at least the late 1800°s human activity has extensively
g altered the Willamette River shore and created unique and vanable shallow soil conditions 1n the project
area

gfRegional stresses have also produced pervasive northwest-southeast and southwest-northeast faulting m
”" the Portland region Several large, northwest-trending faults are mapped within one mule of the project
ea, mcluding the Portland Hills Fault and the East Bank Fault (Geologic Map of the Portland
7" @ Quadrangle, Multnomah and Washington Counties, Oregon and Clark County, Washington, Beeson and
éﬁp others, 1991 The Portland Hills Fault Zone 1s considered potentially active (Seismic Design Mapping,
State of Oregon (Geomatrix, 1995) and US Geologic Survey Quaternary Fault and Fold Database
(USGS, 2007) We noted during our document review that in addition to the mapped faults the
geotechnical data report for the West Side CSO project (Parsons Brinckerhoff, 2002b) reports a disparity
1n geologic unit elevations from borings located across the Willamette River from each other that infers a
displacement of the CRB and SRM units as much as 130 vertical feet over this distance This suggests a
previously unmapped fault along the axis of the Willamette that may have undergone as much as

0 04mm/yr displacement over the past 1 million years

File No 1050-001-00
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Seismic hazard mapping for the project area 1s presented in the Earthquake Hazard Maps of the Portland
Quadrangle, Multnomah and Washington Quadrangles, Oregon and Clark County, Washington (Mabey
and others, 1993) These maps estimate relative hazard from ground motion amplification, liquefaction
and lateral spreading/slope instability The ground motion amphification map shows the site 1s 1n the 1 to
1 4 amplification factor hazard zones, the lowest and second-lowest zones based on a six zone rating
system An amplification factor of 2 5 or greater 1s the highest relative hazard and 1 the lowest The
thickness of liquefiable sediment (liquefaction hazard) 1s ranked 1n the lughest hazard level, at greater than
9 meters (about 30 feet) of hiquefiable soil potentially present in the area

A seismuc hazard particular to the project area 15 lateral spreading As described i Liquefaction of soils
during earthquakes (NRC, 1985), this ground movement occurs when large blocks of ground are displaced
down gentle slopes or towards stream channels as a result of hiquefaction of subsurface soil during an
earthquake Man-made seawalls and loose, saturated sandy fills can increase site vulnerability to this
hazard, and the presence of these features 1s reflected n the classification of the bulk of the project area in
the highest (estimated lateral ground displacement 1n excess of 1 2 meters, about 4 feet) and second highest
(displacement of 0 9 to 4 meters, about 3 to 4 feet) hazard zones (Mabey and others, 1993)

3.2 SITE HISTORY

Prior to European settlement site geomorphology was dominated by the Willamette River meandering
through what 1s now the project area across a broad, low alluvial floodplam Tnbutary streams drained the
West Hulls and adjacent lowlands to join the Willamette through extensive bankside wetlands, sloughs and
lakes The project area would have been characterized by a gradual transition from elevated upland
through ripanian border to open rtver, extensive swamp and slough areas adjacent to the Willamette as well
as impermanent riverbanks prone to relocation by erosion and deposition during floods

Economic development of Portland, as well as Euro-American building requirements, were not compatible
with this transient, ripanan riverside landscape Hardening of the west bank of the Willamette began as
early as the middie 1800°s, with the construction of timber and stone bank armor, piling for wharves and
timber seawalls, filling of wetlands and pipeline-enclosure of tributary streams Man-made alterations n
the project area since that time include, bunal of the earher structures during construction of the timber-
crb-and-backfill Portland Seawall 1n the 1920’s, concurrent construction of a brick-walled sewer as much
as 7 feet n diameter, as well as widespread shallow soil alteration effected by construction and
reconstruction of local pavements, building and the Burnside Bridge foundation elements between the
1920s and today (Parsons Brinckerhoff 2002a)

The portion of the project area west of Front Avenue (Naito Parkway) has been urbanized almost since the
earliest settlement of Portland This has mcluded the construction, demolition and reconstruction of
generations of structures ranging from wooden temporary sheds to modern steel-remforced concrete
buildings Many of the earlier building materials were not removed from the site after demolition and
should be anticipated within the shallow fill layer Along with this demolition debris, earlier human
occupation has left behind a mixture of metals, organic compounds inclhiding petroleum hydrocarbons,
polycychic aromatic hydrocarbons, volatile and semu-volatile organic compounds (VOCs and SVOCs),
pesticides, cyanide, and polychlorated biphenyls (PCBs) The possible presence of these contaminants i
the project area 1s discussed in the Environmental Data Report, West Side CSO Tunnel, Shafts, Pump
Station and Pipelines Project (Parsons Brinckerhoff, 2002c) as well as summarized in the “Fill” section,
below

File No 1050-001-00
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33 SITE CONDITIONS

We conducted a site reconnaissance to observe existing conditions We focused our observations on paved
areas and other surface conditions within the project area Key areas include
e Southwest Ankeny Street west of First Avenue which 1s a narrow asphaltic concrete (AC) paved

street
e Southwest First Avenue m the area of the max light rail station and the station area which are
paved with cobblestone
Southwest First Avenue north of the Burnside Bridge which 1s paved with AC pavement
The Ankeny Plaza
Waterfront Park within the project area

Most pavements and hard surfacing we observed in and adjacent to streets within the project area are in
good condition The AC pavements and cobblestone surfacing show occasional indications of local
distress mostly related to edge effects/transitions between differing matenal types, areas of past repairs,
and tree root displacement Areas of broad failure from an mmadequate pavement section or poor subgrade
conditions were not apparent, although apparent fatigue cracking of pavements was observed at the
mtersection of Ankeny and Second Photos 1 through 3 1n Appendix A show typical paved surfaces in the
project area with either no distress or only localized distress Photo 4, Appendix A shows pavement
cracking at Ankeny and Second, the most significant damage observed n the project area

The paved surfacing of Ankeny Plaza shows the most distress The surfacing consists of square stone
pavers The surfacing has numerous areas where pavers exhibit cracking We observed that most of the
cracking occurrs linearly and at right angles to site features and other distressed areas Most of the linear
cracking terminates at site features such as trees, poles and buildings These features suggest that the
cracking 1s most likely due to inadequate trench compaction where power, water, or other utilities are run
between the noted elements

Hard surfaces within Waterfront Park are in good condition No indications of settlement, cracking or
other distress were observed mn pavements along the seawall or walkways between Naito Parkway and the
Seawall Photo 5 in Appendix A shows typical hard surfaces within Waterfront Park

4. GEOTECHNICAL DOCUMENT REVIEW

We reviewed a total of thirteen geotechnical documents prepared by others for the project area These
reports are listed below and the approximate locations of the investigations are shown on Figure 2

Six geotechnical reports prepared for sites located within or less than two city blocks from the project area
These are

1 Northwest Testing Laboratory (NTL) 1979 report for an office building located at 50 S W Pine
Street,

2 Geotechnical Resources Incorporated (GRI) 1986 report prepared for the parking/helistop building
located at 33 N W Davis Street,

3 Geocon 2001 report prepared for the Union Gospel Mission located at 3N W 3™ Avenue,

4  Parsons Brinkerhoff West Side CSO Project geotechnical baseline report (2002a),

File No 1050-001-00
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5 Parsons Brinkerhoff West Side CSO Project final geotechnical data report (2002b and
appendices), and
6 Parsons Brinkerhoff West Side CSO Project final environmental data report (2002c)

Four geotechmcal reports prepared for sites located more than two but less than four blocks from the
project area These are

7 Shannon and Wilson (S&W) 1961 report prepared for the Northwest Natural Gas service building
located at 123 N W Flanders Street,

8 AGRA Earth & Environmental (AGRA) 1997 report for the Port of Portland Building located at
123 N W Everett Street,

9 GeoEngineers, Inc (GEI) 1998 report prepared for the Classical Chinese Garden located at 239
N W Everett Street, and

10 GRI 1999 report prepared for Pacific House located at 333 N W 4™ Avenue

Two geotechnical reports prepared for sites located more than four blocks from the project area These
are

11 GRI 1985 report prepared for the Old Imperial Hotel located at 407 S W Broadway Avenue, and
12 GRI 1997 report prepared for the Kalberer Apartments located at 221 N W 5 Avenue

One pavement-specific report near the project site

13 Pavement Services, Inc (PSI) 2005 pavement investigation report prepared for Burnside and
Couch Streets between N W 14® and N E 3™ Avenues

The prnlnary findings of these documents are summarized in Table 1 below

File No '1050-001-00
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Table1 Ankeny Project Area Selected Geotechnical Report Data 1961-2002

Report Prepared by, Subsurface General soll Depth encountered (ft Blow count Groundwater level
No Location date mvestigation description below surface) range (average} | (ft. below surface)
1 50 S W Pine NTL, 1979 1boringto 225 ft Debris fill 0-15t04 ft 11 Not encountered

St max
2testpits to 12 t
max
Silty alluvium 15t04-185ft 9-18
Gravel Below 18 5 ft 30/3”
2 33 NW Dawvis GRI, 1986 4 bonngs to 111 Silty fill with debris and 0~5t020ft 2-60/4" 225
St ft max contaminants
Silty and sandy 510 20~2510 101 ft 3-34
alluvium
Gravel Below 25 to 101 ft 43-60/2"
3 3NW 3" Ave Geocon, 2001 | 1 boring to 41 5t Silty-clayey fill with 0751t 4-16 Not determined
max debris
_ ' Slty to clayey alluvium 75-25ft 4-12
Silty flood deposits 25-33 ft B 3-6 )
Gravel Below 33 ft 47-50/4”
4 West side of PB, 2002(a) See PB (2002c) Generally as described
the Willamette (Baseline for PB (2002c)
River report)
5 West side of PB, 2002(b) See Appendix G | Generally as descnbed
the Willamette | (Geotech data and PB (2002c¢) for PB (2002c)
River report)
6 West side of PB, 2002(c) 11 borings to 166 | Sand/silt with debns fill 0-3to31ft 313 23 ft
the Willamette (Enviro data ft max
R!_\ier report) _
Silty/sandy alluvium 3t022-301t 6-10
o ) (Borings A-1 and B-1)
Unconsolidated Sand 22 to 3146 to 65 ft 18 to 50/0”
and Gravel
Consolidated Gravel Below 46 to 65 ft 50/3"

File No 1050-001-00
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7 123NW Shannon & 6 boringsto 1415 | Siity to clayey fill with 0-20ft None 10-20'
Flanders St Wilson, 1961 ft max debnis
Silty, organic silt and 20-90 ft None
peaty alluvium
Silty and sandy Below 90 ft
alluvium
8 121NW AGRA, 1897 2 borings to 110 Silty fill with debns 0-15t0 23 ft 513 ~20 (estimated)
Everett St ft max
3CPTto 113 1t
max
‘ Siity alluvium 1510 23 ft - 30 to 140 ft 4-34
Gravel Below 30 to 140 ft None
9 239NW GEI, 1998 9bonngsto 215 Siity debns fill 0-8to 10 ft 4-54 Not encountered
Everett St ft max
r Silty and sandy 8to10-215ft 6-18
alluvium
10 333NW 4" GRI, 1999 3 borings to 65 ft. Debns fill 0-8to 10ft 2-21 19-23
Ave max
Silty/Sandy alluvium 8to 10}1 -30 ft 12-16
Gravel Below 30 ft 8-50/6"
1 407 SW GRI, 1985 3 boringsto 295 Silty fill (street side 0-9to10 ft 5-30 Not encountered
Broadway Ave ft max only)
4 hand augers to
14 ft max
Silty and sandy 9-10to 22 it 9-33
alluvium
Gravel Below 9 to 22 ft 50/2°
12 221 NW 5" GRI, 1997 3 borings to 65 ft Debris fill 0-7to 10 ft 9-26 ~20 (estimated)
Ave max
Gtestpitsto 115
ft max
) Silty/sandy alluvium 7t010-30t0 37 ft 4-15
Gravel Below 30 to 37 ft
13 Burnside- PSI, 2005 3 pavement and Silty and sandy gravel Below pavement to 32 in N/A Not encountered
Couch Couplet shallow soil cores max
| to 5 ft max
Silt (C-4 only) Below gravel to 5 ft N/A Not encountered
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41. SUMMARY OF REPORTED SUBSURFACE CONDITIONS

The above referenced geotechnical investigations reported a wide variation of soils underlying the project
area However, the majority of the reports show a soil profile across the area that can be generalized as a
four layer sequence, consisting of the following umts 1n order from the surface to the deepest

1 A surface layer of fill, consisting predomunately of silty and clayey soil with minor man-made
debrs, but ranging to debris fill composed of man-made matenals such as brick, concrete, wood
and metal

2 A layer of alluvial so1l ranging from s1lt and clay to lesser sand with gravel
3 A layer of unconsolidated sand and gravel
4 A layer of consohidated sand and gravel

Each of the reported characteristics of these soil groups 1s discussed in the paragraphs below mn order of
youngest to oldest

4.1.1. Fill

4111 General Occurrence

The widest vanety of thickness and matenal types 1s reported from this uppermost layer of man-made fill

In general, all the investigations 1n and around the project area found some thickness of fill at the ground
surface and extendmg to depths ranging from as shallow as 1% feet below ground surface (bgs) (NTL,
1979) to as deep 31 feet bgs (PB 2002c) This material was used to backfill the seawall forming the east
edge of the property and 1s generally deepest along the seawall, and shallows to the west Descriptions of
this maternial ranged from a deposit composed largely of soil with a trace of rock fragments and debris to
that composed entirely of artificial materials Silt predomunated 1n the descriptions of the soil fraction of
the fill, with clay, sand and gravel mentioned as well Brick was the most commonly mentioned artificial
material, along with rock, concrete, organic material including sawdust and wood, metal, glass and ash

4112 Near Site

The most comprehensive information near the site reported from shallow soil investigations 1s contamed
in the various Ankeny Shaft investigations performed for the CSO Project (PB 2002a, PB 2002b and
appendices, PB 2002c) A total of five borings were drlled 1n and around the location of the proposed
Ankeny Shaft, n Waterfront Park approximately 120 feet east of the mntersection of S W Ankeny and
Naito Parkway Three borings, PB-306R, AB-1, and AB-3 are reported by PB as having been dnlled in
Waterfront Park (PB 2002c), Fujitam1 Hilts & Associates (FHA) reports drilling two borings, A-1 and A-
1a, 1n the lot southwest of the intersection of S W Naito Parkway and Ankeny, and three more, B-1, C-1
and D-1 m Waterfront Park around the proposed Ankeny Shaft (PB 2002b, Appendix G) The boring
reported in PB (2002c) as AB-1 1s the same boring as B-1 reported in PB (2002b Appendix G), the boring
reported in PB (2002¢) as AB-3 1s the same boring as D-1 reportec} m PB (2002b Appendix G) For
clarity, these borings will be identified by the FHA designations, B-1 and D-1

Borings A-1 and A-la encountered a three-foot thick veneer of silty fill, the thinnest fill matenial section
reported The fill encountered in the remaming five borings ranged from loose to medium dense sand and
silty sand and soft to stiff si1lt and clayey silt to depths ranging between 22 and 31 8 feet bgs in B-1 and D-
1, respectively The remaining FHA boring (C-1) reports a similar section 25 feet of loose to medium
dense sand, silty sand and sandy silt All of these borings report a variety of man-made components
including brick, gravel, concrete, wood, organics and metal
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PB-306R encountered a very different fill section, consisting of clay, silt sand and gravel to
approxmmately 5 feet bgs overlying a cobble- and boulder-sized rock np-rap fill from 5 to 21 feet bgs
This 1 turn was underlain by what PB (2002c) reports as a “timber pile” from 21 to 29 feet bgs The
lowermost three feet of fill reported 1n this boring consisted of gravel with silt, wood and sand

No moisture data 1s reported from fill encountered in PB-306R, and the rotosonic drill used for this boring
1s not equipped to drive a soil sampler The remamning borings reported that Standard Penetration Test
(SPT) blow counts from samples driven 1n sandy and silty fill matenals range from 3 blows per foot (bpf)
to 20 bpf, averaging 8 bpf

Laboratory test results from fill soils included moisture content, mechanical grain size determnation, and
washed sieve (percent fines) tests Reported moisture contents ranged from 6 percent in sandy fill
samples to 38 percent n silty fill samples (PB, 2002b, PB 2002c) Mechanical grain size determinations
and washed sieve/fines content tests were reported only from B-1 Reported grain size test results ranged
from gravelly silty sand, Unified Soil Classification System (USCS) so1l class SM at 2 5-12 5 feet bgs, to
silty sand (USCS class SM) and sandy silt (USCS class ML) to 25 feet bgs Washed sieve/ fines content
ranged from 3 percent finer than the #200 sieve (silt and clay) at 7 5 feet bgs to 94 and 95 percent silt and
clay at 15 and 17 5 feet bgs, respectively (PB, 2002b, Appendix G)

As part of a pavement mvestigation, two samples of silty fill subgrade matenal from street locations
immediately northwest of the project area were tested to provide a modulus of subgrade reaction (M;)
The reported test results yielded a M, of 3,400 pounds per square wmnch (ps1) for a sample taken from
boring B-5 located at W Burnside Street and 3™ Avenue, and a M, of 8,400 to 10,300 ps1 for a sample
taken from boring C-4 located at N' W Couch Street between 4™ and 5% Streets (PSI, 2005)

Dafficult dnlling conditions reported from borings in the fill suggest that planned excavations might
encounter potential difficult or complicated subsurface conditions Examples of dnlling difficulties
reported from the project area include loss of dnlling flud at 17 feet bgs and 34 5 feet bgs reported from
boring PB-305A, drilled in Waterfront Park about 50 feet southeast of the mtersection of S W. Ash Street.

and Naito Parkway, and hard drilling from the surface to 29 feet bgs reported from PB-306R

Chemical and metal contaminants have been reported from the fill layer, both within and nearby the
Waterfront Park portion of the project area “Chemucal odors” and an “oil-like material” are reported
from the surface and soils above 11 feet bgs during an investigation at 33 N'W Dawis Street (GRI,
1986) Contaminants reported from borings AB 1 and AB-3 mnclude detectable levels of arsenic, bartum,
chromium, lead, mercury, lead TCLP and petroleum hydrocarbon (PB, 2002c¢)

4.1.2. Unconsolidated Silt and Sand (Alluvium/Fine-grained Flood Deposits)

4121 General Occurrence .
All the investigations reported that native alluvial soils underlie the fill material These alluvial deposits
also vary considerably 1n soil type and thickness Silt 1s the most commonly reported soil type, with clay
and fine sand usually mentioned, either as distinct layers within the alluvial silts or as sandy silt to silty
sand soil types Organic silt and peat were reported from an investigation north of N W Flanders (S&W,
1961) as well as traces of gravel or gravel layers throughout the project area Consistency of the alluvial
materials 1s reported to range from soft to very stiff and density from medium dense to dense Reported
thickness of these alluvial materials varies as well, from as little as 10 feet of interbedded silt and sand
(GRI, 1999) to as much as 120 feet of clayey silt, organic silt, peat, silt and fine sand (S&W, 1961)

4122 ‘ Near Site

Near the project site, a sigmficant thickness of fine-grained alluvium 1s reported from FHA boring A-1
southwest of the intersection of S W Naito Parkway and Ankeny This boring penetrated 27 feet of soft
to stiff silt and lean clay and sandy silt and very loose to loose silty sand from 3 feet bgs to 30 5 feet bgs
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The alluvium reported 1n the borings within the Waterfront Park area 1s predominantly coarse-gramed
flood deposits The only fine-gramned alluvium reported n these borings 1s from the log of B-1, where a
5-foot thick layer of loose to medium dense sandy silt 1s reported underlying the fill at a depth of 22 feet
bgs Standard Penetration Test (SPT) blow counts from samples driven 1n this layer range from 2 bpf to
11 bpf, averaging 7 bpf (PB, 2002b, Appendix G, PB 2002c)

Laboratory test results from fine-grained alluvial soils included moisture content, mechanical grain size
determination, washed sieve (percent fines) tests, dry density, torvane, and Atterberg Limits tests
Reported moisture contents ranged from 7 percent to 41 percent (PB, 2002b, PB 2002c) Reported grain
size test results ranged from clayey silt to sandy clayey silt (USCS class ML) at 5 and 10 feet bgs in A-la
Washed sieve/ fines content ranged from 42 percent finer than the #200 sieve (silt and clay) at 25 feet bgs
m B-1 to 95 percent silt and clay at 15 feet bgs n A-1 Dry density results reported from A-la ranged
from 83 7 pounds per cubic foot (pcf) at 5 feet bgs to 84 8 pcf at 10 feet bgs Torvane readings from the
same samples ranged from 0 84 tons per square foot (tsf) at 5 feet bgs to 0 63 tsf at 10 feet bgs A single
Atterberg Limuts test reported from the 10 feet bgs sample taken in A-la produced a liquid limit of 49, a
plastic limit of 26 and a plasticity mdex of 23, indicating that the soil should be classified as a lean clay
(USCS class CL) (PB 2002b, Appendix G)

413 Unconsolidated Sand, Silt and Gravel (Alluvium/Coarse-grained Flood Deposits)

4

4131 General Occurrence

A heterogeneous zone of cobbles, gravels, silt and sand was generally reported below fine-gramed
alluvium This sediment 1s typically described as a massive deposit of rounded to subrounded gravels to
cobble and occasionally boulder size supported 1n a sand- to clay-size matrix, but some sandy and silty
mterbeds are reported n Boring AB-3 (PB, 2002c) Elevation of the top of this gravel ranges from
approximately 18 feet bgs to 65 feet bgs across much of the project area, and the thickness of the deposit
1s difficult to determine from most published reports, since most explorations terminate mn the upper
portions of this unit

We noted that the top of this deposit 1s reported to drop off steeply north of N W Dawis Street and east of
NW 1% to 2™ Avenue top of gravel 1s reported at 30 feet bgs at the corner of N W 1% and Davis, the
southwest comer of the block, but at 101 feet bgs at the corner of N W Naito Parkway and Everett, the
northeast comer (GRI, 1986), similarly the depth to the top of gravel 1s reported at 30 feet bgs at the
comner of NW 2™ and Everett and at 140 feet bgs at N W 1% and Flanders (AGRA, 1997) North of
N W Flanders the gravel was not encountered to a depth of 140 feet bgs (S&W, 1961) This abrupt
decline mn the depth to the top of gravel 1s probably related to a paleo-Willamette River channel incised
mto the gravels, and may be encountered at depth under the farthest easternmost portions of the project

area

4132 Near Site

Near the site, the three PB borings do penetrate the unconsolidated gravel underlymg Waterfront Park
Boring PB-306R reports the thickness of the unit as 14 feet, AB-1 reports 24 feet and AB-3 34 feet All
the mvestigations we reviewed report this matenial as dense to very dense, SPT blow counts from the
gravel portions of the deposit in borings AB-1 and AB-3 range from 19 to denser than 50 blows for no
penetration (50/0”), averaging 57 bpf Measured moisture contents range from 10 percent to 20 percent

4.1.4. Consolidated Sand and Gravel (Troutdale Formation)

Typically the oldest matenial reported from the project area 1s the Plio-Pleistocene Troutdale Formation
gravel Where distinguished from the unconsolidated alluvial gravel above, this deposit 1s charactenized
as a very dense, yellow to green and gray sandy gravel m a partially cemented, silty, sandy and clayey
matrix Although usually described as gravel, the log of Boring AB-3 reports that the top 20 feet of this
deposit are “shghtly clayey, very dense sand” (PB, 2002c) Troutdale sands and gravels are typically
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described as overconsolidated Although mapped underlying the entire project area (Beeson and others,
1991), the Troutdale Formation 1s identified by name n only three locations at depths ranging from 30
feet bgs to 140 feet bgs underlying the Port of Portland Building at 1** and Everett (AGRA, 1997), at a
depth of 50 feet bgs 1n A-1 southwest of the intersection of S W Naito Parkway and Ankeny, and in the
boring logs from Waterfront Park, at 46 feet bgs in PB-306R, 51 3 feet bgs 1n B-1 and 65 feet bgs 1n D-1
The Troutdale Formation 1s fully penetrated in only one location 1 our project area, the log of PB-306R
reports the thickness of the Troutdale as 93 feet Reported blow counts in Troutdale Formation deposits
(both sand and gravel) exceed 50 blows for 6 inches

4.1.5. Groundwater

Groundwater levels reported for the project area range between as high as 10 feet bgs to as low as 25 feet
bgs, however, the average depth to groundwater 1s more commonly between 18 and 23 feet bgs When
the elevation of the site under investigation 1s compared to the level of the Willamette River thus depth
usually corresponds to an elevation within several feet of the mean niver level, suggesting that this
groundwater 1s connected to, and will reflect changes 1n, the level of the waters of the Willamette River
Our experience and the groundwater levels interpreted by others (PB, 2002a) suggest that the
groundwater levels will tend to be a few feet higher than the river level

5. CONCLUSIONS

Based on our review of the work completed by others, the site 1s suitable for the proposed development
The following factors will most influence the project design

Heterogeneous soils - the project lies 1n an area underlain by heterogeneous fill to depths varying from a
few feet to tens of feet The fill 1s mostly silty, but has areas of rock, wood debnis and obstructions
Conditions encountered within the project area could consist of any of these types of matenals, but are
most likely to be silty Because of the highly vanable nature of the fill matenals and lack of site-specific
explorations, reliable soil properties could not be determined for design, so the following approach was
used

e Conservative so1l parameters were selected for geotechnical design

e Site specific explorations should be completed for foundations and any other critical areas, once
selected, mncluding the cover structure, restroom, and water feature, to confirm so1l conditions, as
discussed 1n Section 6 2 1

e The potential for changed conditions will be hugh for this project due to the highly vanable fill
present The project budget should include such consideration

e Sigmficant geotechnical oversight should be anticipated to evaluate actual subsurface conditions
encountered compared to design and facilitate field changes as necessary

Pavements — The extent or scope of expected pavement activities have not been determined at the time
this report was prepared We anticipate that pavement activities will limited to replacement or repair of
existing asphalt paving on local artenal streets and construction of new asphalt concrete (AC), Portland
cement concrete (PCC) or pavers for pedestrian areas The suitability of the proposed pavement
subgrades should be verified during construction by proofrolling which should be observed by a qualified
individual Unsuitable soils should be scarnfied and recompacted or removed and replaced with structural
fill The actual depth and extent of overexcavation will need to be addressed on an individual basis

Shallow Foundations — Shallow foundations should be founded 1n areas with site specific investigations
as noted above Where suitable soils are present, lightly loaded foundations are appropriate Total and
differential settlements may be high and should be accounted for mm design This could be achieved with
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flexible buildings, ground improvements, or some other means of support depending on actual site
conditions

Deep Foundations — Deep foundations are not generally anticipated for the lightly loaded structures for
the project unless very poor conditions are encountered, or the cover structures create heavy foundation
loads In these instances, deep foundations may be necessary Deep foundations can achieve high axial
bearing 1n the gravels present below the site While investigations related to the Ankeny Shaft suggest
that these materials should be encountered within 40 to 50 feet of the existing ground surface across most
of the portion of the Park proposed for development, mnvestigations performed immediately north and east
of the Waterfront Park area suggest that some undetermuned distance east of Boring AB-3, these deposits
may drop off steeply to as much as 140 feet bgs or more Lateral capacity 1n the upper fill soils, however,
will be relatively low

Excavations - The heterogeneous fill may contain abandoned pipelines, stone rip-rap, timber piles and
cribbing Borings dnlled through these matenals reported problems ranging from drll fluid loss to
difficult dnlling Excavations that extend a significant distance into the fill may encounter difficult
excavation due to these matenals

Seismuic Hazards — The site 1s subject to seismuc hazards typical to the region In particular, horizontal
displacement due to lateral spread and vertical settlement from liquefaction are expected Structures
should be designed to prevent collapse at a mimimum 1n the event of these hazards

Soll Contaminants - Some areas of the project may encounter fill that contains contaminants mcluding
metals, organics and petroleum hydrocarbons Excavations which extend into such soils should be
performed with the expectation of encountering such contaminants

Groundwater - Groundwater levels should be anticipated within several feet above the level of the
adjacent Willamette River Excavations below these levels should anticipate encountering groundwater
Dewatering may be required, and will vary depending on the type of soil present

6. RECOMMENDATIONS

The following sections provide our geotechmcal recommendations for pavements and structural elements
of the project As noted mn Section 5 our approach for this project was to assume conservative soil
parameters for design  These will presumably be confirmed prior to or duning construction and design
changes will be made as necessary to account for the differing conditions, 1f present

61 EARTHWORKS RECOMMENDATIONS
61.1. " Demolition Recommendations

Demolition of remaining existing structures will be necessary in new structure areas We recommend that
existing structures, foundations, concrete slabs and pavements within new structure areas be completely
removed Debris generated from demolition should be transported off-site for disposal Existing
asphaltic and cement concrete and base rock may be segregated, processed and reused as structural fill
provided 1t 1s processed to a well-graded material with a maximum particle size less than 4 inches and
mixed with suitable material so that voids do not occur 1n the fill Underground utilities in new facility
areas should be 1dentified and located prior to construction Existing utility lines that will be beneath new
structures should be relocated or evaluated by Pacific Geotechnical if they are to be left in place
Abandoned utility lines beneath structural components should be completely removed or grouted full 1f
left 1n place to reduce the potential for pipe collapse and eventual settlement of new structures
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Excavations resulting from removal of existing foundations, utilities or other subsurface elements should
be backfilled with structural fill The bottoms of the excavations should be carried to firm subgrade soils
or to the depth recommended by a qualified geotechnical engineer

Existing voids and new depressions created during site preparation and demolition should be cleaned of
loose soil or debris down to firm so1l and backfilled with structural fill Also, soft or loose backfill soils
encountered 1n existing utility trenches should be removed and replaced with structural fill where they are
located within new structure areas

Existing site vegetation should be removed from all proposed building and pavement areas and at least 5
feet beyond these areas Stripping depths i areas covered with vegetation will vary depending on
vegetation type but could be up to 4 to 6 inches Greater stripping depths may be required to remove
localhized zones of soft or organic soil

Trafficability of the on-site soils, where exposed by removal of existing pavement or 1n existing unpaved
areas, will generally be difficult during the normally wet season of the year (typically early October
through late May) or when the moisture content 1s more than about 3 percent above optimum During
such conditions, measures such as those described 1n Section 6 1 3 would help protect site soils

Pacific Geotechnical did not sample the existing structures for lead based paint, asbestos msulation or tile
backing, or any other material that would require special handling during demolition

6.1 2. Subgrade Preparation

Exusting fill at the site 1s highly vaniable Subgrade soil conditions should be determined in foundation
areas and other critical areas per Sections 5 and 6 2 1 If unsuitable fill 1s encountered 1n these areas, 1t
should be removed and the excavation backfilled with structural fill as described in Section 62 Fill
beneath other structural elements (pavement and walkway areas, for example) should be evaluated by
proofrolling as described below If proofrolling verifies 1t 1s suitably dense, 1t can be left in place
Otherwise, 1t should be scarified and recompacted or removed and replaced with structural fill

If the subgrade soils deflect under an imitial proofroll, the exposed subgrade should be scanfied and
compacted such that the top 1 foot of subgrade soil 1s compacted to at least 92 percent of the maximum
dry density as determined 1n accordance with ASTM Test Method D 1557 The moisture content of the
subgrade soils should be at or near optimum for compaction, so may need to be moisture-conditioned
Scarification and compaction of existing soils should not be attempted during wet weather

After subgrade preparation has been completed, the suitability of new subgrade areas should be
reevaluated by proofrolling with a fully loaded dump truck or simlar heavy rubber-tire construction
equipment Areas of excessive yielding identified during proofrolling should be recompacted, 1f practical,
or the soft, loose or otherwise unsuitable soils removed and replaced with compacted structural fill We
recommend that a qualified geotechnical engineer be present during proofrolling to aid in identifying
areas that may need additional compaction or other remedial work During wet weather, the subgrade
should be evaluated by probing rather than proofrolling, as proofrolling could cause excessive disturbance
of the subgrade soils Ths should be completed by a qualified geotechnical engineer

6.1.3. Wet Weather Earthworks

When site soils are wet, they will be easily softened by equipment to the pomt that they may not
adequately support structures or construction equipment In such conditions, wet weather earthwork
procedures may be necessary to protect the subgrade

i
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Haul roads will likely be needed during persistent wet weather They should consist of imported crushed
rock compacted to a dense state The 1utial lift of fill over the exposed native soil subgrade should be
placed 1n a single lift of at least 12 inches thick and compacted without vibration using a smooth-drum
roller to reduce potential disturbance of the subgrade Additional rock may be needed to protect the
subgrade and support construction equipment, depending on traffic

Placement of geotextile over the exposed subgrade may be approprniate in construction traffic or staging
areas before crushed rock 1s placed If geotextile 1s used, 1t should have a Mullen burst strength of at least
500 pounds per square inch (pst) and an apparent opening size (AOS) between the US No 70 and No
100 sieve to reduce mugration of fines into the structural fill so1l Propex 2019 and Mirafi 1100N are two
geotextiles that meet these critenia

Where concurrent with final pavement areas, the haul road section can serve as the aggregate base for
final pavements provided the base section 1s not contaminated with fine-grained soils It may be prudent
to leave the haul roads at least four inches below paving grades to allow a final layer of fresh base
immediately before placing pavement

6.1.4. Excavation Stability

The on-site soils are generally OSHA Class C for excavation purposes It 1s unlikely that groundwater
will be encountered 1n excavations expected for this project It groundwater 1s encountered, however,
dewatering or shoring will be necessary

Permanent slopes higher than 4 feet are not planned as a part of this project If such slopes become
necessary, we recommend that they be inclined no steeper than 2H 1V (horizontal to vertical) Slopes
that will be mowed should be 3H 1V or flatter

We recommend that temporary cut slopes 1n the fill soils be inclined no steeper than 1 SH 1V (horizontal
to vertical) provided they are not subjected to seepage Surface loads should be kept a mimimum distance
of at least one- half the height of the cut away from the top of the temporary slope

Trenches may not stand vertically where soft fill soils are encountered Standard trench boxes or shoring
should be suitable to keep shallow trenches open provided groundwater 1s not encountered and structures
are not near excavations

Temporary cut slopes and any trench boxes or shoring must comply with applicable state and local
regulations The contractor completing the earthwork should have the primary responsibility for
establishing safe inclinations for temporary cut slopes, shoring requirements, protection of site personnel,
and protection of adjacent structures and facilities

Temporary cut slopes should be protected from erosion and raveling Surface water should be prevented
from flowing over the top of cut slopes

6.1.5. Structural Fill

6151 General
Fill beneath building foundations and floor slabs, pavements, sidewalks and other settlement-sensitive

structures should be placed and compacted as structural fill

Structural fill soils should be free of debns, roots, organic matter, frozen soil, man-made contammants,
particles with greatest dimension exceeding 4 inches, and other deleterious materials The suitability of
so1l for use as structural fill will depend on the gradation and moisture content of the so1l As the amount
of fines 1n the soil matrix mcreases, the soil becomes increasingly more sensitive to small changes 1n

f
[
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moisture content and achieving the required degree of compaction becomes more difficult or impossible
Structural fill for specific applications are discussed below

6152 On-Site Solls

The on-site soils are moisture sensitive, highly vanable and may contain environmental contaminants
We understand, however, that 1t may be desirable to reuse site soils as structural fill for sustamability
purposes Provided the soils are not contaminated, the on-site soils can be used as structural fill during
dry weather If used as structural fill, any deleterious matenals should be removed from the soils as
described above, including organic matter, debris, or rock particles large than 4 inches If construction
occurs during wet weather, imported granular material should be used as structural fill

6153 Recycled Materials

Asphalt concrete, cement concrete or over-sized rock can be used as structural fill provided they are
processed by crushing and screening, grinding 1n place, or other methods to meet the structural fill
recommendations for gradation and maximum particle size 1 this report  They may be used as structural
fill 1n all areas except within 3 feet of the perimeter of buildings

6154 Imported Fill Soils

General -

Requirements for imported fill will vary with the specific use Fill for various uses described later 1n this
report are provided in the following sections We recommend that samples of all import fill soils be
submutted to Pacific Geotechnical for review and approval at least 7 days prior to beginning earthwork

Granular Embankment Fill

Imported fill for raising site grades should consist of pit run sand and gravel, quarry rock, crushed rock, or
crushed gravel containing less than S percent fines (particles passing the No 200 sieve) by weight relative
to the fraction passing the % inch sieve

Granular Subbase Replacement Fill

Fill beneath foundations and slabs-on-grade to replace overexcavated subgrade soils should consist of
mmported crushed rock The gradation of the crushed rock should conform to Oregon State Department of
Transportation (ODOT) Standard Specifications for Highway Construction, Section 02630 — Base

Aggregate, Si1ze 1-1/2” -0

Pavement Subbase Fill

Aggregate base course for asphalt concrete and Portland cement concrete pavements should conform to
ODOT Section 02630, Base Aggregate, Size 1-1/2” - 0, with the additional requirement that the base
course contain less than 5 percent passing the No 200 sieve

Retaining Wall Drainage Zone Fill
Fill placed to provide a dramnage zone behind retatming walls and for footing drains should consist of

free-draiming sand and gravel or crushed rock The material should conform to ODOT Section 00510 12
Granular Wall Backfill

Trench Backfill

Trench backfill for pipe base and bedding should consist of well-graded granular material with a
maximum particle size of % inch and less than 5 percent passing the U S No 200 sieve The bedding so1l
should be placed around the sides of the pipe and a minimum of one-half the pipe diameter or 6 inches
above the top of the pipe or 1n accordance with the manufacturer’s recommendations The remainder of

4

File No 1050-001-00



Portland Waterfront Park
Apnl 12, 2007
Page 16

the trench backfill should consist of either on-site or imported fill soils 1n accordance with the criteria
included 1n this report

6.16. Structural Fill Placement and Compaction

Structural fill should be placed and compacted 1n accordance with the following

e Place all fill and backfill on a prepared subgrade that consists of firm, inorganic soils or approved
structural fill

e Place all fill or backfill in umform horizontal lifts with a thickness appropniate for the materal
type and compaction equipment Table 2 provides general guidance for lift thicknesses

Table 2 Guidelines for Uncompacted Lift Thickness

’ <R P Gmdelmes for Uncompacted Fill Thlckness
2 N »'2‘\ i’;i t , ~e (InChGS) . w/ ~, 5{ ; g
N 4 mGr”anulén gnd Crushed Crushed Rock !
» 7 ]+ :Rock Maximum" Maximum Pamcle ;
Compaction Equipment*, Pagttgle Size <1 1/2inch Size > 1 112 mch
Hand Tools
Plate Compactors and 4-8 Not Recommended
Jumping Jacks
Rubber-tire Equipment 10-12 6-8
Light Roller 10-12 8-10
Heavy Roller 12-18 12-16
Hoe Pack Equipment 18-24 12-16

This table i1s intended to serve as a guideline and should not be included in the project specifications

e Use appropriate operating procedures to attain uniform coverage of the area being compacted

e Place fill at a moisture content within 3 percent of optimum as determuned 1n accordance with
ASTM Test Method D 1557 Moisture condition fill so1l to achieve a uniform moisture content
within the specified range before compacting

¢ Do not place, spread or compact fill soils duning freezing or unfavorable weather conditions
Frozen or disturbed lifts should be removed or properly recompacted prior to placement of
subsequent lifts of fill

e Do not place fill and backfill until tests and evaluation of the underlying matenals have been
made and the appropriate approvals have been obtained

¢ Do not damage or displace underground utilities or adjacent structures durmng backfilling and
compaction

e Grade the surface of the fill at the end of each working shift so that surface water can drain
readily

e Compact fill soils to the percentages of maximum dry density as shown in Table 3
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Table 3 Fill Compaction Criteria
ST g oo Tl L Y Percent of Maximum Dry Density .-
A P N4 .. Determined in Accordance with ASTM'D 1557
ST % T 0 T ]Y 0-2Fdet Below >2 Feet Below |
& Full Type, -~ |- - Subgrade Subgrade
Aggregate Bases 95 95
Utility Trench Backfill' ' 95 92
Nonstructural Trench Backfill 88 88
Retaining Wall Backfill? 95 95
Nonstructural Zones 88 88
Notes
"Compact to 90 percent of ASTM D 1557 for pipe bedding and in pipe zone, or as recommended by the pipe
manufacturer

2 Within 3 feet of the back of retaining walls, compact to a lower percent density of 92 to imit potential wall damage from
high horizontal stresses

During structural fill placement and compaction, a sufficient number of in-place density tests should be
completed by a qualified geotechnical engineer to venfy that the specified degree of compaction 1s being
achieved

6.17. PAVEMENTS

The extent and scope of expected pavement activities have not been determined at the time this report was
prepared We anticipate that pavement activities will include replacement or repair of existing asphalt
paving on local arterial streets and construction of new asphalt concrete (AC), Portland cement concrete
(PCC) or pavers for pedestrian areas

Pavement subgrade areas prepared in accordance with the above recommendations should provide a
Califormia Bearing Ratio (CBR) of 3 This assumes the subgrade 1s constructed in dry weather If
constructed during wet weather, special subgrade treatment or thicker base rock may be needed

The aggregate base course should conform to Section 6 1 5 4 and be compacted to at least 95 percent of
the maximum dry density determined 1n accordance with ASTM Test Method D-1557

Pavement design for roadways should be completed based on site specific traffic data once 1t has been
determmmed  Most pavement sections have suitably supported existing traffic loads, based on our
reconnaissance, so matching existing sections would be a reasonable approach 1f traffic loads will be
simular to past loads

62. STRUCTURAL DESIGN

As noted m Section 5, so1l properties can be highly variable due to the uncontrolled fill present under
most 1f not all of the site  Although existing site facilities do not exhibit significant evidence of distress,
new structures will impose new loading that could result in settlement or other soil-related problems The
following sections provide our recommendations for structural components of the project assuming that
subsurface conditions will be equivalent to, or better than, medium stff silt soil, as noted in Section 5 A
discussion of how differing soil conditions could affect the recommendations for sigmificant site
improvements are provided below where appropriate
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6.2.1. Shallow Foundations

Shallow foundations bearing on medum stiff or better silt so1l or on structural fill overlying such so1l can
be used to support lightly loaded structures and appurtenances Structural design can use the preliminary
design recommendations in Table 4 below Either prior to or during construction, however, foundation
conditions should be verified In general verification should consist of explorations via test pits or similar
means to a depth of 10 feet or at least four times the greatest footing width of the specific structure,
whichever 1s greater If unsuitable soils are encountered within this depth they should be removed and
replaced with granular fill, as described in Section 6212 If unsuitable soils continue below the
exploration depths, additional geotechnical evaluations or alternate foundation support as described later
1n this report may be required The following paragraphs provide additional discussion

6211 Bearing Capacity

Recommended preliminary bearing pressures are provided in Table 4 These are net bearing pressures,
the weight of the footing and overlying backfill can be 1gnored 1n calculating footing sizes These bearing
capacities can be used for wall loads up to 2 kips per lmear foot and 20 kips per column When final
loads are determmed, we should be consulted to review the loads if they exceed these values

6212 Bearing Surface Preparation

The site has ighly vanable fill, creating the potential for differential bearing performance and resulting
differential settlement It 1s, therefore, likely that unsuitable soils will be encountered in footing
excavations If present, such soils should be removed to the depth they occur, but not greater than four
times the width of the largest footing of the structure The overexcavation can be backfilled to bearing
grade with compacted granular fill as descnibed mn Section 6 1 5 The backfill should extend one foot
wider than the supported footing for each foot of overexcavation depth Where such excavations
transition to so1l subgrade, we recommend that the based of the overexcavation slope at a 2H 1V gradient
to meet the so1l subgrade

Foundation bearing surfaces should not be exposed to standing water Should water mnfiltrate and pool n
the excavation, 1t should be removed before placing crushed rock fill or remforcing steel Loose or
disturbed materials should be removed from bearing surfaces before placing remnforcing steel, and
concrete

We recommend that an experienced geotechnical engmeer observe all foundation excavations before
placing remforcing steel 1n order to confirm that adequate bearing surfaces have been achieved and that
the so1l conditions are as anticipated

6213 Foundation Settlement

Shallow foundations constructed in accordance with our recommendations should experience settlements
of up to about 1 inch Differential settlements of up to one-half of the total settlement magmitude can be
expected between adjacent footings with similar loads

6214 Lateral Resistance

Lateral loads on footings can be resisted by passive earth pressure on the sides of footings and by friction
on the bearing surface using the values in Table 4 The passive earth pressure and friction components
may be combined provided that the passive component does not exceed two-thirds of the total

The passive earth pressure value 1s based on the assumptions that the adjacent grade 1s level and the static
groundwater 1s below the base of the footing throughout the year The top 1 foot of soil should be
neglected when calculating passive lateral earth pressures unless the foundation area 1s covered with

pavement or 1s inside a building
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Table 4 Geotechnical Parameters for Structural Design
Bearing Stratum Medium stiff or better silt or structural fill over such soil that is confirmed per report
Bearing Capacity Dead+Live Loads 1,000 psf Wind/Seismic Loads _ 2,000 psf
~ safety Factor Dead+Live Loads 30 | WndSesmcloads | 20
Minimum Deth Extenor 18 inches w‘__mulnie;lza; ______.._...W1:? lﬂCh;; o
Minimum ngigl——m o Strip Footing 18 inches _mﬁét;lar;n}o;);lr;g“ mmmé‘l lnéhe; )
Settlement ) Total 1 inch Differential Y2 inch
B Lateral Resistance Application Shallow foundations, retaining walls
" Passive Earth Pressure ' 200 pcf
i Fnction Coefficient Concrete/crushed rock 04 - C;;&;é/;ﬁﬁ” ‘{ 03
Note

! Does not include safety factor

6215 Alternate Foundations

It 1s possible that soil conditions will be encountered that will be worse than the design assumptions
above For example areas of np rap/rock fill were encountered, as were areas of organic debris

Occurrence of overly soft soils could lead to bearing failure or excessive settlement of site structures

Combinations of such conditions within the building footprint could lead to potentially large differential
settlements Such conditions could preclude the use of standard foundations as noted above In such
cases, alternate foundations would be required Alternate foundations would most likely consist of

subgrade improvement or deep foundations

Subgrade improvements would most likely consist of rock replacement elements within the building
footprint such as stone columns or rammed aggregate piers  The depth, spacing and final design
parameters of such elements cannot be determuned until specific conditions are known Typically,
however, such elements would be completed through the unsuitable soil, or to some lesser depth that
limited settlement to an acceptable level Spacing of such elements normally 1s in the range of six to eight
feet on center These systems are commonly designed and installed by a specialty contractor to meet a
performance specification Once the locations and loading of specific structures are known, explorations
should be completed as recommended above to determme the need for such systems

Deep foundations, such as small diameter steel or grouted piles may also be used to support site
structures  Such piling would most likely be completed through the fill and soft alluvium and into the
dense gravels Mimmum depths of about 30 to 40 feet are expected, but could be much greater as noted
mn Section 5 Final design of such elements would depend on the specific conditions at the structure

locations

6.2.2. Retaining Structures

Retaining structures are not anticipated i the prelimimnary design However, any necessary walls should
be designed using the earth pressures in Table 5 These recommendations are based on the following

assumptions
1  The backfill 1s level
2 The backfill consists of free-draining granular materials

Weep holes or a back drain will control hydrostatic pressures For embedded walls, either
drainage will be assured or hydrostatic pressures will be balanced on both sides of the wall
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4  The walls are less than 5 feet high
Surcharge loads applied closer than one-half of the wall height should be considered as umformly
distributed horizontal pressures equal to one-third of the distributed vertical surcharge pressure Footings

for retaming walls should be designed as recommended for shallow foundations Subgrade conditions
can affect retaining wall design recommendations for walls simular to their potential affects on footings as

noted earlier

Table 5 Retaining Wall Design Parameters

1 Free to rotate Restrained
Equivalent Fluid Unit Weight (active) 40 pcf (at-rest) 60 pcf

Passive Resistance Equivalent ' 200 pcf

Note ' Does not include safety factor

6.2.3. Slabs-on-Grade

Slabs-on-grade will generally consist of sidewalks and pedestrian areas with transitory heavier loading
from activities associated with the PSM  Such loads are expected to still be very light The subgrade
reaction modulus provided in Table 6 can be used for design of such slabs This value assumes that the
subgrade 1s proofrolled and prepared 1n accordance with Section 6 1 2 Slab settlement 1s estimated to be
less than 1 inch for a load of up to about 150 pounds per square foot (psf) or less The nteractive water
feature can also be designed with this value, provided loading does not exceed the above assumptions If
loading exceeds this value, we should be contacted to provide additional recommendations

The subgrade soils are non-expansive, heave 1s not expected beneath slabs-on-grade All slabs should be
underlain by at least 6 inches of imported crushed rock matenal to aid as a capillary break and for
subgrade leveling and support The crushed rock should conform to Section 6 1 5 4

Table 6 Slab-on-Grade Design Parameters

Application lightly Loaded Slabs-on-Grade
Aggregate Base Layer 6 inches of crushed rock
Modulus of Subgrade Reaction 100 pai

6.3. SEIsMIC DESIGN PARAMETERS

The 2003 International Building Code (IBC) with 2004 State of Oregon Structural Specialty Code
Amendments provides seismic design parameters for code-regulated structures in the state Based on
subsurface conditions to depths of 100 feet bgs, the site 1s given a “Site Class” and the various
coefficients determuned based, in part, on the Site Class Although dense soils occur within about 30 to
40 feet of the ground surface, the upper fill and alluvial silts are expected to have 10 feet or more of very
weak soils We, therefore, categorized the site as Site Class E  Due to liquefiable soils as noted in the
following section, the site could be classified as Class F, however, since structures are expected to have
periods of vibration of equal to or less than 0 5 seconds, the values of Site Class E are permutted, so we
utilized these values The following parameters provided mn Table 7 are applicable to this site for the
project based on Site Class E and provided that no structures have periods of vibration greater than 0 5
seconds
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Table 7 Seismic Design Parameters (2003 IBC)

z o = = S
L P “pay
Site Class E

Spectral Response Acceleration S, 10g
Spectral Response Acceleration Sy ) 035g

Site Coefficient, F, 09

Site Coefficient, F, 26
Spectral Response Acceleration (Short Penod), Sps 090g
Spectral Response Acceleration (1-Second Period), Sp1 091g

<

64 LIQUEFACTION POTENTIAL

Site subsurface conditions that we reviewed and analyses completed by others indicate that the site 1s
susceptible to liquefaction and 1ts related affects These affects include principally lateral spreading and
vertical settlement Vertical settlements estimated by others at nearby locations have ranged from less
than an inch to up to 5 inches Lateral spreading estimates by others have been reported to vary between
about 2 inches to as much as 2 feet Borings at the site found areas of predominately loose sand and other
areas of predomunately silt Areas of sandy soils within the project area will experience greater
displacements than those of predominately silt

The structural engineer should evaluate the potential for structural collapse under such conditions once
the structural system has been selected Precast concrete would probably not meet code performance
requirements under this loading condition, however, more ductile or redundant systems could If
proposed structures will not perform acceptably under such conditions, a ground improvement program or
deep foundations would be necessary We can assist with this aspect of structural design, 1f requested

! 7. CONSTRUCTION OBSERVATIONS

Satisfactory foundation and earthwork performance depends to a large degree on quality of construction
Sufficient monitoring of the contractor’s activities 1s a key part of determining that the work 1s completed
mn accordance with the construction drawings and specifications Subsurface conditions observed during
construction should be compared with those encountered during the subsurface exploration Recognition
of changed conditions often requires experience, therefore, the project geotechmcal engmeer or their
representative should wvisit the site with sufficient frequency to detect whether subsurface conditions
change significantly from those anticipated

We recommend that the project geotechmical engineer or their representative be retamned to monitor
construction at the site to confirm that subsurface conditions are consistent with the site explorations and
to confirm that the intent of project plans and specifications relating to earthwork and foundation
construction are being met In particular, we recommend that exploratory test pits as recommended
earlier 1n this report, overexcavation of soft soils and suitability of foundation subgrades be observed by
Pacific Geotechmical, LLC, prior to placing any fill or backfill Compaction of all structural backfill
should be tested to confirm that the specified compaction 1s met Slabs and pavement subgrades should
be observed and tested for compaction Full time observation of piling mstallation and subgrade
improvements are also recommended, 1f they are completed
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8. LIMITATIONS

We have prepared this report for use by Walker Macy, the City of Portland Bureau of Parks and the
design team for this project Our evaluation was based on a surface reconnaissance and review of existing
mformation only, as requested We did not complete subsurface explorations for this project  Although
the documents we reviewed are believed to be reliable, we cannot assure their accuracy

The opimions and recommendations contamed within the report are based on work completed by others
and limited site information and should not be construed as a warranty of subsurface conditions Within
the limitations of scope, schedule and budget, our services have been executed in accordance with
generally accepted practices in the field of geotechnical engineering n this area at the time this report was
prepared No warranty or other conditions, express or implied, should be understood

If the project information 1s icorrect or matenally changes, please contact us so that our

recommendations can be reviewed The discovery of any site and/or subsurface conditions durng
construction that deviate from that presented in this investigation should also be reported to us for review

9. CLOSING

We appreciate the opportunty to submuit this report for your project Please contact us if you have any
questions or need additional information

Sincerely,

Timothy W Blackwood, PE, CEG
President

EXPIRES 14/31 /01
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" Photo 1 Ankeny Plaza looking southeast from S W First Avenu
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Photo 2 Ankeny Plaza looking east towards S W First from S W Second Avenue ,
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Photo 3 West side of Ankeny St. between SW First and S W Second Avenues
Note minor damage/fatigue at repaired locations

o

Photo 4 Intersection of S W Second Avenue and S W Ankeny Street looking west Note
local damage and cracking (most significant observed in project area)
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Photo 5 Waterfront Park looking south from undemeath Bumnside Bndge
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