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1 INTRODUCTION AND PROJECT UNDERSTANDING 

PacIfic Geotechmcal, LLC (PacIfic Geotechmcal) IS pleased to submIt thIS revIsed seIsmIC SIte hazard 
report (SSHR) for the Portland Saturday Market (PSM) cover structure for the above project m Portland, 
Oregon PaCIfic GeotechnIcal completed a geotechmcal report for the project dated Apnl 2007, and 
follow up technIcal documents mcludmg a supplemental geotechnIcal report for pIle foundatIOns to 
support the PSM structure, dated February 18, 2008 ThIS 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 Apnl11, 2008 The locatIOn of the SIte IS shown on FIgure 1 

The project conSIsts of relocatmg the PSM mto Waterfront Park ConstructIOn associated WIth thIS move 
WIll mclude a new cover structure and overlook deck, reconfiguratIOn of some pedestnan ways, 
mstallatIOn of an mteractlve water feature, and appurtenant faCIlItIes such as pIpmg and benches The 
PSM cover structure WIll be located Just south of the BurnSIde Bndge, as shown m FIgure 2 

Accordmg to the project archItect, the PSM cover structure IS claSSIfied as an A3 assembly space WIth a 
maXImum occupancy load of 1,698 people Based on thIS descnptlon and a dISCUSSIon WIth CIty of 
Portland ( CIty) Bureau of Development (BDS) staff, an SSHR IS reqUIred for the PSM cover structure 

2 PURPOSE AND SCOPE OF SERVICES 

The purpose of our work IS to prOVIde an SSHR for the project Our speCIfic scope of work mcluded the 
followmg 
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• RevIewed apphcable codes to detennme whether an SSHR IS reqUIred 

• RevIewed eXlstmg avaIlable mfonnatIon, mcludmg subsurface mfonnatIon collected for our 
\ 

supplemental geotechmcal report 

• Used the above collected mfonnatIon to complete an SSHR m accordance wIth SectIon 1802 of 
the 2007 Oregon Structural Specialty Code (OSSC) 

• ProvIded a total of five copIes of thIS report to you Four copIes are provIded for your submIttal 
to the CIty and one copy IS provIded for your submIttal to the Department of Geology and 
MIneral Industnes (DOGAMI), as reqUIred by the 2007 OSSC 

3 SITE DESCRIPTION 

3 1 REGIONAL AND LOCAL GEOLOGY 

The Geotechnzcal Baselme Report, West Szde CSO Tunnel, Shafts, Pump Statzon and Pzpelmes Project 
(Parsons Bnnckerhoff, 2002a) contams a well-crafted explanatIOn of the regIOnal geologIc settmg of the 
project area as well as the hIStOry of local faultmg and geomorphology (landfonns) The followmg 
paragraphs bnefly summanze the mfonnatIOn presented m that report 

The project IS located along the west edge of the Willamette River, a tnbutary of the Columbia River that 
Hows through the Portland Basm ThIS pull-apart basm, a product of regIOnal tectomc stresses related to 
the subductIOn of the Juan de Fuca plate wIth the over-ndmg North Amencan plate, has been subsldmg 
smce at least MIOcene tIme Tens of hundreds to thousands of feet of alluvIal clay, sIlt, sand and gravel 
have been deposIted m the Portland Basm between mtervals of uphft, scour and erOSIOn that have created 
extensIve topographIc relIef m the basIn sedIments MassIve "MIssoula" floods scoured and then 
deposIted sedIment rangmg from clay to gravel m the Portland Basm dunng the latest Phocene to latest 
PleIstocene (~1 mllhon to 12,500 years ago) Post-PleIstocene geologIc actlvlty m the basm mcludes 
WIllamette RIver fluvial erOSIOn and deposItIon of sedIment as well as the placement of large quantItIes of 
man-made fill along the WIllamette nverfront and m adjacent sloughs, lakes and bottomlands 

The regIOnal ColumbIa RIver Basalt (CRB) bedrock that fonns the Portland Basm and adjacent West 
HIlls (TualatIn Mountams) was formed 5 to 15 mllhon years ago by an Immense outpounng of lava from 
vents along the OregonlWashmgton-Idaho border that covered thIS portIOn of the PacIfic Northwest to 
depths of thousands of feet wIth Igneous rock As the basalt-Hoored Portland Basm subsIded, sedIment 
eroded both from the nearby Cascade Mountam cham as well as from contmental mtenor sources was 
camed mto the ba"sm by the Columbia and other, local nvers and deposIted as the Pho-Plelstocene Sandy 
River Mudstone (SRM) and overlymg Troutdale FormatIOn sandy to sIlty gravel AllUVial processes 
rangmg from the catastrophIc Hoods to everyday HUVIaI actIvIty of local nvers and streams eroded 
channels m, as well as deposIted addItIonal sedIment on, the SRM and the Troutdale The matena1 related 
to the MIssoula Floodmg IS generally referred to as "flood-deposIts" and IS further charactenzed by gram 
SIze as "coarse-gramed" or "fine-gramed" flood deposIts A veneer of WIllamette RIver alluvIUm denved 
from WIllamette Valley sources to the south as well as reworked flood deposIt sedIments mantle the 
topography the Willamette has mCIsed mto the last flood-created surface Smce at least the late 1800's 
human actIvIty has extensIvely altered the WIllamette River shore and created umque and vanable 
shallow soIl condItIons m the Pprtland area, Includmg the project area speCIfically 

32 SURFACE CONDITIONS 

The project SIte IS located In Waterfront Park Just south of the BurnsIde Bndge The surface condItIons m 
the vlclmty of the proposed PSM cover structure mclude landscape grasses at the north end and a 
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constructIOn area related to the West SIde CSO (WCSO) at the south end The constructIOn area IS fenced 
off and encloses the eXIstmg WCSO Ankeny Shaft and a vault structure 

3 3 SUBSURFACE CONDITIONS 

Subsurface condIt1ons encountered by others m and around the project area are summanzed m our 
ongmal report The followmg paragraphs descnbe the subsurface condItIons encountered m 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 dnllmg three bonngs at the 
v 

locatIOns shown on FIgure 2 The bonngs weI e 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 bonngs IS 
provIded as FIgure 3 AppendIx A summanzes the exploratIOn methods and presents the explOratIOn logs 
PaCIfic Geotechmcal completed for the pIle deSIgn AppendIx B presents an exploratIOn log completed by 
others m the ImmedIate vIcmlty of the proposed cover structure Results of our laboratory testmg are 
IndIcated on the exploratIOn logs m AppendIX A and descnbed m AppendIX C 

Subsurface condItIons were found to be relatIvely umform across the SIte In general, we encountered 1) 
SIlt, sand and gravel fill matenal, over 2) a thIn layer of Fine-gramed Flood DepOSIts, over 3) Coarse­
gramed Flood DepOSIts, over 4) Troutdale FormatIOn gravels The condItIons encountered m our 
explo~atIOns generally match the geologIC mappIng descnbed m our ongmal report and found by others m 
the area The followmg paragraphs summarIze the above unIts 

331 Fill 

We encountered vanable fill matenal m all of our bonngs The fil( matenal generally mcluded loose to 
dense sand and gravel and very soft to stIff SlIt We also encountered occasIOnal crushed rock, asphalt, 
concrete, bnck and wood debns The thiCkness of the fill matenal vaned from about 27 feet m bonng B-
3 to about 60 feet m bonng B-1, adjacent to the seawall structure Although the later thIckness places fill 
below ongmal grades and water levels, It IS supported by a drawmg for the seawall/cnbbmg structure that 
shows the base of the cnbbmg at an elevatIOn of -30 5 feet (CIty of Portland datum), or about 63 feet bgs 
It appears the ongmal SOlI was removed for constructIOn of the cnb wall and then backfilled dunng 
constructIOn of the wall The mOIsture content of the fill vaned between 8 to 39 percent The percent 
fines m sIlty fill was between 75 to 79 percent, based on two tests A dry denSIty of 84 pounds per CUbIC 
foot (pct) was measured on a SIngle sample 

3 3 2 Unconsolidated Silt and Sand (AlluVium/Flne .. gralned Flood DepOSits) 

We encountered a thIn layer of SIlty fine sand m bonng B-3 under the fill matenal We dId not encounter 
thIS matenal m our other exploratIOns, however, thIS umt IS noted m bonng C-l completed by FUjitam 
HIlts & ASSOCiates '(FHA) (PB 2002b, AppendIX G) ThIS matenal was medmm dense WIth a ~Olsture 
content between 38 and 43 percent, based on two tests 

3 3 3 Unconsolidated Sand, Slit and Gravel (AllUVium/Coarse-grained Flood DepOSits) 

We encountered Coarse-gramed Flood DeposIts under the Fme-gramed Flood DepOSIts m bonng B-3 and 
below the fill matenal m bonng B-2 We dId not encounter thIS matenal In bonng B-1, as the fill matenaf 
extended to the top of the Troutdale FormatIOn gravels (see below) ThIS umt generally consIsted of very 
dense gravel WIth vanable amounts of sand and SlIt The mOIsture content was measured at 14 percent 
from one sample tested 
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3.3 4 ConsolJdated Sand and Gravel (Troutdale Formation) 

We encountered gravels of the Troutdale FormatIon beneath the fill m bonng B-1 at a depth of about 61 
feet bgs ThIS correspOnds well wIth the desIgn depth for the base of the cnbbmg structure SupportIng the 
adJacent seawall Bonng C-1, completed by FHA Just south of the proposed cover structure, encountered 
Troutdale FormatIOn at a depth of 51 feet bgs ThIs urnt consIsts of very dense sand and gravel m a sIlt 
matnx 

3 4 GROUNDWATER 

Groundwater could not be determmed m our exploratIOns due to the dnllmg 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 withm several 
feet of the mean nver level, suggestmg that thIS groundwater IS connected to, and WIll reflect changes m, 
the water level of the Wdlamette 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 nver level 

4 SEISMIC SETTING/EVALUATION 

4 1 DESIGN EARTHQUAKES 

SeIsmICIty m the Willamette Valley IS pnmanly dnven by the Cascadia SubductIOn Zone (CSZ), whIch IS 
the zone where the westward advancmg North Amencan Plate IS overrIdmg thtj subductmg Juan de Fuca 
Plate The mteractIOn of these two plates results m three potentIal seIsmIC sources affectIng the 
Willamette Valley area, shallow crustal earthquakes wlthm the overrldmg North Amencan Plate, \ 
Interplate earthquakes whIch occur along the boundary between the Juan de Fuca and North Amencan 
plates, and mtraplate earthquakes WhICh occur withm the subductmg Juan de Fuca plate Although 
capable of generatmg sIgmficant earthquakes, mtraplate earthquakes, such as the February 28, 2001 
Nlsqually earthquake (Mw 68) m Washmgton State were evaluated, but found not to control deSIgn for 
thIS area so are not further conSIdered Crustal and mterplate 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, withm a 50-rrule radIUS of the SIte 

Accordmg to the USGS, the shallow crustal earthquake source contnbutes about 900/0 to the probabIlIstIc 
ground motIon and the mterplate source zone contrIbutes about 10% to the probabIlIstIc ground motIon 
for the range of penods of concern Therefore, addItIonal data representatIve of each of the two source 
zones were gathered for use m assessmg the SIte seIsmIC response Agam, the mtraplate earthquake IS not 
conSIdered capable of controllIng deSIgn m thIS area so was not conSIdered DISCUSSIOn of the shallow 
crustal and mterplate sources are prOVIded below 

4 1 1 Shallow Crustal Earthquakes 

A sIgmficant earthquake could occur on a local fault very near the SIte withm the deSIgn lIfe of the 
faCIlIty Such event would cause ground shakmg at the SIte that could be more mtense than the CSZ 
mterplate event, though the duratIOn would be shorter 

Several large, northwest-trendIng faults are mapped wIthIn one mIle of the project area, mc1udmg 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 IS conSIdered potentIally actIve 
(GeomatrIx, 1995 and USGS, 2007) and belIeved capable of generatIng a magmtude 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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Bnnckerhoff, 2002b) reports a dispanty m geologIc umt elevatIons from bonngs located across the 
W Illamette RIver from each other that mfers 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 
W Illamette that may have undergone as much as 0 04mmlyr dIsplacement over the past 1 mIllIon years 
Alternately, thIS could be from past dIfferential erOSIOn by the nver, but thIS could not be resolved for thIS 
study 

4 1 2 CSZ interplate Earthquakes 
( 

The CSZ mterplate source zone generally extends along the coast from northern CalIfornIa to BntIsh 
ColumbIa and IS charactenzed by researchers as bemg capable of generatmg earthquakes of magmtude 8 
to magmtude 9 Recurrence mtervals for CSZ mterplate earthquakes are thought to be on the order of 500 
years, whIch IS substantially less frequent than shallow crustal or CSZ mtraplate earthquakes The most 
recent CSZ event IS belIeved to have occurred In 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 IS 
no mstrumentally recorded seIsmIcIty of large mterplate earthquakes for the CSZ The mferred 
seismogemc portIOn ofthe~CSZ plate mterface IS roughly 60 mIles (100 kilometers) west of the SIte 

4 2 SEISMIC HAZARDS 

SeIsmIC hazards for thIS area have been mapped by the Department of Geology and Mmeral IndustrIes 
(DOGAMI) m the Earthquake Hazard Maps of the Portland Quadrangle, Multnomah and Washzngton 
Quadrangles, Oregon and Clark County, Washzngton (Mabey and others, 1993) ThIS map senes 
mcludes hazard maps for ground amplIficatIOn, lIquefactIOn, and lateral spreadmg/slope mstabIhty A 
RelatIve Earthquake Hazard Map, wruch combmes the above three earthquake hazards IS also Included 
Based on thIS map, the project SIte IS withm Zone C, defined as "Low to mtermedIate hazard" where 
relatIve earthquake hazard IS mapped between Zone A (hIghest hazard) to Zone D (lowest hazard) 

4 2 1 Fault Surface Rupture 

The closest local fault IS the northwest-southeast trendmg Portland HIlls fault shown by the Umted States 
GeologIc Survey (USGS, 2007) less than 06 mIles (1 kilometer) west of the SIte Although It IS 

I \ 

consIdered potentially actIve, dIsplacement of Holocene matenals has not been observed ExploratIOns 
we completed and extensIve exploratIons for the WCSO dId not find eVIdence of Holocene dIsplacement 
Although the fault IS capable of generatIng sIgmficant shakmg at the SIte, from the lack of Holocene 
dIsplacement here and elsewhere on the Portland HIlls fault, It IS our opmIOn that the possIbIlIty of surface 
fault rupture and related dIsplacement at thIS sIte IS low 

4 2 2 Ground Motion AmplIfIcation 

ThIck sequences of unconsolIdated, soft sedIments typIcally amplIfy the shakmg of long penod ground 
motIOns such as those assocIated WIth subductIOn zone earthquakes, whereas areas underlam by shallow 
soIl profiles are not lIkely to amphfy seIsmIC waves 

The ground motion amplIficatLOn map shows the general area of the SIte to be m 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 ratmg system An amplIficatIOn factor of 2 5 or greater IS the hIghest relatIve hazard and I the 
lowest 

Ground motIOns are conSIdered speCIfically III SectIOn 4 4 
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4 2 3 Liquefaction 

LIquefactIOn IS a phenomenon caused by a rapId Increase m pore water pressure that reduces the effectIve 
stress between soIl partIcles, resultmg m the sudden loss of shear strength In the soIl Granular SOlIs, 
whIch rely on mterpartlcle fnctIOn for strength, are susceptIble to lIquefactIOn untIl the excess pore 
pressures can dISSIpate Sand bods and flows observed at the ground surface after an earthquake are the 
resuh of excess pore pressures dIssIpatIng upwards, carrymg soIl partIcles WIth the dralrung 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 hquefactIOn under relatIvely hIgher levels of 
ground shakIng 

The thIckness of hquefiable sedIment (hquefactIOn hazard) IS ranked m the hIghest hazard level, at greater 
than 9 meters (about 30 feet) ofhquefiable soIl potentIally present m the area 

4 2 4 Lateral Spread 

Lateral spread occurs when large blocks of ground are dIsplaced down gentle slopes or towards stream 
channels as a result of hquefactIOn of subsurface soIl durmg an earthquake Man-made seawalls and 
loose, saturated sandy fills can mcrease SIte vulnerabIlIty to thIS hazard, and the presence of these features 
IS reflected In the classIficatIOn of the bulk of the project area m the hIghest (estImated lateral ground 
dIsplacement m excess of 1 2 meters, about 4 feet) and second hIghest (dIsplacement of 09 to 4 meters, 
about 3 to 4 feet) hazard zones (Mabey and others, 1993) 

Lateral spreadmg estImates by others have been reported to vary between about 2 mches to as much as 2 
feet The subsurface condItIons encountered for thIS report concur WIth those findmgs 

4 2 5 E.arthquake Induced Landslldlng 

EXIstmg mappmg (Mabey and others, 1993) places the SIte m the lowest category of landslIde hazard 
Based on the flat SIte slopes, we concur that the landshding hazard IS low at the PSM cover structure 

4 2 6 Seiche and Tsunami 

The SIte IS well away from tsunamI mundatIon 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 IS most prevalent m relatIvely deep depOSIts of loose, dry, clean sand In 
our ongmal report we stated that vertIcal settlements estImated by others at nearby locatIons have ranged 
from less than an mch to up to 5 mches Based on our exploratIons, these values stIll appear appropnate 

4 3 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 m Table 1 are appropnate 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 IBe) 

Seismic Design Parameters (2006 IBe) 

BUilding Use Category 

Seismic Use Group 

Seismic Importance Factor, IE 

Site Class 

Spectral Response Acceleration S5 
1---------------------------------- ---------------------- -- -- ----

Spectral Response Acceleration S1 

Site Coefficient, Fa 

Site Coefficient, Fv 

Spectral Response Acceleration (Short Penod), SDS 

Spectral Response Acceleration (1-Second Penod), SD1 

SeIsmIc Design Category 

Note 

III 

II 

073 g 

039 g 

D 

1 Site sOil IS classified as Site Class F based on the liquefaction hazard Site Coefficients are based on Site Class D per 
the 2006 International Code the of the structure IS less than 05 seconds 

Based on the 2002 USGS NatIOnal SeIsmIc Hazard MappIng ProJect, the expected peak bedrock 
acceleratIOn havmg a 10 percent probabIhty of exceedance In 50 years (475 year return penod) IS 019g 
The expected peak bedrock acceleration havmg a 2 percent probabIlIty of exceedance m 50 years (2,475 
year return penod) IS 0 41 g These values represent the peak acceleratIOn on bedrock beneath the sIte and 
do not account for any ground motIon amphficatIOn due to sIte-specIfic effects 

4 4 SITE SPECIFIC RESPONSE ANALYSIS 

441 Ground Motion Selection 

Earthquake acceleratIOn tIme hlstones 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 recordmg sIte, the PGA of the record, the 
predomillate penod, and the earthquake magmtude and energy content 

Based on the USGS 2002 InteractIve DeaggragatIOns web sIte, the local shallow crustal event and the 
CSZ Interplate event contnbute approxImately 90 and 10 percent, respectIvely, to the hazard at the SIte 
Therefore earthquake tIme hlstones were selected accordmg to ASCE 7-05 based on the above hazards 
Table 2 presents the earthquake acceleratIon tIme hlstones used ill our analYSIS 
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Table 2 Selected Earthquake Acceleration Time Histories 

Recorded Peak 
Recorded HOrizontal 

Earthquake, Year Recordmg Station Magmtude Acceleration (g) Fault Mechamsm 

Whittier Narrows, 1987 Mt Wilson 53 o 16 Crustal 
-- --------- ----- - - - --- ---- ---- ----1----- - -- -- --- -- -- --- - --- ---- -----

Whittier Narrows, 1987 LA - Obregon Park (360 53 040 Crustal 
degree component) 

N Palm Springs, 1986 North Palm Spnngs (t\lPS 62 023 Crustal 
300) 

---- -- --- --- - ---------- -- - ----- ------ --- ----------- - - --- - -- ---- -------------
Impenal Valley, 1979 Superstition Mountain 65 020 Crustal 

-
Nahanni, Canada, 1985 Site 2 (330 degree) 68 032 Crustal 

r- --------- -- 1------------------------- ------------ -
Mlchoacan, MeXICO, 1985 La Union (N90W) 8 1 o 17 Interface 

--- -- --- --- ----- '--------------------1-- -.-----
ValparaiSo, Chile, 1985 NA, 070 degree 75 015 Interface 

442 Ground MotIon ScalIng 

The above mput tIme hlstones were scaled usmg the computer program Shake2000 VersIOn 35m 
accordance wIth ASCE 7-05 Each selected tIme hIstOry was scaled to the maXImum consIdered 
earthquake (MCE) rock response spectrum assummg SIte Class A such that "ItS response spectrum IS, on 
average, approxImately at the level of the MCE rock response spectrum over the penod range of 
sIgnIficance to structural response" (ASCE, 7-05) Based on a fundamental penod for the structure of 
approxImately 0 26 seconds, the penod range of sIgnIficance IS approXimately 0 05 to 1 3 seconds 

In addItIon, the scahng factor utIhzed for each tIme hIStOry was vaned to evaluate the effect on the output 
Based on our analysIs,' there was httle change to the final sIte speCIfic spectral acceleratIOn by varymg the 
scahng factor wlthm a reasonable range The mdlvldual scaled tIme hlstones are shown m FIgure 5 

443 Soli Model 

The mput soIl model used m our analYSIS IS based on the findmgs of our subsurface exploratIOn program 
A detaIled descnptIOn of sIte subsurface condItIOns IS prOVIded m SectIOn 3 3 Shear wave velOCItIes 
could not be dIrectly measured as the subsurface contams vanous layers of gravel that could not be 
penetrated wIth a cone penetrometer The engmeenng behaVIOr of the sIte soIls was modeled usmg 
estllnated shear wave velOCItIes and umt weIghts for the antIcIpated soIl profile along wIth dampmg and 
shear modulus reductIOn relatIOnshIps typIcal for the SOlI types underlymg the SIte 

The mdlvldual soIl parameters were vaned wlthm the expected range of values to estImate the effect on 
the output Further, due to the vanable soIls encountered m the fill matenal, several dampmg and shear 
modulus reductIOn relatIOnshIps SUItable for the encountered soIls were utIhzed to evaluate theIr effect on 
the final results Based on our analYSIS, varymg the soIl parameters wlthm the expected range of values 
had httle effect on the output, however, utIlIzmg dIfferent dampmg and shear modulus reductIOn 
relatIOnshIps for the upper fill matenal had a relatIvely sIgmficant effect on the output Therefore, due to 
the vanablhty of the soIl m the upper forty feet, we utIhzed depth, rather than soIl type, to choose the 
dampmg and shear modulus reductIon relatIOnshIps for thIS matenal, as recommended by Dr Jonathan D 
Bray (ASCE, 2007) ThIS method resulted m spectral acceleratIOn values wlthm the mIddle of the range 
encountered usmg other relatIOnshIps 

Table 3 prOVIdes a summary of the soIl model used m our analYSIS 
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Table 3 5011 Model 

Shear Wave Velocity Range (feet 
Depth Interval (feet) Subsurface Umt per second) 

o to 40 Fill 300 to 1,000 
- ~ --- -- -- -,- -- - - - ,-,- --- - -- .- --

40 to 155 Very Dense Sand and Gravel 1,000 to 1,400 
I 

- ----- ---- - -- - - - - -- - ----- - -
> 155 feet Basalt Bedrock 5,000 

4 4 4 DeSign Response Spectra 

As requIred by ASCE 7-05, SectIOn 21 1 3 the SIte specIfic response on SOl1IS calculated by multIplymg 
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 penod for each of the mput tIme histones FIgure 7 
provIdes the mean RRS versus penod for the crustal and CSZ mterface events FIgure 8 provIdes a plot 
of the spectral acceleratIOn versus penod for the proposed PSM cover structure These spectra are scaled 
to two-thIrds of the maXImum computed as prescnbed by the IBC AddItIonally, the spectral acceleratIOn 
at any penod must be equal to or greater than the response spectrum determIned as descnbed ill SectIOn 
1615 1 4 of the 2006 IBC . 

5 FOUNDATION DESIGN 

We completed a supplemental geotechmcal report for foundatIon support recommendatIOns, dated 
February 18, 2008 In that report we recommended that the PSM cover structure be supported on dnven 
or dnlled steel pIles beanng m the natIve gravels, or on an Improved sub grade We understand that the 
PSM cover structure wIll be supported on a combInatIOn of dnlled and drIven plIes Our fill 
recommendatIOns are prOVIded m 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 m Waterfront Park m Portland, Oregon Our 
report IS mtended to provIde our opmIOn of geotechnIcal parameters for deSIgn and constructIOn of the 
proposed project based on exploratIOn locatIOns that are, beheved 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 

\ 
WIthm the hmitatIons of scope, schedule and budget, our servIces have been executed m accordance WIth 
generally accepted practIces In the field of geotechmcal engmeenng m thIS area at the tIme thIS report was 
prepared No warranty, express or Imphed, should be understood 

Any electronIc form, facsImIle or hard copy of the ongmal document (emaIl, text, table, and! or figure), If 
prOVIded, and l any attachments are only a copy of the ongmal document The ongmal document IS stored 
by PacIfic Geotechmcal and wIll serve as the offiCial document of record 

\8 CLOSING 

We appreCIate the opportumty to submIt thIS report to you Please contact us If you have any questIons or 
need addItIonal mformatIOn \ 

Smcerely, 

Greg A Landau, PE 
Geotechmcal Engmeer 
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APPENDIX A 
SUBSURFACE EXPLORATIONS 

We evaluated subsurface sOlI and groundwater condItIons by completmg three bonngs at the apprOXImate 
locatIOns shown on FIgure 2 of the report text The bormg locatIOns were approxImately located by 
pacmg from eXIstIng sIte facIhtIes ExploratIOn locatIOns should be conSIdered accurate only to the 
degree Imphed by the methods used 

The bonngs were dnlled usmg a truck-mounted dnll ng prOVIded by Subsurface TechnologIes of Banks, 
Oregon SoIl samples were obtamed from the exploratIOns usmg one of the followmg methods 

1. Standard PenetratIOn Tests (SPT) were completed In general conformance wIth ASTM Test 
Method D1586, "Standard Method for PenetratIOn Test and Spht-Barrel Saniphng of SoIls" The 
sampler was dnven wIth a 140-pound auto-tnp hammer falhng 30 mches The number of blows 
reqUIred to dnve the sampler 1 foot, or as otherwIse mdicated, mto the soIls IS shown adJ acent to 
the sample symbols on the bonng logs DIsturbed samples were obtamed from the spht barrel for 
subsequent classIficatIOn and Index testmg 

2 RelatIvely undIsturbed samples were obtamed usmg a Dames & Moore Type-U sampler The 
sampler was dnven usmg a 140-pound hammer fallmg 30 mches, Just as wIth the SPT samples 
The penetratIon resIstance recorded on the bonng logs have been reduced by 50 percent for 
general correlatIOn wIth the SPT blow counts Samples retamed from the splIt barrel consIst of 
up to SIX, I-mch-high by 2 48-mch-dtameter brass nngs DIsturbed nngs were generally not 
retained 

Matenals encountered m the exploratIOns were classIfied m the field In general accordance wIth ASTM 
Standard PractIce D2488, "Standard PractIce for the ClaSSIficatIOn of SOlIs (VIsual-Manual Procedure)" 
SOlI classIficatIOns and samphng mtervals are shown m the exploratIon logs m thIS appendIx 

The field exploratIOns were coordmated by an engmeenng geologIst from our staff, who located the 
exploratIOns, clasSIfied the vanous soIl umts encountered, obtamed representatIve SOlI samples for 
geotechmcal testmg, observed and recorded groundwater condItIons, and mamtaIned a detailed log of 
each exploratIOn ExploratIon logs are mcluded m thIS appendIX Results of the laboratory testmg are 
mdicated on the exploratIon logs and are dIscussed m AppendIX C 



KEY TO EXPLORATION LOGS 

~Pacipc Geotechnical, LLJ PacifiC Geotechnical, LLC 
1419 Washington Street, SUite 101 
Oregon City, Oregon 9704 

SOILS CLASSIFICATION CHART 
MAJOR DIVISIONS SYMBOLS 

TYPICAL DESCRIPTIONS SYMBOLS 
DESCRIPTIONS 

LETTER LETTER 

GRAVEL CLEAN GW 
WELL-GRADED GRAVELS GRAVEL SAND 

CC CEMENT CONCRETE 
AND GRAVELS 

MIXTURES 

GRAVELLY (liTTLE OR GP 
POORLY GRADED GRAVELS GRAVEL SAND 

AC COARSE SOILS MIXTURES 
ASPHALT CONCRETE 

NO FINES) 
GRAINED 

SOILS GRAVELS GM 
SILTY GRAVELS GRAVELS SAND SILT 

TS 
TOPSOIUSOD 

MORE THAN 50% OF 
WITH FINES 

MIXTURES FORREST DUFF 
COARSE FRACTION 
RETAINED ON NO 4 (APPRECIABLE 

GC 
CLAYEY GRAVELS GRAVEL SAND CLAY 

SIEVE AMOUNT OF FINES) MIXTURES Stratlgra~hlc Contact 
SAND ! 

SW CLEAN SAND WELL GRADED SANDS GRAVELLY SANDS Distinct contact between sOil 
MORE THAN AND --'<::> 

strata or geologic Units 50% RETAINED 
SANDY (liTTLE OR 

ON NO 200 NO FINES) SP POORl Y-GRADED SANDS GRAVELLY SANDS 
_____ Gradual or approximate change SIEVE SOILS 

SANDS WITH ! SM SITL Y SANDS SAND SILT MIXTURES 
between sOil strata or geological 

MORE THAN 50% Units OF COARSE FINES 
FRACTION PASSING (APPRECIABLE NO 4 SIEVE SC CLAYEY SANDS SAND CLAY MIXTURES 

AMOUNT OF FINES) 
/ 

ML 
INORGANIC SILTS ROCK FLOUR, CLAYEY SILTS 
WITH SLIGHT PLASTICITY 

FINE SILTS INORGANIC CLAYS OF lOW TO MEDIUM 
GRAINED AND 

LIQUID LIMIT 
CL PLASTICITY GRAVELLY CLAYS SANOY CLAYS LESS THAN 50 

SOILS CLAYS SILTY CLAYS LEAN CLAYS 

OL 
ORGANIC SILTS AND ORGANIC SILTY CLAYS OF 
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 

OH 
ORGANIC CLAYS AND SILTS OF MEDIUM TO 
HIGH PLASTICITY 

HIGHLY ORGANIC SOILS PT 
PEAT HUMUS SWAMP SOILS WITH "1 
HIGH ORGANIC CONTENTS "-

Note Multiple symbols are used to mdlcate borderline or dual sod classifications 

MOisture Modifiers Seepage Modifiers Caving Modifiers Mmor Constituents 
~ 

Dry- Absence of mOisture, dusty, None None Trace < 5% (silt/clay) 
dry to the touch 

Slow- <1 gpm Manor - Isolated Occasional < 15% (sand/gravel) 
MOist - Damp, but no VISible water With 5-15% (silt/clay) 

Moderate - 1· 3 gpm Moderate· frequent 
Wet- VISible free water or saturated, In sand or gravel 

usually sOil IS obtained from Heavy - > 3gpm Severe - general ,15·30% (sand/gravel) 
below the water table I In Silt or clay 

Sam~ler S~mbol Descn~tlons Laboratory I Field Tests Laboratory I Field Tests 

[I] 2 4-anch I D split barrel %F Percent fl nes DO Dry denSity 

[[JJ Standard Penetration Test (SPT) 
AL Atterberg Limits OC Organic content 

IJ 
CP Laboratory compaction test PP Pocket penetrometer 

Shelby tube 
Consolidation test SA CS Sieve analysIs 

Piston 
DS Direct shear TV Torvane shear 

[fiJ Bulk or grab HA Hydrometer analysIs 
-

Blowcount (N) IS recorded for driven samplers as the number of blows reqUired to advance sampler 12 mches (or distance 
noted) per ASTM 0-1586 See exploration log for hammer wel~ht and drop 

A "P" mdlcates sampler pushed usmg the weight of the drill ng -
(2 4-lnch) sampler N approximately corrected to equivalent SPT N by 50% reduction m N • modified Callforma 

~ 

Note Refer to the report text and exploratton logs for a proper understanding of subsurface conditions Descnptlons 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 locattons or times 
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LOG OF BORING NO. B-1 
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Drilled By Subsurface Technologies 
Logged By G Sandstrom 

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

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Material Descnptlon 

SW 
Brown gravelly SAND, fine to coarse 
sand, fine rounded gravel (mOist, 
loose) [Fill] 

Grades to With layers of SILTY SAND 
With gravel 

Grades With trace silt 

Grades With trace to some gravel (very 
loose) 

GP 
Brown POORLY GRADED GRAVEL 
With trace fine sand Rounded gravel 
to 1 maximum dimension (moist to 
wet medium dense to dense)[FIIIJ 

Drilling Method Mud rotary 
Samphhg Method SPT 
Auger Data NA 

Water Content, 
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10 30 50 70 90 
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Other Tests and Notes 
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PacifiC Geotechnical, LLC 

LOG OF BORING NO. B-1 

1419 Washmgton Street SUite 101 
Oregon City Oregon 97045 
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.,. D&M N values reduced by 50% to correlate With SPT 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-O01~00 

Matenal Description 

Grades to loose 

\ 

Water Content, 
% 

10 30 50 70 90 

; I t 
I 

( ) I 

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

GP-SP 
Sandy GRAVEL to gravelly SAND Fine 
to medium sand FlOe rounded gravel 
(wet, dense)IFlfI] 

SM 
Gray SAND with gravel and silt Fine 
to medIUm sand Fine rounded 
gravels (wet, medium dense to dense) 
[Fill] 

Drilling Method Mud rotary 
Sampling Method SPT 
Auger Data NA 
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Hammer Data 140lb Autohammer 30 mch drop 
Drilling EqUipment 

Sheet 2 of 3 

Other Tests and Notes 

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 
cribbing/seawall 

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

- / 
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PacifiC Geotechnical, LLC 

LOG OF BORING NO. B-1 

1419 Washmgton Street SUite 101 
Oregon City Oregon 97045 
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rounded gravels (wet, very dense) 
[Troutdale Formation] 

Becomes dark brown with some yellow 

~p~ GP 

Water Content, 
% 

10 3D 50 70 90 

! I 
I 

I I I 

! 
i 
I 
! 
I 

I 

! 
I I 

: ! 

t 

I 
I I 

I 

11 
I I 

I 

I I 

I 
! I 

! ! I 

J 
10(J ;D~ Brown POORLY-GRADED GRAVEL 
~ With fine to medium sand (wet. very 

\dense) \ / I I 
! I 

! 
Boring completed at 73ft bgs I 
Groundwater not determined due to 
drilling method used 

! 
~ t I ~ 

I: j 

I I ! 

I I I ! 
! 

I I 

1 I 
- I 

-

-

Date Started 1/30/08 

Date Completed 1/30/08 
Completion Depth 73ft 4" 

Drilled By Subsurface TechnologIes 

Logged By G Sandstrom 

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

Dnllmg Method Mud rotary 

Sampling Method SPT 

! I 

Auger Data NA \ 

I, 

Hammer Data 140lb Autohammer 30 Inch drop 

Dniling EqUipment 

Sheet 3 of 3 

Other Tests and Notes 

Hard drilling at 61ft 

50 blows for 5 

50 blows for 4 5 



~ PaClftC Geotecltntcal, I LC 

PacifiC Geotechmcal, LLC 

LOG OF BORING NO. B-2 

-
-
-

-

~ 
Q) 

> o 
u 
Q) 

c:t:: 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

*Corrected 
Blows/foot 

20 40 60 80 

I I 

I 

l;~~ 
l~o~ 

:~~1 

PrOject Name Ankeny Plaza 

Location Waterfront Park, Portland OR 

Number 1050001"()0 

Material Description 

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

Water Content, 
% 

-5 

I 

r--10-+_1-+-_SIP_T-I r 
r-4 __ +-_2-+_S_P_T~1 ! 

9 

11!:I~:i~ G,adestoloos. 
-

-

-
3 SPT 1 

r-------t--I----
10 

10 

- 12 4 SPT ~ J 

-

I-

I- 4 5 D+M 

-
I-

1--20 

I-

-

-

-

-

-

16 6 SPT 

J J 

9 

12 7 SPT \ 
f----I----+---I J 

Date Started 1/31/08 ' 
Date Completed 1/31/08 
Completion Depth 46 ft 

\ ' ] 

; 

\ 
Drilled By Subsurface Techologles 
Logged By J Lawes 

.0 ~o~ 
:--- --------------------------------,} SP-SM 

Brown to gray-brown POORLY 
J' GRADED SAND with silt to SILTY 

SAND with gravel and wood debris 
J' (moist, 100se)[FIII] 

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

ML 
Gray brown and mottled brown SILT 
with fine sand Low to medIUm 
plastiCity (moist. softHFdl] 

Grades to dark gray with medIUm 
plastclty and occasional bricks 

Grades to SILT with fine sand to fine 
sandy SILT (stlff)[FIIi or Fine grained 
Flood DepOSits?] 

J 
; J I : 

J4 

I I 
! I 

I If l 

I ' 
, r I 

: ! I: 
i 

I! i I 

I, 
37 

II: , I 

Ii ( 
------------114 i 

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

J .. ' 

l 

, 
J 

f I 
i, , 
I 

I I I I 

, 
, 1 

I 
l J 

Hammer Data 140 Ib Auto-tnp falling 30 Inches 
Dnillng EqUipment . 

.. D&M N values reduced by 50% to correlate wIth SPT 

Sheet 1 of2 

Other Tests and Notes 

Bormg relocated 10 feet 
west due to hlttmg 
abandoned sewer pipe 

00= 84 pef 

%F=75 

, 



~ Paape Geoteclnncal, LlC 

Pacific Geotechnical, LLC 

LOG OF BORING NO. B-2 

1419 Washmgton Street SUite 101 
Oregon City Oregon 97045 

... 
(I) 
.c E (I) ~ 

~ :::I g; *Corrected 0 

J!! ~ ~ '; Blows/foot ~ 
.= > i5. i5. .2 
~ 8 E E g. 

~:~~+-~~~+-~:m~~~=m~~=2=0==4=0==6~0==8=0==tm& 

i~ 8 SPT 

!-

!-

4 9 SPT 
I-

-

-

-

3 10 SPT 

-

-

-

6 11 SPT 
-

-

-

-

-50 

-

-

-

-

-55 

-
-

-

-

-60 

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

1 i~ I I 

1 I 
I I 

I 

, I 
110C 
I 

I ,10C 

Drilled By Subsurface Techologles 
Logged By J Lawes 

PrOject Name Ankeny Plaza 

Locatton Waterfront Park, Portland OR 

Number 1050-001-00 

Material Description 

GM 
'Dark gray SILTY GRAVEL with trace 
coarse sand and with angular rock 
{wet, very dense)[Coarse-gramed 
Flood Deposits] 

Grades to dark gray-brown SILTY 
GRAVEL with flOe to medium coarse 
sand and rounded basalt gravels to 1 
In maximum dimenSion 

BOring completed at 46 ft bgs 

Groundwater not determmed due to 
drilling method used 

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

Water Content, 
% 

10 30 50 70 90 

i I 

I , 
! 

I I I 

, II 
i I I 

I, I I 
i I 

I 

i 

I; II ' 

I I I 
1, I: 

, ,: 

I I 

: I 
I I 

! I 

I I 
I 

i i 
, I 

'! I 

I' 

, , , 

, I 

Hammer Data 140 Ib Auto-triP failing 30 Inches 
Dniling EqUipment 

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

Sheet 2 of 2 

Other Tests and Notes 

Very slow dniling at 30ft to 
35ft 

50 blows for 4" 

50 blows for 2 

90 blows for 11" 



~ PaCIfic GeotechmcaL Ll C 

PacifiC Geotechnical, LLC 

LOG OF BORING NO. B .. 3 

1419 Washtngton Street SUite 101 
Oregon City Oregon 97045 

"-
<1/ 

~ 
..a 

Q) E Q. - :l 
~ <1/ 

~ Z .e <1/ <1/ <1/ 
.£ > a. a. 
0. 0 E E I.> 
<1/ Q) III III 
C 0:: fI) fI) 

13 SPT 

5 

14 2 SPT 

10 

15 

20 

0 , 6 D+M 

25 

0 7 D+M 

8 ST 

9 9 SPT 

Date Started 1/29/08 
Date Complet,d 1/29/08 
Completion Depth 38ft 

·Corrected 
Blows/foot 

I 

25 ' ,,: 
"i ! 

! I ~"': 
I , 

I I 1 

10 ! 

\ 
22 

\ 

Drilled By Subsurface Technologies 

Logged By G Sandstrom 

Cl 
0 

...I 
I.> 
i.: 
Q. 

I! 
(!) 

" , , 

" , , 

" , , 

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

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Matenal DeSCription 

SP 
Brown gravelly SAND to SAND with 
gravel Fme to medium sand Fine 
rounded gravel (moist, medium 
dense) [Fill] 

Grades with brick and concrete debris 

GM 
Gray SILTY GRAVEL with sand and 
occasional wood debrts Fine to 
medium sand Fme to coarse rounded 
to subangular gravel (moist to wet, 
dense)[FIII] 

ML 
Gray SILT with fine sand, clay and 
wood debris Low to medium 
plastiCity (moist, very soft to medium 
stlff)[FIII] 

SM 
Gray Silty fme SAND (moist, medium 
dense)[Fme-gramed Flood DepOSits] 

Drtiling Method Mud rotary 

Water Content, 
% 

10 30 50 70 90 

I I 

i 

'39 

l' 
I 

\ I 

I 

II 
, I 

' I 

I 
I 
i 

I I 

, 
I 

j: 

Ii 

, i 

, 
, I 

I 

I I 
[ 

, I 

Sampling Method SPT,D&M, Shelby Tube 

Auger Data NA 

Hammer Data 140lb Autohammer 30-mch drop 
Dniling EqUipment 

Sheet 1 of2 

Other Tests and Notes 

50 blows for 6 • 
due to concrete debriS 

%F=79 

No recovery due to wood 
In sampler shoe 

No recovery 



~ PacIfic GeotechntcaL LLC 

Pacific Geotechnical, LLC 

LOG OF BORING NO. B-3 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

... I 
QI 

..Q g E CD - Q. 
CI) :::J 

~ .! ~ z 
CI) CI> CI> 

.£ > 

!JJd c. 0 
(,) 

CI) CI> 
Q a: en 

r-

\ 

-35 
10 10 SPT 

-

-
8 11 SPT -

r-

f-40 

r-

-

-

-

-45 

-
-

-

-
-50 

-

-

-

-

-55 

-

-

-

f-60 

Date Started 1/29/08 
Date Completed 1/29/08 
Completion Depth 38ft 

"Corrected 
Blows/foot 

20 40 60 80 

Material Description 

I " \: 1\' I ;4JDJ'o"'?' GP '{ f.... _.... Gray GRAVEL with sand and trace slit 
I tv'lo~ Fme to coarse sand Fine to coarse 

: II I, l ~ _<: rounded gravel (moist, dense) 
1 tlD~ [Coarse-grained Flood DepOSits] 

11\1 :~o<!) 
, ' oDo 
I I I I b4,C1l 

I I 1\ ;06 
! I 1100 ~4,C1i , !! ;O~ Grades to very dense 

1 : ~o~ 

I 

I ! ;O~ 
1100~Of 

~()~ 

1 

I 

1 

J 
f 

I 

I 
) , 

I , 
f 

: 
! 

Bormg completed at 38 ft bgs 

Groundwater not determmed due to 
drilling method used r"' 

"" 

Drilling Method Mud rotary 

\ 

Water Content. 
% 

10 30 50 70 90 

I J I 

If 

1 ' 

I, I 

! ' , 

I I 
f 
I 

I 1 I 
I 

I 
I I i 

I 
j 

I! 

I 
I I 
-'I 

: 
, I 

[ 
I 

I 

I 
I 
f 
J 

, 
I 

J 

I 

I I i 

i 
I ! , 
f 

! I 

J 

1" I 
f Ii! 
I I • 

I: ! 

i 

I 

1 
I , , 
I 

I 
I I 

J 

! 

I 
! 
I 

I 

I J I 
! ~ , 

I I 

l , 
I I 

I 
: 

I 
1 I I I 
J 

I 

1 
I 

! 

! I 
I 
I 

I i 
I l 

f I I' 
, i I 

I 

I 

I , 
I 

I 
I ( 

I 

i I 

I 
, 

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

Drilled By Subsurface Technologies 
Logged By G Sandstrom 

Hammer Data 140lb Autohammer 3D-Inch drop 
Dniling EqUIpment 

.. D&M N values reduced by 50% to correlate With SPT 

Sheet 2 of2 

Other Tests and Notes 

50 blows for 6 

50 blows for 6 
~ 

\ 



ApPENDIX B 
SUBSURFACE EXPLORATIONS BY 

OTHERS 



Remarks 

200 
SAND FILL. lOOSe. gray 'brown, moiSt. flne::grained, 100 
scattered fine rounded gravel (Dredged sand fill) 

Tree fragment. medium dense 

16 
140 Silty clayey, medIum dense, 

gray, moist to wet, no to low plasticity. fine-gralned, 
scattered to abundant wood fragments and red 
crushed rock (Fill) 

-200 = 33% 

:f. 08/2812000 
.. 200=35% 

-200:;: 16% 

-200 = 73% 

very and gray, wet, 
fine- to coarse-Brained. subrounded gravel, sand Is 
fine. to coarse..gralned, scattered cobbles 
(PleIstocene Flood Deposrts - arch) 

LEGEND 
I:: 2 0" 0 0 Spilt Spoon Sample 

IT = 3 on 0 0 ThlO-Walied Sample 
.. = Sample Not Recovered ~ 

Impervious Seal (Bentonite) 
Cement Grout 
Random Backfill 
Granular SackfUl 

_ Ground Water Level on Date Shown 
Piezometer/Inclinometer TubIng 
Perforated Zone §§§ = Grab Sample onll CuttIngs 

I;: Core Rock Sample 

NOTE 
Lmes between sotVrock units are 
approxlmat& and transition may be 

I 

A TIERBERG LrMlTS 
t::tt.::-J.....- LiqUId Limit 
~ Natural Watpr Conte,t 

Plastic Limit 

5 

10 

15 

20 

2S 

35 

6-1 I 
S-2 I 
8-3 I 
8-4 I 
8-5 I 
S-6 I 
S·1 I 
$-8 I 
S-9 II 

5-10 I 

5-13 I 

S-15 ;::c: 

I I I I I 

1" '!- "t .. -1-1-" r- .,. 
, I II I , I I 
_..L.l.,J _1_1_'" L..I.. 
, I I , I , I I I 

J....!. J.' _'_I_eL 1. 
I I I I I I I t I 
, I 1 I I , I I t 
r T .., ""l -, - t- f""" r r 
I I , I I , I I I 

II I 'el r , I 
.I.. • .I.J _,_,_I...I...L. 
If' , , I , I , 
I I I I I I , I 1 
i ! , -I -. - ,- ,- i T 
" I I ,. I I' 
,. T i '1 -, -,- r r T 
" I I , , I , I 
+- .,. -t ... -1-1- I- ~ ~ 
I , , I , • I I , 

o Recovery. % 

I I I , I I I I I 

~ -: -:-fl- ~ + -t ~ 
I I I' , I I I I 

, ... -,-,- r r T i' 
, J I , , • I I I 

-I ,-'-I-!-I-1' 't-l 

, , 1 1 I I ,I 

J .J _1_1..1.. L. 1. J 
1 I I I I I ! I • 

, I , III , I t 
i -, - r- I ..... i i" i ,. -. 

I I I I! I I , f 

, .., -,- r- r r T "t '"'\ 

~":"'~~~1~ I 
, I I I I ! I 

E!3 RQD, % 

Ankeny Pump Station 
Portland, Oregon 

LOG OF BORING C-1 
page 1 of2 



r-----~----------~----~------~ ~----------------~------------.. --~----~'-~'------~------------------------------\ j 

~ 
~ 
C!l 

i 
!,!) 

~ 

Elev 
Depth 
Feet 

\~ ) Depth I 

Log In. Samples 
.. SPT N-Value 

• MoIsture, % 
25 

Remark& 

LEGEND 

CLASSIFICATION OF MATERIAL 
Sandy GRAVEL contInued 

·185 
45 5 SANo:Very dense. no samPle return (Pleistocene 

Flood Deposits - Qfcn) 

~10~ ________________ ~----~~------~~ 
51 0 Clayey Gravelly SAND, very dense, yellow-brown, 

moist, low plasticity, sand IS fine-grained, fine- to 
coarse-grained, rounded gravel. weathered, 
overconsolldated, poorly graded, gradational 
transition to underlymg material (Troutdale 
Formation Tt) 

-350 
65 0 GraveW SAND. verydense;1Jght brown. wBt. - -

non-plastic sand IS fine-graJned, fine- to 
coarse-grained. rounded gravel. Dverconaolldated, 
poorly graded (Troutdale Formation TI) 

-40 a 
70a Bottom of Bonng, Completed 8/29100 

Cement Grout 
~ Impervious S.al (Bentonite) 

I = 2 0" 0 0 Spilt Spoon Sample Random Backfill 
Granular Backfill II = 3 0" 0 D Thln·Walied Sample Ground Water Level on Date Shown 

.,. • Sample Not Recovered Piezometer/Inclinometer Tubing 
m wi Grab Sample Onll cuttings Perforated Zone 

I = Core Rock Sample ATTERBERG LIMITS 
~ .... Liquid Umlt 

NOTE ~ Natural Water Content 
Lmes bel;lNeen solVrock units are PlastiC LImit 
approximate and transItion may be 

/FHA! gradual 

Feet 

45 

50 

65 

60 

85 

70 

( 
\ 

$.16 

5-20'" I 
S-21* :::::t= 

• /.1 I ," I 

to oj. ~ .... -1-1-"- 1.. ... 
1 I I , I , I I I 

t..LJ..J_'_I_'_LJ. 
I I I , I , , I 1 

I 11 II.'" r T i -;-,-I-,-rT 
, I I , I I I 1 I 

"'.,.., ... -I-I-r- ... -r -r-r-'-~r,.T.,.-r 

I I r t I I I I' 1 I I II, I I , 

1,8 , , Ii' I 

L.L J ..J _1.'_ ,_ L J. 
1 I , , , 1 I , ! 

I II 1 I Ii' , 
r T 1 1-'-'- i r T 
I , 1\' I I ,e 1 
1" '" .., -; -1-,-,.. t- T 
" I" " .I. J....I ..... 1.1. I. L .I. 
I I , 

1 It' I 1 , 1 , 
to + -t -I -'-1- t- t- 1-
1 I I • I I , , I 

J. J. ..I...1_I.I.L.. L. J. 
, , I I I , , 1 , 

1 , I I I 22IBiI-Q" 
J _1_,_,_ L L J. J .J 
1 I I , f I f I 1 
• , 1 , , 1 , I 1 

1 1-1-1- r r T 1 ., 
, 1 I , I I G7!-2" 

-t -t -1- ,- t- ;- T '"f' ... 
, , I , • 1 I , 

...I ...I _1_'. I. L. ,I. 4 .I 

I I I 1 I 1 1 , j 

T T "j -,-,-,- t i i 
I 1 I I , 1 I , , 

S-22 ::r: t-r-.,..,.~'T"', ...,...,...,-r-I=::r-r..,-...,...;"';"'...;..!!!il"'ll 
, 1 1 I I , r , I 

'" .,. oj -I -1- 1- ..... +-
1 If' f I I I I 

J.. J...I..J .,.'_1..1.. l-

5-23'" ::c: 
I 1 , It' I , ! 
ii' , , I I 1 • r I i -, -, - 1- ,- - i 
, I I 1 , , , 1 , 

rT"'I""-I-rrr 
1 , I , , r , , I 

8-24" :r:: 1-+,-, ·' ...... 1-' ... 1-' ...... / -,-+ ... , ..... , .... / ... ' ..... 1 ... ' ..... i"!' ..... r-I 
1..L.J..J _'_I_L I.. J.. .J .1_1.I.LLJ...1 J 
I I , I 1 1 , I I 'I I , I , • , 1 
I I ! I , I I I I II! 1 1 1 1 1 I 
iT 1-1 -,-,-,- r T - -'-1-'- r j i i j 
, , , • , 1 , " I I I I I ,37-05:" 
1"7"'1-r-'-I-rl"- ,-r-I-'-r-r,."'I' 

, 1 I I , 1 I 1 , 

-1...1-,.1- jo. ~.j.. "'-I 
, r I I If' 1 , 

I ""I'III 
, I I' ,I I 1 

- r T 'j -, -it,- 1- r T 
[I 1 I I , I, 
,.,. 1 -r -1-1- r r T 

S~27 I 

f , , , ! , I , I 
.I..J. .. ...1.1_'_'- .. J. 
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, 1 , I 

I lei , 
I 1 1 I 1 

I I I I 1 , , I 
, 1 , , , , 1 

I I I 
I I , , 
I I , , 1 , , I 1 , , 1 

I , I t I I , , , ) 
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J f 1 I r I I , 
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I , I I I 
1 I I I I I 

I I , 1 , I 
I , 1 , I 

! I ( r , 1 
I I I , 

I , I , I 
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I I 
I , I 1 I I , , , , , , I , I 

I ( , I 1 
I , , , 1 , I 

I I ! , I , , 
I , , I , , , 

I I I f , I , I 1 , , , I , 1 
1 , I , I 

I I I , , , I f , I I 
I I 1 I I 
I , , I I 

I I , , , , I 

50 
0 Recovery. % ES ROD, % 

Ankeny Pump Statton 
Portland. Oregon 

LOG OF BORING C .. 1 
page 2 of2 
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ApPENDIXC 

LABORATORY TESTING 



/ 

GENERAL 

APPENDIX C 
LABORATORY TESTING 

SOlI samples obtamed from the exploratIOns were transported to our laboratory and evaluated to confirm 
or modIfy field classIficatIOns, as well as to evaluate engmeenng propertIes of the SOlIs encountered 
Representative samples were selected for laboratory testmg The tests were performed m general 
accordance WIth the test methods of the Amencan SOCIety for Testmg and Matenals (ASTM) or other 
applIcable procedures 

VISUAL CLASSIFICATIONS 

SOlI samples obtamed from the explorations were vIsually classIfied m the field and In our geotechmcal 
laboratory based on the Umfied SOlI 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 obtamed m 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 mcluded m AppendIx A 

Dry DenSity 

Dry densIty tests were completed on 10w-disturQance samples obtamed WIth the Dames & Moore (D&M) 
sampler The tests were conducted m general accordance WIth ASTM Test Method D2937 Dry densIty 
test results are presented on the bormg logs m AppendIx A 

Percent Fines 

Fmes content analyses were performed to determme the percentage of soIls finer than the No 200 SIeve 
the boundary between sand SIze partIcles dnd sIlt SIze partIcles The tests were performed m general 
accordance WIth ASTM Dl140 The test results are IndIcated on the mdividual bormg logs m the column 
labeled "Other Tests and Notes" 



KEY TO EXPLORATION LOGS 

~ Pacific Geotechnical, lie 
PacifiC Geotechmcal, LLC 
1419 Washington Street, SUite 101 

Oregon City, Oregon 9704 "-

SOILS CLASSIFICATION CHART 
MAJOR DIVISIONS 

SYMBOLS 
TYPICAL DESCRIPTIONS 

SYMBOLS DESCRIPTIONS 
LETTER LETTER 

GRAVEL CLEAN GW 
WELL GRADED GRAVELS GRAVEL SAND 

CC CEMENT CONCRETE 
AND GRAVELS MIXTURES 

GRAVELLY (LiTILE OR GP POORLY GRADED GRAVELS GRAVEL SAND AC COARSE SOILS ASPHALT CONCRETE 
NO FINES) MIXTURES 

GRAINED 
SOILS GRAVELS GM 

SILTY GRAVELS GRAVELS SAND SILT 
TS 

TOPSOIUSOD 
MORE THAN 500/ OF MIXTURES FORREST DUFF 
COARSE FRACTION WITH FINES 
RETAINED ON NO 4 (APPRECIABLE GC CLAYEY GRAVELS GRAVEL SAND CLAY 

SIEVE 
! AMOUNT OF FINES) MIXTURES Stratlgra~hlc Contact 

, SAND CLEAN SAND SW WELL GRADED SANDS GRAVELLY SANDS Distinct contact between sOil MORE THAN AND I -
50% RETAINED SANDY (LiTILE OR strata or geologic Units 

" ON NO 200 
SOILS 

NO FINES) 
I SP POORLY-GRADED SANDS GRAVELLY SANDS _____ Gradual or approximate change SIEVE I 

SANDS WITH I SM SITLYSANDS SAND SILT MIXTURES 
between sOil strata or geologIcal 

MORE THAN 50% Units OF COARSE FINES 
FRACTION PASSING (APPRECIABLE NO 4 SIEVE AMOUNT OF FINES) SC 

! 

CLAYEY SANDS SAND CLAY MIXTURES 

1 

ML 
INORGANIC SILTS ROCK FLOUR, CLAYEY SILTS 

! 
WITH SLIGHT PLAsnCITY 

FINE SILTS 
I INORGANIC CLAYS OF LOW TO MEDIUM 

GRAINED AND LIQUID LIMIT CL PLASTICITY GRAVELLY CLAYS SANDY CLAYS LESS THANSQ / 

SOILS CLAYS SILTY CLAYS LEAN CLAYS 

OL ORGANIC SILTS AND ORGAN!C SILTY CLAyS OF 
lOW PLAsnCITY 

\ 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 SO 

OH 
ORGANIC CLAYS AND SILTS OF MEDIUM TO 
HIGH PLASTICITY 

~ 

HIGHLY ORGANIC SOILS PT PEAT HUMUS SWAMP SOILS WITH 
HIGH ORGANIC CONTENTS 

Note Multiple symbols are used to Indicate borderline or dual soli claSSifications 
" 

MOisture Modifiers See~age Modifiers Caving Modifiers Manor Constituents 

Dry- Absence of mOisture, dusty, None None Trace < 5% (silt/clay) 
dry to the touch 

Slow- < 1 gpm Minor - Isolated Occasional < 15% (sand/gravel) 
MOist - Damp, but no vlsl~le water With 5-15% (silt/clay) 

Moderate - 1· 3 gpm Moderate - frequent 
Wet· VIsible free water or saturated, In sand or gravel 

usually sOil IS obtained from Heavy - >3gpm Severe - general 15-30% (sand/gravel) 
below the water table In Silt or clay 

Sampler Symbol DeSCriptions ) Laboratory I Field Tests Laboratory I Field Tests 

[I] 2 4-lnch I 0 split barrel %F Percent fines DO Dry denSity 

[[[] Standard Penetration Test (SPT) 
AL Atterberg Limits OC Orgamc content 

IJ 
CP Laboratory compaction test PP Pocket penetrometer 

Shelby tube 
CS Consolidation test SA Sieve analysIs 

§ Piston 
OS Direct shear TV Torvane shear 

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 0-1586 See exploration log for hammer weight and drop 

A "P" indicates sampler pushed uSing the weight of the drill rig -
(2 4-lnch) 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 conditions Descnptlons on the logs apply only at the exploration locations at the ttme 
the explorations were made The logs are not warranted to be representative of the subsurface conditions at other locations or times 
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Pacific Geotechntcal, LLC 

LOG OF BORING NO. B-1 

-

-

I-

I-

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

9 

'"Corrected 
Blows/foot 

20 40 60 80 

til 
o ... 
u :c 
Q. e 

(!) 

10 1 SPT J 
t---t-t------i I 

7 
-5 

-

-

-
-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

I-

I-

I-----+---!----s~ r 8 2 

4 

f--5_+-_3 -t-_
S
_
P

_
T-j1 

4 
6 4 SPT 

4 5 SPT 

2 6 SPT 

/ 

3 7 SPT 

\ 
32 

30 

130 

I 
I 

Date Started 1/30/08 

Date Completed 1/30/08 
Completion Depth 73ft 4" 
Drilled By Subsurface Technologies 
Logged By G Sandstrom 

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

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Material Description 

SW 
Brown gravelly SAND, fine to coarse 
sand, fine rounded gravel (mOist, 
loose) [Fill] 

Grades to With layers of SILTY SAND 
With gravel 

Grades With trace silt 

Grades With trace to some gravel (very 
loose) 

GP 
Brown POORLY-GRADED GRAVEL 
With trace fine sand Rounded gravel 
to 1 maximum dimension (moist to 
wet, medium dense to dense)[FIII] 

Dnlllng Method Mud rotary 
Sampling Method SPT 
Auger Data NA 

Water Content, 
% 

10 30 50 70 90 

" 

I 
I r 

! , 

8
1 

: 1 

j: I 

\ : 

I, 

, I 
I 

I 

I 

! i 
, i ' ! 
I, 
I, 

, I 

Hammer Data 140lb Autohammer 30 Inch drop 
Dnllmg Equipment 

Sheet 1 of 3 

Other Tests and Notes 

Interpreted as fill based on 
depth 
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PacifiC Geotechnical, LLC 

LOG OF BORING NO. B-1 

-

-
-

.... 
Q) 

J! 
if 
c­
eil 

Q 

I 5 8 

1419 Washmgton Street SUite 101 
Oregon City Oregon 97045 

SPT 

*Corrected 
Blows/foot 

20 40 60 80 

10 

-35 
10 

6 9 SPT 

-

-
-

- 10 10 SPT 

-

I-

I-

I- o 11 I SPT 

I-

I-

I-- 50 

I- 9 12 SPT 

I-

-

1--55 

- 6 13 SPT 

-

-60 

Date Started 1130/08 

Date Completed 1/30/08 
Completion Depth 73ft 4" 

I ! 

\ 
'24 

\ 
47 

I 

I 
21 
! 

28 

Drilled By Subsurface Technologies 
Logged By G Sandstrom 

\ 

.. D&M N values reduced by 50% to correlate With SPT 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Matenal Description 

Grades to loose 

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

SM 
Gray SAND with gravel and silt Fine 
to medium sand Fme rounded 
gravels (wet, medium dense to dense) 
[Fill] 

Dniling Method Mud rotary 
Sampling Method SPT 
Auger Data NA 

Water Content, 
0/0 

10 30 50 70 90 

! 
I 

! 
Iii 

I , 
, I I 
I ! I 
I'l 
I! 1 

I ! I ! 

! i 
! 

! : I 
I 
I I I 

I I 'I I 

; I 
! I 

, 1 

11' 
1 
: 

I I 
: , j 
I, 

I i 
I I i I 

I I I 
13

1 
I II I I I I 

I : I I 
1 I 

I I I I 

I! 
I I 

I 

I 

I I 

I; I 

j 'I I I 

; 

I I 

I I 
I 

It 

I , 

i 

i i 
I 

I 

t 

I I 

I ! ' 

I I 

20 
I 

I 
Vi 

Hammer Data 140lb Autohammer 30 Inch drop 
Dnlhng EqUIpment 

Sheet 2 of 3 

Other Tests and Notes 

Lost circulation and mud 
Sampler possibly dnven 
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 
crlbbmg/seawall 

Interpreted as fill based on 
blow counts and draWings 
of adjacent 
cn bbl ng/seawall 



~ Pacific Geotechntcal, LLC 

Pacific Geotechnical, LLC 

LOG OF BORING NO. B-1 

-C1) 

.l!:! 

.c 
Q. 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

-:-
.CI 
E 
:::::I 
Z 
C1) 

C1) 
Q. 

~ 
C1) 

Q. 
E 

*Corrected 
Blows/foot 

20 40 60 80 

1:1) 

oS 
u 
.E 
Q. 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Material Description 
Water Content, 

% 

10 30 50 70 90 

Sheet 3 of 3 

Other Tests and Notes 

C1) 

c 

Q. 
E 
III 

CI.) 

14 

III 
en 

SPT 4NI21 
I I 

E 
(!) 

~
~-------+~;l~l,+, ----~ 

I Ii: 
SP \ ! I: I:! Hard drilling at 61ft 

-

-65 
4 15 SPT 

-

r-

-

- 16 SPT 

-

-
6 17 SPT 

-

-

-

-

-

-80 

-
-

-

-

-85 

-

-
-

-

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

Completion Depth 73ft 4" 

Brown SAND with occasIOnal fine I i II 

rounded gravels (wet, very dense) I 

I I 

I :,\: ~~ [Troutdale Formation] , I I 

I , 

100 "\ 
I j 

I .I" 

, v ~~ 
i 1:

1 

~:; : 

I 1/ I Becomes dark brown with some yellow I 
5", J , 

i ~ : "\ • 
i\ i J' 

I ~\ ICq,;, GP 

! ! 1oo;oci Brown POORLY-GRADED GRAVEL 

I I 

I 
1 I 

I 

\ I 
I I 

: I 
: ' 

I 

I I 

I ,~ with fine to medium sand (wet, very 
\dense) I II I 

I 

BOring completed at 73ft bgs 

Groundwater not determined due to 
dniling method used 

Drilling Method Mud rotary 
Sampling Method SPT 

Auger Data NA 

I 

I I 

I 

~ I t 

! ! 

! I 

I 

( ! i 

! 
! I 

! 

11 
1 I 

1 t 

i 
{ i ! 

I ! 
i 
! 

I! 

Dnlled By Subsurface Technologies 
Logged By G Sandstrom 

Hammer Data 140lb Autohammer 30 Inch drop 
Dnlling EqUipment 

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

50 blows for 5 

50 blows for 4 5 
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PacifiC Geotechnical, LLC 

LOG OF BORING NO. B-2 

-
I-

I-

I-

-CII 

.e 

.r:. 
Q. 
CII 
C 

f-5 

-

-

-

-

-

-

I-

I-

§: 
~ 
Q) 

> o 
u 
CII 

a::: 

10 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

*Corrected 
Blows/foot 

2,0 40 60 80 

r 
i--4_+-2_+--S_P_T-I 1 ; 

9 
10 3 SPT i 

c------+----+-- I i 
10 

12 4 SPT 
; I 

PrOject Name Ankeny Plaza 

Location Waterfront Park, Portland OR 

Number 1050-001·00 

Matenal Description 

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

Grades to loose 

-5P~SM--------------------------

Brown to gray-brown POORLY 
GRADED SAND With silt to SILTY 
SAND With gravel and wood debris 
(mOist, loose)[FIII] 

SM 
Dark gray-brown SILTY SAND With 
gravel (wet, loose to medIUm dense) 
[Fill] 

ML 

Water Content, 
% 

10 30 50 70 90 

I I 

12U l 

1+ ' 
I \ I 
I ' ! 

! 1 

I 

! 
I I 

1 
, 
! : 

! II! i. ! I 

;, I 

II, I 
1 I 1 I 
I' 

! i 
i 

I' 

I 

, 
J 

: ! 
I: 

1--15 
4 

Gray brown and mottled brown SILT 
With fine sand Low to medium 
plastiCity (mOist, soft)[FIII] 4 - 5 D+M 

-
-

I I I 
1 

-

-20 

-

-

-

I-

I-

-

16 6 SPT 
4 Grades to dark gray With medium 

plastclty and occasIonal bricks 

I I I 

i : ! 
! I II 

9 I Grades to SILT With flOe sand to fine II li3! 

I _1_2---t_7--1_S_P_T-J \ I sandy SILT (stlff)[FIIi or Fine gramed ,II" :1 

r- Flood DepOSits?] 

! I I 
( 

I 

: I! 

\

' j I 

~~~30~ __ ~~ __ ~ ____ ~ __ : ____ ~--------------------~' J 
Date Started 1/31/08 
Date Completed 1/31/08 
Completion Depth 46 ft 
Drilled By Subsurface Techologles 
Logged By J Lawes 

.. D&M N values reduced by 50% to correlate With SPT 

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

Hammer Data 140 Ib Auto-triP falhng 30 Inches 
Drllhng EqUipment 

Sheet 1 of2 

Other Tests and Notes 

BOring relocated 10 feet 
west due to hlttmg 
abandoned sewer pipe 

00= 84 pcf 

%F=75 
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Pacific Geotechnical, LLC 

LOG OF BORING NO. 8-2 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 
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-55 

-

-
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r-60 
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~ 
Q) 

> o 
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0::: 

14 

4 

3 

6 
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Q) 
.c 
E 
:J 
Z 
Q) 

c.. 
E 
m 

CI'J 

8 

9 

10 

11 

Q) 
0-

~ 
Q) 

c.. 
E m 

CI'J 

SPT 

SPT 

SPT 

SPT 

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

·Corrected 
Blows/foot 

20 40 60 80 

i~ 
~ i\ 
I 1100 

I 

'100 

100 

Dnlled By Subsurface Techologles 
Logged By J Lawes 

Cl 
o 
-I 
U 
.2 
0-m 
t5 

• D&M N values reduced by 50% to correlate With SPT 

PrOject Name Ankeny Plaza 

Location Waterfront Park, Portland OR 

Number 1050-001-00 

Matenal DeSCriptiOn 

GM 
Dark gray SIL TV GRAVEL with trace 
coarse sand and with angular rock 
(wet, very dense)[Coarse-gralned 
Flood Deposits] 

Grades to dark gray-brown SIL TV 
GRAVEL with fine to medium coarse 
sand and rounded basalt gravels to 1 
In maximum dimenSion 

Boring completed at 46 ft bgs 

Groundwater not determined due to 
dniling method used 

Dnlling Method Mud rotary 
Sampling Method SPT, D&M 

Auger Data NA 

Water Content, 
% 

10 30 50 70 90 

I I 

I 

I I 

I 

I 
! I ' 
i I I I 

I! 
; I 

i II I 

! I 

14 • 

1, I 

i 
1 ! 

I I { I 
1 ! 

: ! I 

f: l 

I , ! 
I I 

Ii 
If 
I I 

I I: { 
I I I 

1 
I i 

I , I 
"1 

I' !, I 'ii 

i 
I I 

I 

i : I 

I 
I , , 

Hammer Data 140 Ib Auto-triP failing 30 Inches 
Dnlling EqUipment 

Sheet 2 of 2 

Other Tests and Notes 

Very slow dniling at 30ft to 
35ft 

50 blows for 4" 

50 blows for 2 

90 blows for 11 
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LOG OF BORING NO. 8-3 
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1419 Washington Street SUite 101 
Oregon City Oregon 97045 

\ 

SPT 

SPT 

SPT 

SPT 

D+M 

*Corrected 
Blows/foot 

20 40 60 80 

! 
I 

I 
V 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050 001-00 

Matenal Description 

SP 
Brown gravelly SAND to SAND with 
gravel Fine to medium sand Fine 
rounded gravel (moist, medium 
dense) [Fill] 

Grades With brick and concrete debriS 

Gray SILTY GRAVEL With sand and 
occasional wood debriS Fine to 
medIUm sand Fine to coarse rounded 
to subangular gravel (moist to wet, 
dense)[FIII] 

ML 
Gray SILT With fine sand, clay and 
wood debriS Low to medium 
plastiCity (mOist, very soft to medium 
stlff)[FIII] 

Water Content, 
% 

10 30 50 70 90 

, I 

:!II 
: I ! 

I I I 
I I 

I I 

I I 

, 

I 
I' , , 

, 

I I 

, i 

f: 
, I 

! 
: ! I 

j \ i 

-

- 1---::-:-:----_ 
SM 

I, f I 
I I 

J' 

-

-

-

-30 

Date Started 1/29/08 
Date Completed 1/29/08 I 

Completion Depth 38ft 
Drilled By Subsurface Technologies 
Logged By G Sandstrom 

"D&M N values reduced by 50% to correlate With SPT 

Gray silty fine SAND (mOist, medium 
dense)[Flne grained Flood Deposits] 

Drilling Method Mud rotary 

I ' I 
I 

Sampling Method SPT, D&M, Shelby Tube 
Auger Data NA 
Hammer Data 140lb Autohammer 30*mch drop 
Drilling EqUipment 

Sheet 1 of2 

Other Tests and Notes 

50 blows for 6' 
due to concrete debriS 

%F=79 

No recovery due to wood 
In sampler shoe 

No recovery 



~ PacIfic Geotechnu:aL LLC 

Pacific Geotechnical, LLC 

LOG OF BORING NO. B-3 
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1419 Washington Street SUite 101 
Oregon City Oregon 97045 

"Corrected 
Blows/foot 

20 40 60 80 

f-35 

10 10 SPT 

I-

I-
8 11 SPT 

I-

f-40 

I-

I-

-

-

-
-

-

-

-50 

-

-

-55 

-

-

-

Date Started 1/29/08 
Date Completed 1/29/08 
Completion Depth 38ft 
Drilled By Subsurface Technologies 
Logged By G Sandstrom 

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

Project Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Material Description 

GP 
Gray GRAVEL with sand and trace silt 
Fme to coarse sand Fme to coarse 
rounded gravel (moist, dense) 
[Coarse-gramed Flood Deposits] 

Grades to very dense 

Bonng completed at 38 ft bgs 

Groundwater not determined due to 
drilling method used 

Drilling Method Mud rotary 

Water Content, 
% 

10 30 50 70 90 

, I 

I' : I 

Ii 

I ' 
I I I I 

I ' I 
1'1 I 

I I 

I
i J ! i 

, I I 

I! i 

I 

I I 

1 ' I ! 
I 

, 
: I I ' ' I : I' j J 

, t I 

, ; : 
! 

'! ',' 1 I I i I 

i I ! 

II ! 
I) I I 
i : ; ~ 

Ii 
I 

, I 
! 

! j I 
i , 

I I 

Sampling Method SPT, D&M, Shelby Tube 
Auger Data NA 
Hammer Data 140lb Autohammer 30-mch drop 
Drllhng EqUipment 

Sheet 2 of2 

Other Tests and Notes 

50 blows for 6 

50 blows for 6 



ApPENDIX B 
SUBSURFACE EXPLORATIONS BY 

OTHERS 



Remarks 

-200= 33% 

08/2812000 
-200;: 35% 

·200 = t6% 

=13% 

LEGEND 

200 
10 0 SAND FILL. lOOSe. gray broWn, moiSt. flne=9rafned." 

scattered fine rounded grave' {Dredged sand f1~} 

Tree fragment, madlum dense 

PILL, clayey, meduJm denss. 
gray, moist to wet no to low plasticity, fme-gralned, 
scattered to abundant wood fragments and red 
crushed rock (Fill) 

Ul'lAVCL. very dense"brown and gray, 
fine- coarse~grametf, subrounded gravel. sand 1s 
finEr to cosrse-gralned, scattered cobbles 
(Pleistocene Flood Oeposlts - afch) 

I = 2 0" 0 0 Spilt Spoon Sample 
IT = 3 on 0 0 Thin-Wailed Sample 

'II' It: Sample Not Recovered ~ 
Impervious Seal (Bantomte) 
Cement Grout 
Random Backfill 
Granular Backfill 

_ Ground Water Level on Date Shown 
F'lezcmeter/Jncllnometer TubIng 
Perforated Zone §§§ = Grab Sample Onll Cuttings 

I = Core Rock Sample 

NOTE 

A TrERBERG LrMlTS 

~ 
LiquId LImit 

~ Natural Watpr Content 
Plastic Limit 

5 

10 

15 

20 

25 

30 

35 

S-1 

8-2 

8-4 

, S-5 

8-7 

S-8 

9-9 

S-10 

I 
I 
I 
I 
I 
I 
I 
I 
II 
I 

8-11 I 

S-13 I 

S·15 = 

... SPT N-Vslue 

I 1 , 
to ... '"t ... -1-1- r- r T" 

I I I I I , 1 I 
_.1..1...1_1_1_ ... L. J.. 
, 1 I , I I I j I 

!..!. J .J _,_,_eL J. 
I! I lit I , , 
1 I , I , I I I I 
r T .., -, -, - ,- ~ r r 
, I 1 I I I , I I 

I i I 'el' 1 1 
J.J..1 .J_I_I_1...\'.I.. 
I 1 , 1 I I 1 , 1 
I I 1 I I 1 , 1 I 
iii -, -'-1- r i i 
1 I I 1 ,e, I, 
,. T i ., -1-'- r r T 
I I 1 I I I I I I 

o Recovery. % 

I , I , I I 1 I , 

~ -: -: ... J- ~ + ~ ~ 
I I I III I r 1 , -. -'-1- r r T i ., 
, J 1 II' 1 r I 

-t "1 -1-1- l- ,.. 1" .,. -I 

I I I 1 I 1 I I , 
''''-I-,-rrT'T, 
r j I' I It 1 I 

-t "'-1-1-1--'" -to-..; 
, I I I J I I' I 

...I ..l_I_I.L. L..I..I.1 

I I I '.' I I I 
..!-,_'_lr1..L!..!.J 
1 , I I I' f 1 I 
I 1 I I I Iii I 

I 1 I I I I I I I 
oJ ...J_I_I_ L. L .I..J ..I 
I 1 I 1'1 I I I 
I I I I I I I I I 

: -:-;-:-:-: 18:: 
., -'-'-1-1" r T "'{., 

E!3 RQO, % 

Ankeny Pump StatIon 
Portland. Oregon 

LOG OF BORING C-1 
page 1 of2 

F-3112 01 
Lines between sOtl/rock unrts are 
approxImate and transHlon may be 

ual /FHN ____ ~~~ ____ ~F_IG __ ~ 



'"Co.. 

§~ 
r$~ 

Remarks 

LEGEND 

Elev 
Depth 
Feet 

( 
, / 

\. ,; 
~ log 

CLASSrFICATION OF MATERIAL 
Sandy GRAveL continued Ii .. '" ". -.. -.4, 

' •. 
t. ~~ 

".~ 'r!".~ ~. II 
~., ,'. I. ,~ 

-18 5 ~ _ _ _ _ _ _ _ _ - - - - - - _1!-4 J 
48 5 SANO, very dense. no sample return (PleIstocene 

Flood Oeposlts - Qfch) 

.210~ ________ ~~~ ____ ~ ____ ~~---------~~ 
51 0 Clayey Gravelly SAND, very dense, yarrOW-brown. ~~ 

moist, low plastlaty, sand la fine-grained, fane- to ~ 
coarse-grained. rounded gravel. weathered, 
overconsoildated, poorly graded, gradational 
transition to underlying material (Troutdale 
Formatron Tt) 

-35 0 f-:. _ _ - - - - - - - - - - - - -
65 0 Gravelly SAND, very dense. light brown, wet, ~ 

non-plastic sand IS fine-grafned, fine- to I::w 
coarse..gralned. rounded gravel, overconaolldated, .,,-.. 
poony graded (Troutdale Formation n) ". ~~ 

i.tl 
4It' .... 

f~ 
~8 ~~ 
70 8 Bottom of Bonn9, Completed 8129/00 

I::: 2 0" 0 0 Split Spoon Sample 

II::: 3 0" 0 0 Thin-Wailed Sample ~ 
ImpervIous Seal (Bentonite) 
Cement Grout 
Random Backfill 
Granular Backfill 
Ground Water level on Oate Shovm 
Piezometer/Inclinometer Tubing 
Perforated Zone 

2 .... Sample Not Recovered 
~ §§2= Grab Sample Dnll Cuttmgs 

~ I = Core Rock Sample 

~ NOTE 
~ lmes between soJVrocl<. unIts are 

A TTERBERG LIMITS 
l-:::tt:::-i ... Llquld Limit 
~ Natural Water Content 

Pissucl..lmit 

Depth 
In. 

Feet 

45 

50 

55 

60 

65 

70 

) 
--. 

) 
I ... SPT N-Value 
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DRILLED PlIERS 

PART 1 - GENERAL 

1 1 RELATED DOCUMENTS 

PAGEl 
SECTION 02466 

A DraWIngs and general prOVISIOns of the Contract, IncludIng General and Supplemental 
CondItIons and DIVISIon 1 SpecIficatIOn SectIOns, apply to tills SectIOn 

12 SUMMARY 

A Tills SectIon Includes the followIng 
1 Dry-Installed or slurry dIsplacement Installed dnlled pIers, at Contractor's chOIce 

1 3 DEFINITION 

A Dnlled Shafts - ReInforced concrete sectIons, cast-In-place agamst In SItu SOlI, rock, or a 
caSIng 

B Permanent CaSIng - CaSIng deSIgned as part of the dnlled shaft and Intended to remaIn m 
place after concrete placement IS completed 

C Temporary CaSIng CaSIng Installed to faCIlItate drIlled shaft constructIOn only and 
removed dunng or after concrete placement 

1 4 SUBMITTALS 

A Dnlled Shaft InstallatIOn Plan - At least 21 calendar days before begmning shaft 
constructIon, submlt the follOWIng 
1 The sequence of drIlled shaft constructIOn as It 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 proJ ect hIStOry of the dnllIng eqUIpment that 
demonstrates the successful use of the eqUIpment for dnlled shafts of equal or 
greater SIze In simllar subsurface condItIons 

3 Details of shaft excavatIOn methods, IncludIng proposed dnllmg methods and a 
dIsposal plan for excavated matenal Include detaIls of methods used to perform 
final clearung of the excavatIOn Include detaIls of the methods and matenals used 
to fill or elImlnate all VOIds between the plan shaft dIameter and excavated shaft 
diameter, or between the caSIng and surroundmg soIl, If permanent caSIng IS 

J 

speCIfied Include a dIsposal plan for any water or contamlnated concrete expelled 
from the top of the shaft (If applIcable) 

4 Details of the proposed method(s) for ensurmg dnlled shaft stabIlIty dunng 
excavatIOn and concrete placement 

DRILLED PIERS 02466-1 
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5 Details for the use of dnllIng slurry IncludIng ffilX desIgn, slurry head requIrements, 
ffilxIng methods, maintainIng, and dIsposIng of the slurry (If applIcable) Include a 
dIScussIon of the sUItabIhty of the proposed dnllIng slurry In relatIOn to the 
anticIpated subsurface condItions 

6 A plan for quahty control of all dnlhng slumes, If theIr use IS proposed In the 
quahty control plan, Include property reqUIrements, requIred tests and test methods 
to ensure the slurry performs dS Intended SUbffilt to the EngIneer the name and 
current phone number of synthetic slurry manufacturer's representatives who WIll 
prOVIde techmcal aSSIstance dunng construction PrOVIde the name( s) of the 
Contractor's personnel assIgned to the ProJ ect and trained by the synthetic slurry 
manufacturer In the proper use of synthetics slurnes 

7 Unstamped shop draWIngs and detaIls of H-pile placement, Includmg splICIng and 
centenng Include detaIls on the type, number, and placement of spacers and other 
deVices for ensunng the H-pile pOSItion IS maintaIned dunng constructIOn 

8 EVIdence that the proposed matenals and concrete ffilX deSIgn conform to all 
applIcable SpecificatIOns 

9 DetaIls of concrete placement, IncludIng proposed operatIOnal procedures for 
pumpIng and treffile methods 

10 Detailed procedures for permanent caSIng InstallatIOn and temporary caSIng 
InstallatIOn and removal Include caSIng diameters, dImensIOns, and depths and the 
methods and eqUIpment for caSIng Installation and removal 

11 Confmement methods requIred to contain dnllmg fluIds, spOlls, waste concrete and 
other products from contacting senSItive envIronmental areas accordIng to CIty of 
Portland SectIOn 00290 and all dpplIcable regulatory pefmlts 

12 Methods for protecting eXlstIng structures accordIng to CIty of Portland Section 
0017082 

13 The EngIneer wIll approve or reject the dnlled shaft Installation plan WIthIn 21 
calendar days after receIpt of all SubffilssIOns PrOVIde any addItIOnal InformatIOn 
and subffilt a revIsed plan, If requested, for reVIew and approval All procedural 
approvals gIven by the Engineer WIll be sub] ect to tnal In the field and WIll not 
relIeve the Contractor of the responsIbIlIty to satIsfactonly complete the work 
SUbffilt requests for modIfication of adopted procedures to the EngIneer Allow 21 
calendar days for approval of modIficatIOns Do not begIn dnlled shaft construction 
work until all dnlled shaft submlttals have been approved 

B Dnlled Shaft Repair Plans - For any shaft detefmlned to be unacceptable, SUbffilt a repau 
plan to the EngIneer for approval Furmsh all matenals and work, IncludIng engineenng 
analysIs and deSIgn, needed to correct unacceptable dnlled shafts, at no addItional cost to 
the CIty Do not begin repaIr opel atIOns before remedial procedures or deSIgns are 
approved Any modIficatIOns to the dlmensIOns or matenal of the dnlled shafts shown on 
the plans that are proposed In the repair plan WIll reqUIre stamped calculatIOns and 
working draWIngs accordIng to CIty of Portland SectIOn 0015035 

C Dnlled Shaft InspectIOn Reports - PrOVIde the Engineer WIth a completed Dnlled Shaft 
InspectIOn Report for each dnlled shaft, detailIng the actual location, ahgnment, 
elevatIOns, dImensIOns, and quantities of the shafts SUbffilt the report WIthIn 21 calendar 
days after the completIOn and acceptance of each shaft 

DRILLED PIERS 02466-2 
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D Concrete Placement Logs and Volume Curves - Measure and record all concrete placed 
Into dnlled shafts uSIng forms desIgnated for thIS purpose ProvIde the EngIneer wIth a 
completed Dnlled Shaft Concrete Placement Log and Concrete Volume Curve Form for 
each dnlled shaft wIthIn 24 hours after completIOn of shaft concrete placement 

1 5 QUALITY CONTROL-

A Maintain and be responsIble for quahty control of the dnlled shaft work throughout the 
constructlon operatIOn The EngIneer wIll Inspect all dnlhng operatIOns and venfy the 
sUItabIhty of all dnlled shaft constructIOn procedures ProvIde hghts, mIrrors, weIghted 
tape, weIghted probe, personnel, and all assIstance requIred for the EngIneer to perform 
InspectIOn dunng dnlled shaft constructIOn 

1 6 QUALITY ASSURANCE 

A DRILLED SHAFT COORDINATION MEETING 
1 Hold a dnlled shaft COOl dinatIOn meetlng at least seven calendar days before 

beglnmng any shaft constnlctIOn 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 0051240 
If synthetIc slurry IS used to construct the shafts, the frequency of scheduled SIte 
VISIts to the proJ ect SIte by the synthetic slurry manufacturer's representative WIll be 
dIscussed Those attendIng the meetIng Include 
a RepresentIng the Contractor - The supenntendent, on-SIte supervIsors, and all 

supervIsors In charge of excavatIng the shaft, plaCIng the caSIng, ffilxIng and 
InstallIng slurry (as applIcable), plaCIng the H-plles, and plaCIng the concrete 
If synthetIc slurry IS used to construct the shafts, the slurry manufacturer's 
representative and a Contractor's employ-ee trained In the use of the synthetIc 
slurry shall also attend 

b RepresentIng the CIty - The Project Engmeer, key mspectIOn personnel, and 
deSIgners of record or theIr appOInted representatIves 

2 If the Contractor's key per')onne1 change, or If the Contractor proposes a sIgmficant 
reVISIOn of the approved shaft InstallatIOn plan, hold an addItIonal meetIng before 
any addItIonal shaft constructIOn operatIOns are performed 

PART 2 - PRODUCTS ) 

2 1 General-

A Furmsh matenals meeting the follOWIng reqUIrements 

1 PlIes - Use steel H-pIles as shown on the plans and descnbed 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 tills Section 

DRILLED PIERS 
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A Design the dnlled shaft conerete illlX for illlmmum segregatIon Use a pre-approved illlX 
desIgn that meets the slump requIrements of CIty of Portland SectIon 02001 

B MIX a tnal bat~h and take test cylInders for one seven-day and two 28-day test breaks pnor 
to plaCing concrete In the completed shaft excavatIOns 

C Water may be added at the Project Site only If allowed by the illlX design and If approved 
Accurately measure water added at the SIte by water meters, buckets or other approved 
devices and hilllt It to 1 0 gallon per cubiC yard RetardIng or water-reducIng agents may 
be used to maintaIn specIfied slump ranges and to faclhtate temporary casIng extractIon 
To allow for adequate concrete workabIhty throughout the duratIon of concrete placement 
and pnor to temporary casIng extractIon, provIde a concrete illlX havIng a slump loss 
charactenstIc such that a illlmmum slump of 4 In~hes IS maintained for the entIre duratIOn 
of the pour Adilllxtures may be used If tested and certIfied In the illlX desIgn and If 
approved 

2 3 Steel CasIng-

A FurnIsh temporary casing meetIng the requirements of ASTM A 252 or ASTM A 36 
Furnish pennanent casIng meetIng the requIrements of ASTM A 36 wIth the applIcatIon of 
supplemental requirement S5 Test each heat of steel at 40 OF wIth a illlmmum absorbed 
energy reqUIrement of 15 foot pound~ Do not use prevIOusly used casing for pennanent 
casIng Use casI,ng of sufficient strength to resIst handhng, transportatIon and InstallatIOn 
stresses and the external stresses of the subsurface matenals Ensure that the casIng IS 
clean and watertIght pnor to placement In the dnlled shaft excavatIOn Use casIng With an 
outSIde dIameter not less than the speCified dnlled shaft diameter 

2 4 Dnlhng Slurry -

A FUflllsh dnlhng slurry meetIng one of the follOWing requirements 

1 Mineral Slurry - Use illlneral slurry confoffi11ng to the follOWing requIrements 

Property Test ReqUIrement 
DenSIty Mud Density 5 lb Icu ft 

API * 13B-l, SectIOn 1 
VIscosity Marsh Funnel and Cup L.O - :)0 sec Iqt 

API * 13B-l, SectIon 22 
pH Glass Electrode, pH Meter, or 8 -11 

pH Paper 
Sand Content Sand 40%max 

API ~ 13B-l, SectIOn 5 

Maintain slurry temperature at 40 OF or more dUrIng testIng 

DRILLED PIERS 02466-4 
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2 Synthetic Slurnes - Select synthetic slurnes from the QPL Use synthetic slurnes 
accordIng to the manufacturer's recommendatIOns and the Contractor's quahty 
control plan The sand content of synthetic slurry shall be less than 2 0 percent 
(API 13B-l, SectIOn 5) pnor to final cleanIng and ImmedIately pnor to concrete 
placement 

3 Water Slurry - Water may be used as slurry when casIng IS used for the entlre 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 confonmng to the 
follOWIng reqUIrements 

Property Test ReqUIrement 
(Maximum) 

DenSIty Mud WeIght (DenSIty) 70 lb Icu ft 
API 138-1, SectIOn 1 

Sand Content Sand 20% 
API 13B-l, Sectlon 5 

Do not use blended slurrIes 

25 Grout 

A Furrush portland cement grout meeting the requIrements of CIty of Portland SectIOn 
02080 

PART 3 - EXECUTION 

3 1 CONSTRUCTION TOLERANCES 

A Excavate dnlled shafts as accurately as pOSSIble at the locations shown and Withm the 
speCIfied tolerances lIsted below Detenmne the dnlled shaft dImenSIOns and alIgnment 
WIth approved methods The follOWIng construction tolerances apply to dnlled shafts 
unless otherwIse stated 
1 Honzontal POSItion (At the Plan ElevatIOn of the Top of Shaft) 

a Shaft Diameter Less Than or Equal to 6 Feet - 3 Inch honzontal 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 elevatlon 
3 VertIcal Ahgnment In SoIl - May not vary from the plan alIgnment by more than 

1 5% of the shaft length 
4 Top of PIle - Plus or ffilnus 6 Inches from the plan top of pIle elevatIOn 

DRILLED PIERS 02466-5 
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B Frequently check the plumbness, ahgnment, and dImenSIOns of the shaft dunng 
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 dnlled shafts WIll be at the Contractor's expense, and no extenSIOn of the 
Project completIOn date WIll be granted Matenals and work necessary to complete 
correctIons for out-of-tolerance dnlled shafts resultIng from the removal of unexpected 
dnlled shaft obstructIons willI be paId for as Extra Work 

3 2 DRILLED SHAFT EXCAVATION 

A General - Excavate dnlled shafts to the dImenSIOns and elevatIOns shown or as dIrected 
PrOVIde and maIntaIn stabIhzed dnlled shaft SIdewalls and bottoms for the full depth of the 
excavatIon, USIng approved matenals, equIpment and methods If cavIng or other unstable 
condItIOns occur durIng any constructIOn procedure, stop further constructIOn, notIfy the 
Engineer, and stabIhze the shaft excavatIOn by approved methods and submIt a reVIsed 
InstallatIOn plan whIch addresses the problem and prevents further InstabIhty 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 InstallatIon plan 
1 If the EngIneer has reason to beheve that the drIlled shaft excavatIOn technIques or 

workmanshIp have been defiCIent, so that the IntegrIty of any excavatIon IS In 
questIon, work on that dnlled shaft may be stopped Dnlled 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 matenals removed from the shaft excavatIOns accordIng to CIty of 
Portland SectIon 00290 20 

3 Do not leave partIally completed shaft excavatIons open overmght 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 overnIght, prOVIded that the 
excavatIOn 
a Is stabIhzed at the botlom, SIdes and surface to prevent SOlI caVIng or 

swellmg 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 detenrunes that the subsurface 
materIals encountered are not capable of prOVIdIng the requIfed beanng reSIstance 
or dIffer from those antICIpated In the deSIgn, of the dnlled shafts 

B ProtectIOn of EXIstIng Structures - Control shaft constructIon operatIons to prevent damage 
to eXIstIng structures and utIlItIes PreventIve measures Include, but are not lImIted to, 
selectIng constructIOn methods and procedures that WIll prevent caVIng of the shaft 
excavatIOn and momtorIng and controlhng the VIbratIons from constructIOn actIVItIes such 
as the dnvIng and VIbratIng 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 Dnlled Shaft Obs1ructIons - Remove any natural or manma~e object 
encountered that was not revealed by the Owner's sIte InvestIgatIOn, and that would cause 
a sIgnIficant decrease In the rate of advancement If removed uSIng the technIques and 
equIpment used successfully to excavate the shaft The EngIneer wIll be the sole Judge of 
the sIgnIficance 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 dnllmg tools lost m the excavatIon Lost tools wIll not be 
consIdered unexpected obstructIOns and shall be removed wIthout addItIonal 
compensatIOn DnllIng tools lost dunng the course of removmg unexpected dnlled shaft 
obstructIOns WIll be paid as Extra Work 

F DnllIng Slurry InstallatIOn - If synthetIc dnlhng slurry IS selected, prOVIde a 
manufacturer's representatIve to prOVIde technIcal assIstance at the sIte pnor to use of the 
slurry, who shall remain at the sIte durIng constructIOn and completIon of a ffilrumum of 
one dnlled shaft to adjust the slurry ffilX for the speCIfic SIte subsurface condItIons After 
the manufacturer's representatIve IS no longer at the SIte, prOVIde the approved personnel 
traIned In the use of the synthetIc slurry for the remaInder of the shaft slurry operatIOns to 
supervIse the proper slurry ffilX desIgn and qualIty control procedures 
1 All In-hole dnlhng slurry shall meet the requIred slurry speCIficatIOns dunng 

excavatIOn and pnor 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 ffilneral slurrIes or 10 feet above the 
groundwater level for synthetIc or water slurrIes Maintain the slurry level a 
suffiCIent dIstance above all unstable zones to prevent bottom heave, caVIng or 
slougmng 

3 MamtaIn the requIred slurry propertIes and levels at all tImes durIng shaft 
constructIOn, IncludIng wOlk stoppages, unless other approved stabIlIzatIOn methods 
are applIed 

4 Feed slurry contInuously Into the shaft excavatIOn as dnllIng progresses so that a 
stable excavatIOn IS maIntaIned Use a self-pnffilng 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 dnllmg slumes In 
an appropnate storage faCIlIty Collect sample sets from the storage faCIlIty and perfonn 
tests to ensure the slurry confonns to the speCIfied matenal propertIes before IntroductIOn 
Into the dnlled shaft excavatIOn A sample set shall be composed of samples taken at ffild­
depth and WIthIn 24 Inches of the bottom of the storage faCIlIty 
1 Sample and test all slurry In the presence of the EngIneer, unless otherwIse dIrected 

The sample sets of slurry WIthIn the excavatIOn shall conSIst of samples taken at 
ffild-depth of the excavatIOn and WItmn 24 fiches of the bottom of the excavatIOn 
Collect and test sample sets dunng the dnllIng operatIOn as necessary to ensure the 
speCIfied propertIes of the slurry are maintained Clean, recIrculate, de-sand, or 
replace the slurry as necessary to maintain the speCIfied slurry propertIes FInal 
cleamng 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 IDlnimum of two sets of slurry tests per eIght-hour work sluft, 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 appropnate means, such as a cleanout bucket, pump or air 11ft, to clean the 
bottom of the dnlled shaft excavatIOns No more than 2 Inches of loose or dIsturbed 
matenal WIll be allowed at the bottom of the excavatIOn for end-beanng dnlled shafts 
Shaft cleanlIness wIll be detefIDlned by the EngIneer 
1 Notify the Engineer of completIOn of each dnlled shaft excavatIOn to pefIDlt 

InspectIon before proceedIng WIth constructIOn Measure final shaft depths WIth a 
sUItable weIghted tape or other approved method after final cleanmg to detefIDlne 
that the shaft bottom meets the reqUIrements In the Contract Do not proceed WIth 
shaft constructIOn untIl the bottom cleanlIness reqUIrements have been met and the 
bottom ( shaft tIp) elevatIon IS 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 1 Support the H-pile to prevent dIstortIOn or 
settlement dunng concrete placement If concrete placement does not Immediately 
follow H-pIle placement, remove the H-pIle from the excavatIOn and rectIfy the 
Integnty of the excavatIOn pnor to reInstallatIOn of the H-pIle 

B SplICIng - Where splIces are unavoIdable, subIDlt for approval theIr number, locatIOn and 
details per CIty of Portland SectIOn 00520 43 

C Concrete Cover - Maintain a IDlrumum of 2 Inches of concrete cover by plaCIng concentnc 
spacer bars or other approved deVIces around the H-pIle PrOVIde details of the proposed 
centenng method on the shop draWIngs subIDltted accordIng to CIty of Portland SectIon 
0051240 

34 CONCRETE 

A Concrete Placement - Place concrete Immediately after completIOn of the shaft excavatIOn 
and WIth the approval of the EngIneer Pnor 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 (If used) conform to specIficatIOns Shaft concrete may be placed 
WIthout mechanIcal VIbratIon In those areas of the dnlled 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 IS free of water, soIl, and 
debns, and uncontaIDlnated concrete extends to the plan top-of-shaft elevatIOn DIspose of 
all contaIDlnated concrete expelled from the top of the shaft ill an approved manner 
Remove waste concrete from the SIte If a delay In concrete placement occurs because of a 

( 
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delay In concrete delIvery or other factors, reduce the placement rate to maIntaIn a flow of 
fresh concrete Into the shaft excavatIon 

Unless otherwIse approved by IDlX desIgn, allow a maXImum of 60 IDlnutes between 
concrete placements and use no concrete older than 90 IDlnutes from batch tIme Use 
procedures for concrete placement whIch ensure that the concrete wIthm the shaft 
becomes a monolIthIc, homogeneous urnt 

Place concrete uSIng hoses or pIpes havIng watertIght JOInts For concrete placement by 
gravIty treIDle, use hose or pIpe haVIng an InsIde dIameter of at least 8 Inches For 
placement by concrete pump, use hose wIth InsIde dIameter of at least 4 Inches PrOVIde 
an alternate delIvery system that can be used In case of faIlure of the pnmary delIvery 
system Place concrete only agaInst the bottom of the dnlled shaft or Into fresh concrete 

If cavIng occurs dunng concrete placement, the shaft may be reJ ected 

B Wet Shaft Concrete Placement - If the dnlled shaft excavatIon does not meet the 
reqUIrements for dry concrete placement, stabIlIze water Inflow and place the concrete 
under water or slurry wIth a treIDle 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 In the treIDle 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 dnllIng water or slurry In the shaft excavatIOn IS to be removed by 
pumpIng dunng concrete placement, have a standby pump avaIlable 

Place concrete In 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 
nses In 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 InSIde the hose or pIpe to prevent dnllIng flUId from entenng Dunng concrete " 
placement, prOVIde and maIntaIn marlangs on the treIDle pIpe or pump hose, or a soundmg 
deVIce or other appropnate method to deterIDlne 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 Cleamng - Allow the exposed top of concrete to cure a IDlmmum of 
seven calendar days by covenng WIth wet burlap overlaIn WIth plastIc sheets or by keepIng 
top of concrete under water Keep the burlap wet dunng the concrete cure 

Pnor 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 bemg properly placed 
tn the pOSItIon shown on the plans 

I D CaSIng Removal - Remove all temporary caSIng durmg or after completIOn of concrete 
placement Do not start temporary caSIng removal untIl the level of fresh concrete wIthm 
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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 casmg IS WIthdrawn, 
maintain a Ill1mmum 5 feet head of concrete above the bottom of the casing A shght 
downward movement of the casing wluie exerting downward pressure, or hammenng or 
vibrattng the caSIng WIll be allowed to faclhtate extractIOn Extract the casmg so that 
concrete IS cast dIrectly against the surrounding In-SItu matenal Check the elevatIOn of 
the top of the H~pIle before and after temporary caSIng extractIon for confonnance With 
the constructIOn tolerance cntena CaSIng that cannot be extracted dunng, or ImmedIately 
after, the concrete placement operatIOn may be cause for rejectIOn of the shaft 

Remove the tops of pennanent caSIng to the top of the dnlled shaft or the fimshed 
groundhne, wluchever IS lower, unles& otherwIse shown or dIrected 

3 5 DRILLED SHAFT TESTING AND ACCEPTANCE 

A Acceptance of dnlled shafts WIll be based on the EngIneer's reVIew of field InspectIOn 
reports and VIsual observatIons dunng dnlled shaft constructIOn The EngIneer has final 
authonty on the approval of dnlled shafts For shafts that are IntegrIty tested, the EngIneer 
WIll detefIlllne final acceptance of each tested shaft, based on the Integnty test results and 
InspectIOn reports and WIll prOVIde a response to the Contractor WithIn five calendar days 

B Addlttonal Testtng and InvestIgatIOn - Conduct additIonal testIng or InvestIgatIon 
necessary to Identtfy the locatIOn, extent and conditIOn of pOSSIble shaft defects If 
requested by the Engineer AddltIonak testtng and InvesttgatIOn may Include, but IS not 
hIll1ted to, excavatIOn work or core dnlhng 

If requested by the Engineer, dnll a core hole In any questtonable qualtty shaft to explore 
the shaft conditIOn The number, locatIOn and depths of the core holes WIll be detefIlllned 
by the Engineer SubIll1t the method and equipment used to dnll and remove cores from 
the shaft to the Engineer for review and approval pnor to dnlhng Use a conng method 
that prOVIdes complete core recovery and ill1rnill1zes abraSIOn and erOSIOn of the core If a 
defect IS confinned, as detefIlllned by the Engineer, alllnvesttgatIOn costs aSSOCiated With 
Identtfylng 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 Identtfied defect IS 
repaired or not 

If no defect IS IdentIfied In the InvesttgatIOn work, the City WIll pay for all conng and 
excavatton costs associated With the addlttonallnvestIgatIOn and grant an appropnate ttme 
extenSion, If 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 IS completed and the shaft IS 
accepted and approved 

C Dnlled Shaft RepaIr - RepaIr all defects and rejected shafts according to City of Portland 
SectIOn 0051240(b) Perfonn InvestIgatIOn reqUIred, as directed by the Engineer, to 
confinn the qualIty of the completed shaft repair work at no addittonal cost to the City 
With no ttme extenSIOn granted *For temporary casmg 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 00512 40 If caVIng occurs dunng concrete 
placement submIt a repaIr plan to the EngIneer for approval 

3 6 SCHEDULING AND RESTRICTIONS 

A Do not proceed WIth constructIOn of subsequent shafts untIl the first dnlled 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 dunng 
constructIOn of the first shaft and the EngIneer's reVIew and assessment of the follOWIng 

1 The Contractor's conformance WIth the approved shaft InstallatIon plan 
2 The Contractor's dally reports and Inspector's dally 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 DenIal of permISSIOn 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 
In constructIOn methods, eqUIpment, or matenals used to construct subsequent shafts, 
unless otherwIse approved 

END OF SECTION 02466 
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February 18, 2008 

Walker Macy 
111 SW Oak, SU1te 200 
Portland, Oregon 97204 

AttentIon Mrs Chelsea McCann 

Geology wah a Focus on Sustamablhty 

Subject Supplemental Geotechmcal Report for FoundatIOn Support RecommendatIOns 
Portland Waterfront Park, Ankeny Plaza & Street Improvements 
Portland, Oregon 
Project No 1050-001-00 

)1 INTRODUCTION 

Pac1fic Geotechn1~al, LLC (Pac1fic Geotechmcal) 1S pleased to subffilt th1s supplemental geotechn1cal 
report for the Portland Waterfront Park, Ankeny Plaza & Street Improvements proj ect located 1n Portland, 
Oregon The locatIOn of the sIte 1S shown on F1gure 1 

We completed a prehffilnary geotechn1cal report for the project dated Apnl 12, 2007 that 1ncluded a 
document reV1ew of aVailable subsurface mformatIOn completed by others, but d1d not 1nclude any s1te 

I 
spec1fic subsurface exploratIons In our report we prov1ded general recommendatIOns for earthwork and 
foundatIOn support but recommended that s1te spec1fic exploratIOns be completed for 1mportant structures 
once final des1gn locatIOns were selected The purpose of tills report 1S to prov1de foundatIon support 
recommendatIOns for the proposed Portland Saturday Market (PSM) cover structure and the cantIlever 
overlook structure Our work for tills supplemental report was completed m general accordance w1th 
Change Order No 2, dated December 28,2007 

2 PROJECT UNDERSTANDING 

The PSM cover structure and cantIlever overlook structure wIll be located 1n Waterfront Parkjust south of 
the Burns1de Bndge, as shown 1n F1gure 2 Th~ PSM cover structure wIll be located above the eX1stIng 
comb1ned sewer overflow (CSO) p1pe and 1mmed1ately adjacent to an eX1stIng concrete vault Structural 
loads are expected to be up to about 200 kips Shallow foundatIons are not cons1dered appropnate at tills 
locatIon due to the antIc1pated structural loads and the th1ckness and vanab1hty of the underlY1ng fill soIls 

Phone 503656-0156/ fax 503 656-0186/ wwwPactficGeotechmcalLLC com 

1419 Washmgton Street / SUIte 101 / Oregon CIty, Oregon 97045 



) 

Portland Waterfront Park 
February 18,2008 
Page 2 

I 

The appropnate foundatIon type WIll need to maIntaIn a safe dIstance from the CSO pIpe and prevent 
damage to the eXIstIng concrete vault dunng InstallatIOn 

The proposed overlook deck IS expected to be constructed just south of the eXIstIng pump statIOn The 
eXIstmg wooden dock structure In thIs area wIll be removed and the eXIstIng concrete seawall wIll be 
reconstructed In 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 aboutl 0 kIps per hneal foot 
(kif) along the seawall and about 40 kIps for the plIes 

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 

I The purpose of our work IS to prOVIde geotechnIcal englneenng servIces for deSIgn and constructIon of 
the project Our specIfic scope of work Included the follOWIng 

• Located proposed exploratIOn locatIons In the field based on eXlstmg condItIons, proposed 
structure locatIOns and avaIlable survey draWIngs 

• Coordmated clearance of eXIstIng SIte utIhtIes VIa the requITed One-Call ServIce 

• Explored subsurface SOlI and groundwater condItIons by completIng five bonngs usmg hollow 
stem and mud rotary eqUIpment 

• ObtaIned samples at representative mtervals from the exploratIons, observed groundwater 
condItIons, and maIntaIned detaIled logs In general accordance wIth the Amencan SOCIety for 
TestIng and Matenals (ASTM) Test Method D2488 

• Performed two falhng he~d InfiltratIOn tests 

• Conducted laboratory testIng on representatIve collected samples 

• PrOVIded a geotechnIcal evaluatIOn and analYSIS of the sIte and deSIgn recommendatIOns In thIs 
geotechnIcal report 

4 SITE DESCRIPTION 

4 1 REGIONAL AND LOCAL GEOLOGY 

RegIOnal and local geology are summanzed In our onginal report and dIscussed In detaIl In the 
geotechnIcal basehne report for the West SIde CSO Tunnel, Shafts, Pump StatIOn and Pipehnes Project 
(Parsons Bnnckerhoff, 2002a) 

4 2 SURFACE CONDITIONS 

The project SIte IS located m Waterfront ParkJust south of the BurnsIde Bndge The surface condItIons m 
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 IS fenced off and encloses the eXlstmg Ankeny 
Shaft and a vault structure In the vIcimty of the overlook structure surface condItIons Include bnck 
pavement adjacent to the eXIstIng pump statIOn and seawall A dock structure IS located In the Willamette 
River adjacent to the seawall In tills area 
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4 3 SUBSURFACE CONDITIONS 

Subsurface condItIons encountered by others ln and around the project area are summanzed ~ our 
onglnal report The followIng paragraphs descnbe the subsurface condItIons encountered In our 
exploratIOns for thIs proJ ect and reference other nearby exploratIOns as needed 

We explored subsurface condItIons at the SIte by dnlhng five bonngs at the locatIons shown on FIgure 2 
Three bonngs (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 bonngs (B-4 and B-5) 
were completed to shallow depths to complete mfiltratIon testIng 

A geologIC cross-sectIOn through the proposed PSM cover structure locatIOn IS prOVIded as FIgure 3 
AppendIX A summanzes the exploratIOn methods and presents the exploratIOn logs completed under tills 
contract AppendIX B presents the exploratIon logs completed by others In the ImmedIate vlclmty of the 
proposed Improvements Results of our laboratory testIng are IndIcated on the exploratIOn logs In 
AppendIX A and descnbed In 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
grained Flood DepOSIts, over 4) Troutdale FormatIOn gravels The condItIons' encountered In our 
exploratIOns generally match the geologIc mappIng descnbed In our onglnal report The follOWIng 
paragraphs summanze the above umts 

4.3.1. ~ Fill 

We encountered vanable fill matenal In all of our bonngs 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, bnck and wood debns The tillckness of the fill matenal vaned from about 27 feet In bonng B-
3 to about 60 feet In bonng B-1, adJ acent to the seawall structure The later thIckness IS based on a 
draWIng for the seawall/cnbbmg structure that shows the base of the cnbblng at an elevatIon of -30 5 feet 
(CIty of Portland datum), or about 63 feet bgs Bonng B-4 and B-5 dId not penetrate the fill matenal 
The mOIsture content of tills matenal vaned between 8 to 39 percent The percent fines In the sIlt matenal 
was between 75 to 79 percent, based on two tests A dry denSIty of 84 pounds per CUbIC foot (pct) was 
measured on a smgle sample 

4 3 2 Unconsolidated Silt and Sand (Alluvium/Fine-grained Flood DepOSits) 

We encountered a tilln layer of SIlty fine sand In bonng B-3 under the fill matenal We dId not encounter 
tills matenalln our other exploratIons, however, tills unIt IS noted In bonng C-l completed by FUJItam 
HIltS & ASSOCIates (FHA) (PB 2002b, AppendIX G) Tills matenal was medIum dense wIth a mOIsture 
content between 38 and 43 percent, based on two tests 

4 3.3 Unconsolidated Sand, Silt and Gravel (AlluVium/Coarse-grained Flood DepOSits) 

We encountered Coarse-grained Flood DepOSIts under the Fme-graIned Flood DepOSIts In bonng B-3 and 
below the fill matenalln bonng B-2 We dId not encounter tills matenalln bonng B-1, as the fill matenal 
extended to the top of the Troutdale FormatIOn gravels (see below) Tills umt generally consIsted of very 
dense gravel wIth vanable amounts of sand and ,)Ilt The mOIsture content measured 14 percent based on 
one test 
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4 3 4 Consolidated Sand and Gravel (Troutdale Formation) 

We encountered gravels of the Troutdale FormatIOn beneath the fill In bonng B-1 at a depth of about 61 
feet bgs Tills corresponds well WIth the deSIgn depth for the base of the cnbbing structure SupportIng the 
~dJacent seawall Tills umt conSIsts of very dense sand and gravel In a sIlt matnx 

4 4 GROUNDWATER 
, 

Groundwater could not be determIned In our exploratIOns due to the dnlhng method used 

Based on prevIOUS subsurface exploratIOns completed by others, groundwater levels for the project area 
are commonly between 18 and 23 feet bgs Tills depth usually corresponds to an elevatIon witilln several 
feet of the mean nver level, suggestIng that thIS groundwater IS connected to, and wIll reflect changes m, 
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 illgher than the nver level 

5 INFILTRATION TESTING 

Two mfiltratIOn tests were completed at the exploratIon locatIOns and depths shown In Table 1 The tests 
were completed by placmg 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 mfiltrate 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 refilhng the 
casmg to 36 Inches and measurIng the drop In head dunng one-hour penods The follOWIng table 
prOVIdes a summary of the test results 

Table 1 Infiltration Results 

Test Location Depth 5011 DeSCription Test Period Infiltration Rate 

8-4/IT-1 5 feet SAND With gravel and Silt 4 hours 051n/hr 
(SM) [Fill] 

8-5/IT-2 10 feet SIL T With gravel and sand 4 hours 05 In/hr 
(ML) [Fill] 

The above results are siffillar to the 1 0 Inches/hour that we measured In HA-2, nearby, dunng prevIOUS 
work Based on our earher work, the InfiltratIon rate IS expected to vary WIdely across the sIte due to the 
vanable fill matenal encountered near the surface 

6. CONCLUSIONS 

Based on our exploratIons, testIng, and analyses, It IS our opimon that the sIte IS SUItable for the proposed 
project prOVIded the recommendatIOns In thIS report are Included In deSIgn and constructIOn We offer the 
follOWIng pnmary conclUSIOns 

1 The project hes In 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 pnmarIly of 
sIlt, sand and gravel, but has areas of rock, wood debns and other obstructIOns 

2 LIquefactIon and related effects are expected at the proJ ect sIte dunng the deSIgn earthquake 

3 Due to the presence of the fill matenal and the potentIal for lIquefactIOn dunng the deSIgn 
earthquake, structures should be supported on IntermedIate or deep foundatIons For mtermedIate 
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foundatIons, rammed aggregate pIers were consIdered For deep foundatIons, steel H-pIles were 
consIdered " 

4 Proposed pIles near eXlstmg structures should be dnlled H-piles, rather than dnven 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 CSQ_ pIpe, a 1ll1rumum 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 reqUlred clearance should be venfied WIth the CIty of Portland 

6 Based on aVailable draWIngs, the eXlsbng seawall IS supported on timber cnbbmg beanng on 
natIve Troutdale FormatIOn gravels From a geotechrucal standpoInt, tills structure can 
adequately support the proposed hght loads from the overlook deck, proVIded the structure IS 
sound 

7 STRUCTURAL DESIGN RECOMMENDATIONS 
/. Due to the presence of vanable fill matenal 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 (dnven 
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 summanze our 
recommendatIOns for each of the support optIOns descnbed above 

7 1 INTERMEDIATE FOUNDATIONS 

Rammed aggregate pIers are a common ground Improvement method and have been used successfully In 
supportIng structures In these condItIOns 

711. 

GeoPIer© IS a propnetary rammed aggregate pIer system deSIgned and constructed by GeoPIer© 
FoundatIOn Company, a specIalty contractor, to a performance speCIficatIOn We antiCIpate that 
GeoPlers© should extend to a depth of approxImately 15 feet or more below the bottom of the footIngs, 
dependIng on location GeoPlers© deSIgners would prOVIde final deSIgn for the sub grade Improvement 
We recommend that PaCIfic Geotechrucal prOVIde constructIOn qualIty assurance for the owner dunng the 
constructIOn process GeoPler© would prOVIde Ill-house qualIty control as well 

7.1.2. Bearing Capacity 

We typIcally would expect a beanng capaCIty of about 4,000 pounds per square foot (psf) In SOlIs sI1ll1lar 
to those at the SIte that have been Improved WIth GeoPlers© The fmal deSIgn beanng capaCIty would be 
prOVIded by GeoPIer© 

F or tills optIon we recommend that footIngs have a 1ll1nImUm WIdth of 24 mches The bottom of the 
footIngs should be founded at least 18 Inches below the lowest adjacent grade The recommended 
1ll1nImUm footIng depth IS greater than the antIcIpated frost depth 

71.3. Footing Subgrade Preparation 

After InstallatIon of the GeoPIers©, the sub grade should be prepared for the footIngs We recommend that 
loose or dIsturbed SOlIs be compacted In-place or removed before plaCIng reInforcIng steel and concrete 
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CompactIOn should be performed as descnbed In SectIOns 6 15 and 6 16 of our onginal report 
FoundatIOn beanng surfaces should not be exposed to standIng water Should water Infiltrate and pool In 
the excavatIOn, the water along wIth any dIsturbed soIl should be removed before placIng reInforcIng 
steel A 6-Inch truck layer of crushed rock may be used to provIde protectIOn of the sub grade from 
weather and hght foot traffic 

We recommend that PacIfic Geotechmcal observe all foundatIOn excavatIOns before placIng reInforcIng 
steel In order to determlne If beanng surfaces have been adequately prepared"and that the soIl condItIons 
are consIstent WIth those observed dunng our exploratIOns 

7 1 4 Foundation Settlement 

Settlement for shallow foundatIOns supported on a GeoPIer© Improved sub grade as descnbed above 
would depend on the GeoPIers© desIgn TypIcally the systems are desIgned to a performance specIficatIOn 
wruch IS normally on the order of about 1 Inch DIfferentIal settlements of up to the total settlement 
magmtude can be expected between IndIvIdual footIngs 

7 2 DEEP FOUNDATIONS 

We evaluated both dnven 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 

Dnven pIles are expected to be sUItable everywhere except adjacent to the eXIstIng vault structure 
Damage to nearby structures due to pIle dnving IS a complex problem InvolVIng a number of factors 
IncludIng pIle dnving energy and frequency, dIstance between the pIle and the structure, the structure's 
senSItIvIty to VIbratIOn and subsurface condItIons It IS dIfficult to predIct dunng desIgn and reqUIres 
consIderable momtonng dunng constructIOn For these reasons, we recommend that proposed pIles near 
the eXIstIng vault structure be dnlled rather than dnven We have assumed a l2-Inch dIameter dnlled 
hole for desIgn of the dnlled pIle optIon The hole would hkely reqUIre casIng to reduce SOlI sloughIng 
The hole would be backfilled around the H-pIle wIth Portland Cement Concrete grout Alternately, 
augercast dnlhng methods may be used to acrueve siffillar 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 

7 2 1 1 Axial Capacity and Uphft 
The pIles wIll acrueve theIr capacIty pnmanly from end beanng PIle foundatIOns to support the PSM 
cover structure should be embedded a ffilmmum of 5 feet Into the natIve Coarse-grained Flood DeposIts 
StatIc pIle capacIty recommendatIOns for the ffilnimum recommended embedment depth are provIded In 
Table 2 For greater aXIal loads, an estImated allowable aXIal load versus depth plot IS 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 Trus depth should be venfied 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 

I 
StatIc pIle capacIty recommendatIOns for the ffilnimum recommended embedment depth are provIded In 
Table 2 A greater embedment depth may be reqUIred dependIng on the SUItabIlIty of the fill matenal at 
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the locatIOn of the proposed pIles The tenmnal pIle depth should be detenmned based on dnvlng 
perfonnance We expect a maXImum depth of 70 feet may be requIred In thIs area 

The capacItIes do not mclude the affects of SeISmIC or lIquefactIOn Induced forces For dnven pIles, the 
final pIle penetratIon depths should be detenmned In the field based on depth of embedment and tenmnal 
blow count cntena 

The allowable pIle capacItIes Include a factor of safety of 3 0 for end beanng and 2 0 for fnctIOn The 
structural engIneer should venfy that the pIle IS structurally capable of SupportIng the expected loads 
The pIle capacItIes shown do not Include a group reductIOn factor 

7 2 1 2 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 wlth 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 m 
Table 2 are based on an approxImate 05 Inch of honzontal deflectIOn at the ground surface and do not 
Include the affects of SeISmIC forces or lIquefactIOn Induced forces 

Table 2 Summary of Pile Capacities for HP8x36 Pile 

;: 
( 

Minimum Axial Downward / < 

Location Embedmene (feet) Capacity (kips) 
0 

PSM cover structure 40 1 00 (dnven )/80 
(dnlled 1

) 

Overlook Deck 40 40 

1 Assumes a 12 Inch diameter augered hole filled with structural concrete 

2 Or 5 feet Into gravel, whichever IS greater 

7 2 1 3 Downdrag 

< 

Axial Upward 
Capacity (kips) 

25 

15 

<. 
Lateral Capacity for 

<05 Inches 
Deflection (kips) 

20 (strong aXls)/12 
(weak aXIs) 

14 (strong aXls)( 8 
(weak aXIs) 

Downdrag loads occur when the soIl adjacent to the pIle settles relatIve to the pIle and results m decreased 
allowable aXIal capacIty for the pIle Downdrag usually occurs where pIles are dnven through soft, 
compressIble matenals or recent fill embankments The soIls at the project SIte are generally not 
susceptIble to downdrag forces under statIc condItIons 

7 2 1 4 Pile Group Reduction Factors 
Based on antIcIpated structural loads, large pIle groups are not expected for thIS project We recommend 
that dnven plIes be spaced at least 3 pIle diameters apart (center-to-center) to mIillmIZe InstallatIOn 
problems Dnven pIles spaced more than 3 pIle dIameters apart wIll not reqUIre a group reductIOn factor 
for calculatIng group aXIal capaCIty Dnlled pIles spaced closer than 5 pIle dIameters apart should not be 
constructed untIl 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 ') 
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Table 3 Group Lateral Pile Capacity Reduction Factors 
, 

Center-to-Center Pile Pile Reduction Factors 
Spacmg (m pile diameters) Leadmg Row Second Row 

5 1 0 085 

3 080 040 

7 2.2 FoundatIon Settlement 

Third Row 

070 

030 

Settlement for pIle foundatIOns as descnbed above are expected to be less than 1 Inch DIfferentIal 
settlements of up to the total settlement magnItude can be expected between IndIvIdual pIle groups 

7 2.3 DrivIng Criteria 

Dnvlng cntena for dnven plIes, IncludIng selectIOn of hammer SIze and dnvlng cushIOn, should be C 

determIned when the foundatIOn desIgn IS completed The wave equatIon program WEAP should be used 
for estabhshIng the cntena We can provIde dnvlng cntena for the pIles when the foundatIon desIgn has 
been finahzed and a dnvlng system has been selected by the contractor 

7 3 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 cnbbmg structure beanng at an elevatIOn of 
approxImately -30 5 feet (CIty datum), or a depth of approxImately 63 feet bgs The cnbblng structure IS 
about 42 feet wIde at ItS base and Includes sheet pIlmg extendIng to an unstated depth at the watersIde 
base of the structure A concrete seawall IS constructed on top of the cnbblng structure 

Based on the base depth from the draWIng, the cnbblng structure IS hkely beanng on very dense Troutdale 
FormatIOn gravels ThIs unIt wIll provIde a very hIgh beanng capacIty ProvIded the Integnty of the 
cnbblng and seawall IS sound, the structure should adequately support the relatIvely hght 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 In our onglnal 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 descnbed 
above are expected to exhIbIt mImmal deflectIOns due to hquefactIOn and lateral spread 

9 OTHER CONSIDERATIONS 

9 1 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 IS a moderate nsk of corrOSIOn at thIs sIte to steel 
pIles used for foundatIon support 
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10 CONSTRUCTION OBSERVATIONS 

SatIsfactory foundatIOn and earthwork perfonnance depends to a large degree on quahty of constructIon 
SufficIent morutonng of the contractor's actIvItIes IS a key part of detefmlnIng that the work IS completed 
In accordance wIth the constructIOn drawIngs and specIficatIons Subsurface condItIOns observed durmg 
constructIOn should be compared wIth those encountered durIng the subsurface exploratIOn RecogrutIOn 
of changed condItIOns ofte Ires expenenc..e, therefore, the proJ ect geotechrucal engIneer or theIr 

!epresentatIve should :~1\OM ~.i th sufficIent frequency to detect whether subsurface condItIOns 
change sIgruficarrtly' ~ ~1en1Nf1l~~ 

~~ ~ 
We recommend t he ~~eot cal engIneer or theIr representatIve be retaIned to morutor 
constructIOn at the sIte to confinn that subsurface condItIons are consIstent WIth the sIte exploratIOns and 
to confinn that t e ten_Jec pI s and specIficatIOns relatIng to earthwork and foundatIOn 
constructIOn are b ~ i 8~ ar, we recommend that sIte stnppIng, overexcavatIOn and 
foundatIOn sub grade ~ PacIfic GeotechnIcal pnor to placmg any fill or backfill 
CompactIOn of all struc and slab and pavement subgrades should be tested by PacIfic 
GeotechnIcal to c~t~~t die ~mpactIOn IS met 

11. REFERENCES 

Detazls of Harbor Wall for the ConstructlOn of Front Street Interceptor Sewer, prepared for the CIty of 
Portland, final reVISIOn dated September 24, 1928 

Geotechmcal Baselme Report, West Slde CSO Tunnel, Shafts, Pump StatlOn, & Plpelmes, prepared by 
Parsons Bnnkerhoff for the CIty of Portland Bureau of EnVIronmental ServIces, dated May 28, 
2002, (2002a) 

Fmal Geotechmcal Data Report, West Slde CSO Tunnel, Shafts, Pump StatlOn, & Plpelmes, 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 IS Intended to provIde our opIruon of geotechnIcal parameters for deSIgn 
and constructIOn of the proposed project based on exploratIOn locatIOns that are beheved 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 perfonnance 

WIthIn the hmltatIOns of scope, schedule and budget, our servIces have been executed In accordance WIth 
generally accepted practIces In the field of geotechnIcal engIneenng In thIS area at the tIme thIs report was 
prepared No warranty, express or Imphed, should be understood 

Any electroruc fonn, facsImlle or hard copy of the ongInal document (emaIl, text, table, and/or figure), If 
provIded, and any attachments are only a copy of the ongInal document The ongInal document IS stored 
by PacIfic GeotechnIcal and wIll serve as the officIal document of record 
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13 CLOSING 

We appreciate the opporturuty to subrrut thIS report to you Please contact us If you have any questIOns or 
need addihonalinfonnahon 

SIncerely, 

Greg A L dau, PE 
GeotechnIcal EngIneer 

Attachments 
Document ID l050-001-00R2 doc 
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APPENDIX A 
SUBSURFACE EXPLORATIONS 

We evaluated subsurface soIl and groundwater condItIons by completIng five bonngs at the approXImate 
locatIons shown on FIgure 2 of the report text The bonng locatIOns were approxImately located by 
paCIng from eXIstIng sIte facIhtIes ExploratIOn locatIons should be consIdered accurate only to the 
degree Imphed by the methods used 

The bormgs were dnlled uSIng a truck-mounted dnll ng provIded by Subsurface TechnologIes of Banks, 
Oregon SOlI 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 Spht-Barrel Samphng of SOlIs" The 
sampler was drIven WIth a I40-pound auto-tnp hammer falhng 30 Inches The number of blows 
reqmred to dnve the sampler 1 foot, or as otherwIse mdIcated, Into the soIls IS shown adjacent to 
the sample symbols on the bonng logs DIsturbed samples were obtaIned from the spht barrel for 
subsequent classIficatIon and Index testIng 

2 RelatIvely undIsturbed samples were obtaIned USIng a Dames & Moore Type-U sampler The 
sampler was dnven usmg a I40-pound hammer falhng 30 Inches, Just as WIth the SPT samples 
The penetratIOn reSIstance recorded on the bonng logs have been reduced by 50 percent for 
general correlatIOn WIth the SPT blow counts Samples retaIned from the spht barrel consIst of 
up to SIX, I-Inch-hIgh by 2 48-Inch-dmmeter brass nngs DIsturbed nngs 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 samphng Intervals are shown In the exploratIOn logs In tills appendIx 

The field exploratIOns were coordInated by an engIneenng geologIst from our staff, who located the 
exploratIOns, classIfied the vanous soIl umts encountered, obtaIned representatIve SOlI samples for 
geotechmcal testIng, observed and recorded groundwater condItIons, and maIntaIned a detaIled log of 
each exploratIOn ExploratIOn logs are Included In tills 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 

1419 Washmgton Street SUite 101 
Oregon City Oregon 97045 
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Date Started 1/30/08 
Date Completed 1/30/08 
Completion Depth 73ft 4" 
Dnlled By Subsurface Technologies 
Logged By G Sandstrom 
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.. D&M N values reduced by 50% to correlate With SPT 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Matenal Descnptlon Water Content, 
% 

10 30 50 70 90 

SW 
Brown gravelly SAND, fine to coarse 
sand, fine rounded gravel (mOist, 
loose) [Fill] 

Grades to with layers of SIL TV SAND 
with gravel 

Grades With trace Silt 

Grades With trace to some gravel (very 
loose) 

-GP-----------------------------
Brown POORLY-GRADED GRAVEL 
With trace fine sand Rounded gravel to 
1" maximum dimension (moist to wet, 
medium dense to dense)[FIII] 

Drilling Method Mud rotary 
Sampling Method SPT 
Auger Data NA 
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Hammer Data 140lb Autohammer 30 Inch drop 
Drilling EqUipment 

Sheet 1 of3 

Other Tests and Notes 

Interpreted as fiU based on 
depth 
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Pacific Geotechnical, LLC 

LOG OF BORING NO. B-1 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

r 
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20 40 60 80 
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9 12 SPT 

-

I-

1-55 
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-60 

Date Started 1/30/08 
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Drilled By Subsurface TechnologIes 
Logged By G Sandstrom 

... D&M N values reduced by 50% to correlate With SPT 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001 00 

Matenal DescnptJon 

Grades to loose 

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

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

SM 
Gray SAND wrth gravel and silt Fine to 
medium sand Fine rounded gravels 
(wet, medium dense to dense)[FIII] 

Dnlhng Method Mud rotary 
Sampling Method SPT 
Auger Data NA 

Water Content, 
% 

10 30 50 70 90 
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Hammer Data 140lb Autohammer 30 Inch drop 
Dnlhng EqUipment 

Sheet20f3 

Other Tests and Notes 

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

Regam Circulation at 43ft 

No recovery 

Interpreted as fill based on 
blow counts and draWings 
of adjacent 
cnbbmg/seawall 

Interpreted as fill based on 
blow counts and draWings 
of adJacent 
cribbing/seawall 
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Pacific Geotechnical, LLC 

LOG OF BORING NO. B·1 

1419 Washmgton Street SUite 101 
Oregon City Oregon 97045 

PrOject Name Portland Waterfront Park 

Location Portland, OR 
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Completion Depth 73ft 4" 
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Number 1050001-00 

Material Description 

t : ~-----:-:---------I 
! \ : v ~~own SAND with occasional fine 

II \1 "~rounded gravels (wet, very dense) 
I l ,... [Troutdale Formation] 

i : ; :;; 
! :\"" I : iDe v I 

t ' V~: 
" ~ I 
'V • II ·v' 

I Becomes dark brown with some yellow 
I 56 '''1 ~ 1\ 'V 

I ~~ ~ 
'\ 1"S'~~~I):t'I'ft-::G::-::P:-------------: 

I 100~O~ Brown POORLY-GRADED GRAVEL 
! I ,~ with fine to medium sand (wet, very 

I I\dense) / 

Bormg completed at 73ft bgs 

Groundwater not determined due to 
drilling method used 

Drilling Method Mud rotary 
Sampling Method SPT 
Auger Data NA 

Water Content, 
% 

10 30 50 70 90 
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Drilled By Subsurface Technologies 
Logged By G Sandstrom 

Hammer Data 140lb Autohammer 30 Inch drop 
Drlllmg EqUipment 

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

Sheet 3 of3 

Other Tests and Notes 

Hard drilling at 61ft 

50 blows for 5 

50 blows for 4 5 
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LOG OF BORING NO. B·2 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 
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* D&M' N values reduced by 50% to correlate With SPT 

Project Name Ankeny Plaza 

Location Waterfront Park, Portland OR 

Number 1050'()01.()0 

Matenal Description 

GP-GM 
Dark gray POORLY·GRADED GRAVEL 
With sand and Silt to SIL TV GRAVEL 
Coarse angular basalt crushed rock 
(wet, medium dense)[FIII] 

Grades 11:0 loose 

-SP~M--------------------------

Brown to gray-brown POORL Y­
GRADEl) SAND With Silt to SIL TV 
SAND with gravel and wood debriS 
(moIst, 100se)[F1I1] 

SM 
Dark gray-brown SIL TV SAND With 
gravel (wet, loose to medium dense) 
[Fill] 

ML 
Gray·brown and mottled brown SILT 
With fine sand Low to medium 
plastiCity (mOist, soft)[FIII] 

Grades to dark gray with medium 
plastclty and occasional bncks 

Grades to SILT With fine sand to fine 
sandy SILT (stlff)[FIlI or Fme-gramed 
Flood DepOSits?] 

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

Water Content, 
% 

10 30 50 70 90 
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Drilling EqUipment 

Sheet 1 of 2 

Other Tests and Notes 

Boring relocated 10 feet 
west due to hitting 
abandoned sewer pipe 

00= 84 pcf 

%F=75 

/ 
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Pacific Geotechnical, LLC 

LOG OF BORING NO. B·2 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 
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* D&M N values reduced by 50% to correlate With SPT 

PrOject Name Ankeny Plaza 

Location Waterfront Park, Portland OR 

Number 1050-001-00 

Material Description 

GM 
Dark gray SIL TV GRAVEL With trace 
coarse sand and With angular rock 
(wet, very dense)[Coarse-gramed Flood 
Deposits] 

Grades to dark gray brown SIL TV 
GRAVEL With fine to medium coarse 
sand and rounded basalt gravels to 1" In 
maximum dimenSion 

BOring completed at 46 ft bgs 

Groundwater not determined due to 
drilling method used 

Drilling Method Mud rotary 

Sampling Method SPT, D&M 
Auger Data NA 
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Water Content, 
% 
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Hammer Data 140 Ib Auto-trip fallmg 30 mches 
Drilling EqUipment 

Sheet 2 of2 

Other Tests and Notes 

Very slow drilling at 30ft to 
35ft 

50 blows for 4" 

50 blows for 2' 

90 blows for 11 
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PacifiC Geotechnical, LLC 

LOG OF BORING NO. B-3 
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13 1 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 
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Completion Depth 38ft 
Drilled By Subsurface Technologies 
Logged By G Sandstrom 

... D&M N values reduced by 50% to correlate With SPT 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Matenal Descnptlon 

SP 
Brown gravelly SAND to SAND with 
gravel Fine to medium sand Fine 
rounded gravel (moist, medium dense) 
[Fill] 

Grades with bnck and concrete debris 

Gray SIL TV GRAVEL with sand and 
occasional wood debns Fine to 
medium sand Fme to coarse rounded 
to subangular gravel (moist to wet, 
dense)[FIII] 

ML 
Gray SILT With fine sand, clay and 
wood debris Low to medium plasticity 
(mOist, very soft to medium stlff)[FIII] 

SM 
Gray silty fine SAND (mOist, medium 
dense)[flne-gralned Flood DepOSits] 

Drlllmg Method Mud rotary 

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

Hammer Data 140lb Autohammer 30-lnch drop 
Drilling EqUipment 

Sheet 1 of 2 

Other Tests and Notes 

50 blows for 6" 
due to concrete debns 

%F=79 

No recovery due to wood m 
sampler shoe 

No recovery 
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PacifiC Geotechnical, LLC 

LOG OF BORING NO. B-3 
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PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Matenal Descnptlon 

GP 
Gray GRAVEL with sand and trace silt 
Fine to coarse sand Fme to coarse 
rounded gravel (moist, dense) 
[Coarse-grained Flood DepOSits] 

Grades to very dense 

Water Content, 
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* D&M N values reduced by 50% to correlate With SPT 
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Drilling Method Mud rotary 
Sampling Method SPT, D&M, Shelby Tube 
Auger Data NA 
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LOG OF BORING NO. B-4/IT-1 I 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 
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* D&M N values reduced by 50% to correlate with SPT 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Matenal Description 

ML 
Brown SILT (moIst, soft) lFIII] 

GM 
Dark gr<ly silty GRAVEL with much 
rounded gravel and trace to some 
asphalt 

Bonng (.ompleted at 5 ft bgs 
Infiltration test performed at 55ft bgs 

Drilling Method Hand auger 
Samplmg Method SPT 
Auger Data 6" HSA 
Hammer Data 

Dnlhng Equipment 

Water Content, 
% 
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Other Tests and Notes 
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LOG OF BORING NO. B·5/IT·2 
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* D&M N values reduced by 50% to correlate with SPT 

Project Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Material Description 

ML 
Brown SILT (moist, 

GM 
Dark gray SIL TV GRAVEL with much 
rounded gravel and trace to some 
asphalt [FIll] 

ML 
Gray SILT with gravel and occasional 
wood debris [Fill] 

Boring ('ompleted at 95ft bgs 
Infiltration test performed at 975ft bgs 

Dniling Method Hand auger 
Samphng Method SPT 
Auger Data 10" HSA 
Hammer Data 

Dnlling EqUipment 

Water Content, 
% 
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Dt. ..... 
Remarks 

Elev 
Depth 
Feet 

Log In Samples 
... SPT N-Value 

• MOisture, % 

-200 = 33% 

~ 08/2812000 
-200 = 35% 

·200= 16% 

=73% 

LEGEND 

260~ ..... __ .......... ____ ~~ __ ~ __ ~ _________ ..... ~ 
4 0 Sandy SIt. T 

mOist. no to low Pltl;i:!u'~ny, 
gravel (Dredged sand 

200 
10 0 SAND FILL. loose. gray brown moist, fine::gnimed. 

scattered fine rounded gravel (Dredged sand fill) 

Tree fragment, medIUm dense 

160~ __________ ~~~----~--~-----4 
140 SUty 0 FILL, slightly clayey, medium dense, 

gray, mOist to wet. no to low plasticity. fine-gralned. 
scattered to abundant wood fragments and red 
crushed rock (Fill) 

50~ ________ ~ ______ ~~~~-------~ 
250 Clayey stiff, gray, wet, low plastlclty. 

micaceous (Recent AllUVium) 
30~ ______________ ~ __ ~----~--------*~~ 

27 0 Sandy GRAVEL, very dense, brown and gray wet, 
fine- to coarse-grained. subrounded gravel, sand Is 
fine- to coarse-gralned, scattered cobbles 
(Pleistocene Flood Deposits· Qfch) 

I = 2 0" 0 0 Spilt Spoon Sample 

IT = 3 on 0 0 Thin-Wailed Sample 

* = Sample Not Recovered ~ 
Impervious Seal (BentOnite) 
Cement Grout 
Random Backfill 
Granular Bacldlll 

_ Ground Water level on Pate Shown 
Plezometerllncflnometer Tubing 
Perforated Zone §§§ = Grab Sample Dnll Cuttings 

I = Core Rock Sample 

NOTE 
Lmes between sOIVrock Units are 
approximate and transition may be 

ATIERBERG LIMITS 
~ ...... LiqUid limit 
~ Natural Water Content 

PlastiC Limit 

/FHA! 

Feet 
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Remarks 

LEGEND 

Elev 
Depth 
Feet 

Log 

CLASSIFICATION OF MATERIAL 
Sandy GRAVEL contmued Ii ,.. ~ ••• It. ,. 

~ .. .... ~ . .. It-' .,. 
It. tI~ 
~.~ 

I ...: •• ~ 
" ... 

-185f- __________ - - - - _~ • ..J 
48 5 SAND. very dense. no sample return (Pleistocene 

Flood Deposits - Qfch) 
-210~ ________________________ ~ ________ ~~ 

51 0 Crayey Gravelly SAND, very dense, yellow-brown, ~ ~. 
mOlst,low p1astlaty, sand IS fine-grained, fine- to ~ )! 
coarse-grained. rounded gravel. weathered, ~ ~ 
overconsofldated, poorly graded, gradational ~ ('!l 

transition to underlyIng material (Troutdale • 
Formation Tt) 

~ 

~ 
~ 
:.-, 
~ -

~ . 
-350 f- _ - _ - - - - - - - - -
65 0 Gravelly SAND, very dense. light brown, wet, 

non-plasttc. sand IS flne-gramed, fine- to 
eoarse-gralned. rounded gravel. overconsolldated, 
poorly graded (Troutdale Formation TI) 

- -17~ 
t' ,; 
~~ 
f~ 
t~ 

~8~ ________________________________________ ~-a~.~~ 

70 8 Bottom of Bonng, Completed 8129/00 

I = 2 0" 0 D Split Spoon Sample 
II = 3 0" 0 0 Thin-Walled Sample ~ 

ImperviOus Seal (BentonIte) 
Cement Grout 
Random Backfill 
Granular Backfill 
Ground Water Level on Date Shown 
Piezometer/Inclinometer Tubing 
Perforated Zone 

e • = Sample Not Recovered 
~ §§§ = Grab Sample Onll Cuttings 

~ I = Core Rock Sample 
t!l 

~ NOTE 
~ Lmes between sOlVrock. Units are 

approxunate and transItIon may be 
~ gradual 

ATTERBERG LIMITS 
1-:1t:::-1 ...... Liquid Limit 
~ Natural Water Content 

PlastiC LImit 
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Depth 
In­

Feet 
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60 
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70 

~------r--------------------------------) 
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GENERAL 

APPENDIX C 
LABORATORY TESTING 

SoIl samples obtamed from the exploratIOns were transported to our laboratory and evaluated to confrrm 
or modIfy field claSSIficatIOns, as well as to evaluate engmeenng propertIes of the soIls encountered 
RepresentatIve samples were selected for laboratory testmg The tests were performed In general 
accordance wIth the test methods of the Amencan SocIety for TestIng and Matenals (ASTM) or other I 

applIcable procedures 

VISUAL CLASSIFICATIONS 

SoIl samples obtamed from the exploratIOns were VIsually clasSIfied m the field and m our geotechrucal 
laboratory based on the Vmfied 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 obtamed In 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 In general accordance wIth ASTM Test Method D2937 Dry denSIty 
test results are presented on the bonng logs In AppendIx A 

Percent Fines 

FInes content analyses were performed to determIne the percentage of sOlIs 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 Dl140 The test results are IndIcated on the IndIVIdual bonng logs In the column 
labeled "Other Tests and Notes" 

) 



March 6, 2008 

Walker Macy 
III SW Oak, SUIte 200 
Portland, Oregon 97204 

AttentIOn Mrs Chelsea McCann 

Subject SeIsmIC SIte Hazard Report 

Pacific Geotechnical, LLC 
Geotechnical Engmeenng and Engmeermg 

Geology wzth a Focus on Sustamabzlzty 

Portland Saturday Market Cover Structure 
Portland, Oregon 
Project No 1050-001-00 

1 INTRODUCTION AND PROJECT UNDERSTANDING 

PacIfic Geotechmcal, LLC (PacIfic GeotechnIcal) IS pleased to submIt 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 geotechmcal report for the project dated Apnl 12, 2007, and 
follow: up technIcal documents Includmg a supplemental geotechmcal report for pIle foundatIons to 
support the PSM structure, dated February 18,2008 The locatIOn of the sIte IS shown on FIgure 1 

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 pedestnan ways, 
mstallatIOn of an mteractIve water feature, and appurtenant faCIlItIes such as pIpmg and benches The 
PSM cover structure wIll be located Just south of the BurnSIde Bndge, as shown m FIgure 2 

Accordmg to the project archItect, the PSM cover structure IS clasSIfied as an A3 assembly space WIth a 
maXImum occupancy load of 1,698 people Based on thIS descnptIOn and a dIScussIon WIth CIty of 
Portland (CIty) Bureau of Development (BDS) staff, an SSHR IS requIred for the PSM cover structure 

2 PURPOSE AND SCOPE OF SERVICES ( 
\ 

The purpose of our work IS to prOVIde an SSHR for the project Our speCIfic scope of work mcluded the 
followmg ( 

• RevIewed applIcable codes to determIne whether an SSHR IS requIred 

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

1419 Washmgton Street / SUIte 101 / Oregon CIty, Oregon 97045 

--- ... 



Portland Waterfront Park 
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• RevIewed eXlstmg aVailable mfonnatIOn, mcludmg subsurface mfonnatIOn collected for our 
supplemental geote~hnlcal report 

• Used the above collected mfonnatIOn to complete an SSHR m accordance wIth SectIOn 1802 of 
the 2007 Oregon Structural Specialty Code (OSSC) 

• ProvIded a total of five copIes of thIS report to you Four copIes are provIded for your submIttal 
to the CIty and one copy IS provIded for your submIttal to the Department of Geology and 
Mmeral Industnes (DOGAMI), as requIred by the 2007 OSSC 

3. SITE DESCRIPTION 

3 1 REGIONAL AND LOCAL GEOLOGY 

The Geotechmcal Baselme Report, West Szde CSO Tunnel, Shafts, Pump Statzon and pzpelmes Project 
(Parsons Bnnckerhoff, 2002a) contams a well-crafted explanatIon of the regIOnal geologIc settmg of the 
project area as well as the hIStOry of local faultmg and geomorphology (landfonns) The followmg 
paragraphs bnefly summanze the mformatIOn presented m that report 

"The project IS located along the west edge of the WIllamette Rlver, a tnbutary of the Columbia Rlver that 
flows through the Portland Basm ThIs pull-apart basm, a product of regIOnal !ectomc stresses related to 
the subductIOn of the Juan de Fuca plate wIth the over-ndmg North Amencan plate, has been subsldmg 
smce at least MIOcene tIme Tens of hundreds to thousands of feet of allUVIal clay, SlIt, sand and gravel 
have been deposIted In the Portland Basm between mtervals of uphft, scour and erOSIOn that have created 
extensIve topographIc rehef m the basm sedIments MaSSIve "MIssoula" floods scoured and then 
deposIted sedIment rangmg from clay to gravel m the Portland Basm dunng the latest Phocene to latest 
PleIstocene (~1 milhon to 12,500 years ago) Post-PleIstocene geologIc actIVIty m the basm mcludes 
WIllamette Rlver fluVial erOSIOn and depOSItIOn of sedIment as well as the placement of large quantItIes of 
man-made fill along the WIllamette nverfront and m adjacent sloughs, lakes and bottomlands 

The regIOnal Columbia Rlver Basalt (CRB) bedrock that forms the Portland BaSIn and adjacent West 
HIlls (Tualatm Mountams) was fonned 5 to 15 ffillhon years ago by an Immense outpounng of lava from 
vents along the OregonlWashmgton-Idaho border that covered thIS portIOn of the PaCIfic Northwest to 
depths of thousands of feet wIth Igneous rock As the basalt-floored Portland Basm subSIded, sedIment 
eroded both from the nearby Cascade Mountam cham as well as from contmenta1 mtenor sources was 
carned Into the basIn by the ColumbIa and other, local nvers and deposIted as the Pho-Plelstocene Sandy 
Rlver Mudstone (SRM) and overlymg Troutdale FonnatIOn sandy to SIlty gravel AllUVial processes 
rangmg from the catastrophIc floods to everyday flUVIal actIVIty of local nvers and streams eroded 
channels m, as well as deposIted addItIOnal sedIment on, the SRM and the Troutdale The matenal related 
to the MIssoula Floodmg IS generally referred to as "flood-deposIts" and IS further charactenzed by gram 
SIze as "coarse-gramed" or "fine-gramed" flood depOSIts A veneer of WIllamette RIver allUVIUm denved 
from Willamette Valley sources to the south as well as reworked flood depOSIt sedIments mantle the 
topography the Willamette has mCIsed mto the last flood-created surface Smce at least the late 1800's 
human actIVIty has extenSIvely altered the WIllamette Rlver shore and created unIque and vanable 
shallow soIl condItIons m the Portland area, mcludlng the project area speCIfically 

3 2 SURFACE CONDITIONS 

The project SIte IS located m Waterfront Park just south of the BurnSIde Bndge The surface condItIons m 
the vlcmlty of the proposed PSM cover structure mclude landscape grasses at the north end and a 
constructIOn area related to the West SIde CSO (WCSO) at the south end The constructIOn area IS fenced 
off and encloses the eXlstmg WCSO Ankeny Shaft and a vault structure 

Project No 1050-001-00 
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33 SUBSURFACE CONDITIONS 

Subsurface condItIons encountered by others In and around the project area are summanzed In our 
onginal report The followmg paragraphs descnbe the subsurface condItIons encountered m 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 dnllIng three bonngs at the 
locatIOns shown on FIgure 2 The bonngs 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 bonngs IS 
I 

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 m the ImmedIate vIcmlty of the proposed cover structure Results of our laboratory testIng are 
mdicated on the exploratIOn logs m AppendIX A and descnbed m 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 thm layer of Fme-gramed Flood DepOSIts, over 3) Coarse­
gramed Flood DepOSIts, over 4) Troutdale FormatIOn gravels The condItIOns encountered m our 
exploratIOns generally match the geologIC mappmg descnbed In our onglnal report and found by others In 
the area The followmg paragraphs summanze the above unItS 

331 Fill 

We encountered vanable fill matenal m all of our bonngs The fill matenal generally mcluded loose to 
dense sand and gravel and very soft to stIff sIlt We also encountered occaSIOnal crushed rock, asphalt, 
concrete, bnck and wood debns The thIckness of the fill matenal varIed from about 27 feet m bonng B-
3 to about 60 feet m bonng B-1, adjacent to the seawall structure Although the later thIckness places fill 
below ongmal grades and water levels, It IS supported by a drawmg for the seawallfcnbbmg structure that 
shows the base of the cnbblng at an elevatIOn of -305 feet (CIty of Portland datum), or about 63 feet bgs 
It appears the onglnal SOlI was removed for constructIOn of the cnb wall and then backfilled durIng 
constructIOn of the wall The mOIsture content of the fill vaned between 8 to 39 percent The percent 
fines m SIlty fill was between 75 to 79 percent, based on two tests A dry denSIty of 84 pounds per CUbIC 
foot (pct) was measured on a smgle sample 

3 3 2 UnconsolIdated SIlt and Sand (AllUVIum/Fine-graIned Flood DepOSIts) 

We encountered a thIn layer of SIlty fme sand m bonng B-3 under the fill matenal We dId not encounter 
thIS matenal m our other exploratIOns, however, thIS unIt IS noted m bormg C-1 completed by FUJItam 
HIlts & ASSOCIates (FHA) (PB 2002b, AppendIX G) ThIS matenal was medIum dense WIth a mOIsture 
content between 38 and 43 percent, based on two tests 

3.3 3 UnconsolIdated Sand, Slit and Gravel (AllUVIum/Coarse-grained Flood DepOSIts) 

We encountered Coarse-graIned Flood Deposltf, under the Fme-graIned Flood DepOSIts m bonng B-3 and 
below the fill matenal m bonng B-2 We dId not encounter thIS matenal m bonng B-1, as the fill matenal 
extended to the top of the Troutdale FormatIOn gravels (see below) ThIS umt generally conSIsted of very 
dense gravel WIth vanable amounts of sand and SIlt The mOIsture content was measured at 14 percent 
from one sample tested 

\ 
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3 3 4 ConsolIdated Sand and Gravel (Troutdale Formation) 

We encountered gravels of the Troutdale FormatIOn beneath the fill m bonng B-1 at a depth of about 61 
feet bgs ThIs corresponds well wIth the desIgn depth for the base of the cnbbmg structure supportmg the 
adjacent seawall Bonng C-l, 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 m a SIlt 
matnx 

3 4 GROUNDWATER 

Groundwater could not be determIned m our exploratIOns due to the dnllmg 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 wlthm several 
feet of the mean nver level, suggestIng that thIS groundwater IS connected to, and WIll ret1ect changes m, 
the water level of the Wlllamette RIver Our expenence and the groundwater levels mterpreted by others 
(PB, 2002a) suggest that the groundwater levels WIll tend to be a few feet hIgher than the nver level 

4. SEISMIC SETTING/EVALUATION 

4 1 DESIGN EARTHQUAKES 

Selsffilclty m the Wlllamette Valley IS pnmanly drIven by the CascadIa SubductIOn Zone (CSZ), whIch IS 
the zone where the westward advancmg North Amencan Plate IS overrldmg the subductmg Juan de Fuca 
Plate The mteractIOn of these two plates results m three potentIal seIsmIC sources affectmg the 
WIllamette Valley area, shallow crustal earthquakes wlthm the overrldmg North Amencan Plate, 
mterplate earthquakes whIch occur along the boundary between the Juan de Fuca and North Amencan 
plates, and mtraplate earthquakes whIch occur wlthm the subductmg Juan de Fuca plate Although 
capable of generatmg sIgnIficant earthquakes, mtraplate earthquakes, such as the February 28, 2001 
Nlsqually earthquake (Mw = 6 8) m Washmgton State were evaluated, but found not to control desIgn for 
thIS area so are not further consIdered Crustal and mterplate earthquakes are further dIscussed below 

FIgure 4 shows the SIze and eplcentral locatIOns of earthquakes that have occurred from 1841 through 
2002 and the locatIOn of late Quaternary and Holocene age faults, wlthm a 50-mIle radIUs of the sIte 

Accordmg to the USGS, the shallow crustal earthquake source contrIbutes about 90% to the probablhstIc 
ground motIon and the mterplate source zone contnbutes about 10% to the probablhstIc ground motIon 
for the range of penods of concern Therefore, addItIonal data representatIve of each of the two source 
zones were gathered for use m assessmg the sIte selsffilc response Agam, the mtraplate earthquake IS not 
consIdered capable of controllmg desIgn m thIS area so was not consIdered DIScussIon of the shallow 
crustal and mterplate sources are provIded below 

4 1 1 Shallow Crustal Earthquakes 

A sIgnIficant earthquake could occur on a local fault very near the sIte wlthm the desIgn hfe of the 
faclhty Such event would cause ground shakmg at the sIte that could be more mtense than the CSZ 
mterplate event, though the duratIon would be shorter 

Several large, northwest-trendmg faults are mapped wIthIn one mIle of the project area, mcludmg 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 IS consIdered potentIally actIve 
(Geomatnx, 1995 and USGS, 2007) and beheved 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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Bnnckerhoff, 2002b) reports a dispanty In geologIc unIt elevatIOns from bonngs 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 sugge~ts 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 nver, but thIS could not be resolv~d for thIS 
study 

4 1 2 CSZ Interplate Earthquakes 

The CSZ Interplate source zone generally extends along the coast from northern CalIfornia to BntIsh 
Columbia and IS charactenzed by researchers as beIng capable of generatIng earthquakes of magmtude 8 
to magnItude 9 Recurrence Intervals for CSZ mterplate earthquakes are thought to be on the order of 500 
years, whIch IS substantIally less frequent than shallow crustal or CSZ mtraplate earthquakes The most 
recent CSZ event IS belIeved to have occurred In the year 1700, and paleogeologIc eVIdence suggests five 
to seven mterplate earthquakes may have been generated along the CSZ over the last 3500 years There IS 
no Instrumentally recorded seIsmIcIty of large Interplate earthquakes for the CSZ The mferred 
seismogenic portIOn of the CSZ plate Interface IS roughly 120 mIles (190 kIlometers) west of the sIte 

4 2 SEISMIC HAZARDS 

SeIsffilc hazards for thIS area have been mapped by the Department of Geology and Mmeral Industnes 
(DOGAMI) m the Earthquake Hazard Maps of the Portland Quadrangle, Multnomah and Washzngton 
Quadrangles, Oregon and Clark County, Washzngton (Mabey and others, 1993) ThIs map senes 
mcludes hazard maps for ground amplIficatIOn, lIquefactIOn, and lateral spreadIng/slope mstabilIty A 
RelatIve Earthquake Hazard Map,) whIch combmes the above three earthquake hazards IS also mcluded 
Based on thIS map, the project sIte IS wIthIn Zone C, defined as "Low to Intermediate hazard" where 
relatIve earthquake hazard IS mapped between Zone A (hIghest hazard) to Zone D (lowest hazard) 

4 2 1 Fault Surface Rupture 

The closest local fault IS the northwest-southeast trendIng Portland HIlls fault shown by the Umted States 
GeologIc Survey (USGS, 2007) less than 06 ffilles (l kIlometer) west of the sIte Although It IS 
conSIdered potentIally actIve, dIsplacement of Holocene matenals has not been observed ExploratIOns 
we completed and extensIve exploratIOns for the WCSO dId not find eVIdence of Holocene dIsplacement 
Although the fault IS capable of generatmg sIgmficant shakmg at the sIte, from the lack of Holocene 
dIsplacement here and elsewhere on the Portland HIlls fault, It IS our opmIOn that the pOSSIbIlIty of surface 
fault rupture and related dIsplacement at thIS sIte IS low 

4 2 2 Ground Motion Amplification 

ThIck sequences of unconsolIdated, soft sedIments typIcally amplIfy the shakmg of long penod ground 
motIOns such as those assocIated wIth subductIOn zone earthquakes, whereas areas underlain by shallow 
soIl profiles are not lIkely to amplIfy seISffilC 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 IS the hIghest relatIve hazard and 1 the 
lowest 

Ground motIOns are conSIdered speCIfically m SectIOn 4 4 
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4 2 3 LIquefaction 

LIquefactIOn IS a phenomenon caused by a rapId mcrease m pore water pressure that reduces the effectIve 
stress between soIl partIcles, resultmg m the sudden loss of shear strength m the soIl Granular SOlIs, 
whIch rely on mterparticle ffIctIOn for strength, are susceptIble to lIquefactIOn untIl the excess pore 
pressures can dISSIpate Sand bolls and flows observed at the ground surface after an earthquake are the 
result of excess pore pressures dissipatmg upwards, carrymg soIl partIcles WIth the drammg water In 
general, loose, saturated sand SOlIs wIth low sIlt and clay contents are the most susceptIble to lIquefactIOn 
SIlty SOlIs wIth low plaStICIty are moderately susceptIble to lIquefactIOn under relatIvely rugher levels of 
ground shakmg 

The thIckness of lIquefiable sedIment (lIquefactIOn hazard) IS ranked m the hIghest hazard level, at greater 
than 9 meters (about 30 feet) of hquefiable SOlI potentIally present m the area Our exploratIOns confirm 
that 9 meters or more ofhquefiable SOlIs are present at the SIte 

4 2 4 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 dunng an earthquake Man-made seawalls and 
loose, saturated sandy fills can mcrease SIte vulnerabIlIty to thIS hazard, and the presence of these features 
IS reflected m the claSSIficatIOn of the bulk of the project area m the hIghest (estImated lateral ground 
dIsplacement In excess of 1 2 meters, about 4 feet) and second hIghest (dIsplacement of 09 to 4 meters, 
about 3 to 4 feet) hazard zones (Mabey and others, 1993) 

Lateral spreadmg estImates by others have been reported to vary between about 2 mches to as much as 2 
feet The subsurface condItIOns encountered for thIS report concur WIth those findmgs 

4 2 5 Earthquake Induced Landslidlng 

EXIstmg mappmg (Mabey and others, 1993) places the SIte m the lowest category of landshde hazard 
Based on the flat SIte slopes, we concur that the landslIding hazard IS low at the PSM cover structure 

4 2 6 SeIche and Tsunami 

The SIte IS well away from tsunamI InundatIOn zones and away from large bodIes of water that may 
develop seIches SeIche and tsunamts are not conSIdered a hazard at thIS SIte 

4 2 7 Settlement 

Settlement due to earthquakes IS most prevalent m relatIvely deep depOSIts of loose, dry, clean sand In 
our ongmal report we stated that vertIcal settlements estImated by others at nearby locatIOns have ranged 
from less than an mch to up to 5 mches Based on our exploratIons, these values stIll appear appropnate 

4 3 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 III Table 1 are appropnate for code level seISmtC deSIgn 
Results from our SIte speCIfic seIsmIC study are dIscussed m SectIOn 4 4 
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Table 2 Selected Earthquake Acceleration Time Histories 

- Recorded 
Peak 

HO~lzontal 
, 

Recorded Acceleration 
F~ri~quake, Year ~ Recordmg Station Magnitude (gt , , 

Whittier Narrows, 1987 Mt Wilson 53 016 
---

North Palm Springs, 1986 Silent Valley 62 o 11 

0 

, 
Fault Mechanism 

Crustal 

Crustal 
- --- - - -- --- - -- -- --

c... ________________ 
---------

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 usmg 
the above selected earthquake acceleratIOn tIme hlstones These tIme hlstones were scaled to the desIgn 
bedrock PGA value of 0 41 g Table 2 summanzes the scaled peak ground acceleratIOns 

I 

443 5011 Model 

The mput soIl model used m our analysIs IS based on the findmgs of our subsurface exploratIon pliO gram 
A detaIled descnptIon of sIte subsurface condItIons IS prOVIded m SectIOn 3 3 I Shear wave velOCItIes 
could not be duectly measured as the subsurface contams vanous layers of gravel that could not be 
penetrated wIth a cone penetrometer The engmeermg behaVIOr of the sIte SOlIs was modeled usmg 
estImated shear wave velOCItIes and unIt weIghts for the antIcIpated soIl profile along wIth dampmg and 
shear modulus reductIOn relatIOnshIps typIcal for the soIl types underlymg the sIte Table 3 prOVIdes a 
summary of the soIl model used m our analysIs 

Table 3 SOil Model 

\ " ;; y q _10;« ,,1 

Shear WaveNeloclty Range (feet 
Depth Interval (feet) SlJbsurface Unit 

~ 

per second) -\ 

o to 40 Fill 400 to 650 
- -------------- --------------- -----------

40 to 155 Very Dense Sand and Gravel 650 to 1,000 
------------------------- --------- --------- --- -------------- - ----- -- - --- --- - -- r---- --

> 155 feet Basalt Bedrock 2,500 

4 4.4 DeSIgn Response Spectra 

FIgure 5 presents the computed desIgn acceleratIon response spectra appropnate for the proposed PSM 
cover structure These spectra are scaled to two-thuds of the maXImum computed as prescnbed by the 
IBC AddItIonally, the spectral acceleratIOn at any penod must be equal to or greater than the response 
spectrum determmed as descnbed m 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 dnven 
or dnlled steel plIes beanng m the natIve gravels, or on an llllproved subgrade We understand that the 

\ 
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Table 1 Seismic Design Parameters (2006IBC) 

;;'~ F " Seismic 
_ ,~,,~;~, _:i' in~~'" , ... ",,:,! 

'Ign; ','1~"",~:,,,:?,'!"H~ ,:'IJl~Sf!;\>l" .'it iP,,' 

Building Use Category 

Seismic Use Group 
~--- --- -- ----------

Seismic Importance Factor, IE 
,-,--- -------------- - ---

Site Class 
..... _- ----

Spectral Response Acceleration Ss 
-

Spectral Response Acceleration S1 
-- - --- ~ - - -

Site Coefficient, Fa 
-----------,------------ ------------- ------------- - ---

Site Coefficient, Fv 

Spectral Response Acceleration (Short Period). Sos 

Spectral Response Acceleration (1-Second Period), S01 
- - --- - - -- --

Seismic Design Category 

Note 

',,'-,'" 
4 

'A ~, 

III 

II 

1 25 
-- -

E 

o 98g 

o 34g 

09 

26 

o 60g 
-

060 g 

D 

1 Site sOil IS classified as Site Class F based on the IIquefactton hazard Site Coefficients are based on Site 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 In 50 years (475 year return penod) IS 0 199 
The expected peak bedrock acceleratIon havIng a 2 percent probabIlIty of exceedance In 50 years (2,475 
year return penod) IS 0 41 g 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 

4 4 SITE SPECIFIC RESPONSE ANALYSIS 

4 4 1. Ground Motion SelectIon 

Earthquake acceleratIon tIme hlstones 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 penod, and the earthquake magnItude and energy content 

Based on the proxImIty (and magmtude) of the Portland HIlls fault and a reVIew of lIterature companng 
the potentIal Impact of shallow crustal faults and the CSZ Interplate fault In the Portland metropolItan 
area, It IS our opImon that the ground motIons at the sIte are controlled by a crustal event For thIS reason, 
we selected three acceleratIOn tIme hlstones for thIS event as Input for the SeISmIC response analysIS 
Table 2 presents the earthquake acceleratIOn tIme hlstones used In our analysIs These recordIngs were 
determIned, based on the screenIng cntena descnbed above, to be compatIble wIth the project sIte 
condItIOns "-
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PSM cover structure WIll be supported on a combmatIOn of dnlled and dnven plIes Our fill 
recommendatIOns are provIded m the February 18 report 

6. REFERENCES 

Geotechmcal Baselme l,?eport, West SIde csa Tunnel, Shafts, Pump StatIOn, & Pzpehnes, prepared by 
Parsons Bnnkerhoff for the CIty of Portland Bureau of EnvIronmental ServIces, dated May 28, 
2002, (2002a) 

Geologzc Map of the Portland Quadrangle, Multnomah and Washmgton Countzes, Oregon and Clark 
County, Washmgton, Beeson and other~, 1991 

Fmal Geotechmcal Data Report, West Szde CSO Tunnel, Shafts, Pump StatIOn, & Pipelmes, prepared by 
Parsons Bnnkerhoff for the CIty of Portland Bureau of EnvIronmental ServIces, dated May 28, 
2002, (2002b and appendIces) 

Earthquake Hazard Maps of the Portland Quadrangle, Multnomah and Washmgton Quadrangles, 
Oregon and Clark County, Washmgton, Mabey and others, 1993 

InternatIOnal Code CouncIl, 2006, 2006 InternatIonal BUIldIng Code 

OSSC, 2007 Oregon Structural SpecIalty Code, accessed March, 2008 from OSSC web SIte 
http IIwww2 Iccsafe org/states/oregon/07 Structurai/BuIldmg07 Frameset htm 

Geomatnx Consultants, 1995, SeIsmIC deszgn mappmg, State of Oregon Fmal Report, prepared for 
Oregon Department of TransportatIOn, 252 p 

U S GeologIc Survey, 2002, NatIOnal SeIsmIC Hazards Mappmg ProJect, SelSffilC Hazard Curves, 
Response Parameters and DeSIgn Parameters, Java applIcatIOn, verSIOn 508 

US GeologIcal Survey, 2006, Quaternary fault and fold database for the UnIted States, accessed March, 
2008, from USGS web SIte http Ilearthquake usgs gov/regIOnal/gfaultsl 

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 IS 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 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 m accordance WIth 
generally accepted practices m the field of geotechnIcal engmeenng m 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 onginal document (emaIl, text, table, and/or figure), If 
prOVIded, and any attachments are only a copy of the ongmal document The ongmal document IS stored 
by PaCIfic GeotechnIcal and WIll serve as the ofticial document of record 
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8. CLOSING 

We apprecIate the opportumty to subllllt thIS report to you Please contact us If you have any questIOns or 
need addItIonal mformatIOn 

Smcerely, 

Greg A Landau, PE 
Geotechmcal Engmeer 
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APPENDIX A 
SUBSURFACE EXPLORATIONS 

We evalu\ated subsurface soIl condItIons by conlpletmg three bonngs at the approXImate locatIOns shown 
on FIgure 2 of the report text The bonng locatIOns were approxImately located by pacmg from eXIstmg 
sIte faCIlItIes ExploratIOn locatIOns should be consIdered accurate only to the degree ImplIed by the 
methods used 

The bonngs were dnlled utIlIzmg mud rotary dlIllmg technIques usmg a truck-mounted dnll ng provIded 
by Subsurface TechnologIes of Banks, Oregon SoIl samples were obtamed from the exploratIOns usmg 
one of the followmg methods 

1 Standard PenetratIon Tests (SPT) were completed m general conformance WIth ASTM Test 
Method DI586, "Standard Method for PenetratIOn Test and SplIt-Barrel Samplmg of SOlIs" The 
sampler was drIven WIth a I40-pound auto-tnp hammer fallIng 30 Inches The number of blows 
reqUIred to drIve the sampler 1 foot, or as otherwIse mdicated, mto the soIls IS shown adjacent to 
the sample symbols on the bonng logs DIsturbed samples were obtaIned from the splIt barrel for 
subsequent classIficatIOn and mdex testmg 

2 RelatIvely undIsturbed samples were obtamed usmg a Dames & Moore Type-U sampler The 
sampler was dnven usmg a I40-pound hammer fallIng 30 mches, Just as WIth the SPT samples 
The penetratIOn reSIstance recorded on the bonng logs have been reduced by 50 percent for 
general correlatIOn WIth the SPT blow counts Samples retamed from the splIt barrel conSIst of 
up to SIX, I-mch-high by 2 48-mch-dmmeter brass rmgs DIsturbed nngs were generally not 
retaIned 

Matenals encountered m the exploratIOns were clasSIfied m the field m general accordance WIth ASTM 
Standard PractIce D2488, "Standard PractIce for the ClaSSIficatIOn of SoIls (VIsual-Manual Procedure)" 
SoIl claSSIficatIOns and samplmg mtervals are shown m the exploratIOn logs m thIS appendIx 

The field exploratIOns were coordmated by an engmeenng geologIst from our staff, who located the 
exploratIOns, clasSIfied the vanous soIl unIts encountered, obtamed representatIve soIl samples for 
geotechnIcal testIng and mamtamed a detaIled log of each exploratIOn ExploratIon logs are mcluded m 
thIS appendIx Results of the laboratory testmg are mdicated on the exploratIOn logs and are dIscussed m 
AppendIx C 



KEY TO EXPLORATION LOGS -- - --~ 

~ Pacific Geotechnical, LLC 
Pacific Geotechnical, LLC 
1419 Washington Street, SUite 101 
Oregon City, Oregon 9704 

SOILS CLASSIFICATION CHART 
MAJOR DIVISIONS 

SYMBOLS 
TYPICAL DESCRIPTIONS 

SYMBOLS I DESCRIPTIONS 
LETTER LETTER 

GRAVEL CLEAN 
GW 

WELL-GRADED GRAVELS GRAVEL· SAND 
CC CEMENT CONCRETE 

AND GRAVELS MIXTURES 

GRAVELLY (LITTLE OR GP 
POORLY GRADED GRAVELS GRAVEL· SAND 

AC ASPHALT CONCRETE COARSE SOILS NO FINES) MIXTURES 
GRAINED TOPSOIUSOD SOILS GRAVELS r.1UI SILTY GRAVELS GRAVELS SAND SILT 

T8 MORE THAN 50% OF MIXTURES FORREST DUFF 
COARSE FRACTION WITH FINES 
RETAINED ON NO 4 (APPRECIABLE ~,.. I CLAYEY GRAVELS GRAVEL SAND CLAY 

SIEVE AMOUNT OF FINES) MIXTURES Stratlgra~hlc Contact 

SAND CLEAN SAND 8W WELL-GRADED SANDS GRAVELLY SANDS Distinct contact between sOil MORE THAN AND --
50% RETAINED SANDY (UTTLEOR strata or geologic umts 

ON NO 200 NO FINES) 8P POORL Y-GRADED SANDS GRAVELLY SANDS 
SIEVE SOILS _____ Gradual or approximate change 

SANDS WITH 8M SIllY SANDS SAND SILT MIXTURES 
between SOil strata or geological 

MORE THAN 50% umts OF COARSE FINES 
FRACTION PASSING (APPRECIABLE NO 4SIEVE AMOUNT OF FINES) 8C CLAYEY SANDS SAND CLAY MIXTURES 

ML 
INORGANIC SILTS ROCK FLOUR, CLAYEY SILTS 
WITH SLIGHT PLASTICITY 

FINE SILTS INORGANIC CLAYS OF LOW TO MEDIUM 
GRAINED AND LIQUID LIMIT 

CL PLASTICITY GRAVELLY CLAYS SANDYCLAYS LESS THAN 50 
SOILS CLAYS SILTY CLAYS LEAN CLAYS 

OL 
ORGANIC SILTS AND ORGANIC SILTY CLAYS OF 
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 i 

OH 
ORGANIC CLAYS AND SILTS OF MEDIUM TO 
HIGH PLASTICITY 

HIGHLY ORGANIC SOILS PT 
PEAT -HUMUS SWAMP SOILS WITH 
HIGH-ORGANIC CONTENTS 

Note Multiple symbols are used to indicate borderline or dual soli classrficatlons 

MOisture Modifiers See~age Modifiers Caving Modifiers Minor Constituents 

Dry· Absence of mOisture, d~sty, None None Trace < 5% (Silt/clay) 
dry to the touch 

Slow· <1 gpm Minor - Isolated Occasional < 15% (sand/gravel) 
MOist .. Damp, but no VISible water With 5-15% (silt/clay) 

Moderate .. 1-3 gpm Moderate· frequent 
Wet· VISible free water or saturated, In sand or gravel 

usually SOil IS obtained from Heavy .. >3gpm Severe· general 15 .. 30% (sand/gravel) 
below the water table In Silt or clay 

Sam~ler S~mbol D~scrl~tlons Laboratory I Field Tests Laboratory I Field Tests 

~ 2 4-lnch I D split barrel %F Percent fines DD Dry denSity 

IT1J Standard Penetration Test (SPT) 
AL Atterberg Limits OC Orgamc content 

IJ 
CP Laboratory compaction test PP Pocket penetrometer 

Shelby tube 
Consolidation test SA CS Sieve analYSIS 

Piston 
DS Direct shear TV Torvane shear 

[H] 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 

A lip" indicates sampler pushed uSing the weight of the drill rig 

(2 4-lnch) sampler N approximately corrected to eqUivalent SPT N by 50% reduction In N - modified Callforma 

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



~ PaCIfic Geoteclmtcal, uc 

Pacific Geotechnical, LLC I 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

LOG OF BORING NO. B-1 

I-

I-

I-

I-

~ 
Q) 
> o 
CJ 

~ 

10 

... 
Q) 
.0 
E 
:::s 
z 
Q) 

c.. 
E 
III 

C/) 

Q) 
Q. 

~ 
Q) 

c.. 
E 
III 

C/) 

SPT 
9 

·Corrected 
Blows/foot 

20 40 60 80 

i 

-5 r 
I 

i 
! 

7 

I----+----+----s~ r -

-

8 2 

4 -
3 SPT l 
~, -

5 

4 

- 6 4 SPT 

-

I-

I-

i 

SPT 

\ I- 4 5 

I-

1--20 1\2 
I-

I-

I-

-

-

-

-

-

2 6 SPT 

3 7 SPT 

Date Started 1/30/08 
Date Completed 1/30/08 
Completion Depth 73ft 4" 

'30, 
I 

Dnlled By Subsurface Technologies 
Logged By G Sandstrom 

Cl 
o 

...J 
CJ :c 
Q. 

E 
(!) 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050 001-00 

Matenal Descnption 

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

Grades to with layers of SIL TV SAND 
with gravel 

Grades with trace silt 

Grades with trace to some gravel (very 
loose) 

Water Content, 
% 

10 30 50 70 90 

l 
18 

I 

116 

-GP--- ------------------------- J 
Brown POORLY-GRADED GRAVEL ~' 
With trace fine sand Rounded gravel I 

to 1 maximum dimension (moist to 
wet, medium dense to dense)[FIII] 

Dniling Method Mud rotary 
Sampling Method SPT 
Auger Data NA 

20 
J, 

Hammer Data 140lb Autohammer 30 Inch drop 
Dniling EqUipment 

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

Sheet 1 of 3 

Other Tests and Notes 

Interpreted as fill based on 
depth 



~ Paape Geoteehmeal, uc 

Pacific Geotechnical, LLC 

LOG OF BORING NO. B-1 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

-Q) 

.! 

.£ 
Q. 
Q) 

c 

~ 
Q) 

> o 
CJ 
Q) 

0::: 

5 

... 
Q) 

.Q 

E 
::I 
Z 
Q) 

Q. 
E 
cu 

en 

8 

Q) 
Q. 

~ 
Q) 

Q. 
E 
cu 

en 

SPT 

*Corrected 
Blows/foot 

20 40 60 80 

10 
6 9 SPT 

-

r-

- 10 10 SPT 

-

I-

- o 11 SPT 

-

-

-

-50 

- 9 12 SPT 

-

1--55 

r- 6 13 SPT 

r-

r-

r-

-60 

Date Started 1/30/08 
Date Completed 1/30/08 
Completion Depth 73ft 4" 

\ 
24 

I 

I 

\ 
'47 

I , 

Drilled By Subsurface Technologies 
Logged By G Sandstrom 

Cl 
o 

...J 
CJ 
.E 
Q. 
cu 
t5 

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

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Matenal Descnptlon 

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)[FIII] 

SM 
Gray SAND with gravel and Silt Fine 
to medium sand Fine rounded 
gravels (wet, medium dense to dense) 
[Fill] 

Dniling Method Mud rotary 
Sampling Method SPT 
Auger Data NA 

Water Content, 
% 

10 30 50 70 90 

13 

~o 

) Hammer Data 140lb Autohammer 30 Inch drop 
Dniling EqUipment 

Sheet 2 of 3 

Other Tests and Notes 

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

J 
Regain circulation at 43ft 

No recovery 

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

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



~ PaClftc Geotechmcal" uc 

Pacific Geotechnical, LLC 

LOG OF BORING NO. B-2 

-

I 
~ 
Q) 

> o 
u 
Q) 

[t: 

10 

... 
Q) 
.c 
E 
:l 
Z 
Q) 

Q. 
E 
III 
U) 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

Q) 
c. 
~ 
Q) 

Q. 
E 
III 
U) 

SPT 

*Corrected 
Blows/foot 

20 40 60 80 

i I 

I 

I 

-5 
JI 
7 I 

r-_4-+_2-+_S_P_T-I \ 

I-

""-10 

9 

t--1_0-+_3--+_S_P_T-I 1 
10 

- 12 4 SPT 
, 

-

4 
I- 4 5 D+M 

-

-

4 
16 6 SPT 

I-

f-25 

1---+-12 7---f-----jSPT ~ -

-

f-30 11\ 
Date Started 1/31/08 
Date Completed 1/31/08 1 

Completion Depth 46 ft 

Dnlled By Subsurface Techologles 
Logged By J Lawes 

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

PrOject Name Ankeny Plaza 

Location Waterfront Park, Portland OR 

Number 1050-001-00 

Matenal Descnptlon 

GP-GM I 

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

Grades to loose 

SP-5M 
Brown to gray-brown POORLY­
GRADED SAND with silt to SILTY 
SAND with gravel and wood debris 
(moist, 100se)[FIII] 

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

ML 
Gray-brown and mottled brown SILT 
with fine sand Low to medium 
plastiCity (moist, soft)[FIII] 

Grades to dark gray with medium 
plastclty and occasional bricks 

Grades to SILT with fine sand to fine 
sandy SILT (stlff)[FIIi or Fme-gramed 
Flood DepOSits?] 

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

Water Content, 
% 

10 30 50 70 90 

15 

20 
t 

41 

Hammer Data 140 Ib Auto-triP fallmg 30 mches 
Drilling EqUipment 

Sheet 1 of 2 

Other Tests and Notes 

BOring relocated 10 feet 
west due to hlttmg 
abandoned sewer pipe 

DD= 84 pcf 

%F=75 

/' 



~ PaCIfic Geoteclllucai LLC 

Pacific Geotechnical, LLC 

LOG OF BORING NO. B-1 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

PrOject Name Portland Waterfront Park 

Location Portland, OR 

... 
Q) 

I 
..c 

Q) E - ::J 
Cl. 

Q) >-
oS! ~ z ~ 

Q) Q) Q) 

.£ > Q. Q. 
Q. 0 

E E u 
Q) Q) C'CI C'CI c c::: U) U) 

14 SPT -

-

-

-

r-65 
4 15 SPT 

15 16 SPT 

6 17 SPT 

r-80 

-85 

-
-

-

-

-

-90 

Date Started 1/30/08 
Date Completed 1/30/08 
Completion Depth 73ft 4" 

Number 1050-001-00 

C) 
·Corrected 0 Matenal Descnptlon ...J Blows/foot u 

20 

.E 
Cl. 

40 60 80 f! 
C) 

42 I 

NI I. 
1\: 

J , , ,-

I \ v 

\ " 

V ~:: 

SP 
Brown SAND with occasional fine 
rounded gravels (wet, very dense) 
[Troutdale Formation] 

II: ~, ~: 
/ i Becomes dark brown with some yellow 

5~1 I 11 ~;-' -------l 
1100~~~ ~~own POORLY-GRADED GRAVEL 

I 

I 

i 

I 
I 

i 
! 

! ~ with fine to medium sand (wet, very 
i \dense) I 

Bonng completed at 73ft bgs 

Groundwater not determmed due to 
dnlhng method used 

Dnlhng Method Mud rotary 
Samphng Method SPT 
Auger Data NA 

Water Content, 
% 

10 30 50 70 90 

Dnlled By Subsurface Technologies 
Logged By G Sandstrom 

Hammer Data 140lb Autohammer 30 Inch drop 
Dnlhng EqUipment 

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

Sheet 3 of 3 

Other Tests and Notes 

Hard dnlhng at 61ft 

50 blows for 5 • 

50 blows for 4 5 



~ PaCIfic Geotechmcal/ lIe 

Pacific Geotechnical, LLC 

LOG OF BORING NO. B-2 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

.... 
Q) 

:[ 
.0 

Q) E Q. 
::l >-

~ z .-
Q) Q) Q) 

> ii ii 0 
E E U 

Q) III III c:: (/) (/) 

14 8 SPT 

I-

I-

4 9 SPT 

-

-

3 10 SPT 
-

-

l- I 

I-

f-45 
6 11 SPT 

l-

I-

l-

I-

r-50 

I-

-

;-

,--

-55 

-

-

-

-

-60 

Date Started 1/31/08 

Date Completed 1/31/08 

Completion Depth 46 ft 

·Corrected 
Blows/foot 

20 40 60 

~68 

.~ 

I 
I 

I 
I 

i 

I 

I 
! 

I I 
I 

I I 
1 

\ 
i 

i 

I 

! 
[ 

I I 
i 

I 

Drilled By Subsurface Techologles 
Logged By J Lawes 

C) 

0 
...J 
u .c 
Q. 

80 
III 

~ 

I 

I 

:100 

I 

I 

i 

I 

t 

I 

1100 

I 

I 

I 

I 

100 

I 

I 

I 

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

PrOject Name A~keny Plaza 

Location Waterfront Park, Portland OR 

Number 1050-001-00 

Material Description 

GM 
Dark gray SIL TV GRAVEL with trace 
coarse sand and with angular rock 
(wet, very dense)[Coarse-gralned 
Flood Deposits] 

/ 

Grades to dark gray-brown SIL TV 
GRAVEL with fine to medium coarse 
sand and rounded basalt gravels to 1 
In maximum dimenSion 

BOring completed at 46 ft bgs 

Groundwater not determined due to 
drilling method used 

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

Water Content, 
% 

10 30 50 70 90 

• 

Hammer Data 140 Ib Auto-trIp failing 30 Inches 
Drilling EqUipment 

Sheet 2 of 2 

Other Tests and Notes 

Very slow drilling at 30ft to 
35ft 

50 blows for 4" 

50 blows for 2 • 

90 blows for 11 



~ PaCIfic Geotechl1lca~ LLC 

Pacific Geotechnical, LLC 

LOG OF BORING NO. B-3 

1419 Washington Street SUite 101 
Oregon City Oregon 97045 

-Q) 

J!! 
£ 
C. 
Q) 

c 

5 

10 

15 

20 

25 

30 

~ 
Q) 

> o 
u 
Q) 

0:: 

13 

14 

5 

6 

4 

o 

0 

26 

9 

... 
Q) 
.c 
E 
:l 
Z 
Q) 

Q. 
E 
ItI 

C/) 

2 

3 

4 

5 

Q) 
c. 
~ 
Q) 

Q. 
E 
ItI 

C/) 

SPT 

SPT 

SPT 

SPT 

SPT 

6 D+M 

7 D+M 

8 ST 

9 SPT 

Date Started 1/29/08 
Date Completed 1/29/08 
Completion Depth 38ft 

*Corrected 
Blows/foot 

20 40 60 80 

25 ! 
1'-: I' 
I ''''l I 

I i~ , I 100 
I I ' 

I I 
I 32VI 

,{ I 

I 

3 

10 

~ 
22 
~I 

Dnlled By Subsurface Technologies 
Logged By G Sandstrom 

Cl 
o 

...J 
u 
.c 
c. 
ItI 

t; 

~ , 
! 

~ , 
! 

~ , 
! 

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

PrOject Name Portland Waterfront Park 

Location Portland, OR 

Number 1050-001-00 

Matenal Descnptlon 

SP 
Brown gravelly SAND to SAND with 
gravel Fine to medIUm sand Fine 
rounded gravel (moist, medium 
dense) [Fill] 

Grades with bnck and concrete debns 

GM 
Gray SILTY GRAVEL with sand and 
occasional wood debns Fine to 
medium sand Fme to coarse rounded 
to subangular gravel (moist to wet, 
dense)[FIII] 

ML 
Gray SILT with fine sand, clay and 
wood debns Low to medium 
plastiCity (moist, very soft to medium 
stlff)[FIII] 

SM 
Gray Silty fme SAND (moist, medium 
dense)[Fme-gramed Flood Deposits] 

Dnlll~g Method Mud rotary 

Water Content, 
% 

10 30 50 70 90 

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

Hammer Data 140lb Autohammer 30-mch drop 
Dniling Equipment 

Sheet 1 of 2 

Other Tests and Notes 

50 blows for 6" 
due to concrete debns 

%F=79 

" 

No recovery due to wood 
In sampler shoe 

No recovery 



~ Paapc GeotechnIcal, LLC LOG OF BORING NO. B-3 
Project Name Portland Waterfront Park 

Location Portland, OR 
Pacific Geotechnical, LLC 
1419 Washington Street SUite 101 
Oregon City Oregon 97045 

... 
/ ~ 

:[ 
J:l 

CI) E Q. - ::s 
~ ~ 

c::- z J! CI) CI) ~ .c > Q. Q. a 0 E E (.) 
CI) ~ cu 

Q a::: tI) 

-

'-

-

I-

"-35 

i-
I 10 I 10 

b=h ~ 

-

SPT 

SPT 

-

-40 

-

-

l-

I-

!--45 

l-

I-

I-

-
-50 

-

-
-

-

-55 

-

I-

-

~60 I 

I 

Date Started 1/29/08 
Date Completed 1129108 
Completion Depth 38ft 

*Corrected 
Blows/foot 

20 40 60 80 

Drilled By Subsurface Technologies 
Logged By G Sandstrom 

CI 
0 
..J 
(.) 

.E 
Q. 
cu 
t5 

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

Number 1050-001-00 

Matenal Descnption 

GP 
Gray GRAVEL with sand and trace slit 
Fine to coarse sand Fine to coarse 
rounded gravel (mOist, dense) 
[Coarse-gralned Flood Deposits] 

Grades to very dense 

Bonng completed at 38 ft bgs 

Groundwater not determined due to 
dnlhng method used 

Dnillng Method Mud rotary 

Water Content, 
% 

10 30 50 70 90 

Sampling Method SPT, D&M, Shelby Tube 
Auger Data NA 
Hammer Data 140lb Autohammer 30·mch drop 
Dnlhng Equipment 

Sheet 2 of 2 

Other Tests and Notes 

50 blows for 6 

50 blows for 6" 



/ 

ApPENDIX B 
SUBSURFACE EXPLORATIONS BY 

OTHERS 



Remarks 

200 
SAND FILL. lOOSe. gray broWn. moiSt. flne:gramed:" 100 
scattered ftne rounded gravel (Dredged sand fill) 

Tree fragment, medIum dense 

160 
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gray, moist to wet. no 
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·200=33% 

l: 0812812000 
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Depth Elev 
Remarks Depth 

Feet 

Log In. Samples 
A SPT N .. Va'ue 

• Mofsture, % 

LEGEND 

CLASSIFICATION OF MATERIAL 
Sandy U~lM.U' C ... 

-185 
46 6 SAND:Yary dense. n'Osampja return (pleito'Cine 

Flood Deposits - Qfch) 

Gravelly SAND, vary 
moist. low plastlctty, sand •• flne .. anUnea. fine- to 
coarse-grained, rounded gravel. weathered. 
overconsoffdated, poorly graded, gradational 
transition to underlying material (Troutdale 
Formation Tt) 

-35 
66 0 Graveuy SAND, very dense;i"igirt brown. wet. -

non-plastIc. sand Is fine-gralned. fine- to 
coarse..grarnect. rounded gravel, overconsolfdated, 
poorty graded (Troutdale Formation Tl) 

I = 2 0" 0 0 Split Spoon Sample 
IT I: 3 0" 0 0 Thin-Wailed Sample 

.. .. Samp.e Not Recovered ~ 
Impervious Seal (Bentonite) 
Cement Grout 
Random Backfill 
Granular BackftD 
Ground Water Level on Oata Shown 
Piezometer/InClinometer Tubing 
Perforated Zone §§§. Grab Sample DrIll Cuttfnga 

I = Core ROck SampJe 

NOTE 
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ApPENDIXC 

LABORATORY TESTING 



GENERAL 

APPENDIXC 
LABORATORY TESTING 

SOlI samples obtamed from the exploratIOns were transported to our laboratory and evaluated to confirm 
or modIfy field claSSIficatIOns, as well as to evaluate engmeenng propertIes of the sOlIs encountered 
RepresentatIve samples were selected for laboratory testmg The tests were performed m general 
accordance wIth the test methods of the Amencan SocIety for Testmg and Matenals (ASTM) or other 
apphcable procedures 

VISUAL CLASSIFICATIONS 

SoIl samples obtamed from the exploratIons were VIsually clasSIfied m the field and m our geotechnIcal 
laboratory based on the Umfied SoIl ClaSSIficatIOn System (USCS) and ASTM claSSIficatIOn methods 
ASTM Test Method D2488 was used to claSSIfy sOlIs usmg VIsual and manual methods ASTM Test 
Method D2487 was used to claSSIfy sOlIs based on laboratory test results 

MOIsture Content 

MOIsture contents of samples were obtamed m 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 mcluded m AppendIX A 

) 

Dry Density 

Dry denSIty tests were completed on low-dIsturbance samples obtamed wIth the Dames & Moore (D&M) 
sampler The tests were conducted m general accordance wIth ASTM Test Method D2937 Dry denSIty 
test results are presented on the bonng logs m AppendIX A 

Percent Fines 

Fmes content analyses were performed to determme the percentage of soIls finer than the No 200 SIeve -
the boundary between sand SIze partIcles and SIlt SIze partIcles The tests were performed m general 
accordance wIth ASTM Dl140 The test results are mdlcated on the mdlvldual bonng logs m the column 
labeled "Other Tests and Notes" 
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Section 00520 - Driven Piles 

Description 

00520 00 Scope - ThiS work consists of furnishing and dnvlng piles of the type and dimenSions shown or 
specified, including cutting off or bUilding up piles when required 

Materials 

00520 10 General - Furnish matenals meeting the following requirements 

Reinforced Pile TIp 
Steel Piles 

0252010 
0252010 

00520 11 Englneer·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, drive 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 driVing equipment meeting the follOWing requirements 

(a) Impact Pile Hammers - Provide a stnklng part of the hammer not less than one-third the weight of the 
helmet and pile being driven, 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 times dUring pile driVing 
operations Provide the Engineer with Ihe 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 driVing, 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 

Fit around the pile top 

Be aXially aligned with the hammer and pile 

Dlstnbute the hammer energy to the total cross section of the pile head 

Be gUided by leads 

DRIVEN PILES 00520-1 
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(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 dnvlng performance 
Provide hammer cushions of durable manufactured materials 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 matenal 

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 dnvlng, whichever IS less Replace the hammer 
cushion when ItS thickness becomes less than 75% of ItS onglnal thIckness 

(5) Leads - Support piles In line and posltton while dnvlng 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 rigidly attached to prevent movement dUring pile driving 

(d) Approval of Pile-DriVing Equipment 

(1) General - Before beginning productton pile driving, obtain approval In writing of pile driving 
eqUipment 

To obtain approval, complete and submit the City'S "Pile and Dnvlng Equipment Data" form at least 14 
calendar days before pile driving begins blank form IS Included In the Special ProvIsIons or IS 
available from the Engineer Within 14 calendar days of receiving the form, the Engineer will notify the 
Contractor of approval or rejection of the pile-driVing eqUipment 

DUring pile-driVing operations, no changes to the approved equipment will be allowed without the 
Engineer's wntten 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 
receiving the form Time required for resubmlsslon and review of a Contractor's eqUipment change 
request IS 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 driving eqlJlpment Will be based on 
wave equation analysIs The cntena 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 bearing capacity 

If the wave equation analysIs shows an inability to drive the plle{s) to the required ultimate pile beanng 
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 ultimate 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 
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(a) Excavation - Unless otherwise provided or authonzed, do not dnve piles until after excavation IS complete 
Remove to the correct elevation any matenal forced up by pile dnvlng at the Contractor's expense before 
concrete for the foundation IS placed 

0052041 Drlvmg 

(a) General - Dnve piles as specified With approved pile dnvlng eqUipment to the required penetration depth 
and to the required ultimate pile beanng capacity as shown or speCified I 

(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) Prebormg - Use augerlng, wet-rotary drilling or other methods of preborlng only when speCified or With 
wntten 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 &ubsurface obstrUctions, such as cobbles, boulders or rock 
layers are encountered, the hole diameter may be Increased to the least dimenSion which IS adequate for pile 
Installation The use of a reinforced section (spud) to loosen the subsurface matenal at pile locations Will not be 
allowed unless otherwise approved 

\ 

Perform prebonng 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 IS determined that preborlng has disturbed the load beanng 
capaCities otprevlously Installed piles, restore those piles that have been disturbed to conditions meeting the 
requirements of thiS Specrficatlon by rednvlng 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 camed 
to the surface of the end-beanng foundation matenal FollOWing that, dnve pile With an approved 
Impact pile hammer to the speCified blow count 

(2) Other Piles - For other piles, extend preborlng to the minimum 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) Jettmg - Jetting may only be used when allowed In the Contract Documents or If approved In wntlng When 
Jetting IS 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 material 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 
Jetting method was speCifically Included In the Contract Documents and properly executed by the Contractor 
C~ntrol, treat If necessary. and dispose of all jet water In a satisfactory manner Drive all Jetted pile With an 
approved Impact hammer 

(1) Location and Ahgnment Tolerance - Place the tops of piles at plan cutoff elevation and honzontally 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 alignment of the top 10 feet of the pile IS Within 5 Inches of the speCified alignment 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 driVing be stopped to check the pile alignment 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 Redrlve 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 IS no longer reqUired If pipe 
piles which have been filled with concrete subsequently heave, rednve them to original posItion, after the 
concrete has attained specified strength, with an approved hammer-pile cushion system 

0052042 Ultimate Pile Bearmg 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 IS 
achieved If piles do not achieve the specified resistance when driven to order length or estimated length, 
splice and drive them to penetratrons 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 IS first obtained 
"Refusal" driVing IS defined as 20 blows per 1 Inch or as determined by the Engineer 

If water Jets are used With the driVing, the bearing value shall be determined by the speCified equation from the 
results of driVing after the Jetting has been completed according to 00520 42(e) 

(c) Wave Equation AnalYSIS - The Engineer will determine ultimate pile bearing capacity based on wave 
equatron analYSIS 

(d) Set Period and Re-drlvmg - If piles do not attain the required bearing capacity when dnven to the speCified 
length, and If permitted or required, allow the piles to stand for a "set period" Without driVing The "set period" 
shall be a mlnrmum of 24 hours unless otherwise approved by the Engineer After the set period, perform check 
driVing 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 rednvlng Warm 
up the hammer before rednvlng beginS by applYing at least 20 blows to another pile Redrlvlng shall consist of 
driVing the pile to the required bearing With a maximum of 15 blows If the speCified hammer blow count IS not 
attained on redrlvlng, the Engineer may direct the Contractor to drive all of the remaining pile length and repeat 
the set period and rednvlng procedure Splice those piles driven to plan grade that do not attain the hammer 
blow count reqUired, and drive until the required bearing IS attained If the required bearing capacity IS attained 
for each pile that IS redrlven, then the remaining piles In that bent Will be conSidered satisfactory when driven to 
at least the same penetration and resistance as the red riven piles 

(e) Jetted Piles - The ultimate pile bearing capacity of Jetted piles Will be based on Impact dnvlng blow count 
after Jetting has been completed Jet pipes may be removed when the pile tiP IS at the required minimum pile 
trp elevation and before the pile IS driven to the reqUired bearing capacity For piles that are Jetted at the 
Contractors 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 bearing capacity IS 

I achieved according to appropriate criteria In 00520 42 Regardless of City approval, the Contractor shall pay all 
costs of spliCing and driVing piles beyond the order length If Jetting IS 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) Remforced Pile TIps - Install pile POints, shoes, or other tiP reinforcement according to the manufacturers 
recommendations and Section 02520 

(e) Drlvmg - DUring driVing, protect the pile head With a fitted metal helmet 

DRIVEN PILES } 00520-4 
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(f) Splices - 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 splice transfers the full pile strength 
In compression, tenSion, and bending, according to working drawlngssubmltted according to 
00150 35(m)(2) and approved by the Engineer 

.-

(g) Welding - Weld pile splices, pile tiPS, pile anchors, and other welded attachments to steel piles according 
toAWS D11 

(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 

Splice JOints for H-plles 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 Provlde~access holes at the ends of the web according to D1 1 Section 5 17 

(2) Submittals Prior to welding, submit the follOWing for approval 

A Welding Procedure Specification (WPS) for all pile welds, conforming to the limitations of D1 1 
Table 4 5 Both ASTM A 36 and ASTM A 252 Grade 1 and 2 may be treated as prequahfied base 
metals under Group 1 ASTM A 252 Grade 3 Will not be considered a prequallfied 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 

Qualification documents for each welder Use welders qualified according 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 

An inspection 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 

If the plans or Specifications call for additional Inspection other than visual, Include reports In the 
submittal 

(3) Additional Testing - The Engineer may request additional nondestructive testing (NDT), such as 
radiography or ultraSOnic testing of any or all welds If 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 cnterla 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 driVing 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 
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SECTION 00520 

BId Set 

(I) 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 

0052046 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 matenals, failure of splices, 
malfunctiOning of the pile hammer or other Improper construction methods 

Piles damaged dunng Installation Will be conSidered unsatisfactory unless the beanng capacity IS 
proved by load tests performed by the Contractor If such tests indicate madequate 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 footmg concrete until all piles Within a footmg are mspected by the Engmeer 

Measurement 

00520 80 Measurement - The quantities of work performed under thiS Section Will be measured accordmg to 
the follOWing 

(a) Furnish EqUipment for Driving Piles - No measurement of quantities Will be made for furnishing 
equipment for dnvmg piles 

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

(1) Steel Piles - Steel piles Will be the length of each pile remammg 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 Engmeer, but that are subsequently damaged before completion of the Project 

(c) Drive Piles - The quantities of dnvmg steel, prestressed concrete, timber, and test piles Will be measured 
on the Unit basIs Dnvmg test piles mcludes test piles remaining m the completed work 

Prebonng Will be measured on the length basIs, to the nearest foot 

Jettmg Will be measured on the Unit basIs, for each pile dnven With the aid of Jettmg 

(e) Reinforced Pile TIps - The quantities of remforced pile tiPS Will be measured on the Unit basIs 

(f) Pile Splices - Pile splices Will be determmed as follows 

(1) Steel Piles - Splices mcorporated In the finished structure that were made to mcrease 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 ~o measurement Will be made for splices to steel piles wlthm 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 pnce, per Unit of measurement, for the followmg Items 

(a) 
(b) 
(c) 

DRNENPILES 

Pay Item 

Furnish Pile Dnvlng Equipment 
Furnish Piles 
Furnish Test Piles 

Unit of Measurement 

Lump Sum 
Foot 
Foot 

00520-6 
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(d) 
(e) 
(f) 
(g) 
(h) 
(I) 
(J) 
(k) 

Drive __ Piles 
Drive Test Piles 
Prebonng Piles 
Jetting Piles 
Pile Load Test (static) 
Pile Load Test (dynamiC) 
Reinforced Pile TIps 
_ Steel Pile Splices 

BId Set 

Partial payments for Item (a) will be made as follows 

Each 
Each 
Foot 
Each 
Each 
Each 
Each 
Each 
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When equipment for driVing piles IS furnished and IS satlsfactonly dnvlng piles 75% 

When dnvlng piles IS complete and equipment has been removed from site 25% 

Item (a) Includes 

furnishing all matenals, equipment, and labor necessary for transporting, erecting, maintaining, 
replacing any ordered equipment, dismantling and removing the entire pile driVing eqUipment 

resubmlttal of wave equation analysIs data If onglnal 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 dnvlng eqUipment In connection With 
driVing piles Will be Included In the Unit pnce each for dnven piles Furnishing equipment for driVing sheet pIling 
IS 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 

\ 

Items (d) and (e) Include all expenses Involved In dnvlng piles which have not attained the reqUired beanng 
capacity and are reqUired to stand for a "set period" 

Item (J) Includes attaching the tiPS to the piles 

Item (k) Includes steel pile splices reqUired to Increase pile length beyond the estimated length listed In 
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 prebonng and Jetting of piles If not Included In the Contract 
Schedule of Items but requested by the Contractor 

Prebonng and Jetting, If not Included In the Contract Schedule of Items, larger hammers, and construction of 
concrete pile extensions, bUIld-Ups, and splices ordered by the Engineer, as a result of dlffenng 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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Walker Macy 
111 SW Oak:, SUIte 200 
Portland, Oregon 97204 

AttentIon Mr Mauncio VIllarreal 

Subject Report of Geotechrucal Engmeenng ServIces 
Portland Waterfront Park, Ankeny Plaza & Street Improvements 
Portland, Oregon 
Project No 1050-001-00 

1. IN1-RODUCTION 

PacIfic Geotechrucal, LLC (paCific Geotechrucal) IS pleased to subrmt our geotechrucal engmeenng report 
for the proposed Waterfront Park and Ankeny Plaza'redevelopment project The project IS located m and~ 
adjacent to Waterfront Park In the city of Portland, Oregon The 10catlOn of the site IS shown on Figure 1 
Figure 2 shows the approxlIDate project bOWldartes ThIs report was completed m general accordance With "' .... 
our proposal of January 17, 2007 ~~, 

2. PROJECT DESCRIPTION " 

The project consists of relocatton of the Portland Saturday Market (PSM) west Into eXlstmg Waterfront \ 
Park AsSOCiated With thIs move Will be reconfiguratIon of some pedestnan ways, constructIon of a 
restroom and cover structure for the PSM, mstallatlOn of an mteractlve water feature, and appurtenant 
faclhttes such as plpmg and benches Structural loadIng Information was not available at the time of 

the PSM cover structure whIch could Impose some slgmficant moments on the fOWldatIons, dependmg on 
the fmal desIgn Cuts and fills are expected to be mmnnal, probably less than about 3 feet 

3. SITE CONDITIONS 

The prOject area IS located m the eXlstmg Waterfront Park m downtown Portland, Oregon ConstructlOn 
associated WIth thts project IS antIcipated to extend to the Ankeny Plaza area and nearby portions of 
Burnside and Ankeny Streets and FITst Avenue, as shown on Figure 2 ThIs SIte IS Wlthm the densely 
urbamzed Portland metropohtan core, and IS chardctenzed by complex geologiC and sod condlttons related 
to the reglOnal geologiC settmg as well as the extensive alteratIon of the western bank of the Willamette 
Rtver that has occurred smce European settlement 

Phone 503656-0156/ Fax 503656-0186/ www PaclficGeotechrucalLLC com 

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

The Geotechmcal Baselme Report, West Slde CSO Tunnel, Shafts, Pump StatIOn and P,pelmes Project 
(parsons Bnnckerhoff, 2002a) contams a well crafted explanatIOn of the regIOnal geologIc settmg of the 
project area as well as the hIstory of local faultIng and geomorphology (landfonn) The followmg 
paragraphs bnefly summanze the mfonnatIOn presented m that report 

The project IS located along the west edge of the WIllamette RIver, a tnbutary of the ColumbIa RIver that 
flows through the Portland Basm Tlns pull-apart basm, a product of regIOnal tectomc stresses related to 

( the subductIon colhsIOn of the Juan de Fuca plate WIth the over-ndmg North Amencan plate, has been 
, '" bSIdmg smce at least MIOcene tlIDe Tens of hundreds to thousands of feet of allUVIal clay, slit, sand and 

~ 
vel have been depOSIted m the Portland Basm between mtervals of uphft, scour and erOSIOn that have 
ated extensIve topographIc rehef m the basm sedIments MaSSIve "MIssoula" floods scoured and then 
OSIted sedlIDent rangIng from clay to gravel m the Portland Basm dunng the latest Phocene to latest 

leistocene (-1 mIllIon to 12,500 years ago) Post-PleIstocene geologIc actIVIty m the basm mcludes 
llamette RIver fluvIal erOSIon and depOSItIon of sed1ll1ent as well as the placement of large quantItIes of 

-made fill along the WIllamette nverfront and m adjacent sloughs, lakes and bottomlands 

e regional ColumbIa RIver Basalt (CRB) bedrock that forms the Portland Basm and adjacent West HIlls 
ualatm MountaIns) was fonned 5 to 15 mIlhon years ago by an nnmense outpounng of lava from vents 
ng the Oregon-Idaho border that covered thIs portIOn of the PaCIfic Northwest to depths of thousands of 
t WIth Igneous rock As the basalt-floored Portland Basm subSIded, sedlIDent eroded both from the 

by Cascade Mountam cham as well as from contmental mtenor sources were carned mto the basm by 
,t. 

... ~ e Columbia and other, local, nvers and deposIted as the Pho-Pleistocene Sandy RIver Mudstone (SRM) 
~ 

~
~/ d overlymg Troutdale FonnatIOn sandy to sIlty gravel AlluvIal processes rangmg from the catastrophIc 

/, /' oods to everyday fluVial actIVIty of local nvers and streams eroded channels m, as well as deposIted 
{,. 

(

I addltIonal sed1ment on, the SRM and the Troutdale The matenal related to the MIssoula Floodmg IS 
enerally referred to as "flood-deposIts" and IS further charactenzed by gram SIze as "coarse-gramed" or 

, e-gramed" flood deposIts A veneer of WIllamette RIver allUVIum denved from WIllamette Valley 
sources to the south as well as reworked flood depOSIt sedlIDents mantle the topography the WIllamette has 
mCIsed mto the last flood-created surface Smce at least the late 1800's human actIVIty has extensIvely 

I altered the WIllamette RIver shore and created Ulllque and vanable shallow soIl condItIons m the project 
area 

egIOnal stresses have also produced pervasIve northwest-southeast and southwest-northeast faultmg m 
the Portland regIOn Several large, northwest-trendmg faults are mapped Withm one mIle of the project 

ea, mcluding the Portland HIlls Fault and the East Bank Fault (Geologlc Map of the Portland 
Quadrangle, Multnomah and Washmgton Countles, Oregon and Clark County, Washmgton, Beeson and 
others, 1991 The Portland HIlls Fault Zone IS conSIdered potentIally actIve (Selsmlc Deslgn Mappmg, 
State of Oregon (Geomatnx, 1995) and US Geologzc Survey Quaternary Fault and Fold Database 
(USGS, 2007) We noted dunng our document reVIew that m addItIon to the mapped faults the 
geotechmcal data report for the West SIde CSO project (parsons Bnnckerhoff, 2002b) reports a dispanty 
m geologIc Ulllt elevatIOns from bonngs located across the WIllamette RIver from each other that mfers a 
dIsplacement of the CRB and SRM UllltS as much as 130 vertIcal feet over thIs dIstance Tlns suggests a 
preVIOusly unmapped fault along the aXIS of the W Illamette that may have undergone as much as 
o 04mm1yr dIsplacement over the past 1 mllhon years 

Ftle No 1050-001-00 
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SeISmtC hazard mappmg for the project area IS presented m the Earthquake Hazard Maps of the Portland 
Quadrangle, Multnomah and Washmgton Quadrangles, Oregon and Clark County, Washmgton (Mabey 
and others, 1993) These maps estnnate relatIve hazard from ground motIon amphficatIon, hquefactIon 
and lateral spreadmg/slope mstablhty The ground motIon amphficatIon map shows the sIte IS m the 1 to 
1 4 amphficatIOn factor hazard zones, the lowest and second-lowest zones based on a SIX zone ratmg 
system An amphficatIOn factor of 2 5 or greater IS the hIghest relatIve hazard and 1 the lowest The 
thIckness of hquefiable sedlffient (hquefactIOn hazard) IS ranked m the hIghest hazard level, at greater than 
9 meters (about 30 feet) ofhquefiable sol1 potenbally present m the area 

A seISffilC hazard partIcular to the project area 1& lateral spreadmg As descnbed m LIquefactIOn of SOlis 
dunng 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 hquefactIon of subsurface sol1 durmg an 
earthquake Man-made seawalls and loose, saturated sandy fills can mcrease SIte vulnerablhty to tills 
hazard, and the presence of these features IS reflected m the classIficatIOn of the bulk of the project area m 
the hIghest (estImated lateral ground dIsplacement m excess of 1 2 meters, about 4 feet) and second illghest 
(dIsplacement of 0 9 to 4 meters, about 3 to 4 feet) hazard zones (Mabey and others, 1993) 

3.2. SITE HISTORY 

Pnor to European settlement SIte geomorphology was dommated by the W11lamette Rlver meandenng 
through what IS now the project area across a broad, low allUVIal floodplam Tnbutary streams dramed the 
West HIlls and adjacent lowlands to jom the W11lamette through extensIve bankside wetlands, sloughs ahd 
lakes The project area would have been charactenzed by a gradual transItIon from elevated upland 
through npanan border to open nver, extenSIve swamp and slough areas adjacent to the W11lamette as well 
as lmpermanent nverbanks prone to relocatIon by erOSIOn and depOSItIon dunng floods ~ 

Economtc development of Portland, as well as Euro-Amencan bulldmg reqUIrements, were not compatIble 
WIth thIs transIent, npanan nverside landscape Hardenmg of the west bank of the Wlliamette began as 
early as the mtddle 1800's, WIth the constructIOn oftlffiber and stone bank armor, pllmg for wharves and 
tImber seawalls, fillmg of wetlands and pipeime-enclosure of tnbutary streams Man-made alteratIons m 
the project area smce that tIme Include, burIal of the earher structures dunng constructIon of the tlffiber­
cnb-and-backfill Portland Seawall In the 1920's, concurrent constructIon of a bnck-walled sewer as much 
as 7 feet m dIameter, as well as WIdespread shallow soli a~teratIon effected by constructIon and 
reconstructIon of local pavements, bwldmg and the BurnSIde Bndge foundatIon elements between the 
1920s and today (Parsons Bnnckerhoff 2002a) 

The portIon of the project area west of Front Avenue (NaIto Parkway) has been urbamzed almost smce the 
earhest settlement of Portland ThIs has mcluded the constructIon, demohtIOn and reconstructIon of 
generatIons of structures rangmg from wooden temporary sheds to modem stee1-remforced concrete 
bulldmgs Many of the earlIer bwldmg matenals were not removed from the sIte after demohtIon and 
should be antICIpated Wlthm the shallow fill layer Along WIth thIs demolItIon debns, earher human 
occupatIon has left behmd a mIXture of metals, orgamc compounds Includmg petroleum hydrocarbons, 
polycyclIc aromatIC hydrocarbons, volatIle and semt-volatIle orgamc compounds (VOCs and SVOCs), 
pestICIdes, cyamde, and polychlonnated biphenyls (PCBs) The pOSSIble presence of these contamlnants m 
the project area IS dIscussed m the EnVIronmental Data Report, West SIde CSO Tunnel, Shafts, Pump 
StatIon and Plpelmes Project (parsons Bnnckerhoff, 2002c) as well as summarIZed m the "FIll" sectIon, 
below 

Ftle No 1050-001-00 
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3.3 SITE CONDITIONS 

We conducted a sIte reconnaIssance to observe eXlstmg condItIons We focused our observatIOns on paved 
areas and other surface conditions Wlthm the project area Key areas mc1ude 

~/ 

• Southwest Ankeny Street west of FITSt Avenue wmch IS a narrow asphaltIc concrete (AC) paved 
street 

• Southwest FITst Avenue m the area of the max lIght rail statIon and the statIOn area wInch are 
paved With cobblestone 

• Southwest FITSt Avenue north of the BurnSide Bndge wInch IS paved With AC pavement 
• The Ankeny Plaza 
• Waterfront Park wlthm the project area 

Most pavements and hard surfacmg we observed m and adjacent to streets Wlthm the project area are m 
good condItIOn The AC pavements and cobblestone surfacmg show occasIOnal mdlcatlOns of local 
distress mostly related to edge effects/transItions between dIffenng matenal types, areas of past repalfS, 
and tree root dIsplacement Areas of broad faIlure from an Inadequate pavement sectIon or poor subgrade 
conditions were not apparent, although apparent fatigue crackmg of pavements was observed at the 
mtersectlOn of Ankeny and Second Photos 1 through 3 m AppendIX A show typical paved surfaces m the 
project area With either no distress or only locahzed distress Photo 4, AppendiX A shows pavement 
crackmg at Ankeny and Second, the most slgmficant damage observed m the project area 

The paved surfacmg of Ankeny Plaza shows the most dIstress The surfaCing consists of square stone 
pavers The surfacmg has numerous areas where pavers exlnblt crackmg We observed that most of the 
crackmg occurrs hnearly and at nght angles to site features and other dIstressed areas Most of the lmear 
crackmg termmates at site features such as trees, poles and bulldmgs These features suggest that the 
crackmg IS most likely due to madequate trench compactIOn where power, water, or other utIhtIes are run 
between the noted elements 

Hard surfaces Wlthm Waterfront Park are m good conditIon No mdlcatIons of settlement, cracking or 
other dIstress were observed m pavements along the seawall or walkways between Naito Parkway and the 
Seawall Photo 5 m AppendIx A shows typiCal hard surfaces Wlthm Waterfront Park 

4. GEOTECHNICAL DOCUMENT REVIEW 

We reVIewed a total of thrrteen geotechmcal documents prepared by others for the project area These 
reports are hsted below and the approxlffiate locatIons of the mvestIgatIons are shown on Figure 2 

I 

SIX geotechmcal reports prepared for sites located wIthm or less than two city blocks from the project area 
These are 

1 Northwest Testmg Laboratory (NTL) 1979 report for an office buIlding located at 50 S W Pme 

Street, 

2 Qeotechmcal Resources Incorporated (GRI) 1986 report prepared for the parkmg/hellstop bwldmg 

located at 33 N W DaVIS Street, 

3 Geocon 2001 report prepared for the Umon Gospel MISSion located at 3 N W 3rd Avenue, 

4 Parsons Bnnkerhoff West Side CSO Project geotechmcal baselme report (2002a), 

File No 1050-001-00 
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5 Parsons Bnnkerhoff West SIde CSO Project final geotechrucal data report (2002b and 

appendIces), and 

6 Parsons BnnkerhoffWest SIde CSO Project fmal envIronmental data report (2002c) 

Four geotechrucal reports prepared for sItes located more than two but less than four blocks from the 
proj ect area These are 

7 Shannon and WIlson (S&W) 1961 report prepared for the Northwest Natural Gas servIce bUIldmg 

located at 123 N W Flanders Street, 

8 AGRA Earth & EnvIronmental (AGRA) 1997 report for the Port of Portland Butldmg located at 

123 N W Everett Street, 

9 GeoEngmeers, Inc (GEl) 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 4th Avenue 

Two geotechrucal reports prepared for sItes located more than four blocks from the project area These 
are 

11 GRI 1985 report prepared for the Old Impenal Hotel located at 407 S W Broadway Avenue, and 

12 GRI 1997 report prepared for the Kalberer Apartments located at 221 N W 5th Avenue 

One pavement-specIfic report near the project sIte 

13 Pavement ServIces, Inc (PSI) 2005 pavement mvestIgatIon report prepared for BurnSIde and 

Couch Streets between N W 14th and N E 3rd Avenues 
, 
I 

The pnmary findmgs of these documents are summanzed m Table 1 below 

FIle No '1050-001-00 
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Table 1 Ankeny Project Area Selected Geotechnical Report Data 1961-2002 

Report Prepared by, Subsurface General sOil Depth encountered (ft Blow count 
No Location date investigation description below surface) range (average) 

1 50 S W Pine NTL.1979 1 bonng to 225ft Debns fill 0-1 5 to 4 ft 11 
St max 

2 test Pits to 12 ft 
max 

r--- -
Silty alluvium 1 5 to 4 - 185ft 9-18 

--- ---- ....... 
Gravel Below 185ft 30/3" 

2 33 N W DaVIS GRI.1986 4 bonngs to 111 Silty till With debns and 0- 5 to 20 ft 2-60/4" 
St ft max contaminants 

----~,- -- - -
Silty and sandy 5 to 20 - 25 to 101 ft 3-34 

alluvium - - - -
Gravel Below 25 to 101 ft 43-60/2" 

3 3 N W 3rd Ave Geocon. 2001 1 bOring to 415ft Slity-clayey fill With 0-75 ft 4-16 
max debris --- - -

\ Silty to clayey alluvium 7 5~25 ft 4-12 
,"--- -- - ---

Silty flood depOSits 25-33 ft 3-6 
-

Gravel Below 33 ft 47-50/4" 

4 Westside 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 Westside of PB,2002(c) 11 bOrings to 166 Sand/Silt WJth debns till 0-3 to 31 ft 3-13 
the Willamette (Envlro data ft max 

River report) 
- ----, 

Silty/sandy alluvium 3 to 22 - 30 ft 6-10 
(Borings A-1 and B-1) -- ... -•.. - -- -
Unconsohdated Sand 22 to 31-46 to 65 ft 19 to 50/0" 

and Gravel 
1-- '" --- -.- -

Consolidated Gravel Below 46 to 65 ft 50/3" 

FIle No 1050-001-00 

Groundwater level 
(ft below surface) 

Not encountered 

- -

225 

Not determined 

-

23 ft 

-

- ---
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7 123NW 
Flanders 5t 

-

-

8 121 NW 
Everett St 

--- -

9 239NW 
Everett St 

----

10 333 N W 4th 
Ave 

---

11 407SW 
Broadway Ave 

--- - --

12 221 N W 5th 

Ave 

- - -

13 Burnslde-
Couch Couplet 

FIle No 1050-001-00 

Shannon & 
Wilson, 1961 

AGRA,1997 

GEI,1998 

GRI,1999 

GRI, 1985 

GRI,1997 

PSI,2005 

6 bonngs to 141 5 
ft max 

r-

- - -

2 bonngs to 110 
ft max 

3 CPT to 113ft 
max 

'--- ---
r~--

9 bonngs to 21 5 
ft max 

r- - - -

3 bonngs to 65 ft .. 
max -- -------

- - -

3 bonngs to 29 5 
ft max 

4 hand augers to 
14 ft max - -.~ 

~.--- -

3 bonngs to 65 ft 
max 

6 test PitS to 11 5 
ft max - --- ~-

-- --- --

3 pavement and 
shallow soli cores 

to 5 ft max 
~.-

Silty to clayey fill With 0-20 ft None 10-20' 
debns 

- -- -- ----
Silty, organic silt and 20-90 ft None 

peaty allUVium -....... ..........-- -- -- -
Silty and sandy Below 90 ft 

allUVium 

Silty fill With debns 0-15 to 23 ft 5-13 -20 (estimated) 

--- - -- -
Silty allUVium 15 to 23 ft - 30 to 140 ft 4-34 

- -- -- --
Gravel Below 30 to 140 ft None 

Silty debns fill 0-8 to 10 ft 4-54 Not encountered 

-~.- - --.- - .. _ .... _-....-. ... 

Silty and sandy 8 to 10 - 215ft 6-18 
allUVium 

Debns fill 0-8 to 10 ft 2-21 19-23' 

Silty/Sandy allUVium 8 to 10ft -30 ft 12-16 
----~ -

Gravel Below 30 ft 8-50/6" 

Silty fill (street side 0-9 t010 ft 5-30 Not encountered 
only) 

- - --
Silty and sandy 9-10 to 22 ft 9-33 

allUVium 

Gravel Below 9 to 22 ft 50/2" 

Debns fill 0-7 to 10 ft 9-26 -20 (estimated) 

Silty/sandy allUVium 7 to 10 - 30 to 37 ft 4-15 
- - -----

Gravel Below 30 to 37 ft 

Silty and sandy gravel Below pavement to 32 In N/A Not encountered 
max 

-
Silt (C4 only) Below gravel to 5 ft N/A Not encountered 
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4.1. SUMMARY OF REPORTED SUBSURFACE CONDITIONS 

The above referenced geotechmcal mvestlgatlOns reported a wide vanatlOn of sol1s underlymg the project 
area However, the maJonty of the reports show a sol1 profile across the area that can be generahzed as a 
four layer sequence, conslstmg of the followmg umts m order from the surface to the deepest 

A surface layer of fill, conslstmg predommately of sllty and clayey sol1 With mmor man-made 
debns, but rangmg to debns fill composed of man-made matenals such as bnck, concrete, wood 
and metal 

2 A layer of allUVial soll rangmg from sl1t and clay to lesser sand With gravel 

3 A layer of unconsohdated sand and gravel 

4 A layer of consohdated sand and gravel 

Each of the reported charactenstlcs of these sol1 groups IS discussed m the paragraphs below m order of 
youngest to oldest 

4.1.1. Fill 

4 1 1 1 General Occurrence 
The Widest vanety of tlnckness and matenal types IS reported from tIns uppermost layer of man-made fill 
In general, all the mvestigatlOns In and around the project area found some truckness of fill at the ground 
surface and extendmg to depths rangmg from as shallow as 1 Y2 feet below ground surface (bgs) (NTL, 
1979) to as deep 31 feet bgs (PB 2002c) ThIs matenal was used to backfill the seawall formmg the east 
edge of the property and IS generally deepest along the seawall, and shallows to the west Descnptlons of 
trus matenal ranged from a depOSit composed largely of soll With a trace of rock fragments and debns to 
that composed entrrely of artifiCial matenals Sllt predommated In the descnptlOns of the soll fraction of 
the fill, With clay, sand and gravel mentlOned as well Bnck was the most commonly mentioned artifiCial 
matenal, along With rock, concrete, orgamc matenal mcludmg sawdust and wood, metal, glass and ash 

4112 Near Site 
The most comprehensive InformatlOn near the site reported from shallow sol1 Investigations IS con tamed 
m the vanous Ankeny Shaft mvestlgatlOns performed for the CSO Project (PB 2002a, PB 2002b and 
appendIces, PB 2002c) A total of five bormgs were dnlled In and around the location of the proposed 
Ankeny Shaft, In Waterfront Park approxlillately 120 feet east of the mtersectlon of S W Ankeny and 
NaIto Parkway Three bormgs, PB-306R, AB-1, and AB-3 are reported by PB as havmg been dnlled m 
Waterfront Park (PB 2002c), FUJltam HIlts & ASSOCiates (FHA) reports dnllmg two bormgs, A-I and A­
la, In the lot southwest of the IntersectlOn 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 bormg 
reported m PB (2002c) as AB-11s the same bonng as B-1 reported m PB (2002b AppendiX G), the bormg 
reported m PB (2002c) as AB-3 IS the same bormg as D-l reported m PB (2002b AppendlX G) For 

I 

clanty, these bormgs Will be Identified by the FHA deSignations, B-1 and D-1 

Bormgs A-I and A-1a encountered a three-foot truck veneer of Silty fill, the tlnnnest fill matenal section 
reported The fill encountered m the remalmllg five bormgs ranged from loose to medIUm dens~ sand and 
sllty sand and soft to stiff sIlt and clayey s11t to depths ranging between 22 and 31 8 feet bgs m B-1 and D-
1, respectively The remalnmg FHA bormg (C-1) reports a smular sectlOn 25 feet of loose to medIUm 
dense sand, sllty sand and sandy s11t All of these bormgs report a vanety of man-made components 

\ Including bnck, gravel, concrete, wood, orgamcs and metal 
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PB-306R encountered a very dIfferent fill section, conslstmg of clay, sl1t sand and gravel to 
approxunately 5 feet bgs overlymg a cobble- and boulder-SIZed rock np-rap fill from 5 to 21 feet bgs 
TIns m turn was underlam by what PB (2002c) reports as a "tmiber plle" from 21 to 29 feet bgs The 
lowermost three feet of fill reported m thts bonng COnsisted of gravel With sl1t, wood and sand 

No mOisture data IS reported from fill encountered m PB-306R, and the rotosoruc 0011 used for thIs bonng 
IS not equipped to OOve a sol1 sampler The remammg bonngs reported that Standard PenetratIon Test 
(SPT) blow counts from samples OOven m sandy and sl1ty fill matenals range from 3 blows per foot (bpi) 
to 20 bpf, averagmg 8 bpf 

Laboratory test results from fill sol1s mcluded lTIOlsture content, mecharucal gram size detenrunatlOn, and 
washed sieve (percent fmes) tests Reported mOisture contents ranged from 6 percent m sandy fill 
samples to 38 percent m sl1ty fill samples (PB, 2002b, PB 2002c) Mecharucal gram sIZe determmatIons 
and washed sleve/fmes content tests were reported only from B-1 Reported gram sIZe test results ranged 
from gravelly sl1ty sand, Urufied Sol1 Classification System (USCS) sol1 class SM at 2 5-12 5 feet bgs, to 
sl1ty sand (USCS class SM) and sandy sl1t (USCS class ML) to 25 feet bgs Washed sieve! fmes content 
ranged from 3 percent fmer than the #200 sieve (sl1t and clay) at 7 5 feet bgs to 94 and 95 percent SlIt and 
clay at 15 and 17 5 feet bgs, respectively (PB, 2002b, Appendix G) 

As part of a pavement mvestlgatlon, two samples of sl1ty fill subgrade matenal from street locatIOns 
tmmedIately northwest of the project area were tested to prOVide a modulus of subgrade reactIon (Mr) 
The reported test results Yielded a Mr of 3,400 pounds per square mch (PSI) for a sample taken from 
bonng B-5 located at W Burnside Street and 3rd Avenue, and a Mr of 8,400 to 10,300 pSI for a sample 
taken from bonng C-4 located at N W Couch Street between 4th and 5th Streets (PSI, 2005) 

Difficult OOllmg condltlons reported from bonngs m the fill suggest that planned excavatIons mlght 
encounter potentIal difficult or comphcated subsurface condItIOns Examples of ~l1mg dIfficultIes 
reported from the project area mclude loss of OOllmg flUid at 17 feet bgs and 34 5 feet bgs reported from 
bonng PB-305A, OOlled m WaternQnl Park_abQllt 5Q fe_eLS(Lqlhea~t Qf th~ mters.e~.tlon~of SWAsh Stre_et 
and Natto Parkway, and hard OOllmg from the surface to 29 feet bgs reported from PB-306R 

" 

Chem1cal and metal contamlllants have been reported from the fill layer, both Wlthm and nearby the 
Waterfront Park portion of the project area "Chemlcal odors" and an "011-1Ike matenal" are reported 
from the surface and sol1s above 11 Y2 feet bgs dunng an mvestlgatIon at 33 N W DaVIS Street (GRI, 
1986) Contammants reporteo from bonngs AB 1 and AB-3 mclude detectable levels of arsemc, banum, 
chromlutn, lead, mercury, lead TCLP and petroleum hydrocarbon (pB, 2002c) 

4.1.2. Unconsolidated Silt and Sand (AlluviumlFine-grained Flood Deposits) 

4 1 2 1 General Occurrence 
All the mvestIgatlons reported that natIve allUVial sol1s underhe the fill matenal These allUVial deposits 
also vary conSiderably m sol1 type and thtckness Sl1t IS the most commonly reported sol1 type, With clay 
and fine sand usually mentIoned, either as dlstmct layers Wlthm the allUVial SiltS or as sandy sl1t to sl1ty 
sand sol1 types Orgaruc SlIt and peat were reported from an mvestlgatlon north ofN W Flanders (S&YV, 
1961) as well as traces of gravel or gravel layers throughout the project area Consistency of the allUVial 
matenals IS reported to range from soft to very stIff and density from medium dense to dense Reported 
thtckness of these allUVial matenals vanes as well, from as httle as 10 feet of mterbedded sl1t and sand 
(GRI, 1999) to as much as 120 feet of clayey sl1t, orgaruc s11t, peat, Silt and fme sand (S&W, 1961) 

4 1 2 2 Near ~Ite 
Near the project Site, a slgmficant thIckness of fme-gramed alluVium IS reported from FHA bonng A-I 
southwest of the mtersectIon of S W Naito Parkway and Ankeny TIns bonng pet;tetrated 27 feet of soft 
to stIff Silt and lean clay and sandy sl1t and very loose to loose sl1ty sand from 3 feet bgs to 30 5 feet bgs 
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The alluvlWD reported m the bonngs WIthIn the Waterfront Park area IS predommantly coarse-gramed 
flood deposIts The only fine-gramed alluvIum reported m these bonngs IS from the log of B-1, where a 
5-foot thick layer of loose to medium dense sandy sl1t IS reported underlymg the fill at a depth of 22 feet 
bgs Standard PenetratlOn Test (SPT) blow counts from samples dnven m tills layer range from 2 bpf to 
11 bpf, averagmg 7 bpf (PB, 2002b, AppendiX G, PB 2002c) 

Laboratory test results from fme-gramed alluVial sol1s mcluded mOIsture content, mechamcal gram SIZe 
determmatlOn, washed SIeve (percent fmes) tests, dry densIty, torvane, and Atterberg LlIDltS tests 
Reported mOIsture contents ranged from 7 percent to 41 percent (PB, 2002b, PB 2002c) Reported gram 
SIZe test results ranged from clayey sl1t to sandy clayey s11t (USCS class ML) at 5 and 10 feet bgs m A-1a 
Washed slevel fmes content ranged from 42 percent fmer than the #200 SIeve (s11t and clay) at 25 feet bgs 
m B-1 to 95 percent s11t and clay at 15 feet bgs m A-I Dry denSIty results reported from A-1a ranged 
from 83 7 pounds per CUbIC foot (pct) at 5 feet bgs to 84 8 pcf at 10 feet bgs Torvane readmgs from the 
same samples ranged from 0 84 tons per square foot (tst) at 5 feet bgs to 0 63 tsf at 10 feet bgs A smgle 
Atterberg LlIDlts test reported from the 10 feet bgs sample taken m A-la produced a hqUld llIDlt of 49, a 
plastic hmlt of 26 and a plastIcIty mdex of 23, mdlcatmg that the SOlI 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) 

41 31 General Occurrence 
A heterogeneous zone of cobbles, gravels, sl1t and sand was generally reported below fme-gramed 
allUVIum Tills sedIment IS typIcally descnbed as a maSSIve depOSIt of rounded to subrounded gravels to 
cobble and occaSIonally boulder SIze supported m a sand- to claY-SIze matnx, but some sandy and sl1ty 
mterbeds are reported m Bonng AB-3 (PB, 2002c) ElevatlOn of the top of tms gravel ranges from 
approXlmately 18 feet bgs to 65 feet bgs across much of the project area, and the tmckness of the depOSIt 
IS dlfficult to determme from most pubhshed reports, smce most exploratlOns termmate m the upper 
portlOns of thls urnt 

We noted that the top ofthls depOSIt IS reported to drop off steeply north ofN W DaVIS Street and east of 
N WIst to 2nd Avenue top of gravel IS reported at 30 feet bgs at the comer of N WIst and DaVIS, the 
southwest comer of the block, but at 101 feet bgs at the comer ofN W NaIto Parkway and Everett, the 
northeast comer (GRI, 1986), slIDllarly the depth to the top of gravel IS reported at 30 feet bgs at the 
comer ofNW 2nd and Everett and at 140 feet bgs at NW 1st and Flanders (AGRA, 1997) North of 
N W Flanders the gravel was not encountered to a depth of 140 feet bgs (S&W, 1961) Tills abrupt 
dec1me m the depth to the top of gravel IS probably related to a paleo-Wl11amette River channel IncIsed 
mto the gravels, and may be encountered at depth under the farthest easternmost portIons of the project 
area 

4 1 3 2 Near Site 
Near the SIte, the three PB bonngs do penetrate the unconsolidated gravel underlymg Waterfront Park 
Bonng PB-306R reports the tmckness of the urnt as 14 feet, AB-1 reports 24 feet and AB-3 34 feet All 
the mveshgatlOns we revIewed report tms matenal as dense to very dense, SPT blow counts from the 
gravel portlOns of the depOSIt m bonngs AB-1 and AB-3 range from 19 to denser than 50 blows for no 
penetratlon (5010"), averagmg 57 bpf Measured mOIsture contents range from 10 percent to 20 percent 

4.1.4. Consolidated Sand and Gravel (Troutdale Formation) 

TypIcally the oldest matenal reported from the project area IS the Pho-Plelstocene Troutdale FormatlOn 
gravel Where dIstlngwshed from the unconsohdated allUVial gravel above, thls depOSIt IS charactenzed 
as a very dense, yellow to green and gray sandy gravel m a partially cemented, SIlty, sandy and clayey 
matnx Although usually descnbed as gravel, the log of Bonng AB-3 reports that the top 20 feet of tms 
depOSIt are "shghtly clayey, very dense sand" (PB, 2002c) Troutdale sands and gravels are typically 
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descnbed as overconsohdated Although mapped underlymg the entrre project area (Beeson and others, 
1991), the Troutdale FonnatlOn 1S 1dentIfied by name m only three locatIons at depths rangmg from 30 
feet bgs to 140 feet bgs underlymg the Port of Portland Buddmg at 1 st and Everett (AGRA, 1997), at a 
depth of 50 feet bgs m A-I southwest of the mtersectIon of S W NaIto Parkway and Ankeny, and m the 
bonng logs from Waterfront Park, at 46 feet bg& m PB-306R, 51 3 feet bgs m B-1 and 65 feet bgs m D-I 
The Troutdale FonnatIon 1S fully penetrated m only one locatIOn m our project area, the log of PB-306R 
reports the thIckness of the Troutdale as 93 fee1 Reported blow counts 1n Troutdale FonnatlOn depos1ts 
(both sand and gravel) exceed 50 blows for 6 mches 

4.1.5. Groundwater 

Groundwater levels reported for the project area range between as illgh as 10 feet bgs to as low as 25 feet 
bgs, however, the average depth to groundwater IS more commonly between 18 and 23 feet bgs When 
the elevatIon of the sIte under mvestIgatIOn 1S compared to the level of the Wlliamette River tills depth 
usually corresponds to an elevatIon Withm several feet of the mean nver level, suggestmg that thIs 
groundwater 1S connected to, and wIll reflect changes ill, the level of the waters of the Wdlamette River 
Our expenence and the groundwater levels mterpreted by others (PB, 2002a) suggest that the 
groundwater levels wdl tend to be a few feet hIgher than the nver level 

5. CONCLUSIONS 

Based on our reVIew of the work completed by others, the SIte 1S sU1tabie for the proposed development 
The followmg factors wIll most mfluence the project deSIgn 

Heterogeneous soils - the prOj ect hes m an area underla1n by heterogeneous fill to depths varymg from a 
few feet to tens of feet The fi1l1s mostly sdty, but has areas of rock, wood debns and obstructIons 
Cond1tIons encountered W1thm the project area could cons 1St of any of these types of matenals, but are 
most l~ely to be sdty Because of the hIghly vanable nature of the fill matenals and lack of slte-speclfic 
exploratIOns, rellable soIl propertIes could not be determmed for des1gn, so the followmg approach was 
used 

• ConservatIve soIl parameters were selected for geotechmcal des1gn 

• SIte spec1fic exploratIons should be completed for foundatIons and any other cntIcal areas, once 
selected, mc1udmg the cover structure, restroom, and water feature, to confinn sod conditions, as 
dISCUSSed m SectIon 6 2 I 

• The potentIal for changed conditIons WJlll be hIgh for thIs project due to the hIghly vanable fill 
present The project budget should mclude such cons1deratIOn 

• SIgmficant geotechmcal overs1ght should be antIc1pated to evaluate actual subsurface conditIOns 
encountered compared to deSIgn and faclhtate field changes as necessary 

Pavements - The extent or scope of expected pavement actIVItIes have not been detennmed at the tIme 
thIs report was prepared We antIc1pate that pavement actIv1tIes wllllmuted to replacement or repa1r of 
eXlstmg asphalt pavmg on local artenal streets and constructIon of new asphalt concrete (AC), Portland 
cement concrete (pC C) or pavers for pedestnan areas The smtablhty of the proposed pavement 
subgra<;les should be venfied durmg construct10n by proofrollmg whIch should be observed by a quahfied 
md1vldual Unsu1table sods should be scanfied and recompacted or removed and replaced WIth structural 
fill The actual depth and extent of overexcavatlOn WIll need to be addressed on an md1v1dual basIS 

Shallow FoundatIons - Shallow foundatIons should be founded m areas WIth SIte speCIfic mvestIgatIons 
as noted above 'Where smtable sods are present, llghtly loaded fOundatIOns are appropnate Total and 
d1fferentIai settlements may be hIgh and should be accounted for m des1gn ThIs could be achIeved WIth 
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flexIble buIldmgs, ground unprovements, or some other means of support dependmg 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 mstances, deep foundatIons may be necessary Deep foundatIons can achteve htgh axtal 
bearmg m the gravels present below the sIte Whtle mvestigatIOns related to the Ankeny Shaft suggest 
that these matenals should be encountered Wlthm 40 to 50 feet of the eXlstmg ground surface across most 
of the portIOn of the Park proposed for development, mvestIgatIOns performed ImmedIately north and east 
of the Waterfront Park area suggest that some undetermmed dIstance east of Bonng AB-3, these depOSItS 
may drop off steeply to as much as 140 feet bgs or more Lateral capacIty In the upper fill SOllS, however, 
WIll be relatIvely low 

Excavations - The heterogeneous fill may contam abandoned plpelmes, stone np-rap, tImber pIles and 
cnbbing Bonngs dnlled through these matenals reported problems rangmg from dnll flUId loss to 
dIfficult dnllmg ExcavatIOns that extend a sIgmficant dIstance mto the fill may encounter dIfficult 
excavatIon due to these matenals 

Selsnnc Hazards - The SIte IS subject to SeISmIC hazards typIcal to the regIon In partIcular, honzontal 
dIsplacement due to lateral spread and vertIcal settlement from hquefactIon are expected Structures 
should be deSIgned to prevent collapse at a mmunum m the event of these hazards 

SoIl Contaminants - Some areas of the proJect may encounter fill that contams contammants Includmg 
metals, orgarucs and petroleum hydrocarbons ExcavatIons whtch extend mto such so11s should be 
performed WIth the expectatIon of encountenng such contammants 

Groundwater - Groundwater levels should be antIcIpated Withm several feet above the level of the 
adjacent WIllamette RIver ExcavatIons below these levels should antiCIpate encountenng groundwater 
Dewatermg may be reqUITed, and WIll vary dependIng on the type of soIl present 

6. RECOMMENDATIONS 

The follOWIng sectIons prOVIde our geotechrucal recommendatIOns for pavements and structural elements 
of the project As noted In SectIOn 5 our approach for thts project was to assume conservatIve soIl 
parameters for desIgn' These WIll presumably be confirmed pnor to or dunng constructIOn and deSIgn 
changes wIll be made as necessary to account for the differmg condItIons, If present 

6 1 EARTHWORKS RECOMMENDATIONS 

6 1.1. Demo/ition Recommendations 

DemohtIOn of remammg eXlstmg structures WIll be necessary m new structure areas We recommend that 
eXlstmg structures, foundatIons, concrete slabs and pavements Wlthm new structure areas be completely 
removed Debns generated from demohtIOn should be transported off-SIte for dIsposal EXlstmg 
asphaltIc and cement concrete and base rock may be segregated, processed and reused as structural fill 
prOVIded It IS processed to a well-graded matenal WIth a maxImum partIcle SIze less than 4 mches and 
mIXed WIth SUItable matenal so that VOIds do not occur m the fill Underground utIhties In new facIhty 
areas should be IdentIfied and located pnor to constructIon EXlstmg utIlIty lmes that WIll be beneath new 
structures should be relocated or evaluated by PaCIfic Geotechrucal If they are to be left m place 
Abandoned utIhty lmes beneath structural components should be completely removed or grouted full If 
left m Iplace to reduce the potentIal for pIpe collapse and eventual settlement of new structures 
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Excavations resultmg from removal of eXIsting foundatIOns, utihties or other subsurface elements should 
be backfilled wIth structural fill The bottoms of the excavations should be carned to firm sub grade soIls 
or to the depth recommended by a quahfied geotechrucal engmeer 

EXIstmg vOIds and new depressIons created durmg sIte preparatIon and demohtIOn should be cleaned of 
loose soIl or debns down to frrm soIl and backfilled WIth structural fill Also, soft or loose backfill soIls 
encountered tn extstmg utIhty trenches should be removed and replaced wtth structural fill where they are 
located Wtthm new structure areas 

Extstmg SIte vegetatton should be removed from all proposed buIldmg and pavement areas and at least 5 
feet beyond these areas Stnppmg depths m areas covered WIth vegetatIon WIll vary dependmg on 
vegetation type but could be up to 4 to 6 mches Greater stnppmg depths may be requrred to remove 
locahzed zones of soft or organtc soIl 

Trafficabthty of the on-stte so11s, where exposed by removal of eXlstmg pavement or m extstmg unpaved 
areas, WIll generally be dtfficult durmg the normally wet season of the year (typtcally early Qctober 
through late May) or when the mot sture content IS more than about 3 percent above optunum Dunng 
such condItions, measures such as those descnbed m Section 6 1 3 would help protect site sol1s 

PaCIfic Geotechmcal dId not sample the eXIsting structures for lead based pamt, asbestos msulatIon or tile 
backmg, or any other matenal that would requrre specIal handlmg durmg demohtIon 

6.1 2. Subgrade Preparation 

EXlstmg fill at the SIte IS hIghly vanable Sub grade SOlI condItions should be determmed m foundation 
areas and other cntical areas per SectIOns 5 and 6 2 1 If unsrutable fill IS encountered m these areas, It 
should be removed and the excavatIon backfilled WIth structural fill as descnbed m SectIOn 6 2 F111 
beneath other structural elements (pavement and walkway areas, for example) should be evaluated by 
proofrqUmg as descnbed below If proofrolhng venfies It IS srutably dense, It can be left m place 
OtherwIse, It should be scanfied and recompacted or removed and replaced WIth structural fill 

I 

If the subgrade sol1s deflect under an ffiltIal proofroll, the exposed subgrade should be scanfied and 
compa~ted such that the top 1 foot of subgrade S011IS compacted to at least 92 percent of the maXImum 
dry denSity as determmed In accordance WIth ASTM Test Method D 1557 The mOisture content of the 
subgrade SOlIs should be at or near optunum for compactIOn, so may need to be mOisture-condItioned 
ScanficatIOn and compaction of eXlstmg soIls should not be attempted dunng wet weather 

After sub grade preparatIOn has been completed, the sUItablhty of new sub grade areas should be 
reevaluated by proofrollmg WIth a fully loaded dump truck or sunIlar heavy rubber-trre construction 
eqUIpment Areas of excesSIve yteldmg IdentIfied durmg proofrolhng should be recompacted, If practIcal, 
or the soft, loose or otherwise unSUItable soIls removed and replaced WIth compacted structural fill We 
recommend that a quahfied geotechmcal engtneer be present dunng proofrolhng to aId m IdentIfymg 
areas that may need addItIOnal compactIon or other remedial work Durmg wet weather, the subgrade 
should be evaluated by probmg rather than proofrollmg, as proofrollmg could cause excessive dIsturbance 
of the subgrade soIls ThIs should be completed by a quahfied geotechmcal engmeer 

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 sub grade 
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Haul roads wll11tkely be needed dunng persIstent wet weather They should consIst of nnported crushed 
rock compacted to a dense state The 1ll1tIal hft of fill over the exposed native so11 subgrade should be 
placed m a smgle hft of at least 12 mches truck and compacted without vIbratIOn usmg a smooth-drum 
roller to reduce potential dIsturbance of the sub grade AddItional rock may be needed to protect the 
subgrade and support construction eqUIpment, dependmg on traffic 

Placement of geotext11e over the exposed sub grade may be appropnate m construction traffic or stagmg 
areas before crushed rock IS placed If geotextlle IS used, It should have a Mullen burst strength of at least 
500 pounds per square mch (PSI) and an apparent openmg sIZe (ADS) between the U S No 70 and No 
100 SIeve to reduce tnlgratlOn of fmes mto the structural fill soli Prop ex 2019 and Mlrafi 1100N are two 
geotextlles that meet these cntena 

Where concurrent WIth fmal pavement areas, the haul road sectIOn can serve as the aggregate base for 
fmal pavements prOVIded the base section IS not contammated WIth fme-gramed solis It may be prudent 
to leave the haul roads at least four mches below paVlllg grades to allow a fmal layer of fresh base 
nnmedIately before placmg pavement 

6.1.4. Excavation Stability 

The on-SIte so11s are generally OSHA Class C for excavatIOn purposes It IS unlikely that groundwater 
WIll be encountered m excavations expected for thls project It groundwater IS encountered, however, 
dewatenng or shonng WIll be necessary 

Permanent slopes rugher than 4 feet are not planned as a part of trus project If such slopes become 
necessary, we recommend that they be m~lmed no steeper than 2H IV (hOrIZontal to vertIcal) Slopes 
that WIll be mowed should be 3H 1 V or flatter 

We recommend that temporary cut slopes m the fill so11s be mc1med no steeper than 1 SH 1 V (hOrIZontal 
to vertIcal) prOVIded they are not subjected to seepage Surface loads should be kept a tmnnnum 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 f111 solis are encountered Standard trench boxes or shonng 
should be SUItable to keep shallow trenches open prOVIded groundwater IS not encountered and structures 
are not neat excavatIOns 

Temporary cut slopes and any trench boxes or shonng must comply WIth apphcable state and local 
regulations The contractor completmg the earthwork should have the pnmary responsIbIhty for 
estabhshmg safe mclmatIons for temporary cut slopes, shonng requIrements, protectIOn of SIte personnel, 
and protection of adjacent structures and facIhtIes 

Temporary cut slopes should be protected from erosIOn and ravelmg Surface water should be prevented 
from flowmg over the top of cut slopes 

6.1.5. Structural Fill 

6 1 5 1 General 
FIll beneath butldmg foundations and floor slabs, pavements, SIdewalks and other settlement-sensItive 
structures should be placed and compacted as structural fill 

Structural fill solis should be free of debns, roots, orgamc matter, frozen soli, man-made contatmnants, 
partIcles WIth greatest dImenSIon exceedmg 4 Inches, and other deletenous matenals The sUItabIhty of 
soli for use as structural fill WIll depend on the gradation and mOisture content of the so11 As the amount 
of fmes m the soli matnx mcreases, the so11 becomes mcreasmgly more sensItive to small changes m 
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mOIsture content and aclnevmg the reqwred degree of compactlOn becomes more dlfficult or lffiposslble 
Structural fill for specIfic apphcatlons are dlscu.<,sed below 

6152 On-8lte SOils 
The on-SIte solis are mOIsture sensltlve, lnghly van able and may contam enVIronmental contammants 
We understand, however, that It may be desrrable to reuse SIte solis as structural fill for sustamablhty 
purposes PrOVIded the solis are not contammated, the on-SIte solis can be used as structural fill dunng 
dry weather If used as structural fill, any deletenous matenals should be removed from the solis as 
descnbed above, mcludmg orgamc matter, debns, or rock partIcles large than 4 mches If constructlOn 
occurs dunng wet weather, lffiported granular matenal should be used as structural fill 

6153 Recycled Materials 

Asphalt concrete, cement concrete or over-sIZed rock can be used as structural fill proVlded they are 
processed by cruslnng and screenmg, grmdmg m place, or other methods to meet the structural fill 
recommendatlons for gradatIO~ and maxlffium partIcle sIZe m tlns report They may be used as structural 
fill In all areas except wltlnn 3 feet of the pertmeter of bwldmgs 

6154 Imported Fill Solis 

General 
Reqwrements for Imported fill Will vary WIth the specific use Fll1 for vanous uses descnbed later m tlns 
report are prOVIded m the followmg SectlOns We recommend that samples of all lffiport fill SOlIs be 
submttted to PaCIfic Geotechrucal for review and approval at least 7 days pnor to begmnmg earthwork 

Granular Embankment FIll 
Imported fill for ralsmg SIte grades should COnSl&t of PIt run sand and gravel, quarry rock, crushed rock, or 
crushed gravel contammg less than 5 percent fmes (partIcles passmg the No 200 SIeve) by weIght relatlve 
to the fractlOn passmg the % mch SIeve 

Granular Subbase Rmlacement Fll1 
FIll beneath fOundatIOns and slabs-on-grade to replace overexcavated subgrade solis should COnsist of 
lffiported crushed rock The gradatlon of the crushed rock should conform to Oregon State Department of 
Transportatlon (ODOT) Standard SpeclficatlOns for HIghway Construction, SectlOn 02630 - Base 
Aggregate, Size 1-112" - 0 j 

Pavement Subbase Fll1 
Aggregate base course for asphalt concrete and Portland cement concrete pavements should conform to 
ODOT Sectlon 02630, Base Aggregate, SIZe 1-112" - 0, WIth the addltlonal reqUIrement that the base 
course contam less than 5 percent passmg the No 200 sieve 

) 

Retalnmg Wall Dramage Zone FIll 
Fill placed to prOVide a dramage zone belnnd retaffilng walls and for footmg drams should consist of 
free-drammg sand and gravel or crushed rock The matenal should conform to ODOT Sectlon 00510 12 
Granular Wall Backfill 

Trench Backfill 
Trench backfill for pipe base and beddmg should conSIst of well-graded granular matenal WIth a 
maxlffium partIcle size of % mch and less than 5 percent passmg the U S No 200 SIeve The beddmg soli 
should be placed around the Sides of the pIpe and a mtlllffium of one-half the pIpe dIameter or 6 mches 
above the top of the pipe or m accordance With the manufacturer's recommendatlOns The remamder of 
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the trench backfill should COnslst of either on-site or unported fill soIls m accordance Wlth the cntena 
mcluded m tlns report 

6.16. Structural Fill Placement and Compaction 

Structural fill should be placed and compacted m accordance wlth the followmg , 

• Place all fill and backfill on a prepared subgrade that conslsts of frrm, morgamc sol1s or approved 
structural fill 

• Place all fill or backfill m umform honzontal hfts Wlth a tlnckness appropnate for the matenal 
type and compactlon eqwpment Table 2 provldes general guldance for hft tlncknesses 

Table 2 GUidelines for Uncompacted Lift Thickness 

, ' ,Granular, and Crushed Crushed R~k ' ) 
I ),~RoCkMaxim~tn< Maxlm,um p,a~i~!e"'; 

Compaction Equlpm~nt:;, ~ Pa~it1e Siie ~,1 j12 inch Size >:1~1~2,IQCh 

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 IS Intended to serve as a gUideline and should not be Included In the project specifications 

• Use appropnate operatmg procedures to attam umform coverage of the area bemg compacted 

• Place fill at a mOlsture content Wlthm 3 percent of optunum as determmed m accordance wlth 
AS1M Test Method D 1557 MOlsture condltIon fill so11 to aclneve a umform mOlsture content 
Wlthm the speclfied range before compactmg 

• Do not place, spread or compact fill sol1s dunng freezmg or unfavorable weather condltIons 
Frozen or dlsturbed lIfts should be removed or properly recompacted pnor to placement of 
subsequent lIfts of fill 

• Do not place fill and backfill untll tests and evaluation of the underlymg matenals have been 
made and the appropnate approvals have been obtamed 

• Do not damage or dlsplace underground utllItIes or adjacent structures durmg backfillmg and 
compaction 

• Grade the surface of the fill at the end of each workmg slnft so that surface water can dram 
readily 

• Compact fill so11s to the percentages of maxlmum dry denslty as shown m Table 3 
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Table 3 Fin Compaction Criteria 

, ~ ~:; P~t~ent of Maxlmum'DIy Densli)i y~. if 
<' Determined In Accordance with ASTM'D 1557 

~;.. ':?.: ... .(>.): '¥ 

; ~ y~ 0 - 2 Feet Below" 
;"" S~bg;ade 

>2 Feet e8low "'- ? 

if r , 

Subgr*~e >, > 

Aggregate Bases 95 95 

Ultllty Trench Backfill1 95 92 

I Nonstructural Trench Backfill 88 88 

Retaining Wall Backfill2 95 95 

Nonstructural Zones 88 88 

Notes 
1Compact 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 hmlt potential wall damage from 

honzontal stresses 

Dunng structural fill placement and compactIOn, a sufficIent number of m-place densIty tests should be 
completed by a quahfied geotechnIcal engIneer to venfy that the specrfied degree of compactIon IS bemg 
achIeved 

6.17. PAVEMENTS 

The extent and scope of expected pavement actIVItIes have not been determmed at the tIme thts report was 
prepared We antIcIpate that pavement actIVItIes wIll mc1ude replacement or reparr of eXlstmg asphalt 
pavmg on local artenal streets and constructIon of new asphalt concrete (AC), Portland cement concrete 
(PCC) or pavers for pedestnan areas 

Pavement subgrade areas prepared m accordance WIth the above recommendatIOns should prOVIde a 
Cahforma Bearmg RatIo (CBR) of 3 ThIs assumes the sub grade IS constructed m dry weather If 
constructed dunng wet weather, specIal subgrade treatment or thtcker base rock may be needed 

The aggregate base course should conform to SectIon 6 1 54 and be compacted to at least 95 percent of 
the maxunum dry denSIty determmed m accordance WIth ASTM Test Method D-1557 

Pavement deSIgn for roadways should be completed based on sIte speCIfic traffic data once It has been 
determmed Most pavement sectIons have SUItably supported eXlstmg traffic loads, based on our 
reconnaIssance, so matchmg eXlstmg sectIons would be a reasonable approach If traffic loads WIll be 
s1ID1lar to past loads 

6 2. STRUCTURAL DESIGN 

As noted m SectIon 5, sol1 propertIes can be htghly vanable due to the uncontrolled fill present under 
most If not all of the sIte Although eXlstmg sIte faclhtIes do not exhIbIt slgmficant eVIdence of dIstress, 
new ,structures WIll Impose new loadmg that could result m settlement or other soll-related problems The 
followmg sectIons prOVIde our recommendatIOn~ for structural components of the project assUIDlng that 
subsurface condItIons WIll be eqillvalent to, or better than, medIum stIff s11t SOll, as noted m SectIon 5 A 
dISCUSSIon of how dtffenng SOll condItIons could affect the recommendatIons for slgmficant sIte 
Improvements are prOVIded below where appropnate 
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6.2 .. 1. Shallow Foundations 

Shallow foundatIOns beanng on medlwn stIff or better SlIt sOlI or on structural fill overlymg such sou can 
be used to support lIghtly loaded structures and appurtenances Structural deSIgn can use the prelumnary 
desIgn recommendatIOns m Table 4 below EIther pnor to or dunng constructIOn, however, foundatIon 
condItIons should be venfied fu general venficatlOn should conSIst of exploratIons VIa test PItS or SImIlar 
means to a depth of 10 feet or at least four tImes the greatest footmg WIdth of the specIfic structure, 
whIchever IS greater If unsuItable SOlIs are encountered WIthIn thIs depth they should be removed and 
replaced WIth granular fill, as descnbed m SectIon 621 2 If unsUItable soIls contmue below the 
exploratIon depths, addItIonal geotechnIcal evaluatIons or alternate foundatIon support as descnbed later 
m thIs report may be requITed The followmg paragraphs prOVIde addItIonal dISCUSSIOn 

6 2 1 1 Bearmg Capacity 
Recommended prelImInary beanng pressures are prOVIded m Table 4 These are net bearmg pressures, 
the weIght of the footmg and overlymg backfill can be Ignored m calculatIng footmg SIZes These bearmg 
capaCItIes can be used for wall loads up to 2 bps per Imear foot and 20 bps per colwnn When fmal 
loads are determtned, we should be consulted to reVIew the loads If they exceed these values 

621 2 Bearmg Surface Preparation 
The SIte has hIghly vanable fill, creatmg the potentIal for dIfferentIal beanng performance and resultmg 
dIfferentIal settlement It IS, therefore, hkely that unSUItable SOlIs WIll be encountered m footmg 
excavatIons If present, such SOlIs 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 bearmg 
grade WIth compacted granular fill as descnbed m SectIOn 6 1 5 The backfill should extend one foot 
WIder than the supported footmg for each foot of overexcavatIon depth Where such excavatIons 
transItIon to SOlI subgrade, we recommend that the based of the overexcavatIon slope at a 2H 1 V gradIent 
to meet the soIl subgrade 

FoundatIOn beanng surfaces should not be exposed to standmg water Should water mfiltrate and pool m 
the excavatIOn, It should be removed before placmg crushed rock fill or remforcmg steel Loose or 
dIsturbed matenals should be removed from beanng surfaces before placmg relnforcmg steel, and 
concrete 

We recommend that an expenenced geotechnIcal engmeer observe all foundatIOn excavatIOns before 
placmg retnforcmg steel In order to cqnfrrm that adequate beanng surfaces have been achIeved and that 
the soIl condItIons are as antICIpated 

6213 Foundation Settlement 
Shallow foundatIons constructed m accordance WIth our recommendatIons should expenence settlements 
of up to about 1 mch DIfferentIal settlements of up to one-half of the total settlement magrutude can be 
expected between adjacent footmgs WIth slIDllar loads 

6 2 1 4 Lateral ReSistance 
Lateral loads on footmgs can be reSIsted by paSSIve earth pressure on the SIdes of footmgs and by frIctIon 
on the beanng surface usmg the values m Table 4 The paSSIve earth pressure and frIctIon components 
may be combmed prOVIded that the paSSIve component does not exceed two-thrrds of the total 

The pasSIve earth pressure value IS based on the asswnptlOns that the adjacent grade IS level and the statIc 
groundwater IS 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 IS covered WIth 
pavement or IS InSIde a buIldmg 
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Table 4 GeotechmcallFlarameters for Structural Design 

Beanng Stratum Medium stiff or be~r silt or structural fill pver such soil'- that IS confirmed per rePQrt 

Bearing Capacity Dead+Llve Loads 1,000 psf Wind/Seismic Loads 2,000 psf 
-- ........................ ...-. ... --... ---

I Dead+LI~e Loads 
- ---..... - - ... ------- -

Safety Factor 30 Wind/Seismic Loads 20 ----_ ... ------ -- ............. _- ... -
MInimum Depth Extenor 18rnches Interror 12mches ---_ ... - -----....-..... - - -- -- - - -
MInimum Width Strrp Footing 18 Inches Column Footing 24 mches 

-
Settlement Total 1 Inch Differential %mch 

1------
Lateral Resistance Application Shallow foundations, retaining walls 

------
Passive Earth Pressure 1 200 pet 

Fnctlon Coefficient Concrete/crushed rock I 04 f -C~~~et~/sllt fill I 03 

Note 
1 Does not mclude safety factor 

6 2 1 5 Alternate Foundations 
It IS possible that SOil condttlons 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 orgamc debns 
Occurrence of overly soft so11s could lead to beanng fatlure or excessive settlement of site structures 
Combmatlons of such conditions Wlthm the butldmg footpnnt 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 requrred Alternate foundations would most hkely COnsiSt of 
subgrade tmprovement or deep foundattons 

Sub grade tmprovements would most hkely COnsiSt of rock replacement elements Wlthm the bUlldmg 
footpnnt such as stone columns or rammed aggregate piers The depth, spacmg and final design 
parameters of such elements cannot be deterrnmed unt11 specific condtttons are known Typically, 
however, such elements would be completed through the unsUltable sol1, or to some lesser depth that 
Inmtfrl' settlement to an acceptable level Spacmg of such elements nonnally IS m the range of SIX to eight 
feet on center These systems are commonly deSigned and lDStalled by a specialty contractor to meet a 
performance speCification Once the locattons and loadmg of specific structures are known, explorattons 
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 plhng would most hkely be completed through the fill and soft alluVIum and mto the 
dense gravels Mmtmum depths of about 30 to 40 feet are expected, but could be much greater as noted 
m Section 5 Final deSign of such elements would depend on the specific condlt1ons at the structure 
locatIOns 

6.2.2. Retaining Structures 

Retamtng structures are not anticipated m the prelnnmary deSign However, any necessary walls should 
be deSigned usmg the earth pressures In Table 5 These recommendattons are based on the followmg 
assumptions 

1 The backfill IS level 

2 The backfill COnsiStS of free-drammg granular matenals 

3 Weep holes or a back drain Will control hydrostattc pressures F or embedded walls, either 
dramage Will be assured or hydrostatic pI essures Will be balanced on both Sides of the wall 
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4 The walls are less than 5 feet lugh 

Surcharge loads apphed closer than one-half of the wall heIght should be consIdered as urufonnly 
dtstnbuted honzontal pressures equal to one-tlnrd of the dlstnbuted vertical surcharge pressure Footmgs 
for retammg walls should be desIgned as recommended for shallow foundatIOns Sub grade condItions 
can affect retammg wall deSIgn recommendatIOns for walls snnIlar to therr potential affects on footmgs as 
noted earher 

Table 5 Retammg Wall Design Parameters 

Equivalent FlUid UOit Weight 1 
Free to rotate I 40pcf I Restrained I 60 pcf (active) (at-rest) 

Passive Resistance Equivalent 1 200 pcf 

Note 1 Does not Include safety factor 

6.2.3. Siabs-on-Grade 

Slabs-on-grade wIll generally consIst of SIdewalks and pedestnan areas WIth transItOry heaVier loadmg 
from actiVities associated WIth the PSM Such loads are expected to still be very hght The subgrade 
reaction modulus prOVIded m Table 6 can be used for deSIgn of such slabs ThIs value assumes that the 
subgrade IS proofrolled and prepared m accordance WIth SectIOn 6 1 2 Slab settlement IS estimated to be 
less than 1 mch for a load of up to about 150 pounds per square foot (pst) or less The mteractive water 
feature can also be deSIgned WIth tlus value, prOVIded loadmg does not exceed the above assumptions If 
loadmg exceeds tlns value, we should be contacted to prOVIde addItional recommendations 

The subgrade sods are non-expansIve, heave IS not expected beneath slabs-on-grade All slabs should be 
underlam by at least 6 Inches of Imported crushed rock matenal to rod as a capdlary break and for 
subgrade levelmg and support The crushed rock should conform to Section 6 1 5 4 

Table 6 ~Iab-on-Grade DeSign Parameters 

Application Lightly Loaded Slabs-an-Grade 

Aggregate Base Layer 6 Inches of crushed rock --_._-
Modulus of Subgrade Reaction 100 pC! 

6.3. SEISMIC DESIGN PARAMETERS 

The 2003 International Buddmg Code (mC) WIth 2004 State of Oregon Structural SpecIalty Code 
Amendments prOVIdes SelSInlC deSIgn parameters for code-regulated structures m the state Based on 
subsurface condttIOns to depths of 100 feet bgs, the SIte IS gIven a "SIte Class" and the vanous 
coeffiCIents determmed based, m part, on the SIte Class Although dense so11s occur wltlnn 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, categonzed the SIte as SIte Class E Due to hquefiable soIls as noted m the 
followmg sectIOn, the SIte could be clasSIfied as Class F, however, smce structures are expected to have 
penods of VIbratIon of equal to or less than 0 5 seconds, the values of SIte Class E are perImtted, so we 
utlhzed these values The follOWIng parameters prOVIded In Table 7 are apphcable to tills SIte for the 
proJ ect based on Site Class E and prOVided that no structures have penods of VibratIOn greater than 0 5 
seconds 
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Table 7 Seismic Design Parameters (2003 IBC) 
, / , : i'<L' V' Y-(-..z ,"'1:' \ 

" ~ "'-
, 

': ~~, / , " ~ f " f 1'-- ; >!. 

Site Class 

Spectral Response Acceleration Ss 
-

Spectral Response Acceleration S1 

Site CoeffiCIent, Fa 

Site CoeffiCient, Fv 

Spectral Response Acceleration (Short Penod), Sos 

Spectral Response Acceleration (1-Second Penod), S01 

6 4 LIQUEFACTION POTENTIAL 

" ? 

" ~ ~.;. 

E 

10g 

035g 

09 

26 

090g 

091 9 

Site subsurface conditions that we reviewed and analyses completed by others mdlcate that the site IS 
susceptible to hquefactlon and ItS related affectc; These affects mc1ude prmclpally lateral spreadmg and 
vertIcal settlement Vertical settlements estImated by others at nearby locations have ranged from less 
than an mch to up to 5 mches Lateral spreadmg estimates by others have been reported to vary between 
about 2 mches to as much as 2 feet Bormgs at the site found areas of predommately loose sand and other 
areas of predommately s11t Areas of sandy solls Wlthm the project area Will expenence greater 
rusplacements than those of predommately Silt 

The structural engmeer 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 
requrrements under tIns loadmg conrutlon, however, more ductlle or redundant systems could If 
proposed structures wlll not perfonn acceptably under such conditions, a ground lffiprovement program or 
deep foundations would be necessary We can assist With tIns aspect of structural deSign, If requested 

7. CONSTRue nON OBSERVATIONS 

SatIsfactory foundatIOn and earthwork performance depends to a large degree on quality of construction 
SuffiCient momtormg of the contractor's actiVIties IS a key part of detennmmg that the work IS completed 
m accordance With the constructIon drawmgs and specificatIOns Subsurface condItions observed durmg 
construction should be compared With those encountered durmg the subsurface exploration RecogmtIon 
of changed condItions often requrres expenence, therefore, tpe project geotechrucal engmeer or therr 
representative should VISit the site WIth suffiCient frequency to detect whether subsurface conrutIons 
change slgmficantly from those antiCipated 

We recommend that the project geotechrucal engmeer or therr representative be retamed to momtor 
construction at the site to confirm that subsurface condItions are consistent WIth the site explorations and 
to confrrm that the mtent of project plans and speCIfications relatmg to earthwork and foundatIon 
construction are bemg met In particular, we recommend that exploratory test PitS as recommended 
earlier m tIns report, overexcavatIon of soft solls and sUltablhty of foundatIOn sub grades be observed by 
PaCIfic Geotechrucal, LLC, pnor to placmg any fill or backfill Compaction of all structural backfill 
should be tested to confrrm that the speCIfied compactIOn IS met Slabs and pavement subgrades should 
be observed and tested for compactIOn Full tIme observatIOn of pllmg lDStallatIon and sub grade 
lffiprovements are also recommended, If they are completed 
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8. LIMITATIONS 

We have prepared tills report for use by Walker Macy, the CIty of Portland Bureau of Parks and the 
deSIgn team for tills project Our evaluatIon was based on a surface reconnatssance and reVIew of eXIstIng 
mfonnatIOn only, as requested We dId not complete subsurface exploratIOns for tills project Although 
the documents we revIewed are belIeved to be relIable, we cannot assure theIr accuracy 

The Optnlons and recommendatIOns contaIned WIthIn the report are based on work completed by others 
and lImIted SIte InfonnatIon and should not be construed as a warranty of subsurface condttIons WIthIn 
the lmntatIons of scope, schedule and budget, our servIces have been executed m accordance WIth 
generally accepted practtces m the field of geotechnIcal engIneenng In tills area at the ttme tills report was 
prepared No warranty or other condttIOns, express or ImplIed, should be understood 

If the project mfonnatton IS mcorrect or matenally changes, please contact us so that our 
recommendattons can be reVIewed The dIscovery of any SIte and/or subsurface condIttons durmg 
constructIOn that deVIate from that presented In tills mvesttgatton should also be reported to us for reVIew 

9. CLOSING 
, 

We appreCIate the opportunIty to submtt tills report for your project Please contact us If you have any 
questIons or need addtttonal Informatton 

SIncerely, 

TImothy W Blackwood, PE, CEG 
PreSIdent 
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APPENDIX A - SIITE PHOTOGRAPHS 
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Photo 2 Ankeny Plaza looking east towards S W First from S W Second Avenue 

SITE PHOTOGRAPHS 

Waterfront Park, Ankeny Plaza & street 
Improvements 
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Photo 3 West side of Ankeny Sl between S W First and S W Second Avenues 
Note minor damage/fatigue at repaired locations 

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) 

SITE PHOTOGRAPHS 

Waterfront Park, Ankeny Plaza & street 
Improvements 
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Photo 5 Waterfront Park looking south from underneath Burnside Bndge 

SITE PHOTOGRAPHS 

Waterfront Park, Ankeny Plaza & Street 
Improvements 
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